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Abstract 

This study is the first to examine the effect of 

perceptual training on Mandarin tone sandhi 

production by Cantonese speakers. Auditory 

and visual inputs of tone sandhi contrasts were 

included in a short-term laboratory training, 

and the training was followed by an identifica-

tion test. Twenty-four native speakers of Can-

tonese participated in the study, which 

comprised the training session and a pre- and 

post-training recording session. There were 

192 target stimuli of real words and wug words 

and 192 filler words in each recording session. 

Two native Mandarin-speaking linguists per-

ceptually evaluated a total of 23040 syllables 

on a 101-point scale. The results show that 

Cantonese speakers may be able to improve 

their lexical word production in the context of 

T3+T1/T2/T4 by perceptual training or high fa-

miliarity of stimuli, whereas the application of 

Mandarin sandhi Tone 3 slightly improves 

within a short time. Besides, the participants 

consistently apply Mandarin half-third tone 

sandhi rule with a lexical mechanism rather 

than a computational mechanism, whereas the 

preference to lexical mechanism is not found in 

the application of Mandarin third tone sandhi 

rule. 

 

1 Introduction 

It has been shown that Cantonese speakers acousti-

cally differed from Beijing Mandarin speakers in 

their application of two Mandarin tone sandhi rules 

(Chen et al., 2017). Specifically, Cantonese speak-

ers preferred to neutralize the sandhi Tone 3 more 

with Tone 2 in isolation which indicated a more cat-

egorical application of the third tone sandhi rule. 

Also, they tended to raise f0 value at the end of san-

dhi Tone 3 which should be modified by half Tone 

3 without the raising part.  

    Mandarin and Cantonese are both tonal lan-

guages, which discriminate lexical meanings by dif-

ferent tones. Mandarin has four lexical tones (Chao, 

1948): 

 

Tone1 (T1) high-level (55) “ma” (mother) 

Tone2 (T2) high-rising (35) “ma” (hemp) 

Tone3 (T3) low-dipping (213) “ma” (horse) 

Tone4 (T4) high-falling (51) “ma” (to scold) 

 

    There are two rules of tone sandhi (Zhang & Lai, 

2010) in Mandarin: 

 

• Third tone sandhi rule:  

T3 (213) → T2 (35)/__ T3 (213)  

lau 213 - pan 213 → lau 35 - pan 213 “boss” 
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• Half-third sandhi rule:

T3 (213) → 21/__ {T1(55), T2(35), T4(51)}

lau 213 - ʂi55 → lau 21 - ʂi55 “teacher”

lau 213 - liəŋ 35→ lau 21 - liəŋ 35 “old age”

lau 213 - xua 51→ lau 21 - xua 51 “old saying”

Six contrastive tones are involved in Cantonese 

(Bauer & Benedict 1997): high-level (55), high-ris-

ing (25), mid-level (33), mid-low falling (21), mid-

low rising (23), and mid-low level (22). Taking the 

monosyllable /ji/ with six tones as examples: 

T1  high-level (55) “ji” (clothes) 

T2  high-rising (25) “ji” (chair) 

T3  mid-level (33) “ji” (meaning) 

T4  mid-low falling (21) “ji” (son) 

T5  mid-low rising (23) “ji” (ear) 

T6  mid-low level (22) “ji” (two) 

Studies have overwhelmingly proved that adults 

can acquire non-native tonal contrasts through ei-

ther long-term or short-term perceptual training 

(Wayland & Li, 2007; Cooper & Wang, 2013; An-

toniou & Chin, 2018). Wayland and Guion (2004) 

revealed that native Chinese speakers showed better 

performance in perceiving the unfamiliar Thai tones 

than non-tonal English speakers. Wang (2003)’s 

study proved that long-term perceptual training on 

Mandarin isolated tones improved the accuracy of 

American English speakers’ tone production. For 

studies on training and evaluation of tone produc-

tion, the majority of them only concerns the produc-

tion of isolated tones and often excludes tone sandhi 

rules even when examining disyllabic context 

(Wang et al., 1999, 2003). Similar to perception and 

production, the evaluation of tones is also limited in 

isolated tones in previous studies (Wayland, 1997; 

Wang et al., 2003). Few studies have been comple-

mented by evaluating dynamic tones with sandhi.  

