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Abstract 

This thesis investigates the perception and production of Mandarin high and mid vowels: [i], [u], [y], [ɤ], 

[ɹ̪] and [ɻ] in dental, retroflex and palatal fricative and affricate contexts by adult NZE native-speakers. It 

is found that factors, such as L1 transfer, L2 experience and markedness all influence the perception 

and production of target Mandarin vowels by learners. 

The perceptual categorization of target vowels is assessed with a cross-language perceptual mapping 

task by 11 naïve speakers of NZE; the perceptual identification and discrimination of target vowels are 

examined with an identification task completed by 19 learners with medium or low Mandarin 

experience. The results of the two tasks indicate that the way two Mandarin vowels are categorized 

into NZE vowels determines the perceptual discrimination between the two Mandarin vowels by 

learners exactly as the Perceptual Assimilation Model (PAM) (Best, 1995; Best & Tyler, 2007) predicts. 

Mandarin [i] is assimilated as a good instance to the NZE category /i/, while Mandarin [y] and [u] are 

both assimilated as only fair instances to the NZE category /u/. This leads to a high level of inaccuracy 

in discrimination by learners for the Mandarin contrast [u]-[y], but not for [i]-[u] or [i]-[y]. The three mid 

vowels [ɤ], [ɹ̪] and [ɻ] are not categorized into any NZE vowel category, the discriminations between 

two uncategorized vowels [ɤ] and [ɹ̪], [ɤ] and [ɻ] are difficult, but learners can easily discriminate [ɹ̪] from 

[ɻ]. This is probably because [ɹ̪] and [ɻ] are in complementary distribution and their preceding 

consonants may provide additional clues for learners to tell them apart.  

L2 experience plays a significant role in the perceptual identification accuracy for vowels [y], [u], [ɤ] but 

not for [i] as the Speech Learning Model (SLM) (Flege, 1995) predicts. SLM proposes that L2 

experience has a more obvious effect on L2 sounds which are perceptually less similar to L1 sounds 

than L2 sounds which are perceptually more similar to L1 sounds. Vowels [y], [u], [ɤ] with at best a fair 

fit are less similar vowels in SLM, [i] with a good fit is a more similar vowel in SLM. However, language 

experience does not play a significant role in the perception of the less similar vowels [ɹ̪] and [ɻ]. This 

can be explained by the high markedness of these two phones which delay the influence of L2 

experience. 

The production of Mandarin vowels is assessed with interpretations by NS judges and an acoustic 

analysis. The interpretation indicates there is no significant difference in the production of target vowels 

by learners with more or less experience, however the acoustic analysis shows there are statistically 

significant acoustic differences in the production of all target vowels by learners with more or less 

experience of Mandarin; with the production by more advanced learners being closer to Native speaker 

targets. Although there is a significant correlation between the overall perception and production for all 

target vowels and all learners, there is no consistent and statistically significant relationship between 

the perception and production of each target vowel and each learner. 
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1 Introduction 

1.1  Introduction and Background 

One major challenging and intriguing topic in the study of second language (L2) acquisition is 

investigating the perception and production of L2 speech. The investigation includes assessing L2 

learners’ difficulties in perception and production of L2 phones, evaluating the effect of the linguistic 

environment on L2 learners’ perception and production, and exploring the relationship between 

perception and production of L2 phones etc.  

It is well known that adult L2 learners have difficulties in perceiving and producing L2 sounds. Their 

difficulty in perceiving and producing L2 sounds may create obstacles to understanding in an L2 

conversation. The main challenge in investigating adult learners’ perception and production of L2 

sounds is the variety of factors involved in the process of the acquisition of L2 sounds (Flege, MacKay, 

& Meador, 1999). Perhaps one of the most important factors is learners’ L2 language experience. 

Flege et al. (1997) found that learners with more L2 experience were more likely to accurately perceive 

and produce some L2 sounds than learners with less L2 experience. Another two factors that may 

have substantial impacts on L2 learners’ perception and production are learners’ previous language 

experience (such as learners’ first language: L1) and the target L2 sound system itself, for example, L2 

sounds in complementary distribution may be easier for learners to tell apart. Flege et al. (1997) 

assessed how the perception and production of English vowels by adult learners with different L1 

backgrounds were affected by their L1s and found the accuracies for learners’ perception and 

production were caused by the perceptual relationship between target English vowels and learners’ L1 

vowels.  

Exploring the relationship between the perception and production of L2 phones is also worth attention. 

Is an improvement in L2 learners’ perception positively correlated with an enhancement in their oral 

output? Or is there a more complicated relationship between perception and production? Although both 

SLM and PAM believe many L2 learners’ production errors are based on inaccurate perception, 

research on the relationship between perception and production remains inconclusive. There is some 

evidence that perception and production are co-dependent, but the nature of such co-dependence is 

not clear since perception and production may be based on different mechanisms (Baker & 

Trofimovich, 2006). Assessing the relationship between perception and production of L2 sounds may 

help us better comprehend how learners acquire an L2. Although this topic is not entirely new, it does 

require more thorough investigation, including experiments with a variety of languages.  

Most of the research investigating these issues, however, has been done on learners of English as a 

second or foreign language. It is essential, therefore, to deepen our understanding of how other L2 

sounds are learned by adult learners. In the current study, native English speakers’ perception and 

production of Mandarin vowels are investigated to see what factors affect learners’ acquisition of 
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Mandarin vowels. Thus study also explores the origins of the perception and production errors in the 

L2 acquisition and seeks to help learners achieve a higher level of accuracy in their acquisition of 

Mandarin vowels. 

1.2  Motivations 

In the present study, Mandarin vowels are the target L2 phones to be investigated. Over the past two 

decades, the importance of Mandarin has increased dramatically, and more and more people around 

the world are learning it today. This development is of particular importance for a country such as New 

Zealand, which has strong economic and cultural ties with China. Considering all the changes that are 

taking place in the world’s economic structure, these relations are bound to strengthen even further in 

the near future. It is not surprising, therefore, that Mandarin has become one of the most popular 

foreign languages for New Zealander to learn. The difficulties in acquiring phonetic properties of 

Mandarin, however, are significant and make the learning process extremely challenging. Unlike 

English, Mandarin as an L2 acquisition target is relatively new and the methodology used for teaching 

it is often based on old models, such as a curriculum-centered approach.  

The acquisition of Mandarin tones has received most attention (Hallé, Chang, & Best, 2004; Hao, 

2012; Moore & Jongman, 1997), and there has been some research on the acquisition of Mandarin 

consonants and vowels. For instance, Wang (2001) investigated the perceptual patterns of Mandarin 

high vowels by Korean and Japanese learners. Wen (2010) studied the production order of Mandarin 

vowels by American students. In Zhu’s 2010 study, I investigated the perception and production of 

Mandarin vowels a, ɤ, i, u, y, ɹ̪ and ɻ in all possible Mandarin /CV/ syllables for these vowels by adult 

English speaking learners. It was found that [y], [ɹ̪] and [ɻ] were most difficult to perceive and produce 

for learners and [y] after palatal fricative and affricates is particularly challenging. Similar results of 

difficult Mandarin vowels for L2 learners were also identified in some literature (Bi, 2001; Lu, 1984; Zhu 

& Wang, 1997) (see section 3.1). Therefore, six Mandarin vowels have been chosen as target sounds 

in this study: ɤ, u, y, i, ɹ̪, ɻ and they are placed after Mandarin dental, retroflex and palatal consonants. 

Among these six vowels, [y] is a high front rounded vowel which does not occur in NZ English (NZE), 

and it may be an allophone of phoneme /u/ when after palatals. [ɹ̪] and [ɻ] are allophones of /i/ whose 

status is somewhat controversial (see discussion in Chapter 2, section 2.1.4) with some identifying 

them as apical vowels (Huang & Liao, 1983; Karlgren, 1915), and others as syllabic approximants (Zee 

& Lee, 2001). Either way, they are highly marked in world languages. The way L2 learners acquire 

these three phones is worthy of more study. 

There is evidence that acquisition of L2 sounds is influenced by the phonetic context in which they 

occur. For example, Strange (1992) found that Japanese-speaking learners of English perceived and 

produced English liquids in a word-final position more accurately than in a word-initial position. This 

result indicates that L2 learners’ acquisition of the allophones of an L2 phoneme i.e. context-dependent 

sounds, may vary with the specific context in which the target L2 allophones are presented. For that 
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reason, it was important to choose words for the elicitation tasks that provided all the contexts in which 

the key allophones of the target vowel /i/ could occur. For the two allophones of /i/ (ɹ̪ and ɻ), this means 

the onset consonants: /ʦ/ - /ʦʰ/ - /s/, /tʂ/, /tʂʰ/, /ʂ/ and /ɹ/ because [ɹ̪] only appears after the alveolar 

fricative and affricates /ʦ/ - /ʦʰ/ - /s/, while [ɻ] only appears after the retroflex fricative and affricates /tʂ/, 

/tʂʰ/, /ʂ/ and /ɹ/. In addition, in Zhu’s (2010) study, it was found that [y] after palatal fricative and 

affricates was especially difficult for native English speaking learners compared to [y] after sonorants 

(/l/ and /n/). Therefore, the palatal fricative and affricates /ʨ/ - /ʨʰ/ - /ɕ/ are also chosen as onsets in the 

current study. 

Investigating the perception and production of Mandarin vowels can also contribute new language 

materials to the L2 speech models: the Speech Learning Model (SLM), the Perceptual Assimilation 

Model (PAM) and some other models. SLM and PAM both predict that L2 learners’ perception of L2 

phones is dependent on the relationship of the L2 phones with learners’ L1 sounds. They also state 

that many L2 production errors have inaccurate L2 perceptual origins. In the current study, the 

perception results can be used to test the predictions of SLM and PAM. 

SLM predicts that the similarity between L2 and L1 phones determine the perception of the L2 phones. 

Similar L2 phones are categorized into L1 sound categories, while, if L2 phones are too dissimilar from 

any L1 sounds to be classified into any L1 sound category, then new phonetic categories will be built 

up eventually for these sounds. PAM predicts that the perceptual discrimination between two L2 

phones depends on the perceptual categorization of the two phones in the L1. Moreover, PAM and 

SLM both argue that many errors of L2 production are due to inaccurate perceptive origins. 

Investigating the perception and production of Mandarin vowels, we can further explore the relationship 

between L2 perception and production. Perception and production are two related concepts, but their 

roles in L2 acquisition may not be in alignment.  

1.3  Research Design and Questions  

The aim of this study is to use a cross-sectional design to compare the productive and perceptive 

accuracy of learners with different levels of Mandarin experience (early and intermediate). First, the 

relationship between target Mandarin vowels and NZE vowels is explored. A cross-language 

perceptual mapping task was performed to detect the categorization of target Mandarin vowels in NZE. 

The perceptual categorization reflects how the target Mandarin vowels are assimilated to NZE vowels. 

Then a perceptual experiment was conducted to assess the perceptive accuracy of learners. The 

categorization and perception results were used to see how the perceptual categorization influences 

the learners’ perception; third, a production task was performed to examine the productive accuracy for 

target Mandarin vowels by learners. Finally, the perceptive and productive accuracies were compared 

to see if there is any correlation between learners’ perception and production of these target Mandarin 

vowels.    

This study will focus on answering the following research questions:  
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Question 1: Will the six target Mandarin vowels be classified into vowel categories of NZE?  

A cross-language perceptual mapping task investigates how speakers of one language (L1) relate the 

sounds of another language (L2) to the sounds of their own language. Naïve L1 speakers listen to L2 

sounds or syllables and are asked to choose the L1 sound which most closely resembles what they 

hear. They are then requested to indicate on a scale how closely it is similar to that sound. Each L1 

sound is considered as a 'category' to which one or more of the L2 sounds might belong.   

Question 2: Does the initial perceptual categorization of Mandarin vowels by L2 learners affect their 

later perception accuracy of Mandarin? If so, how? Is it in keeping with predictions of PAM and SLM? 

According to the predictions of SLM and PAM (see section 3.3 for more details), the initial 

categorization types of L2 sounds will affect the later perception of these sounds by L2 learners. The 

results from perceptual categorization and perceptual identification experiments can test the 

predictions of SLM and PAM. According to these models, each different phone of the L2 is classified 

into L1, and the way they are categorized can lead to different features of perception and production of 

the phones (Best, 1994; Best & Tyler, 2007; Flege, 1995). According to SLM, L2 phones which are 

categorized into L1 categories achieve better perception and production accuracy at first. L2 learners 

use the corresponding L1 sounds to substitute the target L2 sounds. L2 phones which are not 

categorized into any L1 sound categories are less similar sounds and pose perception difficulties at 

first, but build up their own categories eventually and become native-like. According to PAM, the 

correspondence categories, i.e. types of correspondences between two L2 sounds and an L1 category, 

determine the later perceptive discrimination between the two L2 sounds. For instance, if a pair of L2 

phones are classified into two different L1 sound categories, the discrimination of these two L2 vowels 

will be reasonably easy for learners. However, if a pair of L2 phones are both classified into one L1 

sound category, then it is relatively hard for learners to distinguish one L2 phone from the other one. 

Since the categorization in PAM not only reflects the relationship between L2 and L1 phones but also 

indicates the relationship between two L2 phones in a pair, the predictions of PAM on the perceptual 

discrimination of target Mandarin vowels are probably very accurate. SLM mainly focuses on the 

dynamic process of the acquisition of L2 sounds, especially the final production for L2 learners; its 

prediction may not be very accurate on the early stage of acquisition.   

In the current study, the perceptual identification of individual Mandarin vowels and the discrimination 

between pairs of Mandarin vowels were examined to test the predictions of SLM and PAM separately. 

In Chapter 5, the perceptual identification results of individual target Mandarin vowels are used to verify 

the predictions of SLM and the discrimination between pairs of target Mandarin vowels is used to test 

the prediction of PAM. 

Question 3: Is there any perceptual bias in the perception of Mandarin vowels? If so, what causes the 

bias? 
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Biases/asymmetries are found in the perception of non-native phones by L2 learners (Nishi, Strange, 

Akahane-Yamada, Kubo, & Trent-Brown, 2008a; Polka & Bohn, 1996; Tyler, Best, Faber, & Levitt, 

2014a). The data forming the perceptual mapping task, the perceptual identification task and the 

production task are observed to see if there is any perceptual bias in the learner’s perception of target 

vowels. Chi-square tests are conducted to see if the data are significantly asymmetric or not. 

Perceptual biases are explained by the perceptual weighting on distinctive features by learners with 

different L1 backgrounds. Asymmetries are supported by ‘peripheral’ vowels with acoustic and 

articulation extremes. Native Mandarin speakers’ reliance on different formant values to interpret 

learners’ production of target vowels answers the gap on results between subjective interpretations 

and the objective acoustic analysis. 

Question 4: How accurate are the L2 learners’ perception and production of target vowels?  

This question is addressed by collecting perception and production data from NZE learners of 

Mandarin. The perceptual accuracy is measured through a rhyming recognition task where L2 learners 

are asked to say whether two syllables rhymed or not, and by an identification task, where they are 

asked to identify native Mandarin speakers (NMSs)’ pronunciation of target Mandarin vowels as 

Mandarin vowels. By comparing the rhyming and identification results and the NMSs’ pronunciation, 

the accuracy of perception can be measured. The production accuracy is measured by using speech 

samples (monosyllabic Mandarin words and disyllabic Mandarin words) produced by L2 learners which 

NSMs then transcribed into Pinyin1. By comparing the interpretation and the intended stimuli, the 

accuracy of production can be revealed.  

