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Abstract 

 
This study is undertaken in order to examine the effect of distributional learning 

on the acquisition of extrinsic vowel duration differences by Mandarin native 

speakers, with a focus on voicing-conditioned vowel duration. The perception of 

syllable-final stop voicing is one of most common difficulties that Mandarin native 

speakers encounter during English learning. Mandarin speakers usually have 

difficulties in perceiving syllable-final consonant voicing when the final consonant is 

unreleased. This is considered to be due to negative transfer from their first language.  

The specific research question was whether distributional learning on vowel 

duration differences is more effective when syllable-final voicing feature is also 

available during the training. In order to achieve the research goal, an experiment was 

conducted on 40 Mandarin native speakers.  

The result revealed a significant difference between released bimodal group and 

released unimodal group (p = 0.018). At the same time, no significant triple 

interaction was found among distribution type (bimodal vs. unimodal), test type 

(pre-test vs. post-test) and stimulus type (released vs. unreleased). In other words, 

although there was a significant improvement in the released bimodal group, we 

cannot draw a conclusion that training is more effective with released stimuli. Further 

research needs to be done to confirm that the improvement in the released bimodal 

group is due to the factor of syllable-final voicing. 

 

Key words: second language acquisition, syllable-final stop voicing, vowel duration, 

distributional learning 
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1. Introduction 

This study is undertaken in order to examine the effect of distributional learning 

on the acquisition of extrinsic vowel duration differences by Mandarin native 

speakers, with a focus on voicing-conditioned vowel duration. 

In second language acquisition, one’s first language (L1) has potential impact on 

the acquisition process, and the influence of L1 could appear in both perception and 

production. When it comes to English learning, learners with different language 

backgrounds usually encounter different problems. For Mandarin speaking English 

learners, one of the difficulties is the perception of syllable-final stop voicing. It was 

reported by previous studies that Mandarin Chinese speakers are able to perceive 

released syllable-final voicing very well, but they show difficulties in perceiving 

unreleased syllable-final stop voicing (Flege 1989; Zhang & Hayashi 2015). For 

instance, Mandarin speakers can only distinguish the minimal pair /bed/ and /bet/ if 

they hear the full pronunciation. When they hear [mat̚_] and [ma:d̚_], they won’t be 

able to tell the words apart. What causes this difficulty?  

First, a voicing contrast of stop consonants in syllable-final position is unfamiliar 

to Mandarin native speakers. It has been long recognized that the syllable is the basic 

unit in the perception of spoken language. The difference of syllable structure 

between L1 and L2 can potentially influence the acquisition of L2 sounds.  

In English, a word with a syllable structure of CVC is very common, and almost 

every consonant (except for /h/, /w/ and /j/) can serve as a syllable-final consonant. 

Therefore, a voicing contrast of stop consonants occurs both syllable initially and 

syllable finally in English. However, Mandarin has a relatively simple syllable 

structure. There are in total 22 consonants and 14 vowels in Mandarin. All consonants 

except for /ŋ/ can appear in syllable-initial position, while only the nasal sounds /n/ 

and /ŋ/ are permitted to be syllable-final consonants. Stop consonants never occur in 

syllable-final position.  

L2 learners often have difficulties in acquiring a contrast that occurs in an 

unfamiliar syllable position. In the case of unfamiliar syllable-final contrast, learners 
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usually apply to syllable-final decisions the same procedures that they use for 

syllable-initial decisions.  

Nevertheless, applying the same perceptual strategy could not deal with all 

pronunciation variants. In daily conversation, the reduction of sounds is very common, 

especially in syllable-final positions. For instance, the cue of stop release is often 

absent in American English.  

Native speakers are usually more sensitive to secondary acoustic cues and they 

are able to perceive reduced pronunciation variants relying on limited cues. On the 

other hand, non-native speakers are thought to be less sensitive to certain secondary 

acoustic cues and they are only able to perceive fully pronounced words. The fact that 

Mandarin native speakers apply the same the perceptual strategy to syllable-initial 

contrast and syllable-final contrast makes it difficult for them to perceive those 

reduced pronunciation variants that are not fully released. 

Flege (1989) investigated Mandarin Chinese speakers’ ability to perceive English 

syllable-final /t/ and /d/ contrast. It is found that Mandarin speakers can perceive an 

unedited English /t/ and /d/ contrast in syllable-final position very well, but when the 

release burst and closure voicing part is removed, they performed much worse than 

English native speakers. The result indicated that Mandarin Chinese speakers tried to 

rely on syllable-initial cues to identify syllable-final contrast, and the released part in 

pronunciation is crucial for them in the perception of syllable-final stop voicing. 

Zhang & Hayashi (2015) also examined Mandarin native speaker’s perception of 

syllable-final consonants by using stimuli with a structure of C1V1C2C3V2 with the 

consonant in C2 position unreleased. In the study, the perceptual ability of Mandarin 

speakers was compared to that of Japanese speakers. It is found that Mandarin 

speakers had a worse performance compared to Japanese native speakers in 

distinguishing voiced and voiceless consonants in C2 position. 

Secondly, Mandarin native speakers are not sensitive to vowel duration 

difference. Vowel duration is one of the important acoustic features of vowels. In 

some languages vowel duration difference is phonemic, which means long and short 
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vowel contrast can distinguish meaning. For instance, in Japanese /toke:/ means 

“clock” while /to:ke:/ means “statistics”. In some other languages, like English and 

Mandarin, vowel duration is not phonemic, which means that lengthening or 

shortening of a vowel does not change the meaning of a word. It is considered that the 

native speakers of languages like Japanese show more sensitivity to vowel duration 

difference changes, and native speakers of English and Mandarin are relatively less 

sensitive to vowel duration differences. Nevertheless, English speakers have been 

found more sensitive to vowel duration variants than Mandarin speakers.  

 In English there is a distinction between lax vowels and tense vowels. These 

vowels mainly differ in vowel quality, while the role of the vowel duration cue in 

perception cannot be ignored. One characteristic of tense vowels is that they tend to 

be longer in duration than lax vowels. For instance, English front high vowels /i/ and 

/ɪ/ differ in both vowel quality and vowel duration. Duration is an effective cue that 

adult English speakers make use of when discriminating the two vowels. This kind of 

duration difference of vowel is defined as “intrinsic vowel duration”, which means 

that the segment duration is affected by the articulation of the segment itself. 