As a pilot study to compare the production be-

fore and after perceptual training, the current study 

utilized perceptual evaluation to rate the transfer of 

perceptual acquisition to production. It examined 

speech production by L2 learners of Mandarin who 

speak a tonal Cantonese as the first language (L1). 

Cantonese speakers of TG met the criterion that 

trainees should obtain an accuracy of 60 percentage 

or above in identification test to make sure that per-

ceptual training was effectively conducted. 

     In current study, L1 Cantonese speakers were in-

vited to participate in pre- and post-training record-

ing sessions. The perceptual evaluation was to judge 

the degree of application of tone sandhi rules, as 

well as the naturalness of speech production. The 

goal of the current study is to address the following 

two questions:  

1) Does perceptual training improve tone sandhi

production by Cantonese speakers?

2) Does perceptual training improve two tone san-

dhi rules equally? If not, what are the differences?

2 Method 

Two native Mandarin-speaking linguists were asked 

to rate the tone sandhi application degree of each 

tone in the disyllabic tonal combination on a 101-

point scale. Cantonese speakers of training group 

(TG) and control group (CG) were presented by two 

Mandarin monosyllabic words with audio and vis-

ual stimuli by E-prime. The audio stimuli were rec-

orded by one female native Mandarin speaker and 

were normalized the intensity and duration. Partici-

pants were presented with characters or phonetic 

symbols on the screen when hearing and pronounc-

ing the words. Then they were asked to produce the 

two monosyllabic words as one disyllabic word in 

both pre- and post-tests. TG received a short-term 

laboratory perceptual training on Mandarin tone 

sandhi rules after the pre-test.  

2.1 Participants 

A total of 24 native speakers of Cantonese were re-

cruited in the study, with 12 participants (eight fe-

males, four males; mean age ± SD: 23.00 ± 1.58 

years) in the training group (TG) and 12 participants 

(seven females, five males; mean age ± SD: 23.10 ± 

2.72 years) in the control group (CG). The trainees 

started their formal Mandarin courses to learn Man-

darin at an average age of 18.33 years (SD=2.49) 

and have been learned for an average of 2.42 years 

(SD=1.23) as reported. For the controls, the average 

age of starting to learn Mandarin was 17.83 years 

(SD=2.11), with an average of 2.5 years (SD=0.76) 

of study length. The length of residence in Manda-

rin-speaking Mainland China is 26 days on average 

for the trainees, and 15.5 days for the controls. None 

of the participants reported a history of hearing or 

speaking problems. Twelve Mandarin native speak-

ers born in Beijing also participated in the recording 

session.  
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    All participants were recruited from the Hong 

Kong Polytechnic University and were paid for their 

participation. They were recorded with a GMH C 

8.100 D headset at the speech lab of the Hong Kong 

Polytechnic University. 

    Two adult native Mandarin-speaking trained lin-

guists (one female, one male; 27 and 29 years old 

respectively) conducted the perceptual evaluation. 

They have no reported hearing or speech impair-

ments. 

2.2 Stimuli 

Stimuli for Production Experiment: Following 

Zhang and Lai (2010), we designed six types of 

stimuli including both real words (Type 1) and wug 

words (Type 2 to Type 6): 

1. Real disyllabic words (AO-AO, where AO stands 

for actual occurring morphemes); 

2. Non-occurring sequences consisting of real mor-

phemes (*AO-AO); 

3. Sequences of a real morpheme and a syllable of 

an accidental gap, which has a legal syllable, but 

bears a tone not allowed on that syllable in Manda-

rin (AO-AG, where AG stands for accidental gap); 

4. Sequences of a syllable of an accidental gap and 

a real morpheme (AG-AO); 

5. Sequences of two syllables of accidental gaps 

(AG-AG); 

6. Sequences of two pseudo words, where the com-

bination of vowels and consonants do not exist in 

Mandarin, but the vowel and consonant components 

of each syllable do exist. 