Chapter 4 explains the methodology employed in the rhyming recognition, perceptual identification, 

production tasks in this study. These tasks provide the data of learners’ perception and production of 

each of the six target Mandarin vowels, which reflect the accuracies of perception and production by 

learners. The results of the rhyming recognition and identification can be seen in section 5.2.1 and 

section 5.2.2 respectively. The results of the production task are presented in section 6.1 and section 

6.2.   

Question 5: Is there any difference in the classification, perception, and production of the three 

uncommon phones [ɹ̪], [ɻ], and [y] (two allophones and one high rounded vowel)? 

[ɹ̪], [ɻ] and [y] are commonly treated as different or new vowels for English vowels as they do not occur 

in English (Li & Liu, 2008; Thomson, Nearey, & Derwing, 2009; Wen, 2010). Based on the results of 

the previous studies, these three vowels cannot be assimilated to any NZE vowel category. According 

to SLM, these three vowels are more difficult for learners (especially inexperienced learners) to 

perceive and produce compared to the other three target Mandarin vowels [i], [u], [ɤ]. However, the 

allophonic status of the [ɹ̪], [ɻ] and even [y] which is a possible allophone of /u/ when occurring after 

palatal fricative and affricates, may also influence learners’ perception and production of these three 

                                                      
1 Pinyin is a Romanization system used to represent Mandarin sounds by native Mandarin speakers (see section 2.1). 
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vowels. Moreover, the perceptual mapping data may show differing classifications of these three 

phones in NZE. 

The classification of these three phones in NZE is explored by the perceptual mapping task in section 

5.1. The perception and production results for these three vowels are shown in section 5.2 and 

Chapter 6. 

Question 6: Do NZE listeners’ perception and production of Mandarin vowels improve with Mandarin 

language experience? 

Wen’s (2010) study showed a significant tendency for native English learners of Mandarin with advanced 

Mandarin experience to produce three Mandarin vowels, y, ɹ̪, and ɻ better than basic Mandarin 

experienced speakers. However, the production of Mandarin vowels u, a, and ɤ does not improve 

significantly with Mandarin experience. NZE speaking learners with advanced Mandarin experience in 

the current study are expected to perform with greater accuracy in both perception and production of 

some target Mandarin vowels i, u, y, ɤ, ɹ̪, ɻ than those with less Mandarin knowledge. To test the role of 

language experience in the perception and production of target vowels in the current study, 

nonparametric statistical tests are conducted to see if there are any significant differences in the 

perception and production accuracy of each vowel between less experienced learners and more 

experienced learners in Chapters 5 and 6. The production accuracy for target vowels by learners with 

low and medium Mandarin experience is examined acoustically as well to see if there is any significant 

acoustical improvement of learners’ production with more Mandarin experience. There may be different 

results between the statistical analysis and the acoustic analysis. 

Question 7: Is there any relationship between the perceptual accuracy and the production accuracy of 

target Mandarin vowels? 

Both the Speech Learning Model and Perceptual Assimilation Model claim many production errors 

have perceptual reasons. However, the relationship between L2 learners’ perception ability and 

production ability may not be direct since perception and production may involve different mechanisms 

(Baker & Trofimovich, 2006). The current study compares the perception and production accuracy of 

learners with different language experience, for each target vowel. The Spearman's rank-order 

correlation is used to see if there is any significant relationship between the perception and production 

of learners in Chapter 7.     

1.4  Outline of the Thesis 

This thesis is organized as follows:  

Following the introductory chapter, the sound systems of Mandarin and NZE are reviewed in Chapter 

2.  Mandarin and NZE vowels are addressed; the phonetic and phonological status of the two 
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allophones of Mandarin vowel phoneme /i/ (ɹ̪̪ and ɻ) is discussed; previous studies of the comparison 

between Mandarin and English vowels are reviewed. Finally, Mandarin and NZE vowels are compared 

based on the acoustic data from previous studies and a preliminary acoustic observation is performed. 

It is shown that, based on descriptions in the literature, just two of the Mandarin target vowel 

phonemes, /i/ and /ɤ/, have a realization that overlaps closely with the English /i/ and /ʊ/ or /ɜ/ or /o/, 

that the Mandarin /u/ is actually phonetically quite different from the English /u/ (which is more forward), 

and that the other Mandarin phoneme /y/ and the allophones [ɹ̪], and [ɻ] of the Mandarin phoneme /i/ do 

not have clear counterparts in NZE.  

In Chapter 3, studies related to the acquisition of L2 sounds are reviewed with an address of the 

acquisition of Mandarin sounds. The methods used in these studies are explained, then theories 

relating to influences on the acquisition of L2 sounds are summarized. This is followed by a review of 

L2 speech perception models, such as SLM and PAM, to reflect the inner mechanism of the acquisition 

of L2 sounds. The literature review in this chapter shows that the studies of Mandarin vowels’ 

perception is especially lacking and highlights the fact that there has been little research to date on the 

acquisition of the apical allophones of /i/ despite the difficulty they pose. It provides the methodology 

for perception and production tasks in the following chapters and summarises the predictions of the 

SLM and PAM which are used to account for the results of later tasks in the current study. 

In Chapter 4, the methodology for a pilot study and the main study is introduced with details of 

participants, stimuli, and procedures. In the pilot study, a cross-language perceptual mapping task of 

Mandarin and NZE vowels, a perceptual rhyming recognition task, a perceptual identification task and 

a production task are conducted. These tasks provide the data of learners’ perception and production 

of each of the six target Mandarin vowels, which reflect the accuracies of perception and production by 

learners. The results of the rhyming recognition and identification can be seen in section 5.2.1 and 

section 5.2.2 respectively. The results of the production task are presented in section 6.1 and section 

6.2. The result of cross-language perceptual mapping task includes a set of data describing the 

categorization of each of the six target Mandarin vowels i, ɤ, u, y, ɹ̪, ɻ, which can be used to make 

predictions about their perception and production by learners, based on the two models PAM and SLM. 

It is found that [y] and [ɤ] are most difficult for learners in the pilot study to perceive and produce. The 

fact that learners with different Mandarin experience treat the two allophones of /i/ differently in the 

rhyme recognition task seems to reveal different stages in the acquisition of L2 allophones. In the main 

study, a cross-language perceptual mapping task, a perceptual identification task and a production 

task are performed. The first two tasks are reported in Chapter 5 because they investigate the 

perception of target Mandarin vowels. The production task is presented in Chapter 6 for the production 

of target Mandarin vowels.  

Chapter 5 presents the results of both the cross-language mapping task and the perceptual 

identification task to reflect learners’ perception of target vowels and test the predictions of the Speech 

Learning Model and Perceptual Assimilation Model. In Chapter 5 we see that [y] and [ɤ] are the most 

difficult vowels for learners to perceive; more experienced learners do generally perform better than 
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less experienced learners in perception of target vowels, except for a couple of exceptions: first, there 

is little difference in accuracy on the vowel [i], and [ɤ] is not categorized to any NZE vowel category, 

while [y] is assimilated to NZE /u/ category as a fair instance. The different categorization and 

identification of the high front rounded vowel [y] by learners with different L1 backgrounds are 

explained as there is a perceptual weighting on distinctive features by learners with different L1 

backgrounds. A perceptual bias is also found in the discrimination in pairs [u]-[y] and [ɤ]-[ɹ̪].  

In Chapter 6, the data of the production task are analysed using both subjective (the interpretations by 

NS judges) and objective (the acoustic analysis) methods. The results of the two approaches are 

compared and the conflicts between them are explained in terms of different contribution of different 

acoustic features to the interpretations of each target vowel by NS judges. It is found that according to 

the data of interpretation by NS judges, [y] and [ɤ] are the most difficult vowels for learners to produce; 

more experienced learners do not perform significantly better than less experienced learners in 

production of target vowels and the less experienced learners actually perform better than more 

experienced ones at the production of /i/. According to the acoustic analysis, learners’ production of [ɤ] 

and [u] are mostly inaccurate. There are significant differences in the formant frequencies of target 

vowels produced by less experienced learners and more experienced learners. 

Chapter 5 also presents the bias in the perceptual categorization and discrimination of target Mandarin 

vowels. Chapter 6 reports NS judges’ reliance on different formant values to interpret learners’ 

production of target vowels. The discussion of the perceptual weighting on distinctive features is shown 

in section 5.3.3, and the perceptual asymmetries in the discrimination of two target vowels are 

discussed in section 5.3.4. Section 6.3.1 represents the discussion of the native Mandarin speakers’ 

reliance on different formant values to interpret learners’ production of target Mandarin vowels.  

Chapter 7 gives an overall summary of the whole study: several fundamental questions of the study 

are discussed and the research questions are discussed. These include the categorization of Mandarin 

vowels in NZE vowel categories, NZE speaking learners’ performance in perception and production of 

Mandarin vowels and the relationship between perception and production. Each research question is 

answered with the data collected. Implications and limitations of the present study are also reviewed. In 

the end, possible future studies are signalled.  
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2 Sound Systems of Mandarin and New Zealand 
English 

In this chapter, Mandarin and NZE vowel systems are described in detail in order to weigh how the L1 

(NZE) vowel system may influence the native NZE speaking adult learners' perception and production 

of L2 (Mandarin) vowels. Since the current study investigates the perception and production of 

Mandarin vowels by native NZE speaking learners, a clear description of the vowel system of Mandarin 

and NZE is necessary. First, the Mandarin vowel and consonant systems are introduced with an 

emphasis on the six target Mandarin vowels. In particular, due to the controversial status of Mandarin 

phones [ɹ̪] and [ɻ], these two are discussed in some detail. After that, the vowel system of NZE is 

presented with a focus on the vowels which have been chosen as counterparts of the target Mandarin 

monophthongs. Finally, acoustic comparisons of the similarities of Mandarin vowels to NZE vowels are 

reviewed and an acoustic comparison based on the positions of the six target Mandarin vowels and the 

NZE vowels in the F1-F2-F3 vowel chart is conducted.  

2.1  Mandarin Sound System 

Throughout this study, Mandarin sounds will be described as Pinyin /IPA/ or [IPA] or just /IPA/ or [IPA]. 

Before the description of the Mandarin sound system, the orthography – Pinyin, needs to be introduced 

first. Pinyin is the standard romanization system used to represent Mandarin sounds, and used in 

teaching Mandarin in New Zealand. Unlike IPA, one letter in Pinyin may represent several different 

sounds and one sound may be denoted by two different letters in Pinyin. For instance, in Pinyin, the 

letter ‘i’ is used to represent three phones [i], [ɹ̪] and [ɻ], being allophones of one phoneme. The high 

front rounded vowel /y/ is denoted by letter ‘u’ after palatal consonants, where the high back rounded 

vowel /u/ does not occur, and as ‘ü’ after other consonants, where front and back rounded vowels both 

occur. The possible learning confusion caused by Pinyin for L2 learners is addressed in later (see 

section 2.2.2) analysis. Table 2-1 lists all the Mandarin consonants and vowels spelled first in the 

standard orthography, Pinyin and then as an IPA symbol.  

Table 2- 1 Pinyin and corresponding Mandarin phonemes 

Consonant p /pʰ/ b /p/ m /m/ ƒ /f/ d /t/ t /tʰ/ n /n/ l /l/ 
ɡ /k/ k/kʰ/ h/x/ nɡ /ƞ/ z /ʦ/ c /ʦʰ/ s /s/ zh /tʂ/ 

ch /tʂʰ/ sh /ʂ/ r /ɹ/ j /tɕ/ q /tɕʰ/ x /ɕ/   
Vowel i /i2/ u /u/ ü/u /y/ e, o/ɤ/  a/a/   

In Pinyin, marks above the nucleus of a Mandarin syllable are used to represent tones. Take the 

syllable ‘lü’ as an example. ‘lü’ with tone 1 is ‘lǖ’; with tone 2 is ‘lǘ’; with tone 3 is ‘lǚ’; with tone 4 is ‘lǜ’ 

                                                      
2 There are also two allophones of /i/ written as ‘i’ but these are phonetically consonants (see Table 2-2). 
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and with tone 0 (neutral tone) is ‘lü’. In the present study, IPA symbols are used in the phonetic and 

phonological description of Mandarin vowels and consonants; Pinyin spelling is used in the stimuli 

presentation in elicitation tasks, but with tones denoted using numbers ‘1, 2, 3, 4, 0’. The detailed 

phonetic and phonological descriptions of the Mandarin consonants, vowels and tones are shown in 

the next section.  

2.1.1 Mandarin Consonants  

Phonetically, there are 27 consonant phones in Mandarin (Lin, 2007), representing 22 consonant 

phonemes, and five consonantal allophones of vowel phonemes. Table 2-2 lists the 27 consonants. In 

Table 2-2, I adopt the IPA symbols for Mandarin consonants used in Lin’s (2007) study. Allophones of 

vowels are shown in parentheses. Lin (2007) and Lee & Zee (2003) classify z /tʂ/, c /tʂʰ/, s /ʂ/ and r /ɹ/ 

as post-alveolars. However, native Mandarin speakers use the tongue tip to reach towards the hard 

palate to produce z /tʂ/, c /tʂʰ/, s /ʂ/ and r /ɹ/ (Lin, 2007). According to Ladefoged’s (1993) definition of 

retroflexs and post-alveolars, these four consonants are treated as retroflex not post-alveolar 

consonants. 21 of the consonant phonemes can be used as onsets, the exception being /ƞ/ (Huang & 

Liao, 1983; Lin, 2007). In addition, some Mandarin syllables have no onset consonants. When they begin 

with one of the vowels, i /i/, u /u/, or ü /y/ the vowel is produced with slight friction and regarded 

phonetically as an approximant, i.e. i /j/, u /w/ and ü /ɥ/ (Howie, 1976; Huang & Liao, 1983; Lee & Zee, 

2003; Lin, 2007). Also, the voiced dental and retroflex approximants are consonantal allophones of the 

vowel /i/, and occur only after a consonantal onset at the same place of articulation. These are discussed 

in more detail in section 2.1.4. 

Table 2- 2 Chart of Mandarin consonants (Lee & Zee, 2003; Lin, 2007) 

 Bilabial Labio- 
dental 

Dental Retroflex  Alveolar- 
palatal 

Palatal Velar 

Plosive p b pʰ p  t d tʰ t      k g kʰ 
k 

Fricative  f f s s  ʂ sh  ɕ x   x h  
Affricate   ʦ z ʦʰ c  tʂ zh  tʂʰ ch tɕ j tɕʰ q     
Nasal m m   n n      ƞ ng 

Approximant (w)w (ɥ) ü   (ɹ̪) i ɹ r  (ɻ) i    (j) i (ɥ) ü (w) w 
Lateral    l l        

Note: Pinyin symbol is listed after each corresponding IPA symbol in italic. 

The alveolar-palatal consonants /ʨ/, /ʨʰ/, /ɕ/ are in complementary distribution with the other fricative 

and affricate consonants. /ʨ/-/ʨʰ/ and /ɕ/ only occur before Mandarin high front allophones [i] and [y], 

and [j], and [ɥ], while the other consonants never do. In addition, the dental approximant [ɹ̪] and 

retroflex approximant [ɻ] are also in complementary distribution with the Mandarin front high unrounded 

vowel [i] (please see section 2.1.4 for more details).    

In the current study, three groups of consonants /ʦ/-/ʦʰ/-/s/; /tʂ/-/tʂʰ/-/ʂ/ and /ʨ/-/ʨʰ/-/ɕ/ are chosen as 

the onsets of target vowels as mentioned in section 1.2, because this is the only context in which three 
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allophones of /i/: [ɹ̪], [ɻ] and [i] occur, and it is the acquisition of these allophones that is of particular 

interest.  