Besides intrinsic vowel duration, there is also “extrinsic vowel duration” in 

English. In the case of extrinsic vowel duration, the duration of a vowel is affected by 

articulations of preceding or following segment. One major influence comes from 

syllable-final consonant voicing. The preceding vowel duration tends to be longer 

before a voiced consonant than a voiceless consonant. This phenomenon can be 

observed in many languages, while it is most significant in English. It was reported 

that English native speakers mainly rely on preceding vowel duration cues in 

perceiving syllable-final stop voicing (Lawrence 1971; Rodgers 2008).  

It is considered that the existence of both intrinsic and extrinsic vowel duration 

differences in L1 makes English native speakers sensitive to vowel duration variables, 

and they also use it as a secondary cue in perception. That is the main reason why 

English native speakers can perceive syllable-final stop voicing even when the final 

consonant is unreleased. 

On the other hand, vowel duration barely plays any role in Mandarin perception. 
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Although as a tonal language the vowel duration might change due to different tones, 

previous study has shown that Mandarin native speakers rely less on duration for tone 

distinction compared to L2 learners (Chang 2011). This could potentially makes it 

difficult for Mandarin-speaking learners to associate vowel durational information to 

syllable-final voicing feature in English, which causes the difficulty in perceiving 

English syllable-final voicing in reduced production variants.  

Some of the evidence is provided by Zhang & Hayashi (2015), who compared the 

perceptual ability of Mandarin native speakers to Japanese native speakers. Japanese 

is known as an open syllable language. As an open-syllable language, most syllables 

have a simple CV structure in Japanese. Only in a few circumstances can consonants 

be permitted to appear at the end of a syllable. For instance, in the case of geminate 

consonants, the first half /p/, /t/, /k/ and /s/ are permitted to be in final position. 

However, as mentioned above, since there is phonemic vowel duration in Japanese, 

vowel duration does play an important role in Japanese perception. This makes them 

sensitive to the durational differences in spoken language.  

Two experiments were conducted by Zhang and Hayashi and the results revealed 

that Mandarin Chinese speakers performed better than Japanese speakers in general, 

but their identification rate were more affected by the position of the consonant in the 

syllable. Japanese speakers can perceive the voicing in unreleased syllable-final 

consonants better than Mandarin Chinese speakers; also they may make better use of 

vowel duration as a cue to perceive voicing in syllable-final stops.  

How could Mandarin native speakers obtain native-like sensitivity to extrinsic 

vowel duration differences?  

Some studies have shown that the perceptual ability of foreign speech sounds 

could be improved through training. In the study of Flege & Wang (1989), the 

performance of English syllable-final /t/ and /d/ by Chinese speakers was improved as 

the result of feedback training, though the effect is less compared to Cantonese 

speakers and Shanghai dialect speakers. However, during feedback training, the 

subjects were exposed to all acoustic features. The improvement in final score is not 

necessarily related to the increased perceptual ability of making use of preceding 
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vowel duration cues in perception. In the present study, attempts will be made to find 

out whether or not distributional learning is an effective method for Mandarin native 

speakers to acquire extrinsic vowel duration. 

Some studies show that English native speakers have obtained the sensitivity to 

extrinsic vowel duration difference at a very early age. Eilers (1977) suggested that 

infants at around 2 months of age already use vowel duration as a supplementary cue 

for discriminating final consonantal voicing. Eilers et al. (1984) also reported that 5 to 

11 months old infants have the ability to discriminate vowel duration differences, 

though their performance was much poorer than that of adults. Ko et al. (2009) 

examined English speakers infants’ sensitivity to vowel duration conditioned by 

syllable-final consonant voicing. The results suggest that infants’ sensitivity to 

extrinsic vowel duration begins to develop between 8 and 14 months.  

If acquiring extrinsic vowel duration occurs in the early stage of life, it is possible 

that the process of acquisition also involves distributional learning. Distributional 

learning is defined as learning by simply listening to the frequency distributions of the 

speech sounds in the environment. It is the learning mechanism that human beings use 

to acquire speech sounds in their early life. It is reported that young infants can 

acquire phonemic differences through distributional learning (Wanrooij et al. 2014a), 

and also distributional learning is not limited to linguistic materials but also 

non-linguistic auditory sequences (Saffran et al. 1999).  

Some studies show that distributional learning is also effective for adults. For 

instance, Ong et al. (2015) reveals that non-tone language listeners can also acquire 

lexical tone categories through distributional learning. Moreover, it is also 

demonstrated that distributional learning has long-lasting effects (Escudero & 

Williams, 2014). Meanwhile, some researches also suggest that the effect of 

distributional learning in adults is less significant than in infants, indicating that it is a 

weaker mechanism for learning speech sounds in adults.  

Most studies investigated distributional learning at a phonemic level, while the 

preceding-vowel duration effect in English is phonological. This study will examine 

whether Mandarin Chinese speakers can obtain sensitivity to extrinsic vowel duration 
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difference through distributional learning. The specific research question is whether 

training on vowel duration differences is more effective when the syllable-final 

voicing feature is also available. 

Association is the main component of distributional learning, which requires the 

ability to associate two stimuli that are likely to co-occur. In the case of the present 

study, the listeners must not only perceive the difference between the long and short 

vowel, but also build the association between the distributions of vowel duration with 

the appearance of syllable-final voicing features. 
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2. Previous Studies 

In second language acquisition, there are influences from first language in many 

different aspects, and the influence can occur in both the perception and production of 

spoken language.  

It has been recognized that the syllable is the basic unit in the perception of 

spoken language. Previous research suggested that L1 syllable structure has a 

potential impact on L2 speech acquisition. In Kubozono (1995), two monosyllabic 

English words CVC and CVC were played to Japanese listeners, and they were asked 

to make a new word by combining the initial part of the first word and the final part 

of the second word. The result shows that Japanese speakers prefer to take the CV 

part from the first word, which means they tend to employ a CV/C segmentation 

rather than C/VC segmentation pattern.  

It is suggested that the L1 segmentation strategy used by learners makes it 

difficult for them to process within-syllable information in L2, including secondary 

acoustic cues.  

 

2.1 Syllable-final stop voicing perception by English speakers 

In the production of spoken language, the articulation of each sound is not 

completely isolated; some indirect information could be stored in nearby context, 

which can serve as a secondary cue in perception when the dominating cue is missing. 

In the perception of English syllable-final stop consonants, an audible release burst 

and closure voicing usually signal the voicing feature of the final consonant. At the 

same time, preceding vowel duration and formant transition can also serve as a 

secondary cue. 