    In total, there were 192 target stimuli with all pos-

sible tonal combinations, as well as 192 filler words 

(both real and wug words) to disguise the purpose 

of experiment. All monosyllabic stimuli used to 

elicit speech production were read by a female na-

tive Mandarin speaker born in Beijing, and T3 was 

pronounced as a full tone with a falling-rising f0 

contour. 

    The same sets of stimuli were used in both pre- 

and post-training recording sessions. Totally, the 

speech samples produced by each group (TG, CG 

and Beijing speakers) consisted of 4608 disyllabic 

words ((192 target disyllabic words +192 filler di-

syllabic words) *12 subjects), including 2304 sam-

ples of target disyllabic words for each test  

 

    Stimuli for Perceptual Training: Six real words 

were used for the perception training and follow-up 

identification test. Three of them applied Mandarin 

third tone sandhi rule (T3+T3: /məi/ /xau/ “美好”, 

/ʂʷəi/ /kʷoo/ “水果” and /ʈʂʷæn/ /lʲæn/ “转脸”), and 

the other three applied the half-third sandhi rule 

(T3+T1: /ʂʷəi/ /tɕəŋ/ “水晶”; T3+T2: /ʈʂʷæn/ /ii/ 

“转移”; T3+T4: /məi/ / lʲii/ “美丽”). A total of 72 

tokens of the six words produced by five native 

Mandarin female speakers was adopted in the train-

ing session. Meanwhile, there were also 72 synthe-

sized tokens without tone sandhi as their f0 contour 

of the sandhi syllable was replaced by their own T3 

production in isolation with normalized intensity 

and duration.  

2.3 Procedure 

Pre and Post Production Experiments: In the 

practice session, we first asked the participants to 

familiarize themselves with the materials and tested 

them by dictation to ensure their basic knowledge of 

Mandarin disyllabic pronunciation and phonetic 

symbols (pinyin). 

    Similar to previous Mandarin sandhi studies such 

as Zhang (2010), we used a nonce-probe paradigm 

(‘wug’ test) (Berko, 1958) to complement the pro-

duction experiments. The participants heard two 

monosyllables together with their characters (if 

available) and phonetic symbols presented in E-

prime, and were instructed to produce them as one 

disyllabic word. At the same time, they were rec-

orded by Praat on another PC and were allowed to 

correct themselves. Twenty-four blocks (six types 

of words * four tonal combinations) of stimuli were 

counterbalanced across participants. The proce-

dures were the same for pre- and post- production 

experiments. 

    Perceptual Training and Identification Test: 

Participants of TG attended the short-term labora-

tory training on Mandarin sandhi rules between pre- 

and post- recording sessions. The perceptual train-

ing session contained two parts. The first part was 

an auditory and visual explanation of tone sandhi 

rules, as well as an auditory-only practice. Specifi-

cally, odd trials were naturally produced sandhi 

stimuli and even trials were the synthesized stimuli 

without tone sandhi. Both scenarios were accompa-

nied with visual f0 contours as below Figure 1 

(without tone sandhi) and Figure 2 (with tone sandhi) 

(Chen et. al, 2017) displayed in the explanation part. 

Trainees were instructed to distinguish the differ-

ences of two sandhi rules, and press “A” when hear-

ing the words with tone sandhi and “L” for words 
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without tone sandhi. The following practice session 

comprised of 144 tokens with the same procedure 

but without pictures of f0 contours as visual input. 

    The other part was the identification test after 

training. Trainees were asked to identify the random 

trials and press “A” and “L” for correct and incor-

rect respectively. Feedback with accuracy and reac-

tion time was immediately presented after the press. 

Twelve trainees of the current study obtained an ac-

curacy of 60% or above in the test. 