2.1.2 Mandarin Vowels  

There are three high vowel phonemes in Mandarin: a high front unrounded vowel i /i/, a high front 

rounded vowel ü /y/ and a high back rounded vowel u /u/. All three are target vowels in the current 

study. As mentioned above, the phoneme /i/ has three allophones: i [i], i [ɹ̪], and i [ɻ]: [i] has the widest 

distribution, appearing initially, after the stops and sonorants and after the palatal fricative and 

affricates: j /ʨ/-q /ʨʰ/-x /ɕ/, but never after the dental or retroflex consonants; i /ɹ̪/, appears only after 

the dental consonants: z /ʦ/-c /ʦʰ/-s /s/ and r /ɻ/ appears only after the retroflex consonants zh /tʂ/-ch 

/tʂʰ/-sh /ʂ/. Thus [i] is the underlying form. Like /i/, /y/ (or its allophone [ɥ]) appears initially, after the 

sonorants n /n/ and l /l/ and after the palatal fricative and affricates, but never after the dental and 

retroflex series, where /u/ appears instead, or after stops. However, /y/ and /u/ both appear after the 

sonorants, so they are distinct phonemes. Though following the palatals, /y/ may be an allophone of 

/u/.  

There are also several mid vowel phones in Mandarin, and there is some disagreement on their 

phonemic status and on how to transcribe them34, but these mid vowels all occur in different contexts 

and so are allophones of one mid vowel phoneme /ɤ/ (see Table 2-3). They are all also transcribed as 

‘e’ in Pinyin.  Most studies agree that there are at least four mid vowel allophones: a front unrounded 

vowel [e], a central unrounded vowel [ə], a back unrounded vowel [ɤ] and a back rounded vowel [o] 

(Duanmu, 2007; Huang & Liao, 1983; Lee & Zee, 2003; Lin, 2007; Yüan-jen, 1968). Of all the mid 

vowels, only the back unrounded [ɤ] is the target vowel in the current study because it is the only mid 

vowel occurring after Mandarin apical consonants: /ʦ/-/ʦʰ/-/s/; /tʂ/-/tʂʰ/-/ʂ/.  

Table 2- 3 Distributions of Mandarin mid vowels 

Howie 1976 Lin 2007 S. Xu 1980 
[e]  before [i] [e]  in a diphthong before [i]; 

finally, after [j], [ɥ] 
[e]  before [i] 

[ɛ]  finally, after [j], [ɥ] [ᴇ]  after [j], [ɥ], [Cʲ], [Cᶣ] 
[ɤʌ] after a consonant in 

open syllable 
[ɤ]  after a consonant in an open 

syllable 
[ɤ]  not after labials or palatals 

in open syllable 
[ɔ]  finally, after [u]  [o]  finally, after [u]; in diphthong 

before [u] 
[o]  after labials in open 

syllables 
[ö]  between [ɥ] and [n] [ə]  before consonants [ə]  before [u], [n], [ƞ] 
[o] between [ɥ] and [ƞ] 
[ə] elsewhere 
[ʴʌ] elsewhere finally   

(Duanmu, 2007; Howie, 1976; Lin, 2007) 

                                                      
3  The disagreement is not the target for discussion in the current study.  

4 I adopt Duanmu’s (2007) transcription with some supplemental information of Huang & Liao’s (1983) study.     
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There are also several low vowel allophones in Mandarin, and as with the mid vowels, all low vowels 

occur in different contexts and so are allophones of one low vowel phoneme /a/ (see Table 2-4). The 

low vowel /a/ is not the target vowel in the current study but appeared in distractor syllables. 

 

Table 2- 4 Distributions of Mandarin low vowels 

Howie 1976 Lin 2007 S. Xu 1980 
[æ] between /j, ɥ/ and /n/ [ɛ]  between /j, ɥ/ and 

/n/ 
[æ] between /j, Cʲ/ and /n/ 
[ʌ] between /ɥ, Cᶣ/ and /n/ 

[a] before all other occurrences 
of /n/ 

[ɑ] before /-u, -ƞ/ [ɑ] before /-u, -ƞ/ 

[ɑ] elsewhere [a]  elsewhere [a] before /n, i/ and not after a 
palatal 

    [ᴀ] in open syllables 

(Duanmu, 2007; Howie, 1976; Lin, 2007) 

While I am not concerned with the allophones of /ɤ/, /y/, and /u/ in this study, I am concerned with the 

allophones of /i/: [ɹ̪] and [ɻ], because they are known to cause difficulties for learners. As noted above, 

these have very limited distribution: both occur only in open syllables, and [ɹ̪] occurs only after the 

dental affricates and fricative (ʦ, ʦʰ, s) while [ɻ] occurs only after retroflex fricative and affricates (tʂ-tʂʰ-

ʂ). These are called ‘fricative vowels’ (Ladefoged & Maddieson, 1996), or syllabic 

consonants/approximants (Duanmu, 2007; Lee & Zee, 2003; Lin, 2007; Yüan-jen, 1968). Further 

description of these two phones is presented in the next section. 

To sum up, there are five or six5 monophthong phonemes in Mandarin: three high vowel phonemes /i/, 

/y/, /u/; one mid vowel phoneme /ɤ/ and one low vowel phoneme /a/ (see Table 2-5).  

Table 2- 5 Vowel phonemes in Mandarin  

 Front Central Back 
 Unrounded Rounded unrounded Unrounded Rounded 

Close i i y ü   u u 
Mid   ɤ e   

Open    а ɑ  
Note: Pinyin symbol is listed after each corresponding IPA symbol in italic. 

There are only four diphthongs in Mandarin: /ai/, /ɑu/, /ei/, and /ou/ if the glides are included in the 

onsets not rimes (Duanmu, 2007; Lin, 2007). These four diphthongs are falling diphthongs with a trend 

from a more sonorous vowel (back vowels a/ɑ or mid vowels e/o) to a less sonorous vowel (close 

                                                      
5 There may be also a retroflex vowel phoneme /ɚ/ in Mandarin, but it is with very limited distribution and unclear phonetic 
description (Huang & Liao, 1983; Lin, 2007). It is beyond the scope of the present study.  
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vowels i/u). There are five6 more diphthongs in Mandarin if the prenuclear glides are included in the 

rimes (Huang & Liao, 1983; Lee & Zee, 2003; Lin, 2007). There are no triphthongs in Mandarin if the 

prenuclear glides are included in the onsets. If the prenuclear glides are included in the rime, there are 

four triphthongs in Mandarin: iɑo/jɑu/, uɑi/wɑi/, ui/wei/, and iu/iou/. Diphthongs and triphthongs are not 

in the scope of the current study. 

In the current study, only the three high vowels /i/, /u/, /y/, the two apical allophones of /i/, [ɹ̪] and [ɻ], 

and the mid vowel /ɤ/ are of interest. The approximate positions of these six target vowels are shown 

in an acoustic vowel chart below based on data from Bao & Lin’s (2014) study (see Figure 2-1). 

 
Figure 2- 1. Approximate positions for Mandarin vowels. 

2.1.3 Mandarin Syllables and Tones 

Mandarin syllables contain a maximum of four segments: (C)(G)V(X)7. Traditionally, a Mandarin 

syllable is divided into two parts: the initial – the non-glide consonant, and the final – the remainder. 

The final is further divided into the medial (a glide) and the rime (the main vowel and what follows, such 

as a nasal consonant or the second half of a diphthong) (Lin, 2007). A more contemporary approach 

based on the Western linguistic tradition divides the syllable into the onset and the rime, and the rime 

into the nucleus (vowels) and the coda (consonants). Onsets can be either a consonant or a glide. The 

coda can only be the dental or velar nasals /n/, /ƞ/. Initial glides are the high vowels /i/, /u/ and /y/ and 

final glides can only be the high vowels: /i/ and /u/. Please see Figure 2-2 for the two different analysis 

of Mandarin syllables structure.   

                                                      
6 In Lee and Zee’s (2003) description, there is an extra diphthong /uə/ in Mandarin which only appears with a nasal consonant /n/ 
after it and Pinyin uses the letters ‘un’ to represent the combination of this diphthong and /n/: /uən/  

7 Traditionally, only the vowel is obligatory, but some analyse the apical allophones of /i/ as continuations of the homorganic 
onset C, in which case the syllable could be a single C. 



14 
 

 

Figure 2- 2. Mandarin syllable structure 

Mandarin is a tone language; pitch contrasts are used to distinguish meaning between homonyms. 

There are five tones in Mandarin (see Figure 2-3). Tone 1 is a high level tone; Tone 2 is a mid rising 

tone; Tone 3 is a low falling-rising tone, and Tone 4 is a high falling tone. There is also a neutral tone in 

Mandarin with a pitch value of ‘0’ (Duanmu, 2007; Lin, 2007). In the present study, all the stimuli were 

Mandarin syllables with the fourth tone.  

 

Figure 2- 3. Mandarin Tones 

2.1.4 Phonetic Features and Phonological Status of Phones [ɹ̪] and [ɻ] 

It was stated above that the phones [ɹ̪] and [ɻ] are allophones of the vowel /i/, however not everyone 

agrees either on their status as allophones, or on their status as vowels. For example, Chao (1968) 

suggested that [ɹ̪] and [ɻ] were just a continuance of the preceding affricate or fricative consonant: /ʦ/, 

/ʦʻ/, /s/, /tʂ/, /tʂʻ/, /ʂ/ and /ɹ/. Wiese (1997) argued that [ɹ̪] and [ɻ] were “pseudo-sounds that should not 

have any place in either a phonological or a phonetic description” (Wiese, 1997, p. 239). However, the 

acoustic analysis shows [ɹ̪] and [ɻ] have clear formant structure not the noise pattern that is a typical 

feature of affricate and fricative consonants, such as the preceding onset consonants of these two 

phones (Howie, 1976) (see Figure 2-4). Moreover Huang & Liao (1983) described the articulation of 

these two phones: when [ɹ̪] and [ɻ] are produced, the tip of the tongue is close to the back of the front 

teeth, but without frication, while the onset consonants preceding [ɹ̪] and [ɻ]: /ʦ/, /ʦʻ/, /s/, /tʂ/, /tʂʻ/, /ʂ/ 

and /ɹ/ have obvious frication. Therefore, [ɹ̪] and [ɻ] are not fricative consonants like their preceding 

onsets. Karlgen (1915) invented the term ‘apical vowels’ for these two phones. Ladefoged & 

Maddieson (1996) called them ‘fricative vowels’ because they are phonetically homo-organic with their 

preceding consonant onsets even though, according to Huang & Liao (1983) they are not fricated. 

More recently, in Lee & Sang’s (2014) study, [ɹ̪] and [ɻ] are defined as approximants. An approximant is 

a type of sound intermediate between vowels and consonants. When a voiced approximant is 
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produced, articulators are very close, but without any friction (Ladefoged, 1993). The classification of [ɹ̪] 

and [ɻ] as approximant coincides with the articulation and acoustic features of these two phones and 

the definition of fricative vowels in Mandarin according to Ladefoged & Maddieson’s (1996) study. 

Therefore, in the current study, [ɹ̪] and [ɻ] are also treated as approximants and normally called ‘apical 

vowels’ for consistency with the other four target vowels. I also listed them in the consonant chart not 

the vowel chart.  

 

Figure 2- 4. [ɹ̪] and [ɻ] produced in Tone 4 by a native Mandarin speaker. 

Despite the complementary distribution of [ɹ̪], [ɻ] and [i] (see Table 2-6), there is some disagreement 

about [ɹ̪] and [ɻ]’s phonological relationship with the front high unrounded vowel [i]. Huang & Liao 

(1983) and Shi (2008) treated the two fricative vowels and [i] as three distinct phonemes, probably 

because they consider them too phonetically different to be allophones. Recall that [ɹ̪] and [ɻ] are dental 

and retroflex approximants, while [i] is a high front unrounded vowel. [ɹ̪] and [ɻ] rhyme with each other 

but neither rhymes with [i] (Duanmu, 2007). Many studies of the acquisition of Mandarin vowels follow 

Huang, Liao and Shi, who treat these two phones as independent phonemes (Gao & Shi, 2006a; Gao 

& Shi, 2006b; Li & Liu, 2008; Shi & Wen, 2004; Wen, 2010). Lee & Zee (2003) proposed a phoneme /ɹ̩/ 

for the two fricative allophones not [i]. In Pinyin (the orthography of Mandarin), these three phones ɹ̪, ɻ, 

and i share one phonemic symbol ‘i’. In this study, I treat these three phones as allophones of one 

Mandarin phoneme /i/.  

Table 2- 6 Occurrences of onset and phones: i, ɹ̪ and ɻ 

Consonant i ɹ̪ ɻ 
b/p/, p/pʰ/, m/m/ +   
f/f/    
d/t/, t/tʰ/, n/n/, l/l/ +   
j/tɕ/, q/tɕʰ/, x/ɕ/ +   
g/k/, k/kʰ/, h/x/    
zh/tʂ/, ch/tʂʰ/, sh/ʂ/, r/ɹ/   + 
z/ʦ/, c/ʦʰ/, s/s/  +  

In the current study, I support the view of Ladefoged and Maddieson(1996) shown below and treat [ɹ̪] 

and [ɻ] as approximants, calling them apical vowels. [ɹ̪], [ɻ] and [i] are allophones of phoneme /i/. Please 

see the description of [ɹ̪] and [ɻ] by (Ladefoged & Maddieson, 1996) below: 
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"Fricative vowels can usually be thought of as syllabic fricatives that are allophones of vowels. The 

best known examples are the allophones of i that occur after retroflex (Flat post-alveolar) and alveolar 

fricatives and affricates respectively in Standard Chinese."(Ladefoged & Maddieson, 1996. p. 314)  

2.2  New Zealand English Consonants and Vowels  

As one of the varieties of English, NZE is produced with its own accent. In this section, NZE consonant 

and vowel phonemes are introduced with a focus on the production differences between NZE and 

other varieties of English.   

2.2.1 NZE Consonants 

NZE consonants are produced similarly to other varieties of English. There are 23 consonant 

phonemes in NZE (see Table 2-7) (Bauer & Warren, 2008; Hay, Maclagan, & Gordon, 2008). From 

articulation manners and places, NZE consonants /s/, /z/, /ʃ/, /ʧ/, /ʒ/ and /ʤ/ are most similar to the 

chosen Mandarin onset consonants /ʦ/, /ʦʰ/, /s/; /tʂ/, /tʂʰ/, /ʂ/ and /ʨ/, /ʨʰ/, /ɕ/.  

Table 2- 7 Consonant Phonemes of NZE 

 Bilabial Labio-
dental 

(Inter) 
dental 

Alveolar Palato-alveolar Palatal Velar Glottal 

Stop p b     t d    k g  
Fricative   f v θ  s z ʃ ʒ    h 
Affricate         ʧ ʤ     
Nasal m     n    ɲ   
Approximant w8      ɹ   j w  
Lateral 
(approximant) 

      l       

Note: From “New Zealand English,” by Bauer, Laurie and Warren, Paul, 2007, Journal of the 

International Phonetic Association, 2007, 37, 01, p. 97.  