Lawrence (1971) has given evidence that preceding vowel duration is an efficient 

cue to the perception of syllable-final stop voicing. The study used a series of CVC 

words ending in either a voiced stop consonant or a voiceless stop consonant, with the 

preceding vowel duration ranging from 150ms to 350ms. The stimuli were randomly 

played to 25 English native speakers, and the subjects were asked to make a choice 

between the members of a minimal pair of words.  
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The result showed that final consonants are perceived as voiceless sounds when 

the preceding vowel duration is short and as voiced sounds when preceding vowel 

duration is long. This indicates that preceding vowel duration is a sufficient cue to the 

perception of the voicing characteristic of word-final consonants and it is more 

effective before stop consonants than fricatives. The result also suggests that the 

perception cued by vowel duration is continuous rather than categorical. 

Rodgers (2008) also examined the relative importance of some acoustic cues in 

determining whether a listener perceives a voiced consonant or a voiceless consonant. 

The result showed that, among preceding vowel duration, consonants duration and 

percent glottal pulsing, vowel duration is the strongest of the three features 

influencing syllable-final stop voicing perception.  

Moreover, Hillenbrand et al. (1984) conducted two experiments to investigate 

among closure voicing, vowel-to-consonant transition, and release burst, what 

features affect English native speaker’s perception.  

In the experiments, the subjects were asked to identify the voicing of the 

syllable-final consonants from the edited CVC words ending in stop consonants: /pεb/, 

/pεd/, /pεg/, /pag/, /pig/ and /pug/. Vowels for all six syllables are of the same 

duration. In experiment 1, closure voicing and preceding vowel-to-consonant 

transition were removed while vowel duration and the final release bursts were 

retained. In experiments 2, release burst were removed.  

It is found that the subjects tended to change from hearing voiced stops to hearing 

voiceless stops when the closure interval and a portion of the vowel to consonant 

transition had been removed. And the removal of the final bursts didn’t significantly 

alter the identification. The result indicates that English native speakers do not mainly 

rely on release burst in perception, and whether final consonant is released or 

unreleased does not affect English native speaker’s perception. 

It is not surprising that English native speakers mainly rely on preceding vowel 

duration in perception. In daily conversation, reduction of sounds is a normal 

phenomenon and both vowels and consonants can be reduced under some 

circumstances. It has been stated in some studies that the reduction of consonants is 
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closely related to the position of the sound in a syllabe. Consonant reduction happens 

relatively easier in syllable-final position than in syllable-initial position (Recasens, D. 

2004). In the case of syllable-final stop consonant reduction, cues like release burst 

may be absent and the reliability is low. Comparing to other cues, preceding vowel 

duration is more stable and it is less affected by the context. However, this is not the 

case for Mandarin native speakers. 

 

2.2 Syllable-final stop voicing perception by Mandarin speakers 

In Mandarin, there is no contrast between a voiced stop and a voiceless stop, but 

instead a contrast between a voiceless unaspirated stop and a voiceless aspirated stop. 

Moreover, stop contrasts occur only in syllable-initial position. Therefore, unlike in 

English, voicing is not an important feature in the perception of stop consonants in 

Mandarin. English native speakers usually identify stop categories by voicing 

categories, while Mandarin speakers are more used to identifying stop categories by 

aspiration. 

Many previous studies have already focused on the perception of English 

syllable-final consonants by Mandarin Chinese speakers. By comparing their 

perceptual abilities with English native speakers, we can see that Mandarin speakers 

use different strategies to perceive syllable-final stop consonants. 

Flege (1989) investigated the perception of syllable-final /t/-/d/ contrast by 

Mandarin Chinese speakers. It is found that Chinese speakers can perceive an 

unedited English /t/ and /d/ in syllable-final position very well, but when the release 

burst and closure voicing were removed, they performed much worse than English 

native speakers. The result indicated that Chinese speakers are not familiar with 

syllable-final stops and they attempted to rely on syllable-initial cues to identify 

syllable-final /t/ and /d/.  

Flege & Wang (1989) conducted another experiment to examine Chinese speakers’ 

perception of the syllable-final /t/- /d/ contrast in English, and this time the influence 

of dialects was also taken into consideration. The study attempted to find out if the 

syllable structure of one’s native language is related to the learner’s sensitivity to 
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non-native sounds appearing in certain positions. Although a contrast between /t/ and 

/d/ only exists in the initial but not the final position of Mandarin words, Cantonese 

permits unreleased /p/, /t/, /k/ in word-final position, and in the Shanghai dialect 

word-final glottal stop is permitted. So the experiment was conducted by dividing all 

the subjects into three groups based on their language background: Mandarin speakers, 

Cantonese speakers and Shanghai dialect speakers. Since the number of consonants 

that are permitted to appear in syllable-final position in their first language is different, 

the three groups of subjects were presumed to show a different sensitivity to the 

perception of stop consonants in a second language. 

The result showed that the correct identification rate of native speakers of 

Cantonese, as predicted, was the highest at 88%, and Shanghai dialect speakers had a 

higher correct identification rate than native Mandarin speakers (79% and 69% 

respectively).  

 

 

FIGURE 1 | The mean percentage of correct identification of /t/ and /d/ by 

Mandarin, Shanghai dialect and Cantonese speakers before ☐, during n, and after  

feedback training. (Flege & Wang, 1989)  

 

The study also investigated the effect of feedback training on perception. During 

the training phase, the subjects were informed of the correct answer soon after they 

made the judgment. As the result of training, the performance of each group was 

improved. But the difference between pre-training phase and post-training phase was 
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greater for Cantonese and Shanghai dialect speakers (26% and 28%) than for 

Mandarin speakers (19%). 

 

2.3 Phonemic vowel duration for Mandarin speakers 

It was proved by previous studies that vowel duration is the most effective cue to 

the perception of stop consonant’s voicing feature for English native speakers. 

Whether Mandarin speakers can make good use of this cue becomes the next question 

to investigate. The key point is considered to be their sensitivity to the change of 

vowel duration and by reviewing some previous studies, we can see there is a big 

difference between Mandarin speakers and English native speakers in this aspect. 

As mentioned above, vowel duration difference is not phonemic in Mandarin. 

Some might argue that this is not entirely true, because some tonal differences also 

reflect in durational differences. It is known that there are in total five tones 

(including neutral tone) in Mandarin and tone 2 and tone 3 have been considered to be 

the most perceptually confusable for non-native speakers. Simply put, Mandarin tone 

2 is characterized as having a high-rising pitch contour and tone 3 is characterized as 

having a low falling-rising pitch contour.  

