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ABSTRACT 

Musical experience has been shown to positively 

affect non-native lexical tone perception and 

production. The current study divided musicians 

into vocalists and instrumentalists to see if either 

background was particularly advantageous. The 

results showed no difference between the musician 

groups on either task. Additional analyses of 

individual tones yielded results consistent with 

previous research. 
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1. INTRODUCTION 

A number of behavioral and brain-imaging studies 

support the view of shared neural and cognitive 

systems between the music and language domains. 

Research has shown that musical experience 

affects particular facets of linguistic ability [1, 5, 

12], and experience with a tonal language, like 

Mandarin Chinese, facilitates the perception and 

production of musical pitch [8]. Such findings 

could only occur if some neural system(s) were to 

have a functional role in and could be influenced 

by both music and language experience. 

In tonal languages, pitch differences are used to 

make semantic distinctions at the word level. In 

Mandarin Chinese, single CV-combinations may 

have different meanings when used with each of 

the four tones, which can be described as a high-

level tone (T1), a rising tone (T2), a falling-rising 

tone (T3), and a falling tone (T4), respectively. 

Musical experience has been shown to positively 

affect the ability to perceive and produce lexical 

tones [1, 5, 11, 12]. Concerning lexical tone 

production, Gottfried and Ouyang [3] found that 

English musicians and non-musicians showed a 

difference in production accuracy only for T4. 

Assuming a model in which speech is perceived 

by identifying the intended articulatory gestures 

[6], we would expect that vocal musicians, who 

have extensive neuromuscular experience with 

producing sounds of various pitches, should 

outperform instrumental musicians in both the 

perception and production of lexical tones. To our 

knowledge, this prediction has not been tested. 

Using non-linguistic pitch stimuli, Nikjeh, et al. [7] 

found that the relation between production and 

perception measures was different for vocalists and 

instrumentalists, suggesting that the specific type 

of musical experience differentially affects non-

linguistic pitch perception and production. 

Unrelated to the effect of musical experience, 

some studies [5, 11] observed that the Mandarin 

Chinese T2-T3 pair-type was more difficult to 

distinguish than any other tone pair-type. Gottfried 

and Suiter [4] attributed the T2-T3 confusion to 

subjects primarily focusing their attention on initial 

pitch heights, which are similar for T2 and T3. 

With regard to lexical tone production, Shen [9] 

found that native English speakers who were 

beginning learners of Chinese produced T4 the 

least accurately and T2 the most accurately, with 

T1 and T3 in between. Shen [9] attributed the 

difficulty of T4 production to L1 interference. 

Taking previous research into account, our 

predictions were as follows: musicians who were 

native speakers of English would be more accurate 

at both perception and production of lexical tones 

than non-musicians; vocalists would perform better 

than instrumentalists on production of lexical tones, 

but not necessarily on perception of lexical tones; 

the T2-T3 pair-type would be the most difficult for 

all groups to discriminate; native English speakers 

would have the most difficulty producing T4; and 

vocalists and instrumentalists would show some 

differences in production of individual tones.  

2. METHODS 

2.1. Participants 

There were 28 total participants in four distinct 

groups: 7 native Mandarin Chinese-speaking non-

musicians, 7 native English-speaking non-

musicians, 7 native English-speaking 

instrumentalists, and 7 native English-speaking 

vocalists. The instrumentalists had diverse 

instrumental backgrounds. The vocalists all had 
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significant vocal experience in addition to 

instrumental experience, primarily on piano. All of 

the native English speakers had no prior 

experience with tonal languages. In order to 

qualify for either musician group, participants must 

have had at least four years of formal training on 

their instrument and had to have been currently 

still playing their instrument or singing. 

2.2. Stimuli 

Six monosyllabic syllables [thi], [li], [mi], [tho], 

[lo], [mo] produced with four Mandarin tones, 

were used in both the perception and production 

tasks. These particular syllables were selected 

because (1) American English has these segments 

as well, thus, English speakers would focus their 

attention on the tones; (2) all stimuli were real 

words in Mandarin Chinese. The stimuli were 

recorded by two female native speakers. The target 

syllables were produced in the phrase “Qing shuo 

TARGET zhege zi” (please say TARGET this 

word), in order to mimic natural speech, and 

subsequently excised from the recording. Five 

native Mandarin speakers listened to and 

transcribed the isolated syllables; only recordings 

that had a 95% correct transcription rate were used 

as stimuli.  

2.3. Procedure 

Participants completed a perceptual discrimination 

task, and a production task. The order of the 

production and perception tasks was 

counterbalanced between subjects. 