2.2.2 NZE Vowels 

Unlike consonants, some NZE vowels are produced with obvious differences to other varieties of 

English. In this section, the English vowel phonemes and their corresponding NZE realizations are 

introduced and compared. There are 11 vowel phonemes in English: a FLEECE vowel /i/, a KIT vowel 

/ɪ/, a DRESS vowel /ɛ/, a TRAP vowel /æ/, a START vowel /ɑː/, a STRUT vowel /ʌ/, a LOT vowel /ɒ/, a 

THOUGHT vowel /ɔ/, a GOOSE vowel /u/, a FOOT vowel /ʊ/, a NURSE vowel /ɜ/. The NZE KIT vowel 

is more central compared to other varieties of English, and can be transcribed as [ɘ] or [ə]; the DRESS 

and TRAP vowels are produced as very high vowels by New Zealanders; and [e] and [ɛ] are used to 

denote them respectively; the NZE STRUT vowel is more central or even front; and can be represented 

                                                      
8 /w/ is a labio-velar consonant and is placed under both bilabials and velars.  

http://www.refworks.com/refworks2/default.aspx?r=references|MainLayout::init
http://www.refworks.com/refworks2/default.aspx?r=references|MainLayout::init
http://www.refworks.com/refworks2/default.aspx?r=references|MainLayout::init
http://www.refworks.com/refworks2/default.aspx?r=references|MainLayout::init
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by [ɐ]; the NZE NURSE vowel is more front and high, and produced with lip roundness; it can be 

transcribed as [ɵː] (Bauer, Warren, Bardsley, Kennedy, & Major, 2007; Hay et al., 2008). To better 

reveal the differences on the pronunciation of NZE vowels and other varieties of English, the acoustic 

data of male NZE speakers from Easton & Bauer’s (2000) study are used to draw the vowel chart (see 

Figure 2-5). Table 2-8 also presents the 11 NZE phonemes. RP, General American English and 

Canadian English vowels are presented in Figure 2-6, 2-7 and 2-8.  

 

Figure 2- 5. Positions for the NZE Vowels by male speakers (Easton & Bauer, 2000) 

 

Figure 2- 6. PR vowels (Hawkins & Midgley, 2005) 
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Figure 2- 7. American English Vowels (Yang, 1996) 

 

Figure 2- 8. Canadian English Vowels (Hagiwara, 2006) 

The RP vowel chart is produced based on the formant values provided in Hawkins & Midgley’s (2005) 

study; the American English vowel chart is drawn according to the formant values in Yang’s (1996) 

study; and the Canadian English vowel chart is produced based on the formant values in Hagiwara’s 

(2006) study. 

Table 2- 8 Vowel Phonemes of NZE 

 Front Central Back 
Unrounded Rounded Unrounded Rounded Unrounded Rounded 

Close i   u   
Close-mid ɛ ɜ   ʊ ɔ 

Mid   ɪ    
Open-mid æ    ɒ  

Open   a/ ʌ    

http://en.wikipedia.org/wiki/Front_vowel
http://en.wikipedia.org/wiki/Central_vowel
http://en.wikipedia.org/wiki/Back_vowel
http://en.wikipedia.org/wiki/Close_vowel
http://en.wikipedia.org/wiki/Mid_vowel
http://en.wikipedia.org/wiki/Open_vowel
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2.3  Comparisons between Mandarin and English Vowels 

It is well known that adult L2 learners have difficulties in perceiving and producing L2 sounds. This 

results in a lasting interest in cross-language comparisons to discover the reason behind perception 

and production difficulties. To explore the perception and production of target Mandarin vowels, it is 

necessary to find out the counterpart English vowels for Mandarin vowels. There are mainly two 

methods used in the cross-language speech comparison: acoustic comparison and perceptual 

comparison. The perceptual comparison will be conducted by the cross-language perceptual mapping 

task to be discussed in section 5.1.2. An acoustic comparison of vowels usually uses the first two 

formants to examine the height dimension and the front-back dimension in ANOVA tests. For example, 

Bohn & Flege (1992) compared the first two formant values of some English vowels and counterpart 

German vowels. Strange, Bohn, Trent, & Nishi (2004) compared the frequencies of the first three 

formants for North German and American English vowels. 

Mandarin and English vowels have also been compared. Li & Liu (2008) and Wen (2010) compared 

the tongue positions and the first two formant values of Mandarin and American English (AE) vowels 

and claimed that Mandarin high front unrounded vowel /i/ resembled AE high front unrounded vowel /i/, 

Mandarin high back rounded vowel /u/ resembled AE high back rounded vowel /u/, Mandarin low vowel 

/a/ resembled AE low vowel /ɑ/ and Mandarin mid vowel /ɤ/ resembled AE mid vowel /ɜ/; Mandarin 

vowels /y/, /ɹ̪/ and /ɻ/ are new vowels compared to English vowels. However, neither study describes in 

detail how the spectral data led to this conclusion.  

In Wu’s (2011) study, frequencies of the first two formants of phonetic Mandarin monophthongs in the 

two contexts of 'hV' and 'bV' and AE vowels in the context of 'hVd' are analysed by an ANOVA test. 

The significant differences between the formant values of Mandarin and English vowels indicated that 

Mandarin vowels [i] is similar to AE vowel [i]; Mandarin [u] possesses no similar counterpart in AE 

vowels.  

There are other studies about the acoustic comparison of Mandarin and English vowels with English 

vowels as target L2 sounds (Thomson, 2005; Thomson, 2008; Thomson et al., 2009). In these studies, 

English and Mandarin vowels are compared in /bV/ and /pV/ contexts, which exclude Mandarin vowels 

/y/ and two allophones of /i/: [ɹ̪] and [ɻ].  

In Thomson et al.’s (2009) study, the authors constructed statistical pattern recognition models which 

include a variety of acoustic features, such as Fl, F2, F3, pitch, duration, and spectral change to 

Mandarin vowels and Canadian English vowels. In the traditional way of acoustic measurement of 

vowels, only the first two formants of vowels were analyzed acoustically. Thomson et al. pointed out 

that the traditional measurement lacked precision, because it was based on rough spectral features. As 

for vowels, it only relied on the formants' frequency value, meaning other important acoustic features 

which may be related to the perception of vowels were ignored, such as pitch, duration and spectral 

changes. To prove the authors’ claim, comparisons between Mandarin vowels and English vowels 
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using rough acoustic properties (frequencies of F1 and F2) and a metamodel with comprehensive 

spectral data (frequencies of F1, F2, F3, and pitch value) were conducted.  

The result of the traditional measurement (frequencies of F1 and F2) seems to show that Canadian 

English vowel /i/ is quite similar to Mandarin /i/. In the statistical metamodel, target English vowels and 

Mandarin are compared by averaging the degree of overlap between vowels from each language, 

using related acoustic data. The higher degree of overlap indicates a higher degree of similarity 

between target Mandarin and English vowels. Using this method, the most similar vowels are Mandarin 

/o/ and Canadian English /o/ with 33.75% degree of overlap; Mandarin /a/ and Canadian English /ɒ/ 

receive 30% degree of overlap, and the degree of overlap of Mandarin /i/ and Canadian English /i/ is 

28.75%. Mandarin /ɤ/ and Canadian English /ʊ/ also receive a relatively high degree of overlap: 

26.25%. On the contrary, Mandarin /u/ and Canadian English /u/ only share 1.25% degree of overlap. 

English /ɪ/ doesn’t have any overlap with any Mandarin vowel category. Table 2-9 displays the 

complete data. In the table, the subscript e indicates English vowels and the subscript m indicates 

Mandarin vowels. 

Comparing the results of traditional measurement with the metamodel approach, authors find some 

distinct differences. First, in the metamodel measurement, English /ʊ/ is more similar to Mandarin /ɤ/ 

than in the traditional comparison. Second English /u/ and Mandarin /u/ only share a very small degree 

of overlap in the metamodel while they are much closer according to traditional measurement.  

Table 2- 9 Degree of overlap between Canadian English and Mandarin vowel categories, ranked from 

highest to lowest.  

English vowel Closest Mandarin vowel Degree of overlap between 
two categories (%) 

/o/e /o/m 33.75 
/ɒ/e /a/m 30.00 
/i/e /i/m 28.75 
/ʊ/e /ɤ/m 26.25 
/е/e /e/m 18.75 
/ʌ/e /a/m 10.20 
/ӕ/e /a/m 3.75 
/ɛ/e /ɤ/m 2.50 
/u/e /u/m 1.25 
/ɪ/e n/a 0.00 

Note: From “A modified statistical pattern recognition approach to measuring the crosslinguistic 

similarity of Mandarin and English vowels,” by Thomson, Ron I; Nearey, Terrance M; Derwing, Tracey 

M, 2009, The Journal of the Acoustical Society of America, 126, p. 1453. 

To sum up, Wen (2010), Li & Liu (2008) suggested [i], [u], [ɤ] were similar vowels to English vowels [i], 

[u], [ɜ]; [ɹ̪], [ɻ], [y] were new/different (in SLM’s term) vowels based on the impression of the first two 

formant values and the tongue positions/ “symbol-based” comparison (Flege et al., 1997, p. 440). 

Thomson et al., (2009) suggested Mandarin vowels [i], [ɤ] were similar to Canadian English [i], [ʊ]; 

Mandarin [u] was different to Canadian English [u] with a statistical analysis of multiple acoustic 
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features of Mandarin and Canadian English vowels. Wu (2011) examined the statistically significant 

differences on the frequencies of the first two formants between Mandarin and American English 

vowels and drew similar conclusions to Thomson et al.’s (2009) results. Table 2-10 summaries the 

comparison results. The subscript E indicates English vowels and the subscript M indicates Mandarin 

vowels. 

Table 2- 10 Previous comparisons of similarity between Mandarin and English vowels 

Conclusion Comparison Method 
Metamodel Acoustic F1-F2 Tongue position/Symbol based 

Similar  iM-iE, ɤM-ʊE iM-iE, uM-uE, ɤM-oE iM-iE, uM-uE, ɤM-ɜE  
Less similar  u-u, yM, ɹ̪M, ɻM yM, ɹ̪M, ɻM 

As shown in Table 2-10, the results of comparisons between Mandarin and English vowels indicated 

some differences. First, the traditional acoustic and symbol based comparison both claim that 

Mandarin and English /u/ are similar to each other, while the metamodel indicates that Mandarin and 

English vowel /u/ are very different. Second, although these three methods all suggest Mandarin mid 

vowel /ɤ/ has a similar English vowel, they are not agreed on which specific English mid vowel is 

similar to /ɤ/. The different conclusions are probably due to the different comparison techniques used. 

The conclusions of Wen (2010) and Li & Liu (2008) are based on the observation of L1 and L2 vowel 

tongue positions/ symbol-based comparison. For example, English doesn’t have a high front rounded 

vowel, so they claim that Mandarin high front rounded /y/ is not similar to any English vowel. Wu (2011) 

compared the Mandarin and English vowels in terms of acoustic and articulatory qualities. However, 

when reporting the Mandarin /y/, she used the symbol based standard as well: “the new vowels are [y, 

ɨ, ɯ9] due to the fact that they do not exist in English” (Wu, 2011, p. 77). English has a back high 

rounded vowel, therefore Wen (2010) and Li & Liu (2008) claim that Mandarin and English high back 

rounded vowel /u/ are similar to each other. On the other hand, Thomson et al., (2009) compared the 

comprehensive acoustic features of Mandarin and English /u/ and found they are very different.  

Due to some contradictory results from previous studies and the current study’s emphasis on the 

perceptual similarity of Mandarin and English vowels, only a preliminary comparison of the first three 

formants between Mandarin and NZE vowels is conducted here. NZE vowels are not recorded in the 

present study. The comparison used some published acoustic data on Mandarin vowels and NZE 

vowels. Table 2-11 and Table 2-12 present the mean frequencies of the first three formants of 

Mandarin and NZE vowels. 

Since the published data only display the mean frequency of the first three formants of NZE vowels 

(not individual frequency), it is impossible to use ANOVA tests to detect any significant difference 

between the frequencies of one formant for one vowel as in Wu’s (2011) study. Here only the positions 

of target Mandarin vowels and NZE vowels are compared. Taking the data of Mandarin and NZE male 

                                                      
9 Wu (2011) uses ‘ɨ’ denote [ɹ̪] and ‘ɯ’ denote [ɻ]. 
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speakers as an example. According to the formants of the first three formants’ values of Mandarin and 

NZE vowels, a comparison of F3-F2-F1 vowel position of six Mandarin target vowels and 11 NZE 

vowels is conducted. From the comparison we can roughly conclude that the closest NZE vowel for 

Mandarin [i] is the FLEECE vowel /i/; the closest NZE vowels for Mandarin [y] are the DRESS vowel /ɛ/ 

and the TRAP /æ/ vowel; the closest NZE vowel for Mandarin [u] is the FORCE /ɔ/ vowel; the closest 

NZE vowel of Mandarin [ɤ] is the GOOSE vowel /u/; the closest NZE vowels of Mandarin [ɹ̪] are the 

GOOSE /u/ vowel, the NURSE vowel /ɜ/ and the KIT /ɪ/ vowel; the closest NZE vowel of Mandarin [ɻ] 

are the NURSE /ɜ/ vowel and the KIT /ɪ/ vowel (see Figure 2-9). 

Table 2- 11 Mean frequencies of first three formants of Mandarin monophthongs (Hz) 

 Female Male 
Vowel F1 F2 F3 F1 F2 F3 

i 401.24 3036.76 3847.56 300.42 2443.08 3384.78 
u 345.02 758.68 3308.82 345.16 661.32 2783.00 
ɤ 426.52 1314.42 3460.70 441.40 1059.34 2861.22 
y 423.84 2327.36  2999.88 310.10 2030.64 2418.58 
а 1104.04 1593.64 3188.38 956.98 1328.26 2813.06 
ɻ 392.80 1929.02 2465.92 411.02 1632.48 1962.10 
ɹ̪ 376.28 1680.32 3500.84 396.50 1295.94 2922.58 

(Zee & Lee, 2001) 

Table 2- 12 Mean frequencies of first and second formants of NZE monophthongs (Hz)  

 Young women (Pakeha10) Young men (Pakeha) 
Vowel F1 F2 F3 F1 F2 F3 

FLEECE /i/ 398 2629 3303 315 2336 2912 
KIT/ɪ/ 547 1625 2774 510 1619 2532 

DRESS/ɛ/ 427 2495 3051 380 2195 2977 
TRAP/æ/ 550 2295 2981 536 1890 2749 
STRUT/ʌ/ 811 1448 2564 608 1434 2129 
START/a/ 832 1553 2834 730 1512 2651 

LOT/ɒ/ 731 1187 2512 630 999 2738 
FORCE/ɔ/ 402 738 2631 382 955 2496 
FOOT/ʊ/ 471 855 2571 434 1021 2419 

GOOSE/u/ 412 1528 2521 434 1369 2303 
NURSE/ɜ/ 369 2093 2600 374 1799 2538 

(Easton & Bauer, 2000) 

                                                      
10 New Zealanders who are of European descent.  
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Figure 2- 9. Comparison between Mandarin and NZE Vowels in the F3-F2-F1 acoustic space. 

The above rough acoustic comparison is only a preliminary observation from the existing data of the 

first three formants of vowels. Although it may not very accurate, it provides the relative positions for 

the vowels of Mandarin and NZE. In conclusion, using different acoustic features of Mandarin and 

English vowels led to different comparative results of vowels between these two languages (see Table 

2-10). The results of acoustic comparison will be linked to the results of the cross-language perceptual 

mapping tasks in both pilot and main studies. 

2.4  Summary 

In this chapter, the Mandarin and NZE sound systems are reviewed with an emphasis on vowels. A 

general description of Mandarin consonants and tones is given and the selected consonant contexts 

for target vowels in the current study is presented. The phonetic features and phonological inventory of 

Mandarin vowels are described in detail. The number of vowel phonemes in Mandarin is controversial. 