Figure1. F0 contour of “/məi3/ /xau3/”without tone 

sandhi 

Figure2. F0 contour of “/məi3/ /xau3/”with tone 

sandhi 

 

    Rating Tone Sandhi Productions: All speech 

samples produced by all participants were first man-

ually segmented and normalized. After anonymiza-

tion, the raters were instructed to evaluate the 

realization of tone sandhi and avoid the effects of 

consonants and vowels. In other words, the first syl-

lable of each disyllabic word was rated on a 101-

point scale, which evaluated the degree of applica-

tion of tone sandhi as well as the naturalness of tone 

production. Specifically, 100 point referred to full 

application of tone sandhi rules in terms of native 

listeners’ intuition which was close to native-like 

level, whereas 0 point indicated non-application of 

tone sandhi rules which was pronounced with a 

heavy non-native accent.  

2.4 Data Analysis 

In total, there were 23040 rated samples (2304 mon-

osyllabic sandhi syllables * 5 times ( two  tests for 

TG and CG, one for Beijng speakers) * two raters) 

which included 5760 samples applying the third 

tone sandhi rule and 17280 samples applying the 

half-third sandhi rule. Results of Spearman's rank 

correlation rho were 0.7656 (p < .001) in pre-test 

and 0.5056 (p < .001) in post-test for two raters. 

Paired samples t-test was adopted to examine the 

difference between pre- and post-tests. Following 

sections present the results based on three factors of 

present study: two sandhi rules (third tone sandhi 

rule vs. half-third tone sandhi rule), familiarity of 

words (trained words vs. new words) and lexical 

meaning (real words vs. wug words). 

3  Results  

Generally, paired samples t-test results showed that 

both TG and CG significantly improved their tone 

sandhi production from pre-test to post-test as pre-

sented in Figure 3. The mean rating score of TG was 

69.16 for pre-test and 72.77 for post-test (p < .001). 

CG also increased from 63.38 to 67.49 (p < .001). 

However, the performance of Cantonese speakers 

was obviously inferior to native speakers (M=91.16) 

even after the perceptual training.  

 

  
Figure3. Mean scores of tone productions in 

T3+T3 and T3+T1/T2/T4 

 

3.1 Mandarin Third Tone Sandhi Rule 

For the third tone sandhi rule (T3+T3), Cantonese 

speakers from TG obtained mean values of 78.45 in 

pre-test and 81.83 in post-test (p < .001), whereas 

CG insignificantly (p = 0.3149) decreased from the 
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mean score of 69.72 to 68.52 in two tests . As shown 

in Figure 4, the scores for both pre- and post-test 

among TG and CG were significantly (p < .001) 

lower than Beijing speakers (M=89.99). 

 

 
Figure4. Mean scores of tone productions in 

T3+T3 

 

   Trained Words and New words: Mean rating 

scores obtained from trained words and new words 

were respectively displayed in Figure 5 and Figure 

6. Trained words referred to the three real words 

used to train TG in the training sessions, and new 

words did not appear in the training session. While 

for speakers of CG, they had congruent exposures 

to the “trained word” and “new words” due to their 

absence of perception training session.  

 

 
Figure5. Mean scores of trained words in 

T3+T3 

 

Scores of TG on trained words (Figure 5) in-

creased from 80.14 to 81.89 without significance (p 

= 0.5151), while the rating scores of new words 

(Figure 6) significantly increased from 78.33 to 

81.82 (p < .001). The ratings of “trained words” 

only involved three real words (/məi3/ /xau3/ “美

好”, /ʂʷəi3/ /kʷoo3/ “水果” and /ʈʂʷæn3/ /lʲæn3/ “转

脸”) while “new words” had an overwhelming ma-

jority in their production. For CG, they decreased 

from 70.97 to 67.85 (p=0.44) and from 69.63 to 

68.56 (p=0.30) respectively for “trained words” and 

“new words”. 