Chang (2011) investigated whether vowel duration serves as a perceptual cue and 

whether L1 and L2 listeners weigh the cue in the same manner in distinguishing the 

two tones. The experiment consisted of two forced choice discrimination tasks. Task 

1 used the stimuli where tone 3 was naturally longer than tone 2, while Task 2 used 

duration-normalized stimuli. The result showed that L2 listeners relied more on 

duration in the discrimination of tone 2 and tone 3, while Mandarin native speakers 

gave less perceptual weight to duration.  

The result supports the fact that vowel duration barely plays a role in Mandarin 

perception. At the same time, efforts have been made to examine how Mandarin 

speakers acquire a foreign language showing phonemic vowel duration distinction. 

Kurihara et al. (2006) conducted a listening test to investigate how Mandarin 

native speakers perceive Japanese long vowels by vowel duration. The result showed 

that Mandarin speakers perceive some vowels with short duration as long vowels and 
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it was difficult to see a similar tendency of categorical perception like Japanese native 

speakers from them. The result was then compared to their Japanese ability levels and 

no relations were found.  

The lack of vowel duration difference in Mandarin also reflects in prosody 

production. Minagawa-Kawai (2001) compared the production of nonsense words by 

Mandarin native speakers and Japanese native speakers. As is well known, Japanese 

is a mora-timed language, which means the duration of every mora is equal. That is to 

say, the duration of the consonant and the vowel within a mora usually have a 

compensating relationship. It was hypothesized in the study that Japanese speakers 

would show a stronger tendency to keep CV length equal than speakers of other 

languages, because CV must not be too long in Japanese where CV and CVC/CVV 

have a durational contrast.  

Previous studies already examined the existence of temporal compensation while 

Minagawa-Kawai focused on the issue of how differently temporal compensation is 

performed depending on language. The study tested the hypothesis by comparing 

Japanese with Mandarin, which has a different rhythm pattern from Japanese. In the 

pronunciation test, two nonsense words “maCVka” and “maCVnka” were made, 

where the CV is /ra/, /ba/, /sa/, /ri/, /bi/ and /si/, and these words are inserted in a 

carrier sentence.  

 

 
FIGURE 2 | Correlation between duration of C2 and V2 for Chinese and Japanese. 

(Minagawa-Kawai 2001) 
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The records were analyzed on computer and segmental durations of the recorded 

utterances were measured. The duration of C2 (e.g. /b/ in /mabaka/) and the duration 

of its following vowel V2 in each utterance were plotted. 

Fig 2 compared the tendency of temporal compensation effect across language. 

From the chart we can see that when the consonant duration gets longer, the vowel 

duration gets shorter. This is true for both Japanese and Chinese speakers but it is 

clear from the figure that the extent of temporal compensation is larger for Japanese 

than for Chinese. Japanese speakers show stronger temporal compensation because 

CV and CVV have a durational contrast, while the contrast doesn’t exist in Mandarin.     

Although this test examines temporal compensation in production, the result also 

gave some evidence that Mandarin speakers pay less attention to vowel duration in 

spoken language than Japanese speakers.  

 

2.4 Vowel duration as secondary acoustic cue for Mandarin speakers 

Zhang & Hayashi (2015) conducted two experiments to examine the perception of 

English consonants in syllable-final position by Mandarin native speakers and 

Japanese native speakers, and to also find out to what extent they rely on the vowel 

duration cue to perceive syllable-final stop voicing.  

The stimuli used in this experiment were nonsense English words containing 13 

American English consonants. All words have the same structure of C1V1C2C3V2, 

with /e/ and /i/ in V1 and V2 position and /p/ in C1 position. The 13 target consonants 

appear in C2 and C3 position alternately. Among them, words with same consonant in 

C2 and C3 positions were removed from the list. An American English native speaker 

recorded the stimuli in a soundproof room. The speaker pronounced all the words 

naturally and the consonants in C2 position were all unreleased.  

The subjects were told to listen to a series of nonsense English words with a 

structure of /peC2C3i/ and they were asked to concentrate on the two consonants in C2 

and C3 positions, and then to write down the sounds they had identified on the answer 

sheet. The results showed that although Chinese subjects have a higher average score 

than Japanese subjects in general, the perception of Chinese subjects is more affected 
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by syllable position.  

It seemed that when a consonant appears in the onset position, Chinese speakers 

do not have any problems identifying it, but when it appears in the coda position, the 

identification rate could be extremely low. For example, Chinese speakers have an 

average identification rate of 95.83% for word-initial /t/ while for word-final /t/ this 

number is only 15%. 

And also, as shown in Fig. 3, when it comes to syllable-final stop consonants and 

fricative consonants, Chinese speakers made more mistakes than Japanese speakers in 

perceiving the voicing feature. This difference suggests that Chinese subjects must be 

less sensitive to certain acoustic features cuing voicing than the Japanese subjects, 

which was further investigated in experiment 2. 

 

 
FIGURE 3 | Percentage of errors occurring within voiced-voiceless contrast in 

syllable-final position. (Zhang & Hayashi, 2015) 

 

A second experiment was also conducted in the study. Six English words with a 

simple CVC structure /cɑp/, /cɑb/, /bɛt/, /bɛd/, /pɪk/ and /pɪg/ were recorded by an 

American English native speaker. For each word, the vowel durations were measured. 

The stimuli were made by editing the words ending in voiceless stops. The release 

burst was eliminated and the duration of the preceding vowel was lengthened in five 
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steps. In the final step, the duration is equal to that of the preceding vowel of the 

words ending with voiced consonants. The subjects were asked to identify whether 

the word ended with a voiced or a voiceless consonant.  

 

 
FIGURE 4 | Percentage judged as voiceless by Chinese speakers and Japanese 

speakers with the change of vowel duration. (Zhang & Hayashi, 2015) 

 

The results showed a significant difference between Mandarin and Japanese 

speakers (Fig. 4). In Figure 4, the percentage judged as voiceless by Japanese 

speakers gets lower if the preceding vowel duration gets longer. There was a 

significant difference between groups of different vowel durations (ANOVA, p < 

0.001). This suggested that for the Japanese subjects, the final consonant was likely to 

be perceived as voiceless when the preceding vowel duration is shorter. This is the 

same result as reported for English native speakers by Lawrence (1971). Thus 

Japanese speakers show a tendency to use vowel duration as a voicing cue in way 

similar to English speakers. No significant difference was found as a function of 

vowel duration in the perception of Mandarin native subjects (ANOVA test, p=0.26).  