2.3.1. Perception task methods 

The perceptual discrimination task consisted of 

288 experimental pairs of Mandarin syllables. The 

inter-stimulus interval within a pair was set at 500 

milliseconds. The interval between trials was set at 

1500 milliseconds. The two syllables in each pair 

consisted of the same CV combination. 

Participants decided whether each pair of syllables 

presented to them was comprised of the same or 

different tones. All possible combinations of tone 

and CV-combination pairings were presented. 

2.3.2. Production task methods 

For tone production, the design was a self-paced 

imitation task, in which the participants first heard 

one syllable and then were asked to imitate it. All 

participants were tape recorded in a sound-

attenuating booth. A total of 96 trials were 

presented in two blocks, with at least 30 seconds in 

between the blocks, in order to prevent fatigue. 

3. RESULTS 

3.1. Perception task results 

3.1.1. Effects of group 

In the discrimination task, the Chinese group had a 

mean accuracy score of 98.6% (SD = 0.9%), the 

non-musicians had a mean score of 86.5% (SD = 

5.6%), instrumentalists had a mean score of 91.7% 

(SD = 3.2%), and vocalists had a mean score of 

94.4% (SD = 1.8%). These scores were submitted 

to a one-way ANOVA, which showed a main 

effect of group [F(3,27)=15.65, p < .001]. The 

Chinese group outperformed the non-musicians (p 

< .001), the instrumentalists (p < .001), and the 

vocalists (p < .03). Neither musician group 

outperformed the other (p = .14), though both the 

vocalists and instrumentalists outperformed the 

non-musicians (instrumentalists p < .01, vocalists p 

< .001; p-values here and below are Bonferroni-

corrected when applicable). 

3.1.2. Effects of tone pair-type 

A repeated-measures ANOVA was conducted on 

the perception data with tone pair-type (collapsed 

over order) as the within-participant factor and 

group as the between-participant factor. The 

overall means are given in Figure 1. Analysis 

restricted to the “same” tone pairs showed a main 

effect of tone pair-type [F(3,72)=16.69, p < .001]. 

More errors were made on the T1-T1 pair-type 

than on the T3-T3 pair-type (p < .05). The T2-T2 

pair-type was responded to less accurately than the 

T3-T3 pair-type (p < .05), and the T4-T4 pair-type 

had more errors than the T2-T2 and T3-T3 pair-

types (both ps < .001). There was no significant 

interaction of group and tone pair-type 

[F(9,72)=1.80, p = .11]. 

Figure 1: The overall mean discrimination accuracy 

for the „same‟ and „different‟ pair-types. 
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For the “different” tone pairs analysis, there 

was a main effect of tone pair-type [F(5,120)=8.01, 

p < .001]. Relative to the T1-T2 and T1-T3 pairs, 

more errors were made on all pair-types involving 

the fourth tone: T1-T4 (both ps < .05), T2-T4 (both 

ps < .05), and T3-T4 (p < .005, p < .001, 

respectively). There was a significant effect of 

group and tone pair-type [F(15,120)=2.31, p < .05], 

so further analyses on the effect of tone pair-type 

were conducted for each group separately. The 

Chinese group showed no main effect of 

“different” tone pair-type [F(5,30)=1.35, p = .29]. 

The non-musician group did show a main effect 

[F(5,30)=6.21, p < .05], where the T3-T4 pair-type 

was more difficult to discriminate than the T1-T3 

pair-type (p < .05). The instrumentalist group 

showed no main effect of tone pair-type 

[F(5,30)=1.31, p = .306]. However, the vocalists 

did show a main effect of tone pair-type 

[F(5,30)=4.15, p < .05], though no specific tone 

pair was statistically more difficult than any other 

tone pair. 

3.2. Production task results 

The production responses were randomly 

presented to two native Mandarin judges. The 

percentage of correctly identified productions was 

used as the dependent measure. Figure 2 shows the 

mean percentage of correctly identified imitations 

of each tone. The Chinese group had a mean 

accuracy score of 84.4% (SD = 9.6%), the non-

musicians had a mean accuracy of 50.9% (SD = 

14.2%), instrumentalists had a mean accuracy of 

67.9% (SD = 5.8%), and vocalists had a mean 

score of 65.2% (SD = 6.0%). A repeated-measures 

ANOVA was conducted on the production data 

with tone as the within-participant factor and group 

as the between-participant factor. There were 

significant main effects of group [F(3,24)=9.60, p 

< .001], and tone [F(3,66)=122.49, p < .001], and a 

significant interaction between tone and group [F 

(8,66)=2.34, p < .05]. The Chinese group 

outperformed the non-musicians (p < .001), the 

instrumentalists (p < .001), and the vocalists (p 

< .001). There was no significant difference 

between instrumentalists and vocalists, but both 

the vocalists and instrumentalists outperformed the 

non-musicians (both ps < .05).  