 

 
Figure6. Mean scores of new words in T3+T3 

 

    Real Words and Wug Words: Judgements of 

speech production by TG showed that the perfor-

mances of both real and wug words were better in 

post-tests. In figure 7 and figure 8, the mean rating 

scores were 77.59 (pre) and 80.76 (post) for real 

words (p < .001), and 78.62 (pre) and 82.04 (post) 

for wug words (p < .001) for TG. However, evalua-

tion results of CG decreased from 65.19 (pre) to 

62.82 (post) in real words (p=0.3696), and 70.62 

(pre) to 69.66 (post) in wug words (p=0.3728) of 

T3+T3 combination. 

    To investigate whether lexical meaning affected 

the application of tone sandhi rules, paired samples 

t-test was applied to compare the rating scores ob-

tained from real words and wug words among TG, 

CG and Beijing speakers. Current results indicated 

that native Beijing speakers produced real words 

(M=90.15) and wug words (M=90.00) similarly in 

terms of third tone sandhi rule (T3+T3). This con-

sistent performance in real and wug words also oc-

curred in the production by Cantonese speakers of 

TG, while speakers of CG pronounced real words 

and wug words differently either in pre-test (p = 

0.008) and post-test (p = 0.008). 
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Figure7. Mean scores of real words in T3+T3 

 

 
Figure8. Mean scores of wug words in T3+T3 

3.2 Mandarin Half-Third Tone Sandhi Rule 

Evaluation results of speech production with Man-

darin half-third tone sandhi rule (T3+T1/T2/T4), as 

well as comparison with native Mandarin speakers, 

were generally demonstrated in Figure 9. Mean rat-

ing scores of TG speakers increased from 66.06 to 

69.75 after training (p < .001). Mean scores ob-

tained from CG showed greater improvement from 

pre-test (61.27) to post-test (67.15) (p < .001). Be-

sides, rating scores of speech production by Canton-

ese speakers considerably inferior to that of Beijing 

speakers (M=91.56). 

 

 
Figure9. Mean scores of tone productions in 

T3+T1/T2/T4 

 

    Trained Words and New Words: Figure 10 and 

Figure 11 showed mean rating scores of trained 

words and new words in term of the half-third san-

dhi rule (T3+T1/T2/T4) for TG and CG. Generally, 

performance of TG significantly improved in either 

trained words or new words. They made considera-

ble increase of mean values from 67.79 in pre-test 

to 77.35 in post-test (p = 0.0276) for trained words 

(Figure 10.). At the same time, scores of new words 

production increased from 66.03 to 69.59 (Figure 

11.) after training (p < .001). For CG, their mean 

scores were 70.93 (pre) and 72.54 (post) for “trained 

words” (p=0.7186) and 61.06 (pre) and 67.03 (post) 

for “new words” (p<.001). 

 

 
Figure10. Mean scores of trained words in 

T3+T1/T2/T4 

 

 
Figure11. Mean scores of new words in 

T3+T1/T2/T4 

 

    Real Words and Wug Words: Scores of real 

words and wug words applied with Mandarin half-

third tone sandhi rule by TG and CG were visual-

ized in Figure 12 and Figure 13. The mean scores of 

real words (Figure 12.) were 71.83 in the pre-test 

and 77.59 after training (p < .001). For wug words, 

they gained an average of 64.91 and 68.18 before 

and after training (p < .001). Similar to TG, perfor-

mance of CG also improved and was manifested by 
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scores from 69.81 to 77.50 for real words (p<.001) 

and from 59.56 to 65.08 for wug words (p<.001). 

We also compared the effects of lexical meaning 

on speech production when applying the half-third 

sandhi rule (T3+T1/T2/T4). Consistent with native 

speakers, as Beijing speakers obtained 92.23 for real 

words and 91.42 for wug words with significant dif-

ference (p < .001), Cantonese speakers of TG and 

CG both significantly differed in producing real 

words and wug words. Specifically, mean scores of 

TG were 71.83 and 64.91 respectively for real and 

wug words (p < .001) in the pre-test. After training, 

the evaluation of real words (77.59) was still signif-

icantly different from that of wug words (68.18) (p 

< .001). Meanwhile, speakers of CG also produced 

better real words than wug words on perceptual 

evaluation perspective. They obtained mean rating 

scores of 69.81 for real words and 59.56 for wug 

words (p < .001) in the pre-test, as well as 77.50 for 

real words and 65.08 for wug words (p<.001) in the 

post-test. 