It was found in the interviews after the experiment that most Japanese subjects can 

notice the differences between each stimulus and they have a clear standard to help 

them to make a choice. Some said they have a clear standard for making the 

judgments, they chose the voiceless sound when the vowel sounded shorter and chose 

the voiced sound when the vowel sounded longer. This identification strategy is 
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thought to come from their native language. In Japanese there is a contrast between 

long vowels and short vowels, and also a contrast between words with geminates and 

words without geminates. It is known that geminates can change the duration of the 

preceding vowel and even the posterior vowel. This is thought to be the reason why 

Japanese speakers can notice the change of vowel duration easily. On the other hand, 

most Chinese speakers said that they cannot tell the difference between the stimuli in 

each group when they were asked how they made their choice. Some said that they 

could perceive the difference to some extent but they could not tell exactly what part 

is different. 

This finding may account for their relatively poor performance in Experiment 1 

for identifying voicing features of syllable-final stops. This is considered to be a 

negative transfer from their first language. As was discussed above, vowel duration 

difference is phonemic in Japanese but not in Mandarin Chinese. 

From above, it is clear that both in the perception of Mandarin and foreign 

languages, Mandarin native speakers do not regard vowel duration as an effective cue. 

Besides the difficulties in perception, Mandarin speakers show difficulties in 

production as well. It is reported that Mandarin native speakers often omit an English 

final consonants or insert a vowel after the final consonant (Flege, 1989). Xu & 

Demuth (2012) provided an acoustic analysis of English syllable-final consonant 

production by Mandarin leaners of English. A total of eight female L1 speakers of 

Mandarin participated in the study. The target consonants were embedded in four 

monosyllabic CVC words. As a result, no significant difference was found in 

preceding vowel duration between voiced and voiceless stops. 

Flege et al. (1992) examined the production of word-final English /t/ -/d/ contrast 

by native speakers of English, Mandarin and Spanish. In the study, English native 

speakers were asked to identify the voicing feature in syllable-final stops produced by 

talkers in five groups: English native speakers, experienced and inexperienced 

Spanish-speaking English learners, and experienced and inexperienced native 

Mandarin speaking English learners.  

As a result, the experienced second language learners' stops were correctly 
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identified less often than stops produced by the native English speaker, and the 

difference is significant. No significant difference in identification rate was found 

between the stops produced by experienced second language learners and the stops 

produced by the inexperienced L2 learners. Moreover, it is also revealed that the 

productions of native English speakers show some significant acoustic features. For 

instance, they produced vowels significantly longer before /d/ than /t/. Although the 

same kinds of acoustic differences between /t/ and /d/ were found also found in the 

production of the L2 learners, the difference is relatively smaller. Finally, there is a 

strong correlation between vowel duration differences and the listeners' identification 

under edited pronunciation condition (where post-vocalic cues were removed) than 

under full pronunciation condition.  

 

 
FIGURE 5 | Mean duration of vowels (ms) in minimally-paired words ending in /d/ 

and/ t/ spoken by subjects in five groups. (Flege et al., 1992) 

 

This study not only supports that English native speakers rely on vowel duration 

to perceive syllable-final voicing, but also reveals that the preceding-vowel duration 

effect in Mandarin speaker’s production is smaller compared to English native 

speakers. 

In second language acquisition, production and perception are closely connected. 

The fact that Chinese speakers could not make use of the vowel duration cue 

efficiently and also they could not produce vowel duration cue in their own 
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pronunciation added another piece of evidence for the statement. This will potentially 

cause misunderstanding in their communication with English native speakers. 

 

2.5 Previous studies on distribution learning 

When and how do native speakers acquire the sensitivity to extrinsic vowel 

duration difference?  

Ko et al. (2009) examined 8-month-old and 14-month-old infants’ perceptual 

sensitivity to vowel duration conditioned by post-vocalic consonantal voicing. In the 

experiment, three CVC minimal pairs /bæg/-/bæk/, /cʌb/-/cʌp/ and /pɪg/-/pɪk/ were 

used as the stimuli; half the infants heard CVC stimuli with short vowels, and half 

heard stimuli with long vowels. In both groups, stimuli with voiced and voiceless 

final consonants were compared. The result showed that older infants are sensitive to 

mismatching vowel duration and consonant voicing in the short condition, while no 

significant result was found in younger infants in either condition. The study 

suggested that sensitivity to preceding vowel duration conditioned by post-vocalic 

consonantal voicing might develops over the course of the second half of the first year 

of life. Although it is still not clear how the sensitivity is obtained, it is possible that 

distributional learning also involved in the process of acquisition. 

Distributional learning is defined as learning by simply listening to the frequency 

distributions of the speech sounds in the environment. It is the learning mechanism 

that human beings use to acquire speech sounds in their early life. 

Wanrooij et al. (2014a) investigated the effect of fast distributional learning in the 

lab. In the study, Dutch infants aged 2 to 3 months were presented with either a 

unimodal or a bimodal vowel distribution based on the English /ε/-/æ/ contrast for 

only 12 minutes. After the training, their ability to discriminating discriminate [æ] 

from [ε] were tested in an ERP oddball paradigm. The stimuli were synthesized in 

Praat and they only varied in the values of F1 and F2. F3, F4 and F5 were set to the 

same value for each stimulus. The duration of each stimulus was also kept at 100ms. 
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FIGURE 6 | Unimodal (gray curve) and bimodal (black curve) training 

distributions of the first vowel formant (F1). The values of the test stimuli lie at the 

intersections of the two distributions. (Wanrooij et al., 2014a) 

 

If distributional training is effective, infants trained bimodally should have a 

better performance in discriminating the two test stimuli. The result shows that the 

infants exposed to bimodal distribution can better discriminate /ε/-/æ/ contrast after 

the training than the infants exposed to unimodal distribution.  

Wanrooij et al. (2014b) further examined whether the capacity for using the 

mechanism is different in adults than in infants. In the experiment, the participants 

were Dutch native speakers that had been raised monolingually. The subjects were 

exposed to either a bimodal distribution that suggested the existence of the two 

English vowels, or to a unimodal distribution that did not. Before and after exposure 

the participants were tested on their discrimination of a representative [æ] and a 

representative [e], by measuring mismatch responses (MMRs). As a result, the 

significant effect of bimodal distribution in infants observed by Wanrooij et al. (2014a) 

was not shown in the adult subjects.  