In the current study, the five Mandarin vowel phonemes system was adopted. There are three high 

vowels /i/, /u/ and /y/; one mid vowel /ɤ/ and one low vowel /a/. The Mandarin Pinyin system which may 

cause orthographic confusions for L2 learners is also discussed and the means of avoiding the 

confusions in later tasks is given (see section 4.2.4.1). In addition, due to the controversial status of the 

two Mandarin phones [ɹ̪] and [ɻ], phonetic and phonological analyses of these two phones are 

presented. Phonetically, these two phones are defined as approximants/apical/fricative vowels. 

Phonologically, these two phones are allophones of the high front unrounded vowel phoneme /i/ 

because of their complementary distribution with the high front unrounded vowel [i]. These two phones 

are also target sounds in the present study. Therefore, six phonetic categories of vowels [i], [u], [y], [ɤ], 
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[ɹ̪], [ɻ] are target sounds in the current study. I also review the ways of comparing cross-language 

sound similarities, followed by a rough acoustic comparison of the first three formants between target 

Mandarin vowels and NZE monophthongs. The acoustic comparison result will also be discussed with 

the results of the cross-language perceptual mapping task in Chapter 5 and 6.   
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3 Literature Review 

In this chapter, the literature related to the topics of perception and production of L2 vowels is 

introduced. First, empirical and quantitative studies of perception and production of Mandarin sounds, 

especially vowels, are reviewed. Second, perception and production of general L2 sounds are 

introduced, followed by studies of the acquisition of L2 allophones and studies of asymmetries in vowel 

perception. Finally, L2 models which explain the interaction between LI and L2 sound systems and 

predict perception and production errors are reviewed. 

3.1  Studies of the Acquisition of Mandarin Sounds  

Mandarin is a relatively new L2 in English speaking countries. Most Mandarin learners are from Asia, 

for example Japan, Korea, and Thailand, therefore, the major studies of Mandarin as an L2 have also 

been carried out from the perspective of Asian learners’ acquisition of Mandarin. In this section, studies 

of the acquisition of Mandarin as an L2 are introduced with a focus on the native English speakers’ 

acquisition of Mandarin. Studies can be divided into two main types: empirical studies and quantitative 

studies. I begin with empirical studies which provide direct insight into the current research. 

3.1.1 Empirical Studies 

Some empirical findings drawn from the teaching of L2 Mandarin are reviewed in this section. Lu 

(1984) comprehensively described the errors of ‘interlanguage’ pronunciation of adult foreign students 

(mainly native English speaking students) learning the Mandarin sound system. Among the errors 

described, those relevant to the current study were production errors of Mandarin phones [ɹ̪], [ɻ], and 

[y]. It was observed that almost all foreign students had difficulty in distinguishing the Mandarin syllable 

shi [ȿɻ] from the syllable she [ȿɤ]; the Mandarin syllable si [sɹ̪] was often produced as syllables sei [seɪ] 

or se [sɤ]. In addition, the high front rounded vowel [y] was often produced as the high back rounded 

vowel [u] or the high front unrounded vowel [i]. These errors were explained from three perspectives: 

the negative transfer of the L1, the negative transfer of the target L2 language (e.g. overgeneralization) 

and improper teaching methods. Ni & Wang (1992) found that native English speaking learners tended 

to produce both the Mandarin high back rounded vowel /u/ and the high front rounded vowel /y/ as the 

English high back rounded vowel /u/11. In their survey, almost no one could distinguish pairs of 

Mandarin syllables: lu [lu] and lü [ly], nu [nu] and nü [ny], zhu [tȿu] and jü [ʨy], chu [tȿʰu] and qu [ʨʰy], 

and shu [ȿu] and xu [ɕy]. It was also observed that native English speaking learners often used 

Mandarin vowel /i/ and the mid back vowel /ɤ/ to replace the two allophones [ɻ] and [ɹ̪] in production. It 

was hard to distinguish the learners’ pronunciation of pairs of syllables: zi [ʦɹ̪] and ze [ʦɤ], ci [ʦʰɹ̪] and 

                                                      
11 which according to Ni & Wang is the English high central vowel [ʉ] Ni & Wang (Ni & Wang, 1992, p. 47) 
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ce [ʦʰɤ], si [sɹ̪] and se [sɤ], zhi [tȿɻ] and zhe [tȿɤ], chi [tȿʰɻ] and che [tȿʰɤ], and ‘shi’ [ȿɻ] and ‘she’ [ȿɤ]’. 

This difficulty was especially so in the case of learners at the beginning stage of Mandarin study. 

Bi (2001) observed the production difficulties of Mandarin consonants, vowels and tones. She found 

that among Mandarin vowels, the high front rounded vowel /y/ was the most difficult vowel for American 

students. Students tended to produce this vowel as a more back vowel similar to English [u]12. Also, 

allophones [ɹ̪] and [ɻ] after consonant onsets zh /tʂ/-ch/tʂʰ/-sh/ʂ/, and z/ts/-c/tsʰ/-s/s/ were produced as 

Mandarin [i]. 

These empirical studies describe the commonest perception and pronunciation difficulties for adult 

native English speaking learners who learn L2 Mandarin. The researchers are highly experienced 

Mandarin teachers, and they conclude that the errors result directly from the influence of teaching 

Mandarin as an L2 practice. The empirical studies provide a realistic research focus for later studies. 

3.1.2 Quantitative Studies 

In her series of studies, Wang brought L2 speech models into the acquisition of Mandarin phones 

(Wang, 2001; Wang, 2002; Wang & Deng, 2009). In Wang’s (2001) study, the perceptual errors of 

Mandarin high vowels: /i/, /u/, /ɹ̪/, /ɻ/, /y/ by Korean and Japanese learners of Mandarin were 

investigated. This study used X (AB) forced choice tests where X was the stimulus and A, B were the 

two possible responses from which the learner had to choose. The results showed that the vowel /y/ 

had the highest perception inaccuracy rate. Japanese and Korean learners largely perceived the high 

front rounded Mandarin vowel /y/ as the high front unrounded Mandarin vowel /i/ rather than the high 

back rounded Mandarin vowel /u/. Wang explained this phenomenon from an acoustic perspective. 

She claimed that the frequencies of the first two formants (F1and F2) of a vowel were most important 

for the perception of the vowel and the F1 value of /i/, /y/ and /u/ were similar, but that the difference in 

F2’s value between vowels /i/ and /u/ was much greater than between vowels /i/ and /y/. In other 

words, Wang suggested that Mandarin vowels /i/ and /y/ were closer in the F2 value than /u/ and /y/, 

resulting in more confusions between /i and y/ than between /u and y/. Furthermore, Wang also 

claimed /i/ and /y/ were more perceptually similar to each other than /u/ and /y/ in the traditional 

Chinese rhyme system. Although the Perceptual Assimilation Model (PAM) was claimed to be the 

theoretical base of the experiment design of this study, there was no perceptual mapping test (a 

commonly used assimilation measurement of L1 and L2 sound systems in the beginning of L2 sounds 

perception) nor was there any categorization analysis in this study. Cues from an acoustic perspective 

and a native Mandarin speaker’s perception were used instead of PAM’s primes. 

Wang (2002) divided six target Mandarin monophthongs /i/, /u/, /y/, /a/, /o/, /ɤ/ into ‘similar’ and 

‘different’ phones according to a perceptual categorization conducted by 13 Japanese learners of 

Mandarin and an acoustic comparison (values of the first two formants) of production of ten native 

                                                      
12 which according to Bi is the vowel [ʉ] in American English (Bi, 2001, p. 40) 
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Mandarin speakers and ten Japanese speaking adult learners of Mandarin. Mandarin phones /ɤ/ and 

/y/ differed from all Japanese phones; Mandarin /u/ and /o/ resembled Japanese ウ (/u/) and オ(/o/) , 

while Mandarin /i/ and /a/ were identical to Japanese イ(/i/) and ア(/a/).  The production of a group of 

native Mandarin speakers, a group of elementary Japanese speaking L2 learners and a group of 

advanced Japanese speaking L2 learners was acoustically analysed (measuring the first two formants 

of six target Mandarin monophthongs) respectively. The frequencies of the first two formants were 

compared using a one-way ANOVA to see if there was any significant difference among the three 

groups. Because F1 varies inversely in relation to a vowel’s height and F2 varies in relation to a 

vowel’s backness, the significant difference of F1 and F2 values between the native Mandarin speaker 

group and the Japanese learner group represented significant differences in the vowel’s height and 

backness as produced by different groups. A group of native Mandarin speakers also judged the 

degree of foreign accent of the production of Japanese learners. Results showed that the production 

accuracies of identification phones /i/ and /a/ were the highest, the production accuracies of different 

phones /ɤ/ and /y/ were second highest and the production accuracies of similar phones /u/ and /o/ 

were the lowest. The author claimed that learners’ /u/ and /o/ were affected by their corresponding 

similar Japanese vowels and resulted in the lowest production accuracy. 

Studies of the acquisition of Mandarin consonants also produced some useful observations. In a series 

of studies (Mei, 2009; Mei, 2011; Mei, 2013), Mei (2009) investigated Thai learners’ perception and 

production of Mandarin consonants. She examined the perception of Mandarin affricate/fricative 

consonants by adult Thai learners. Perceptual assimilation, perceptual similarity and perceptual 

discrimination tasks of experienced Thai speaking learners of Mandarin were conducted. Experienced 

L2 learners (Thai speaking learners) were treated as listeners to perceive L2 sound categories and 

judged the similarities between L1 and L2 sounds. Mei (2011) and (2013) investigated the effects of 

vowel contexts and the L2 experience on the perception of consonants and the relationship between 

perceptual assimilation and perceptual discrimination of L2 consonants. Two perceptual experiments, a 

perceptual assimilation experiment and a perceptual discrimination test, were carried out with Thai 

speaking learners. The results showed that vowel contexts affected the consonant perceptual 

assimilation and the categorical discrimination: Thai speaking learners classified the /ʦʰ /-/s /contrast 

into two Thai categories in a dorsal vowel context and one Thai category in an apical vowel context; 

they also discriminated the contrast well in a dorsal vowel context and poorly in an apical vowel 

context. Moreover, the results showed that in the early stages of acquisition of L2 sounds, more L2 

experience did not help the discrimination of consonant contrasts． 

From the above, we see that there are several studies on the perception and production of Mandarin 

sounds as L2 sounds by different L1 background learners. However, the perceptual categorization of 

Mandarin sounds is all performed with learners who had L2 (Mandarin) experience. Furthermore, these 

studies all focus on the acquisition of Mandarin sounds by Asian learners. As for the acquisition of 

Mandarin vowels and consonants by native English speaking learners, quantitative studies that focus 

on the acoustic analysis of production of Mandarin vowels by English speaking learners are considered 

in the following literature. 
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Some researchers completed a series of studies of production of Mandarin sounds with different L1 

background learners: Japanese, French and German (Gao & Shi, 2006a; Gao & Shi, 2006b; Shi & 

Wen, 2004). All these studies aimed to discover the transfer influence of L1 on the acquisition of 

Mandarin as L2 by acoustic measurement. For instance, in Gao & Shi’s (2006a) study, the first two 

formants of seven Mandarin vowels /i/, /a/, /u/, /y/, /ɤ/, /ɹ̪/, /ɻ/ produced by four native Mandarin 

speakers and nine French vowels /a/, /i/, /u/, /o/, /ə/, /e/, /y/, /ɔ/, /ɛ/ produced by four native French 

speakers were compared in F1-F2 vowel spaces to assess similarities and differences between the 

Mandarin vowels and French vowels. Then, the first two formants of seven Mandarin vowels produced 

by the same four native French speakers who were also beginners of Mandarin were compared to the 

Mandarin vowels produced by native Mandarin speakers to estimate the production accuracy of 

Mandarin vowels produced by beginners. The authors claimed that negative L1 transfer played an 

important role in the production of target Mandarin vowels by beginning learners: learners used French 

vowels /a/ and /u/ to replace Mandarin vowels /a/ and /u/; French speaking learners’ Mandarin vowel 

/ɤ/ varied a lot because of the French vowel /ə/, and Mandarin apical vowels [ɹ̪] and [ɻ] were also 

affected by negative French transfer because these two vowels did not exist in French. However, the 

author didn’t mention which vowels were used to substitute for the two apical vowels [ɹ̪] and [ɻ] by 

French speaking learners. 

In Li & Liu’s (2008) study, the production of seven Mandarin vowels: /a/, /i/, /u/, /ɤ/, /ɻ/, /ɹ̪/ and /y/ by 

four American students with beginning level Mandarin was examined. The authors classified the four 

target vowels, /i/, /u/, /ɑ/, /ɤ/ as similar vowels because they were similar to AE vowels which share the 

same tongue positions with these four Mandarin vowels (see section 2.3); /ɹ̪/, /ɻ/, /y/ were classified as 

different/new vowels because there was no AE vowel that shares the same tongue positions with these 

three vowels. The scattering degree of F1 and F2 was calculated. The scattering degree of target 

vowels’ heights, backness/roundness reflects the degree of stability of articulation of vowels produced 

by L2 learners. Especially for beginning learners, the lower scattering degree of a vowel meant the 

production of the vowel was more stable, and held a more fixed position in the learners’ Mandarin 

vowel space. In other words, the category of this vowel was built earlier. The results showed that the 

scattering degree of production of these seven target vowels was ordered as: /a/< /i/</u/</ɤ/< /ɻ/ < /ɹ̪/ 

</y/ (where ‘<’ represents ‘less than’). The authors suggested that the similar vowels /a/, /i/, /u/, /ɤ/ 

were acquired more easily than ‘different’ vowels /ɻ/, /ɹ̪/, /y/ because the phonetic properties of similar 

L1 and L2 vowels merged and built up new vowel categories, while different L2 vowels were not 

affected by L1 transfer and had to build up categories more slowly. Moreover, the authors claimed that 

the later acquisition of the three different vowels was also due to their high markedness (i.e. they do 

not occur commonly in other languages). However, although the scattering degree might reflect the 

stability of articulation, it might not be a good standard for production accuracy. In conclusion, the 

author suggested that similar vowels in both L1 and L2 were acquired earlier (more accurately) than 

different vowels; among similar vowels, marked similar vowels were acquired later than less marked 

similar vowels; among different vowels, marked different vowels were acquired later than less marked 

different vowels.  
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Wen (2010) studied the production accuracy of Mandarin monophthongs /a/, /i/, /u/, /y/, /ɤ/, /ɹ̪/, /ɻ/ by 30 

American students. An acoustic analysis of the first two formants of target vowels was conducted.  A 

one-way ANOVA test was used to compare the frequencies of the first two formants of target Mandarin 

vowels to see if there were any significant differences. No significance represented higher production 

accuracy and significant differences represented less production accuracy. In addition, the standard 

diversion of frequencies of selected points of F1 and F2 of target Mandarin vowels were used to 

measure the scattering degree of the learners’ production. Results of these two measurements showed 

that /i/ had the highest production accuracy and the production accuracy of /y/, /ɹ̪/, /ɻ/ improved with the 

learning experience. However, the production accuracy of vowels /u/, /a/, /ɤ/ did not improve as 

learning experience progressed. 