 

 
Figure12. Mean scores of real words in 

T3+T1/T2/T4 

 

 
Figure13. Mean scores of wug words in 

T3+T1/T2/T4 

4 Discussion and Conclusion  

4.1 Third Tone Sandhi Rule 

This pilot study of short-term laboratory training 

shows that the application of L2 Mandarin tone san-

dhi rules by Cantonese speakers is generally im-

proved from pre-test to post-test after perceptual 

training. In T3+T3, trainees significantly improves 

their performance in the overwhelming majority of 

words (new words), including real words and wug 

words.  Compared with the overall decrease of mean 

scores among speakers without training of CG, it is 

reasonable to maintain that perceptual training is ef-

fective for Cantonese speakers to apply the Manda-

rin third tone sandhi. Furthermore, the performance 

of speakers for control group rarely shows correla-

tion to either familiarity with words or lexical mean-

ing.  

    However, for Mandarin third sandhi rule (T3+T3), 

Cantonese speakers did not show significant im-

provement in trained words after perceptual training. 

One possible reason is that they have already pro-

duced the trained words well enough as they ob-

tained quite high scores evaluated by native 

Mandarin raters in the pre-test. According to Way-

land (2004), prior experience with native tone lan-

guage may be transferable to the perception of tone 

in another non-native tonal language. Therefore, it 

is possible that some Cantonese speakers, as native 

speakers of a tonal language, have acquired the abil-

ity to modify or change the pitch couture of Tone 3 

followed by another Tone 3 in Mandarin before at-

tending the experiment. It is thus worthwhile to 

compare the results from the current study with the 

application of Mandarin tone sandhi rules by non-

native speakers with a non-tonal language back-

ground (Li et al., 2018). 

   Besides, we also investigated their typical error 

patterns to explain why Cantonese speakers tend to 

behave similarly on the application of sandhi T3 in 

pre- and post-tests. One finding shows that the un-

derlying sandhi T3 may be mispronounced as full 

T4 in Mandarin. For example, the AO+AG (Type3 

in section 2.2) combination of /məi3/ /tʲəu3/ may be 

produced as /məi4/ /tʲəu2/ for some speakers. Be-

cause Cantonese speakers often produce the second 

T3 in T3+T3 context as Mandarin T2, a new context 

consisting of T3+T2 with half-third sandhi would be 

consequently produced. In this case, Cantonese 
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speakers might easily apply the more phonetic mo-

tivated rule, T3 (213) → 21/_ {T1 (55), T2 (35), T4 

(51)}, to change underlying sandhi T3 to T4 of 

Mandarin. Note that Cantonese speakers’ misper-

ception of T3 as T2 is caused by their perceptual as-

similation of Mandarin tones. Another phenomenon 

is that Cantonese speakers probably produce two 

isolated Tone 3 without sandhi. In other words, they 

imitate the two monosyllables rather than produce 

them into a disyllabic word.  

    Additionally, there is no agreement on whether 

Cantonese speakers apply the third sandhi rule dif-

ferently in pronouncing real words and wug words. 

On one hand, speakers of training groups pronounce 

real words and wug words without difference either 

before or after training. The acoustic study (Chen et 

al., 2017) on Mandarin production by Cantonese 

speakers suggests that Cantonese speakers are able 

to apply Mandarin third tone sandhi rule with a 

computational mechanism. In other words, Canton-

ese speakers tend to apply this rule on real words 

and wug words in the same way. Meanwhile, our 

present evaluation results show that there is no sig-

nificant difference in real and wug words for Beijing 

speakers, which contradicts with Zhang and Lai 

(2010)’s findings that Beijing Mandarin speakers 

differently pronounce real and wug words in the 

context of Tone 3 followed by Tone 3. On the other 

hand, Cantonese speakers of the control group pro-

nounced real words and wug words differently in 

both pre- and post-test. Therefore, it is still contro-

versial whether Cantonese speakers can apply Man-

darin third tone sandhi rule with a computational 

mechanism. 