Ong et al. (2015) examined whether non-tone language listeners can acquire 

lexical tone categories through distributional learning. In the study, Native Australian 

English listeners were trained on a Thai lexical tone minimal pair. During Training, 

the subjects either heard a unimodal distribution that would induce a single central 

category, or a bimodal distribution that would induce two separate categories. A 
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discrimination task was conducted before and after training. It is found that the 

bimodal group outperformed the unimodal group at Post-test relative to at Pre-test.    

Furthermore, Escudero & Williams (2014) examined both short- and long-term 

effects of distributional learning of phonetic categories on non-native sound 

discrimination over a 12-month period. Two groups of listeners were exposed to a 

two-minute distribution of auditory stimuli in which the most frequently presented 

tokens either approximated or exaggerated the natural production of the speech 

sounds, whereas a control group listened to a piece of classical music for the same 

length of time. Discrimination by listeners in the two distribution groups improved 

immediately after the short exposure, replicating previous results. Crucially, this 

improvement was maintained after six and 12 months, demonstrating that 

distributional learning has long-lasting effects. 

Pająk & Levy (2012) conducted an experiment on adults with different language 

backgrounds. In the study, native speakers of Korean and Mandarin were tested. In 

Korean, duration is a cue to distinguishing phonetic categories (e.g., [pul] ‘fire’ vs. 

[pu:l] ‘blow’). Therefore they are better at discriminating duration contrasts than are 

speakers of Mandarin, in which there are no length contrasts. While Mandarin 

speakers are considered to be better in distinguishing place of articulation contrast 

between alveolo-palatal and retroflex sibilants. Mandarin speakers and Korean 

speakers participating in the experiment they were exposed to the sound distribution 

in a hypothetical language that could be interpreted as either a place distinction 

(alveolopalatal vs. retroflex) or a duration distinction (short vs. long). 

The results showed that the effect of training on length is better for Korean 

speakers, which suggests that speakers of Korean were biased toward inferring a 

length-based category distinction and against inferring a place-based category 

distinction. On the other hand, the type of training did not have a clear effect on 

Mandarin speakers. 

In this study, an experiment was conducted to examine whether Mandarin Chinese 

speakers can obtain sensitivity to extrinsic vowel duration difference through 

distributional learning. The specific research question is whether distributional 
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training on vowel duration differences is more effective when syllable-final voicing 

feature is also available during the training. 
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3 Rationale 

The present study aims at finding an effective training method to increase 

Mandarin speaker’s perceptual ability towards syllable-final stop voicing. 

In the study of Flege & Wang (1989), Mandarin speakers’ perception of 

syllable-final /t/-/d/ contrast was investigated. The study also examined the effect of 

feedback training. During the feedback-training phase, the subjects were informed of 

the correct answer immediately after they made the choice each time. The speakers’ 

performance in the pre-training phase was then compared to the during-training phase 

and the post-training phase. As a result, the performance of English coda /t/ and /d/ by 

Chinese speakers was improved as the result of feedback training, although the 

improvement is small compared to Cantonese and Shanghai dialect speakers. 

However, during feedback training, the subjects were exposed to more than one 

acoustic feature. The improvement in perception is not necessarily related to the 

increased ability of making using of preceding vowel duration cue in perception.  

Compared to feedback training, distributional learning can better make the 

subjects focus on one specific acoustic feature; this might potentially increase the 

effect of training. Therefore, it is necessary to examine whether the sensibility of 

Chinese speakers towards extrinsic vowel duration can be obtained through 

distributional training. The specific research question is whether the presence of 

syllable-final voicing feature can enhance the effect of training of vowel duration 

differences. 
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4 Experiment 

A perceptual experiment was conducted to examine whether or not Mandarin 

speakers can acquire the effect of preceding-vowel duration through distributional 

learning. In order to investigate the effect of distribution learning, the experiment 

consists of three phases: pre-test phase, training phase and post-test phase. 

 

4.1 Subjects 

40 Mandarin Chinese native speakers participated in the experiment. All subjects 

reported normal hearing	 and	 all had learned English as an L2 after the age of 14. 

Cantonese dialect speakers and Shanghai dialect speakers were not included. 

All subjects receive the same discrimination test in the pre-test phase and post-test 

phase. In the training phase, they were divided into four groups: released bimodal 

group, released unimodal group, unreleased bimodal group and unreleased unimodal 

group. The type and distribution of the stimuli that a subject was exposed to were 

different for each group. 

 

4.2 Stimuli 

There were two types of stimuli in the experiment, for the released bimodal and 

unimodal groups the stimuli were from a continuum changing from [mat̚_t] to 

[ma:d̚_d]. For the unreleased bimodal and unimodal groups, the continuum changing 

from [mat̚] to [ma:d̚] was used. The only difference between the two sets of stimuli is 

whether the final stop consonant is released or not. 

The sources used to create the stimuli were recorded in a soundproof laboratory, 

which are two CVC words /mat/ and /mad/. The recordings were then edited with 

Praat (version 6.0.21). Two types of stimuli are needed for the experiment: the 

released stimuli and the unreleased stimuli. Recordings with a steady pitch contour 

were chosen as the released stimuli. The unreleased stimuli were made by eliminating 

the syllable-final stop consonants /t/ and /d/.  

Vowel duration was the parameter in this experiment, and it should be shorter 

when preceding a voiceless stop consonant and longer when preceding a voiced stop 
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consonant. The duration was controlled by shortening the duration of the vowel in 

/mad/ by several steps. In order to keep a smooth pitch transition after the editing, 

every step one period from each steady part of the vowel was cut off. At the same 

time, cutting two adjacent periods was avoided during the editing. In total, there were 

18 released stimuli and 17 unreleased stimuli. Table 1 shows the vowel duration of 

the stimuli used in the experiment. In the experiment, the Stimuli were presented to 

the subjects in Praat. 

 

Stimulus Vowel Duration (ms) 
a-4 345 
a-5 335 
a-6 325 
a-7 315 
a-8 305 
a-9 295 
a-10 285 
a-11 275 
a-12 265 
a-13 255 
a-14 245 
a-15 235 
a-16 225 
a-17 215 
a-18 205 
a-19 195 
a-20 185 

Table 1 | Vowel duration of the stimuli used in the experiment. 

 

4.3 Procedures 

Pre-test phase and Post-test phase 

During the pretest and posttest phase, all subjects received the same 

discrimination test. In the test, the subjects were presented with two stimuli /ma/ with 

different vowel durations (245ms and 285ms) each time. They were then asked to 

listen to two words from a new language, and to determine whether the two words 

they heard were the same. After the subjects made the judgment, the next pair of 
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stimuli was presented automatically. This procedure was repeated 120 times, each 

time in a randomly generated order (combinations of two same words are also 

included). 