In conclusion, the above studies investigate the acquisition of Mandarin sounds experimentally, but the 

amount of study of the acquisition of Mandarin sounds remains limited and the acquisition of Mandarin 

sounds and research from the vowel perceptual perspective by native English speaking learners is 

especially lacking. Perception and production are two major standards in measuring the success of 

acquisition. It is preferable to measure the acquisition of Mandarin sounds in both ways. Some L2 

speech models, such as the Speech Learning Model and Perceptual Assimilation Model, both assume 

that accurate perception is the base of production (although not all production errors have perceptual 

origins). Thus, perception is preceding production and should necessarily be thoroughly investigated 

before production to better illustrate the greater picture of the acquisition of L2 sounds. In addition, the 

initial perceptual status of Mandarin vowels by other L1 background speakers is sometimes conducted 

by experienced L2 learners instead of naïve participants. Apart from the above reviews, we see that 

the production experiments usually use the acoustic analysis, lacking identification or discrimination 

methods. Therefore, in the next section, research on general L2 sounds is reviewed to provide a more 

complete description of perception and production experiments in the acquisition of L2 sounds. 

3.2  Studies of the Acquisition of L2 Sounds 

Compared with the above studies of Mandarin as the L2 language, the studies of general L2 

acquisition (mainly English as the target L2 language) provide a broader view of the acquisition of L2 

sounds.   

3.2.1 Cross-language Perceptual Mapping Task of L2 Phones 

In several popular speech perception models (e.g. PAM and SLM), investigating the process of 

acquisition of an L2 sound depends on the perceptual categorization of the sound. For instance, in 

PAM, L2 sounds are classed in different sound categories of L1, and different categorizations will lead 

to different learning difficulties (Best, 1994). Therefore, in order to understand why certain contrasts are 

difficult to discriminate between, it is first necessary to ascertain how L2 sounds are categorized in the 
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L1 using a cross-language perceptual mapping task. The cross-language perceptual mapping of L2 

sounds is used operationally to discover the perceptual categorization status of L2 sounds.  

An identification approach is one of the commonly used methods in the cross-language perceptual 

mapping task. L2 sound stimuli are played to L1 listeners and referent L1 sounds are presented to 

listeners. L1 listeners are asked to identify the L1 sound category which most resembles the L2 sound 

they hear. Then listeners may be asked to rate the similarity between the L2 stimulus and the L1 sound 

they choose using a Likert scale (Best, McRoberts, & Goodell, 2001; Chladkova & Podlipsky, 2011; 

Guion, Flege, Akahane-Yamada, & Pruitt, 2000; Rose, 2012; Strange, Akahane-Yamada, Fitzgerald, & 

Kubo, 1996; Strange et al., 2004; Strange, Bohn, Nishi, & Trent, 2005; Strange, Levy, & Law, 2009).  

Guion et al. (2000) conducted a cross-language perceptual mapping task with native speakers of 

Japanese. Japanese listeners who had little experience with English were asked to classify English 

and Japanese consonants into Japanese consonant categories, and then to rate the consonants for 

goodness-of-fit. Rose (2012) conducted a cross-language mapping task to find the cause of the greater 

discrimination difficulty of the Spanish contrast /ɾ-d/ than of contrasts /ɾ-r/ and /ɾ-t/ by American English 

speakers. Four Spanish speakers produced four Spanish consonants /ɾ, d, r, t/ in VCV forms. 13 

American English speakers who had no or little Spanish experience acted as listeners. They judged 32 

Spanish stimuli as most similar to one of the four referent Spanish words which contained the target 

four Spanish consonants and rated the similarity on a five-point Likert scale: from ‘1’ poor to ‘5’ good.  

In Strange et al.’s (2004) study, the perceptual categorization of vowels of American English (AE) and 

North German (NG) was investigated. Native English listeners were presented with key words, such as 

‘heed, hid, head’ etc. and the IPA symbols of target vowels were provided beside the key words. 

Listeners heard the NG vowels and were asked to click on one English word which contained the most 

similar vowel to the NG vowel that they heard. Listeners then heard the same stimuli again and were 

asked to rate the accentedness of the stimuli on a 7-point scale from 'very foreign-sounding' to 'very 

native-sounding'. The result relating to the current study is that the NG front rounded high tense vowel 

[yː] and the lax vowel [ʏ] were identified most as AE back rounded vowels [uː], [ʊ] respectively.  

In a later study, Strange et al. (2009) examined the cross-language categorization of both French and 

German vowels by naïve American English speakers using the perceptual mapping task. Results of the 

categorization of German vowels in this study were similar to their findings in the earlier study. Parisian 

French (PF) back rounded vowels [u], [o], [ɔ] were assimilated most to their corresponding AE back 

rounded vowels; PF front rounded vowels [y] and [ø] were also classified most into AE back rounded 

vowels. These studies reported the categorization of the high front rounded /y/ vowel in English and will 

be compared to the categorization of target Mandarin vowel [y] in NZE in the current study. 

In theory, to reflect the variability of participants, this method requires a large number of native 

monolingual speakers of L2 to say the stimuli and native monolingual speakers of L1 to listen to the 

stimuli. However, in practice, studies often use a small number of native speakers, because using large 

numbers would make the identification and rating incredibly tedious for listeners (Thomson et al., 
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2009). Therefore, in practice ideally at least ten participants are expected to attend the task. In the 

current study, a cross-language perceptual mapping task is conducted using the categorical 

identification method similar to the ones used in these studies.  

3.2.2 The Perception and Production of L2 Sounds  

Previous research has shown that many L2 learners have persistent difficulties in achieving high 

accuracies of perception and production of L2 sounds (Hisagi & Strange, 2011; Jia, Strange, Wu, 

Collado, & Guan, 2006; Morrison, 2009). There are many factors that can affect the perception and 

production of L2 sounds, for instance, learning experience, age difference, length of residence 

(studying L2 in natural environment) and acoustic features of different L1 and L2 sounds, etc. In all the 

perspectives mentioned above, the investigation of the perception and production accuracy of L2 

sounds is conducted. Some typical studies of the perception and production of L2 sounds from 

different perspectives, but all using perception and/or production experiments are introduced below. 

Commonly used methods in the perception and production experiments are described in detail. 

Jia et al. (2006) investigated the acquisition of American English (AE) vowels by three groups of Native 

Mandarin speakers with different acquisition experience. Each group included children, adolescents 

and young adults; Group 1 participants had studied English in China; Group 2 participants had been to 

the U.S for less than 2 years, and Group 3 participants had stayed in the U.S from three to five years. 

For the perception accuracy, participants were asked to discriminate the minimal contrast from among 

six AE vowel pairs /i-ɪ/, /i-eᶦ/, /ϵ-æ/, /æ-α/, /α-Λ/, and /u-α/ through an AXB task (in the AXB task, 

participants were asked to decide whether the token X in the middle is the same as A in the beginning 

or B in the end). They also produced the target American vowels in an imitation task. The accuracy of 

perception and production showed that older participants of Group 1 had advantages (older learners 

acquired the AE vowels better than younger learners); there were no age-related differences among 

Group 2 learners, and younger Group 3 learners had advantages (younger learners acquired the target 

vowels better than older learners). In the long-term, the younger learners had advantages in mastering 

the L2 sound system over older learners. Authors also suggested that the results of the study accorded 

with the predictions of transfer theories (see section 3.3.1): L2 learners’ perception and production of 

L2 sounds are influenced by their L1 sound system.  

Levy & Strange (2008) investigated the perception of Parisian French vowels /y, œ, u, i/ by American 

English learners through an AXB discrimination task. The participants were divided into two groups: a 

group of experienced learners and a group of inexperienced learners. The target vowels were put in 

the nonsense disyllables /rabVp/ and /rabVt/ and produced by native speakers of Parisian French. The 

result showed that the consonantal context affected the perception of the inexperienced group, but had 

no impact on the experienced group. 

In the above two studies, the AXB task was used to assess the perception accuracy. However, 

Wayland (2007) found that the X token in the AXB task is affected by its surroundings: A and B tokens. 



32 
 

Another method used in the study of perception and production is the identification method. Flege et al. 

(1997) investigated the production and perception of English vowels by German, Spanish, Mandarin 

and Korean speaking learners. The learners were asked to identify the synthetic English vowel ‘beat 

/i/’, ‘bit /ɪ/’, ‘bat /æ/’ and ‘bet /ԑ/’. Learners’ production of English vowels /i, ɪ, æ, ԑ/ were also identified 

by native English speakers (called an ‘intelligibility’ analysis) and analyzed acoustically. The duration 

and first three formants of four target English vowels were measured. Significant differences between 

durations and formant values of each English vowel produced by participants with different L2 

experience were investigated by statistical analysis. This study produced three findings. First, the 

perception and production accuracy were related to the participants’ L2 experience. The experienced 

L2 learners perceived and produced English vowels more accurately than did the relatively 

inexperienced L2 Learners. Second, learners’ production accuracy was related to their perceptual 

accuracy. Third, different L1 background affected learners’ perception and production accuracy due to 

different L1 vowel systems.  

Another commonly used method in assessing production accuracy is the acoustic analysis. Ng, et al. 

(2012) investigated the production of 11 English monophthongs by native American English speakers. 

In the study, the production data of 40 Cantonese-English bilinguals and 40 native American English 

monolingual speakers was acoustically analysed. By comparing the first two formant frequencies, the 

study found that different standards of acoustic properties would cause different production accuracy of 

different vowels. Han, Hwang, & Choi (2011) analysed the first two formants of English vowels 

produced by native Korean speaking learners. Results showed that the production accuracy of English 

reduced vowels which did not exist in Korean by native speakers of Korean varied with the learner’s 

length of residence in English speaking countries. Learners were asked to produce target vowels in 

different positions: word initial, word internal and word final. Then the first and second formants of their 

pronunciation of vowels were analysed and compared to the data from native English speakers. The 

production performance of learners with residence experience was better than those with no residence 

experience. A longer time spent in a native English speaking environment led to a more native like 

pronunciation. 

In conclusion, the study of the acquisition of L2 sounds generally focus on the perception and 

production accuracy of L2 learners. The AXB task and identification task are often used to investigate 

the perception accuracy; and the identification task and acoustic analysis of L2 learners’ production are 

often used in measuring production accuracy.  

3.2.3 Studies of the Acquisition of L2 Allophones 

In this section, research projects focusing on the acquisition of L2 allophones are reviewed. Some L2 

speech theories have mentioned the roles of L1 and L2’s allophones in acquisition. For instance, in the 

Speech Learning Model, Flege states that the perceptual connection between L2 learners’ L1 sounds 

and L2 sounds is phonetic not phonemic. That means L2 learners can detect the acoustic difference 

between L1 and L2 allophones when they perceive the L2 sounds. The acquisition of L2 sounds 
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involves acquiring the phonemic inventory and the phonetic system of an L2. As discussed above, in 

L2 acquisition theories, a phone in different structural positions can lead to different acquisition of the 

same phone. Therefore, in exploring the acquisition of allophones, determining the specific context for 

the target allophones is very important. In SLA, how allophones affect the acquisition of L2 phonology 

draws researchers’ attention.  

Shea & Curtin (2011) investigated the production of Spanish allophones by English speaking learners. 

The study found that learners with more L2 language experience tended to use the acoustic cues 

which native speakers of L2 normally use, whereas learners with less L2 language experience did not.  

In Vokic's (2010) study, the production of sounds [ð] and [ɾ] in Spanish by English speaking learners 

was investigated further. These two sounds coexisted in both English and Spanish, but in different 

phonological status. It was found that Spanish speaking learners acquired English /ð/ easily because 

English and Spanish [ð] were similar to each other and /ð/ was a phoneme of English and an allophone 

of Spanish /d/. The results of the study showed that the success of acquisition of allophones might be 

affected by comprehensive factors, indicating that the process was complicated. The analysis of the 

allophones’ status in L1 and L2 and their phonological distribution in L1 and L2 was necessary. There 

are three phones [i, ɹ̪, ɻ] which belong to one Mandarin phoneme /i/ acting as the target vowels in the 

present study. The front high [i] is an allophone in Mandarin and a phoneme of NZE. Therefore, it 

should be easy for NZE speaking learners of Mandarin to produce [i]. The acquisition of these 

allophones may be different from other target vowels and needs more attention.  

3.2.4 Studies of Asymmetries in Perception 

In a series of studies by Polka and Bohn, infants from different language backgrounds were found to 

discriminate between native and non-native vowel pairs with a directional preference, i.e. infants 

discriminate a certain vowel (A) from another certain vowel (B) better when the vowel pair (A-B) were 

played to them from A to B than from B to A (Polka & Werker, 1994; Polka & Bohn, 1996; Polka & 

Bohn, 2011). For adults it was found that two non-native vowels were assimilated to one native vowel 

category with different goodness-of-fit scores (Nishi et al., 2008; Polka & Werker, 1994; Polka & Bohn, 

1996; Tyler et al., 2014). It was also found that adult listeners confused a consonant A with another 

consonant B more often than B with A (Miller & Nicely, 1955). 

In the study by Polka & Werker (1994), English-learning infants' (6-10 months old) discrimination of two 

German vowel contrasts: /u-y/ (tense high back rounded vowel vs. tense high front rounded vowel) and 

/U-Y/ (lax high back rounded vowel vs. lax high front rounded vowel) was tested by using the 

conditional head turn method. It was found that these infants discriminated target vowel contrasts 

better when the stimuli were played from /y/ to /u/ and from /Y/ to /U/ than from the other directions, i.e. 

directional asymmetries. In Polka & Bohn’s (1996) study, English-learning and German-learning infants 

(6-8 months old) discriminated English vowel /ɛ-æ/ contrast and German vowel /u-y/ contrast by using 

the same conditional head turn method. Both English and German infants had directional asymmetries 



34 
 

in the discrimination of both target vowel contrasts. For the contrast /ɛ-æ/, infants performed better 

when the contrast was presented from /ɛ/ to /æ/; and for the contrast /u-y/, infants performed better 

when the contrast was presented from /y/ to /u/. Polka & Bohn (2011) investigated the discrimination of 

the southern British English vowel contrast /ɒ-ʌ/ (low back vowel – low central vowel), the Danish vowel 

contrast /e̝ -e̞/ (second highest front unrounded vowel – third highest front unrounded vowel) and the 

Danish vowel contrast /e-ø/ (high front unrounded vowel – high front rounded vowel)13 by Danish-

learning infants (6 to 12 months old) using the same conditional head turn approach. Results showed 

that for the English contrast /ɒ-ʌ/, infants discriminated the contrast better when the stimuli were 

presented from /ʌ/ to /ɒ/; for the native contrasts /e̝ -e̞/ and /e-ø/, only younger infants (around six to ten 

months) shows directional asymmetries: performing better when the stimuli were presented from /e̞/ to 

/e̝/ and from /ø/ to /e/. There are some other studies of infants’ directional asymmetries in vowel 

perception which were summarised in the review work of Polka & Bohn (2003) (see Table 3-1). 

 

 

Table 3- 1 Asymmetries in the discrimination of vowel contrast by human infants  

Study Infants’ ambient language Contrast 
Bohn and Polka (2001) German German ɪ → e 
Swoboda et al. (1976) English synthetic ɪ → i 
Swoboda et al. (1978) English  synthetic ɪ → i 

Best et al. (1997) English  Norwegian ʉ → y14 
Best and Faber (2000) English Norwegian i → y 

Note: arrows show the direction in which discrimination was easier. 