4.2 Half-third Tone Sandhi Rule 

For Mandarin half-third sandhi rule, it is probable 

that native tonal language speakers can apply it due 

to higher familiarity with words, especially on real 

words. The possibility that Cantonese speakers ap-

ply the half-third sandhi rule better in post-test is re-

alized by their prior knowledge of L1 tonal system. 

Specifically, Cantonese speakers tend to map Man-

darin Tone 3 (214) into Cantonese T4 (21) accord-

ing to the perceptual assimilation of Mandarin tones. 

Tone 3 (214) should be changed into “half of Tone 

3” (21) in T3 + T1/T2/T4, which is easy for Canton-

ese speakers by producing a tone (21) with the same 

pitch height to their L1 tone T4 (21) of Cantonese. 

Considering the fact that speakers of control group 

demonstrate general progresses in post-test, not 

only can perceptual training facilitate the transfer to 

tone sandhi production, but repetitions also improve 

the accuracy and naturalness of speech production 

in T3 + T1/T2/T4 for Cantonese speakers. 

    Moreover, the visual input of f0 contour compa-

nied with auditory may play a role in the process of 

Mandarin half-third sandhi application. As the f0 

contour of half-third sandhi makes a larger differ-

ence from that of the full Tone 3 in isolation, train-

ees are able to easily distinguish this sandhi from 

full Tone 3 and then process it. Whereas the f0 con-

tour of the third tone sandhi is likely to be falling-

raising.  

    Typical error patterns are also found in the appli-

cation of half-third sandhi rule in present evaluation 

study. Challenges for Cantonese speakers might re-

late to the perceptual assimilation of T3 to T2 of 

Mandarin. Taking /məi3/ /lʲii4/ as an example, a 

number of speakers produce this disyllabic word as 

/məi2/ /lʲii4/ instead of /məi21/ /lʲii4/. It is likely that 

speakers tend to raise the offset of proceeding tone 

when followed by a tone with higher onset. How-

ever, underlying half-third tone in /məi3/ /kʰʷoo2/ is 

also mispronounced as Tone 2 like /məi2/ /kʰʷoo2/.  

    As to lexical meaning, Cantonese speakers might 

lexically apply the half-third tone sandhi rule. They 

differed in producing real words and wug words be-

fore and after training. Considerable improvements 

due to perception training prove that perceptual ac-

quisition can be transferred to production with re-

spect to this more phonetic motivated rule. However, 

it is necessary to conduct further long-term training 

and to investigate whether they can retain the im-

provement after a period of time. 

    In sum, the current perceptual evaluation is a pilot 

study to examine the production of Mandarin tone 

sandhi by non-native tonal speakers with and with-

out perceptual training. From the perceptual per-

spective, Cantonese speakers are able to transfer 

their perceptual learning of Mandarin tone sandhi to 

immediate production evaluated by native listeners 

at certain degree. At the same time, high familiarity 

due to repetitions also increases the application de-

gree of half-third sandhi rule to certain extent. Per-

ceptual training is much more effective on the more 

phonetic motivated rule T3 (213) → 21/_ {T1 (55), 

T2 (35), T4 (51)}, especially on real words. As for 

third sandhi rule, present perceptual evaluation did 

not show dramatic improvement in speech produc-

tion by Cantonese speakers. Our findings will be 
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complementary to our further acoustic results of 

tone sandhi production by Cantonese speakers in 

pre- and post-tests. 

    Lastly, more raters, long-term perceptual training 

and investigation of individual variabilities are three 

important factors to be considered in future related 

studies. 
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