The two test stimuli were chosen because they had been presented in the same 

frequency in both bimodal distribution and unimodal distribution during the training 

phase. Therefore, the four groups of subjects came to the test phase with equal prior 

exposure in the training phase to sounds in the region of the test stimuli, so that any 

difference between the groups observed in the test could not be attributed to 

differences in familiarity with the test stimuli. 

Training phase 

 In the training phase, the subjects were divided into four groups: released 

bimodal group, released unimodal group, unreleased bimodal group and unreleased 

unimodal group.  

Stimuli used for the unreleased bimodal group and the unreleased unimodal group 

were from the [mat̚] - [ma:d̚] continuum with vowel duration ranging from 185ms to 

345ms. Stimuli used in the released bimodal group and released unimodal group were 

from the [mat̚_t] - [ma:d̚_d] continuum with vowel duration ranging from 185ms to 

345ms and /C/ changing from fully released /t/ to fully released /d/ when the vowel 

duration increased to 265ms (stimulus a-12). The stimuli were created in this way so 

that voiceless final /t/ always occurs with relatively shorter vowels and voiced final 

/d/ always occurs with relatively longer vowels. 
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Figure 7 | Frequency of presentation of stimuli in bimodal groups (up) and 

unimodal groups (down). The values of the test stimuli are indicated in red color. 

 

During the training, each stimulus was repeated multiple times. The total number 

of presentations of stimuli was 472 for all groups, while the frequency distribution of 

the stimuli was different in the bimodal group and the unimodal group. The unimodal 

groups induced a single central category, while the bimodal groups induced two 

separated categories. Figure 7 shows the frequency of presentations of stimuli in 

bimodal groups (top) and unimodal groups (bottom). In bimodal distribution, the 

stimuli a-8 and a-16 occur the most frequently, which is 72 times each. The stimuli 

a-4, a-5, a-12, a-19 and a-20 occur the least frequently, which is 8 times each. By 

contrast, the unimodal mean lay exactly in the middle of the range of vowel duration 

values and in between the two bimodal means. The most frequently occurring 

stimulus was the a-12 and the least frequently occurring ones were a-4 and a-20. The 

stimuli were randomized and presented with Praat based on two different distribution 

scripts. The order of presentation of the stimuli in the training was randomized 

separately for each subject. The subjects were told to listen to a series of words, and 

during the training they were not required to make any operations on the computer. 

The scores of each subject in pre-tests and post-tests were calculated. Only 

comparing the result of released bimodal group and released unimodal group could 

not lead to a conclusion on whether the training is effective for extrinsic vowel 

duration difference acquisition. The score difference does not necessarily suggest that 
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the subjects can better associate the vowel duration differences with syllable-final 

voicing. It might be simply because that the training phase increased the subjects’ 

sensitivity to vowel duration. In order to exclude the possibility, the result of the 

groups trained with released stimuli will be compared to that of the groups trained 

with the unreleased stimuli. In those two groups, the training only aims at increasing 

sensitivity to phonemic vowel duration difference. This is why the two unreleased 

groups are necessary in this experiment 

The specific research question of this study is whether distributional learning on 

vowel duration differences is more effective when syllable-final voicing feature is 

also available in the stimuli. In the experiment, the bimodality effect in both released 

and unreleased condition was examined. The main point we want to see is whether or 

not the bimodality effect is bigger under the training with released syllable-final 

consonants than under the training with unreleased syllable-final consonants. 

Therefore, besides the difference between pre-test and post-test and the difference 

between bimodal and unimodal, the difference between released and unreleased is 

also an indispensable factor in this study. We expected to see a statistically significant 

triple interaction among test condition, distribution type and stimulus type. Assuming 

that the distribution type (bimodal vs. unimodal) has an effect on the score across 

different test condition (pre vs. post), this interaction could reveal that stimulus type 

(released vs. unreleased) has an effect on this “distribution type effect”. Only when 

this interaction is significant, we can say that training for duration is more effective 

with released stimuli. 

 

4.4 Result 

Table 2 gives the pre- and post-test percentages correct (i.e., the percentage of 

correct judgment of the 120 test stimuli) and the difference (i.e., the post-test minus 

pre-test percentage correct) for all four groups.  

An ANOVA on all pre-test scores did not display a significant difference between 

the four groups (p = 0.74). This suggests the equality of the groups before training. 

The difference between pre-test and post-test score is a measure of improvement 
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after training. For the subjects exposed to released stimuli of a bimodal distribution, 

score in the post-test was improved compared to that in the pre-test, and the score 

difference is significantly different from zero (t-test, p<0.01). There is no significant 

improvement in the subjects from the released unimodal group (t-test, p = 0.85). An 

ANOVA with difference scores as the dependent variable revealed a significant 

difference between the released bimodal group and the released unimodal group (p = 

0.02).  

 

 

Table 2 | Pre- and post-test percentages correct, and difference. Standard deviations 

between participants in each group are given between parentheses. 

 

On the other hand, the score difference for unreleased bimodal group is not 

significantly different from zero, and also ANOVA test with difference scores as the 

dependent variable revealed no significant difference between the unreleased bimodal 

group and the unreleased unimodal group (p = 0.09). That is to say, compared to 

training with unreleased stimuli of a unimodal distribution, training with bimodally 

distributed stimuli did not significantly increase the subjects’ sensitivity towards 

vowel duration difference. Moreover, there is a main effect of test type, and the odds 

of post-test people score was improved by 14 percent compared to the odds of pre-test 

people (p = 0.0016). There is also an interaction effect of test type and distribution 

type. The average of pre-test unimodal people and post-test bimodal people scores 

24.9 percent better than the average of pre-test bimodal people and post-test unimodal 

people (p = 0.0055). 

However, no significant triple interaction was found among distribution type, test 

type and stimulus type (p = 0.83). For that reason, the possibility that the score 

improvement observed in released bimodal group is only in the phonemic level 
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cannot be excluded. Therefore, we cannot draw a conclusion that training with 

released stimuli is more effective.  

 

4.5 Discussion 

In order to investigate the effectiveness of distributional learning of extrinsic 

vowel duration difference, an experiment was conducted on Mandarin Chinese native 

speakers. In the experiment, the subjects were divided into four different groups: 

released bimodal group, released unimodal group, unreleased bimodal group and 

unreleased unimodal group. The result shows significant improvement before and 

after training in released bimodal group. However, training with released stimuli did 

not significantly improve the subjects’ perception than training with unreleased 

stimuli. 