The asymmetries in the study with infant learners were found by using the conditional head turn 

method. Unlike the directional asymmetries in infants’ perception, the asymmetries in adults’ perception 

were found using different methods. For instance, Miller & Nicely (1955) studied five native English 

speakers’ perceptual confusion among 16 English consonants produced with distorted frequency and 

random noise and found that a consonant A was confused more often with another consonant B than B 

was with A. In Polka & Bohn’s (1996) study, ten adult native Canadian English speakers who never 

studied German identified German /u/ and /y/ vowels into English vowel categories and rated the 

quality of the match on a 5-point rating scale. Results showed that English adults identified both target 

German vowels into the English /u/ category. However, the German /u/ was identified more often to the 

English /u/ with a higher rating of match than was the German /y/. This perceptual pattern was also 

treated as a directional asymmetry. The same identification method was used in Nishi et al.’s (2008) 

study. In this study, L2 adult American English (AE) speakers with limited L2 experience identified and 

rated ten Japanese vowels in terms of 11 AE vowel categories. The target Japanese vowels [e] and [a] 

                                                      
13 /ø/ is also slightly more central compared to the more front /e/. 

14 Norwegian /y/ is a high front outrounded vowel. 
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were identified as most resembling AE vowels [eᶦ] and [ɑː ~ ɔː] (a neutralized ɑː and ɔː) respectively, 

although [e] was spectrally most similar to AE vowel [ɪ] and [a] was spectrally most similar to AE vowel 

[ʌ]. Tyler et al. (2014) asked 13 AE university students to discriminate six pairs of non-native vowels by 

using a categorical AXB test in which X was judged as the same as A or B. There were four types of 

AXB trial: AAB, ABB, BBA and BAA. A Norwegian contrast /i-y/ which was a ‘Single category’ type in 

PAM was found to be discriminated significantly less accurately on AAB and ABB trials whose stimuli 

order was from a more peripheral vowel to a less peripheral vowel (iiy to iyy) than on BBA and BAA 

trials whose stimuli order was from a less peripheral vowel to a more peripheral vowel (yyi and yii).  

This directional asymmetry was not found in the discrimination of other non-native vowel contrasts 

which were not ‘Single Category’ types.  

All these asymmetries in the perception of vowels by infants and adults were explained by the 

peripherality hypothesis (Polka & Bohn, 2003). The details of peripherality hypothesis are introduced in 

section 3.3.3.2 next to the Native Language Magnet Model (NLM) because the peripherality hypothesis 

is closely related to NLM.   

3.3  Models of the Acquisition of L2 Speech  

From the introduction of the above studies, we see several L2 speech models’ roles in explaining the 

difficulty in perceiving and producing L2 sounds. In these models, perceptual confusion and accented 

production of L2 sounds are caused by L2 learners’ use of L1 sounds which are similar to L2 sounds, 

to represent the L2 sounds. In other words, if the L2 phones are sufficiently similar to L1 phones, they 

will be perceptually assimilated to L1 sound categories and this will result in the perception and 

production confusions. If the L2 phones are sufficiently dissimilar from any L1 category (i.e., ‘new’), the 

L2 learner will eventually establish a new category for the dissimilar L2 sounds which results in 

accurate perception and production of these L2 sounds. To better explain the perception and 

production confusion by L2 speech models, some representative models are introduced below. 

3.3.1 Introduction 

There are two fundamental hypotheses: identity hypothesis and contrast hypothesis in the acquisition 

of L2 speech. The Identity hypothesis suggests that the acquisition of L1 and L2 sound is basically the 

same or at least has “essential identity” (Klein, 1986, p. 23). The acquisition of L1 and L2 sounds is 

independent from each other. The contrastive hypothesis (Best, 1994; Eckman, 1977), on the contrary, 

states that the acquisition of L2 sounds is influenced by the previous language (L1). Since many 

studies have suggested that the L2 learners’ L1 system does affect his/her L2 learning, the contrastive 

hypothesis is widely accepted by L2 speech acquisition researchers (Bohn & Flege, 1992; Chen, Ng, & 

Li, 2012; Flege, Munro, & Fox, 1994; Flege et al., 1999; Hancin-Bhatt, 1994).  When L2 learners 

(adults) learn L2 sounds, they normally already have mature L1 sound systems. Therefore, there are 

three factors that would generally affect their learning of L2 sounds: first (or prior) language influence, 
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L2’s self-influence and “the universals of language” (Major, 2001, p. 41) which are features of all 

languages and independent of any specific language, for example, Universal Grammar, markedness 

(Major, 2001). The acquisition of L2 sounds is a complicated process combining the possible 

influences. In this section, several L2 speech acquisition models and speech perception models are 

reviewed.  

3.3.2 External Influence on the Acquisition of L2 Sounds 

There are some models which especially emphasize learners’ L1 influence transferred to the learning 

process of L2 sounds. The most famous among them are the Contrastive Analysis Hypothesis (CAH) 

(Eckman, 1977), the Speech Learning Model (SLM) (Flege, 1992; Flege, 1995)15 and the Perceptual 

Assimilation Model (PAM) (Best, 1994). Because they all stress the transfer of L1 influence to L2, they 

are grouped here under the heading ‘Transfer’ Theories.  

The Contrastive Analysis Hypothesis’ (CAH) represents the early Transfer Theory. It predicts that L2 

learners will transfer their L1 sound system to L2 speech. According to CAH, the different features 

(contrastive phonetic pairs) between the L2 and L1 sound systems is harder to acquire than similar 

features of the L1 and L2 sound systems because of L1 transfer. CAH appears in an era dominated by 

structural linguistics and behavioural psychology. Behavioural psychology considers learning a new 

language to be habit formation. Later studies find that CAH is inaccurate at predicting some errors of 

acquisition of L2 phonemes. Nevertheless, according to CAH, L1 influence dominates the whole 

process of L2 acquisition, and its concentration on L1 transfer is accepted as the crucial feature of 

transfer theories.  

In order to remedy the weakness of CAH’s behavioural psychology base and the inadequate 

description of the difficulties of the acquisition of L2 sounds, Flege (1995) proposed the Speech 

Learning Model (SLM) (Flege, 1995), and Best (1994) proposed the Perceptual Assimilation Model 

(PAM). These two models still admit the important role of L1 transfer in the acquisition of L2 sounds, 

but reject L1 transfer as the only source of influence on L2 sounds' perception as in CAH. The 

similarities and differences between L1 and L2 sounds also affect the perception of L2 speech (Best & 

Tyler, 2007). In addition, instead of claiming that different characteristics between L2 and L1 sound 

system are harder to acquire, PAM and SLM argue that similar but not identical features between L2 

and L1 sound systems are harder to acquire (more details are shown in section 3.3). 

Transfer theories emphasize L1 influence on the acquisition of L2 sounds. Comparing the similarity 

between L1 and L2 sound systems can enable prediction of the difficulty in the process of acquisition. 

However, L1 may not be the only influence on the acquisition of L2 sounds as suggested in SLM and 

PAM. There are also some theories that recognize other influences on the process of the acquisition of 

                                                      
15 Flege claims that the influence between L1 and L2 is bi-directional. The learning of L2 also has impact on the learners’ L1 
sound system (Flege, 2007).  
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L2 sounds. The Markedness Differential Hypothesis (MDH) (Eckman, 1977) and Ontogeny Phylogeny 

Model (OPM) (R. C. Major, 2001) will be introduced in this section. 

The Prague School first proposes the construct of markedness in its phonetic theory. Chomsky 

develops markedness theory on the basis of the Universal Grammar. Later Eckman starts to use 

typological markedness in the transfer phenomenon of language acquisition. Eckman (1977) added a 

concept of degree of difficulty to the Contrastive Analysis Hypothesis and proposed Markedness 

Differential Hypothesis (MDH). In MDH, degree of difficulty needs to be universal, independent of any 

specific language and suitable for use in the acquisition of any L2. Therefore, Eckman chose 

typological markedness as the standard for the degree of difficulty. According to MDH, in typological 

markedness a more marked phenomenon entails the (prior) existence of a less marked phenomenon. 

There is also a weaker version of markedness is the occurring frequency of a phenomenon. For 

example, bilabial plosives commonly exist in world languages, while pharyngeal fricatives occur in very 

few languages. Therefore, pharyngeal fricatives are more marked than bilabial plosives (Major, 2001). 

Both the strictest and weaker definitions of markedness are used in the predictions for L2 acquisition 

difficulties.  

Eckman used the typological markedness in most of his work. He assumed that by using typological 

markedness, it is possible to predict the relative degree of difficulty in the process of L2 acquisition, 

including the acquisition of L2 sounds. MDH claims that the level of markedness of an L2 sound 

determines the difficulty of the acquisition of that phone. Less marked phones are easier to acquire 

than more marked phones. MDH tries to combine universal influence with L1 influence to explain the 

process of L2 acquisition, although the degree of difficulty is vaguely defined (Eckman, 1991). 

According to MDH, for L2 sounds, the most difficult to acquire are those which have no similar 

counterparts in the L1 sound system and also are highly marked, while L2 sounds which have no 

counterparts in the L1 sound system, and are less marked, are acquired more easily. MDH assumes 

that the degree of difference of markedness and the level of difference of languages work together to 

decide whether transfer happens or not, and when the transfer happens. Applied to the acquisition of 

L2 sounds, the level of markedness of an L2 sound determines the difficulty of the acquisition of that 

phone: unmarked phones are easier to acquire than marked phones; less marked phones are easier to 

acquire than more marked phones. The occurring frequencies of a sound are also the standard for 

markedness in the current study.  

Major’s (1986) study used the Ontogeny Model to explore the process of the acquisition of L2 

phonology. In this model, Major claims that transfer processes will decrease over time, while 

developmental processes increase and then decrease. The errors in early acquisition are mainly 

caused by the influence of learners’ L1, but these errors will disappear as the learning continues. 

Following on from the Ontogeny Model, he later proposed the ‘Ontogeny Phylogeny Model’ (OPM) 

(Major, 2001) which includes the L2’s own influence, the L1’s influence and the universal influence 

independent of L1 and L2. The OPM claims that as an L2 develops, the influence of L1 decreases, and 

the influence of L2 increases and the universal influence increases and then decreases. Phenomena 
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which are not marked or similar are called “normal phenomena” (Major, 2001, p. 113). Normal 

phenomena (not marked or similar) are acquired more quickly than marked or similar phenomena. For 

marked phenomena, transfer dominates the early stage of acquisition, then decreases slowly as 

acquisition continues; universals play a small role in the early stage of acquisition and as acquisition 

continues its influence rapidly increases then decreases slowly. On the other hand, for phenomena 

which are similar in L1 and L2, L1 transfer dominates in the early stage of acquisition and persists; 

universals (U) only play a small role in the whole process of acquisition (see Table 3-2).  

Table 3- 2 Influences on different periods of L2 acquisition by OPM 

Stages Normal Phenomena Similar Phenomena Marked Phenomena 
Earlier stages L1 dominates vs. U 

minimal 
L1 dominates vs. U 

minimal 
L1 dominates vs. U 

minimal 
Earlier stages L1 decreases vs. U 

increases 
L1 decreases slowly vs. 

U increases slowly 
L1 decreases slowly vs. 

U increases rapidly 
Later stages L1 decreases vs. U 

decreases 
L1 decreases slowly vs. 

U decreases slowly 
L1 decreases slowly vs. 

U decreases slowly 

Note. From “Foreign accent,” by Major, Roy C, 2001, p. 113. 

3.3.3 Models of Inner Mechanism of the Acquisition of L2 Sounds: 

Categorization 

Several theories and models of the acquisition of L2 sounds are reviewed above. These theories and 

models provide a general overview of the acquisition of L2 sounds with a focus on the influences on 

different stages and phonemes during the acquisition. However, the process of the human brain 

dealing with the sounds that learners perceive is hidden, as well as the mechanism under the surface 

of acquisition. This section introduces an inner mechanism in the acquisition of L2 sounds that 

explores how the influences affect the acquisition of L2 sounds.  

3.3.3.1 Speech Learning Model (SLM) and Perceptual Assimilation Model (PAM) 

While the models of transfer and universals model the acquisition of L2 sounds, the mechanism behind 

the process of the acquisition of L2 sounds is still missing. Categorization models can provide the 

needed explanation. Categorization is about how to sort the L2 sounds stimuli into different L1 sound 

types. The purpose of the process of categorization is to detect the difference between sound stimuli 

and identify some sound stimuli as belonging to one kind. The Speech Learning Model (SLM) and 

Perceptual Assimilation Model (PAM) are classified as categorization models. 

Based on previous series of research (Flege, 1992; Flege, 1987), Flege (1995) proposed SLM. SLM is 

based on the perception and production of L2 sounds by bilinguals (both early and late bilinguals16). It 

                                                      
16 Early bilinguals in SLM refers to people who speak two languages when they are not adult, and late bilinguals refers to people 
who start their L2 learning when they are adults. In the current study, my learners are later bilinguals. 

http://www.refworks.com/refworks2/default.aspx?r=references|MainLayout::init
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uses four postulates and seven hypotheses to describe L2 speech acquisition process in detail. In the 

first postulate, a mechanism is defined to make the path for L1 transfer possible: the ability to learn a 

new language remains for the lifespan of a learner from child to adult. Then phonetic categories (long-

term memory representations) are invented as the basic unit in learners’ cognitive systems to store 

sounds (vowels and consonants) of L1 and L2. ‘Phonetic categories’ is the key term in SLM since it is 

imagined as the underlay of learners’ sound systems, and based on it, SLM can describe the process 

of L2 speech acquisition. For instance, in SLM's first hypothesis, Flege stresses that the perceptual 

connection between L2 learners’ L1 sounds and L2 sounds is phonetic not phonemic. That means L2 

learners can detect the acoustic difference between L1 and L2 sounds when they perceive the L2 

sounds. It is also an important invention of SLM as previous studies suggest that L2 learners detect the 

differences among abstract phoneme units in L1 and L2. Therefore, L2 learners are capable of hearing 

different allophones of L2, which native speakers are not aware of. For instance, Strange (1992) found 

that when native Japanese learners of English perceive and produce English liquids, the accuracy of 

their perception and production was higher in word-final than word initial position. This finding 

suggested L2 sounds were perceived and produced at a phonetic rather than phonemic level. 

In a later SLM hypothesis, phonetic categories are used to answer the questions about the process of 

L2 learners’ perception and production of an L2 sound. When an L2 sound is similar enough to an L1 

sound, it can be classified into one of the L1 phonetic categories. An L1 approximation (the similar L1 

correspondence of the L2 sound) is used to represent the actual L2 category. So, the L2 sound is not 

really acquired, instead an approximation is used. This would cause perceptual confusion and 

eventually reflect on the production inaccuracy of the learner. However, some sounds are too dissimilar 

from any L1 sounds to be classified into any phonetic category of L1 and new phonetic categories will 

be built up eventually for these sounds. The new phonetic categories which are finally built up by L2 

learners represent the success of the acquisition of the dissimilar sounds. In conclusion, the process of 

L2 sound perception and production could be described as one where the more acoustic differences 

there are between the L2 sound and its L1 counterpart (the closest L1 sounds), the more chance there 

is for this sound to be acquired successfully and easily. The hypothetical standard for the similarity 

between L1 and L2 sounds are called “equivalence classification” (Flege, 1995, p. 239). Target L2 

sounds are classified into L1 sound categories according to the detectable acoustic differences.  