Across groups, T1 was imitated more 

accurately than T2 (p < .001) and T3 (p < .001), 

with T3 being the least accurately imitated (p 

< .001). No significant difference was found 

between T1 and T4 (p = .19). For T1, the non-

musician group was less accurate than the Chinese 

(p < .001), instrumentalists (p < .001), and 

vocalists (p < .001). For T2, Chinese participants 

outperformed non-musicians (p < .001), 

instrumentalists (p < .05), and vocalists (p < .001). 

For T3, the vocalist group was less accurate than 

the Chinese group (p < .05). . For T4, the Chinese 

outperformed the non-musicians (p < .001), 

instrumentalists (p < .05), and vocalists (p < .05). 

Non-musicians were less accurate relative to 

instrumentalists (p < .05) and vocalists (p < .05). 

No other differences between groups were 

significant. 

In addition, the proportion of correctly 

identified imitations was positively correlated with 

the accuracy in the perception task (r = 0.69, p 

< .001). 

Figure 2: Mean percentage of correctly identified 

productions for each tone. 

 

4. DISCUSSION 

4.1. Effects of group 

The results confirmed the prediction that both 

musician groups outperform non-musicians on 

both the perception task and production task, 

which is highly consistent with previous research 

[1, 4, 11, 12]. This suggests a great degree of 

overlap between the processing systems associated 

with lexical tone processing and those associated 

with musical pitch processing. Furthermore, the 

instrumentalist and vocalist groups did not differ 

significantly on the lexical tone perception task. 

This suggests that vocal training in addition to 

instrumental training is not an advantage in terms 

of lexical tone perception ability. Unexpectedly, 

the vocalists and instrumentalists did not show a 

significant difference in tone production either, 

although both groups outperformed the non-

musicians. This suggests that vocal expertise does 
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not benefit musicians in the production of lexical 

tones, as would be expected under some models of 

speech processing [6]. 

4.2. Effects of tone 

There were several peculiarities with regard to the 

results of the tone pair-type analyses. In the 

perception task, the T2-T3 pair-type was not 

significantly more difficult than any other tone pair 

overall or for any individual group, despite past 

studies [5, 11] showing the T2-T3 pair-type to be 

the most difficult. Some unexpected differences 

were found. All groups considered, all of the 

“different” tone pair-types that involved T4 

(falling) were more difficult than the T1-T2 and 

T1-T3 pair-types. In some previous research using 

identification tasks [4, 10], T4 was found to be 

easily confusable with T1 due to similar initial 

pitch heights. Wang, et al. [11] found that T2-T4 

was the second most confusing tone pair, 

following the T2-T3 pair for native English 

speakers. This could be probably attributed to the 

English interference: T4 was similar to the falling 

intonation in statement sentences, while T2 

resembles rising intonation in interrogative 

sentences. These similarities make T2 and T4 less 

marked for native English speakers, especially 

when these tones were presented in isolation rather 

than in sentences. The confusability of T3-T4 is 

presumably because of our experimental design: 

when the T3 stimuli were segmented from the 

phrase and presented in isolation, the durations, 

which are a crucial cue for identifying T3, were 

reduced. Moreover, the rising segment of T3 was 

partially assimilated to the following word, making 

T3 sound more like T4 rather than T2. However, 

the Chinese participants could still differentiate T3 

from T4 in the perception task because of the 

creaky quality of T3, which is another important 

cue for identifying T3 [2].  

Diverging from previous studies [3, 9], the 

present study showed that T3 was the most 

difficult tone for both English musicians and non-

musicians to produce. The production accuracy of 

T3 was low even for the Chinese speakers. Again, 

this was due to our experimental design. 

Participants were more likely to perceive T3 as T4, 

in turn resulting in incorrect production. Even 

Chinese participants could not perceive/produce 

T3 correctly because T3 was more difficult to 

identify in isolation than in comparison with other 

tones. Moreover, T4 was produced as accurately as 

T1. Both instrumentalists and vocalists 

outperformed non-musicians for T1 and T4, but 

not for T2 and T3. For T1, the musicians even 

showed native-like accuracy.  

In sum, the current study‟s findings support that 

the same cognitive mechanisms are involved in 

musical tone processing and lexical tone 

processing. Vocal training in addition to 

instrumental training was found not to have any 

effect on either lexical tone perception or 

production. Finally, certain acoustic features of the 

tones made them more difficult to perceive and 

procedure for the different groups. 
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