As mentioned above, bimodal released group is the main group investigated. The 

result showed that the subjects trained in this group indeed had a better performance 

in post-tests. However, the improvement observed in released bimodal group could 

not lead to the conclusion that the training is effective for acquiring extrinsic vowel 

duration differences. The possibility that the training only improved the sensitivity to 

phonemic vowel duration difference must be excluded.  

For the subjects in unreleased groups, the result revealed no significant difference 

between unreleased bimodal group and unreleased unimodal group. The subjects 

trained with bimodally distributed stimuli were not significantly better in identify 

vowel duration differences after training than the subjects trained with unimodal 

distributed stimuli. 

It turned out that simple training in a phonemic level did not help Mandarin 

speakers to become more sensitive to vowel duration differences. Although during the 

training with unreleased stimuli, the subjects only need to focus on the durational 

information. It seems that this is not easier for Mandarin native speakers. It is possible 

that under training with released stimuli, it is easier for the subject to associate the 

durational change with the final consonant, which enhances the learning effect.   

Most subjects reported the experiment as a difficult task. In the pre-test phase, 
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some Mandarin Chinese speakers reported that duration difference was not taken into 

consideration in discriminating the two words; some reported that they could not 

accurately perceive the durational difference. Although after the training they were 

able to notice that the difference lies in duration, making correct judgment is still a 

hard task for them. This might partially be because of the choice for test stimuli. In 

the discrimination test, stimuli with vowel duration 245ms and 285ms were chosen as 

the test stimuli. It is possible that the durational difference between the two stimuli is 

too small while the effect of training is limited.  

Language transfer is one of the earliest theories of second language acquisition. In 

the study of phonological acquisition, the effect of this transfer is divided into two 

categories. Positive transfer occurs when the L1 and L2 patterns are similar, and 

habits from the L1 are carried over to the L2. Negative transfer occurs when the L1 

and L2 patterns are different, and habits carried over interfere with the L2. In the 

acquisition of vowel duration length effect by Mandarin speakers, negative transfer 

from L1 occurs. The speech learning model theory (Flege, 1995) has indicated that 

the phonetic system of native and foreign sounds can affect each other. The 

hypothesis stated that so long as the learner can perceive part of the different features 

of a foreign sound, there would be more chances for a new category to be formed, 

which does not belong to any native sound category. The more different a foreign 

language sound is from native sounds, the easier it is for learners to identify it. And if 

two sounds are not in a phonemic contrast with each other in one’s native language, it 

will be very difficult for the listener to tell them apart, even in a foreign language. 

This hypothesis is also supported by the report by Aoyama et al. (2004) who stated 

that it is easier for Japanese speakers to improve through perceptual training on /r/ 

sounds than /l/ sounds, since /r/ sounds do not exist in Japanese and they have more 

specific features.  

This provides a possible explanation to the invalid training of phonemic vowel 

duration on Mandarin speakers. Since long vowel and short vowel is not a phonemic 

contrast in L1 for Mandarin speakers, training on durational differences brings more 

difficulties than training on complete novel sounds. 
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 Wanrooij et al. (2014b) has indicated that distributional learning is less effective 

in adults than infants. It remains to be seen whether the same type of training can help 

infants at an early age to acquire extrinsic vowel duration differences. The experiment 

design also has potential influence on the training effect, because a pre-test would 

have been an additional distributional training and this could have distorted the 

intended training distributions. This also needs to be taken into consideration in 

further experiment design. It can be seen from the result that there is a big personal 

difference between the participants; more participants are needed in order to achieve a 

more accurate result. 

In the perception of syllable-final stop voicing, formant transition can also serve 

as an acoustic cue. In recent years, the transition pattern of the first formant (F1) in 

preceding vowel also starts to draw people’s attention. The first formant (F1) of 

vowels has been seen to vary with the voicing of the following consonant, i.e. F1 

offset frequency of the preceding vowel usually has a lower value when it is followed 

by a voiced stop consonant. Previous studies have shown that English native speakers 

can also rely on vowel to consonant transition to perceive syllable-final voicing 

(Hillenbrand et al., 1984). Further studies will be conducted to investigate whether 

distributional learning can help Mandarin speakers to acquire the ability to use 

formant transition cues in syllable-final voicing perception. And also, future research 

is necessary to examine the persistence of short-term distributional learning over time. 

In second language acquisition, production and perception are closely connected. 

And the fact that Chinese speakers could not make use of the vowel duration cue 

efficiently and also they could not produce the vowel duration cue in their own 

pronunciation added another piece of evidence for the statement. This will potentially 

cause misunderstanding in their communication with English native speakers. 

Previous studies indicated the possibility of improving learners’ pronunciation of 

foreign sounds through training. The next step is to examine whether or not the 

improvement in production can in turn improve the perceptual ability.  
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5 Conclusion 

This study investigated the perception of syllable-final stop voicing by Mandarin 

native speakers. This is one of most common difficulties that Mandarin native 

speakers encounter during English learning. It is considered to be due to negative 

transfer from their first language. Besides the reason that voicing contrast in 

syllable-final position is unfamiliar to Mandarin speakers, the fact that Mandarin 

lacks intrinsic and extrinsic vowel duration differences also makes it difficult for 

Mandarin native speakers to perceive durational difference information in a foreign 

language. Therefore Mandarin speakers have more difficulties in perceiving 

syllable-final consonant voicing when the final consonant is unreleased.  

The specific research question was whether distributional learning on vowel 

duration differences is more effective when syllable-final voicing feature is also 

available. In order to achieve the research goal, an experiment was conducted on 40 

Mandarin native speakers.  

The result revealed a significant difference between released bimodal group and 

released unimodal group. At the same time, no significant triple interaction was found 

among distribution type, test type and stimulus type. In other words, although there 

was a significant improvement in the released bimodal group, we cannot draw a 

conclusion that training is more effective with released stimuli. Further research needs 

to be done to confirm that the improvement in the released bimodal group is due to 

the factor of syllable-final voicing. 

Foreign language skill has always been seen as an important part in education in 

China. Every year new foreign language schools are being established. But due to the 

lack of phonetic studies, the pronunciation training is still insufficient. As one of the 

problems that haven’t been widely noticed, the voiced and voiceless contrast has 

confused many English learns in China. The present study will hopefully help them to 

understand this issue fundamentally and draw more people’s attentions to the 

importance of phonetics in English education. 
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