Best (1994) proposed the Perceptual Assimilation Model (PAM) (Best, 1994; Best, 1995). This model is 

built on the studies of L1 learning by infants (naïve listeners) and later extended to L2 speech learning 

(PAM-L2) (Best & Tyler, 2007). In PAM, the perceptual categorization of non-native sounds by naïve 

monolingual listeners can be divided into six types: the Two Categories (TC) type, the Single Category 

(SC) type, the Category Goodness (CG) type, the Uncategorizable (UU) Type, Uncategorized versus 

Categorized (UC) Type and the Nonassimilable (NA) type according to how the L2 phones are 

categorized (including goodness-rated) to L1 phonological categories. When phones of L2 have 

counterpart phonological categories respectively in L1 and are assimilated into their respective 

counterpart native phonological categories (TC type), the perceptual discrimination accuracy is the 

highest. The Single Category type means that two different phones of L2 are perceived as equally 
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good or poor examples of a single phonological category of L1 and are sorted into this single category 

(SC type). The Category Goodness (CG) type is similar to SC type, except the phones are typed into 

the single category as relatively better or poorer examples. In both these two types, L2 phones are 

assimilated into one L2 phonological category, but the discrimination of L2 phones of SC type is harder 

than L2 phones of CG type. If two L2 phones are perceptually too different from any L1 phones, then 

there will be no existing phonological category in L1 for these L2 phones (UU type). If L2 phones are 

perceived as nonspeech, they are also uncategorized to any L2 phones (NA type). The discrimination 

between two sounds of SC type is expected to be poor; the discrimination between two phones of CG 

type is expected to be good to very good; the discrimination between two phones of TC type is 

expected to be very good; the discrimination of contrasts involving one L2 phone which is 

uncategorized into any L2 phonological category and one L2 phone which is categorized into an L2 

phonological category (an uncategorized-categorized (UC) type), is expected to be very good. When 

both L2 phones are uncategorized into any L2 phonological categories (UU type), the discrimination 

will be varied, from poor to very good, depending on the phonetic similarity between the two L2 phones 

and the similarity between L2 phones and native phonological categories (Tyler, Best, Faber, & Levitt, 

2014b). Although phones in the nonassimilable type are also uncategorized into any L2 sound 

categories, the discrimination between them is expected to be good to very good (Best, 1995) (see 

Figure 3-1). 

In the later PAM-L2 (Best & Tyler, 2007), the perceptual categorization of non-native sounds is divided 

into slightly different types as there is no NA type. The NA type in the original PAM framework is 

defined as non-native phones which are perceived as no human speech sound and cannot be sorted 

into any speech category. Although Best et al. (1988) reported that American English speakers 

perceived the Zulu click contrasts as non-speech sounds and there are no studies of successful 

discrimination of click contrasts, phones in the majority of L2 language do have successful 

discrimination. Mandarin vowels can be discriminated very well by advanced L2 learners and therefore 

in the current study, target Mandarin vowels are defined as human speech sounds to NZE speaking 

learners and there will be no NA type of categorization in the analysis of the later perceptual mapping 

task (see section 5.1 and 5.2). 

From the above introduction of SLM and PAM, the categorizations mentioned in these two models 

share some similarities. Both models agree that the learning ability of a new language remains 

throughout learners’ lifetimes. They both use ‘phonetic category’ or ‘phonological category’ (in the 

framework of PAM-L2) to classify the categorization of L2 sounds; The uncategorized L2 phones of UC 

and UU types in PAM are the new/ different L2 phones described in SLM. The TC type, SC type and 

CG type in PAM can be regarded as detailed classification of the categorization of similar sounds in 

SLM. As stated in SLM, similar L2 sounds are perceived as members of an L1 category, thus providing 

no motivation for creating new L2 categories; while new sounds are perceived as too different from any 

existing L1 sounds, learners will be motivated to develop new categories for them.  
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Figure 3- 1. The six types of sound categorization in PAM. 

There are also some significant differences between these two models. Firstly, PAM differs from SLM 

in its perceptual philosophy. PAM adopts a direct realism perspective that denies any existence of an 

innate underlay but claims that learners directly capture articulatory gestures (Best, 1993; Best, 1995) 

from speech signals and acquire the sounds. On the other hand, SLM doesn’t use direct realist theory 

as it uses ‘phonetic category’ as an underlay to store and interpret L2 sounds as stated above. The 

‘phonological category’ is not an innate mental representation as ‘phonetic category’ in SLM, instead it 

“indicate[s] speech information that is relevant to minimal lexical differences in a given language” (Best 

& Tyler, 2007, p. 21), which means the categorization in PAM is at the phonemic level. On the contrary, 

the equivalence classification of L2 sounds is at the phonetic level in SLM17 which “refer to invariant 

gestural relationships that are sub-lexical yet still systematic and potentially perceptible to attuned 

listeners” (Best & Tyler, 2007, p. 21). In practice, however, SLM’s target L2 learners are bilingual or 

general L2 learners, while PAM is based on the observation of the perception of non-native sounds by 

infants (naïve listeners) and is later used in the perception of L2 sounds on the assumption that the 

                                                      
17 In SLM, word unit as perception base is also used, just not addressed.  

TC SC 
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younger learners’ perception of non-native sounds can account for the late learners’ acquisition of L2 

sounds (Best & Tyler, 2007). In PAM, listeners perceive the articulatory gestures rather than acoustic 

cues of speech (Best & Tyler, 2007). Table 3-3 summaries the differences between SLM and PAM. 

Table 3- 3 Comparison between SLM and PAM/PAM-L2 

Model Philosophy 
perspective 

Mechanism User Relation 
between 

perception 
and 

production 

Assumption Standard 
for similar 

and 
dissimilar 
sounds 

SLM Using mental 
representations 
to underlie L2 

sounds 

L1 learning 
ability 
remain 

effective for 
L2 learning 

General L2 
learners, 
early and 

late 
bilinguals 

Accurate 
perception 
is the base 
of accurate 
production 

Imagine  
‘Phonetic 

Category’ as 
the unit of 

storing sounds 
in learners’ 

mind 

Acoustic 
cues;  

Perceptual 
mapping 

PAM / 
PAM-L2 

Direct realism 
(no innate 

underlay for L2 
sounds) 

L1 learning 
ability 
remain 

effective for 
L2 learning 

Originally 
infants 
who 

acquire 
their L1, 

later 
developed 

to L2 
learners  

Accurate 
perception 
is the base 
of accurate 
production 

No abstract 
mental 

representation; 
listeners 
directly 

perceive 
articulatory 
gestures of 
speakers 

Articulatory 
gestures; 

Perceptual 
mapping 

Although PAM and PAM-L2 still claim that the similarity between an L2 sound and its closest L1 

counterpart decide the perception of this L2 sound, the hypothesis of PAM provides an environment for 

the categorization of phonemes without mentioning similar and different phonemes in its postulates. 

The perceptual categorization status investigated by the perceptual mapping task provides the 

predictions of later discrimination of the L2 sounds. On the contrary, there is a crucial issue in SLM: the 

method for assessing similarities between L1 and L2 sounds, as well as the standard by which sounds 

are judged to be similar or not, is not well-defined. Acoustic comparisons (e.g. assessing the overlap of 

the frequencies of the first two formants of L1 and L2 vowels) and the perceptual mapping task are 

both used to determine the similarities between L1 and L2 phonemes in SLM. However different 

methods of comparison will lead to the change of the vowel categories perceived by L2 learners which 

can ultimately cause the predictions of SLM to change. In conclusion, PAM has its own advantages as 

stated above. 

3.3.3.2 Native Language Magnet Model (NLM) and Peripherality Hypothesis  

Kuhl & Iverson (1995) proposed the Native Language Magnet Model (NLM). This model also uses 

‘categorization’ to describe the acquisition of L2 sounds, but they take it one step further by describing 

how the ‘categorization’ forms. In the NLM, synthetic sound tokens are used to test participants’ 

sensitivity to acoustic cues of the target tokens and judge the tokens as ‘good’ examples or ‘poor’ 
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examples of the target sounds (Iverson et al., 2003; Kuhl, 1991; Kuhl, 1994; Kuhl & Iverson, 1995). 

Kurl (1991) investigated the perceptual categorization of adults, six month or more infants, and 

monkeys. In the experiment for adult listeners, the participants were asked to judge the category 

goodness of 64 /i/ variants. According to the judgment, adult listeners show a clear categorical 

perception of the 64 synthetic stimuli. The closer the frequencies of the first two formants of a variant 

from the prototype /i/ sound, the higher goodness rating score the variant gets. In the perceptual 

process, the prototype plays a key role of attracting nearby phones and drawing them close to it as if 

using some magnetic effect. Applied to the perception of L2 sounds, learners’ existing L1 phonetic 

prototypes start to pull the foreign sounds to themselves. The closer the L2 sound is to a L1 prototype, 

the more typical a categorical member it is. Conversely, if an L2 sound is too far from a L1 prototype, it 

cannot be drawn to the prototype category.  

Compared to SLM and PAM, NLM provides the power (magnetic effect) in the process of 

categorization and explains how the categorization forms. The process of prototypes drawing 

surrounding sound categories into their category is the formation of ‘SC’ type, ‘CG’ type and ‘TC’ type 

categorization in PAM. The sounds which have the same distance from the prototype (L1 sounds) in 

the prototype category are sounds of ‘SC’ type category. Sounds which are placed with different 

distances from the prototype in the prototype category are sounds of the ‘CG’ type category. Sounds 

which are drawn into different prototype categories are sounds of the ‘TC’ type category. The ‘UU’ type 

categorization in PAM is not described in NLM because the stimuli in NLM are synthetic sounds with 

gradual changes in acoustic features. It is reasonable to imagine that sounds which are not drawn into 

any prototype category are sounds of ‘UU’ type category in PAM.  

NLM is also related to the asymmetries in vowel perception. As stated in section 3.2.4, directional 

asymmetries are very common in the perception of vowels by infants and adults. Polka & Bohn (2003) 

claimed that directional asymmetries existed because some vowels are “perceptually more salient and 

stable relative to others” (Polka & Bohn, 2003, p. 227). The authors also conclude there are several 

possible standards for the more stable and salient vowels, such as the linguistic inventory of vowels, 

the direction of change in either F1 or F2 etc. According to the linguistic inventory standard, a more 

common vowel is more salient and stable than a less common vowel in a vowel pair. The less common 

vowel is identified more often as the more common vowel. The authors analyzed these standards and 

proposed their own standard for the more stable and salient vowels: vowels that occupy more 

peripheral positions in the traditional F1-F2 vowel space. Polka & Bohn (2003) referred to Kurl who 

found that the synthetic prototype vowel /i/ in NLM was a peripheral vowel. Since Kurl (1991) stated 

that the synthetic prototype vowel /i/ is at “articulatory and acoustic extremes of the vowel space” (Kuhl, 

1991, p. 94), peripheral vowels are at articulatory and acoustic extremes of the vowel space. Moreover, 

all the three point vowels (i, u, a) are peripheral vowels at articulatory and acoustic extremes of the F1-

F2 vowel space. 

The concept of ‘peripheral vowels’ is used in the Peripherality Hypothesis (PH) (Polka & Bohn, 2003). 

More peripheral vowels are more stable and salient; they serve as a perceptual ‘magnet’ to draw less 



44 
 

peripheral vowels close to them. The more peripheral vowel in a vowel contrast is acted as a 

perceptual referent, the other vowel in the contrast can be identified as the more peripheral vowel more 

frequently and result in directional asymmetries in vowel perception. For example, the cause for the 

asymmetry in the pair /y-u/ found in the L1 speakers (infants)’ perception of native contrasts (see 

section 3.2.4) can be explained as: /u/ is the more peripheral vowel than /y/ in a F1-F2 vowel space. In 

a F1-F2 vowel space, /u/ is the highest and most back vowel, /i/ is the highest and most front vowel, /y/ 

is not as high and front as /i/.  

In conclusion, categorization models (SLM, PAM, NLM and PH) explained the inner mechanism of the 

perception of non-native sounds which answered the question of how non-native sounds are perceived 

by L2 learners. NLM and PH further provided a possible explanation for the directional asymmetry in 

perception which was also caused by different perceptual categorization. In the current study, a 

perceptual categorization of target Mandarin vowels in terms of NZE vowels, a perceptual identification 

of target vowels and a production task were conducted to test the categorization predictions of SLM and 

PAM. Since NLM’s claims need synthetic acoustic stimuli for proof, there is no direct test in current 

experiments for the NLM’s claims. However, the directional asymmetries found in learners’ perception 

provided a possible path to test the claims of NLM and PH.  
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4 Methodology 

4.1  Introduction 

According to previous studies (Chen et al., 2012; Wang & Deng, 2009), a study of acquisition of L2 

sounds should contain three parts: an investigation of perceptual categorization of target L2 sounds 

into L1 categories by naïve L1 speakers18; an investigation of perception accuracy of L2 sounds by L2 

learners, and an investigation of production accuracy of L2 sounds by L2 learners. This method is 

followed in the current study. In this study, following the initial perceptual categorization of target 

Mandarin phones by naive NZE speakers, tasks on the perception and production of Mandarin vowels 

by L2 learners were conducted.  

There were a pilot study and a main study with several tasks in the current research. There were four 

tasks in the pilot study: a cross-language perceptual mapping task, a rhyming task, an identification 

task and a production task. There were only three tasks in the main study: the cross-language 

perceptual mapping task, the identification task, and the production task. The cross-language 

perceptual mapping task was used to investigate the perceptual categorization of target Mandarin 

vowels by naïve NZE speakers. Both the rhyming and identification tasks were conducted to assess 

the perception accuracy of target Mandarin vowels by native NZE speaking learners. The production 

task was conducted to assess the production accuracy of target Mandarin vowels by native NZE 

speaking learners. Results of these tasks provided a record of the learner's attempts to perceive and 

produce target Mandarin vowels, respectively. The accuracy of perception and pronunciation was then 

used to examine if some vowels were acquired more successfully than others and if there was a 

relationship between perception and production of target Mandarin vowels.  

One main difference between the pilot study and the main study was that there was no rhyming task in 

the main study. In the pilot study, the rhyming task was used first to assess if the learners could 

distinguish one target vowel from another target vowel. The target vowels were presented in 

monosyllabic words produced by the native Mandarin speakers, and then an identification task was 

used to see if they could recognize Mandarin vowels in monosyllabic words and disyllabic words. 

Initially, only a rhyming task was designed to investigate the perception accuracy of learners. However, 

the results of the rhyming task suggested that it did not completely reflect the perceptual ability of 

listeners (see section 5.2); an identification task was added, and an identification task only was used in 

the main study.  

In addition to investigating the acquisition process (perception and production) of Mandarin vowels by 

native NZE speakers, the rhyming task, the identification and production tasks of the pilot study were 

initially planned as a longitudinal study. Ideally, five to six student learners of Mandarin would be 

                                                      
18 Naive L1 speakers are monolingual L1 speakers with no target L2 experience and limited experience in any L2. 
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followed for three to four semesters and would participate in all tasks. Each task would require twenty 

to thirty minutes and take place three to six times each semester. However, only five students could be 

recruited. These had only learned Mandarin for one to two semesters and most withdrew after one test 

session. Because of the loss of participants, the original planned longitudinal study seemed unrealistic. 

Therefore, in the later main study, more learners from different levels of Mandarin classes were 

recruited to attend a cross-sectional study instead of the longitudinal study. Therefore, this initial study 

was treated as a pilot study, and a new cross-sectional design was developed for the main study.  

There were also some differences in the stimuli amount and choice of each task in both studies. For 

instance, the number of participants and stimuli, and the presentation of stimuli were changed in the 

main study (i.e. disyllabic words with target vowels were added later in both studies); the L1 

background of participants was unified in the main study as all NZE. However, the target vowels were 

the same as also were the monosyllabic Mandarin words with target vowels. The basic methodology 

for each task also remained the same. In conclusion, the small-scale pilot study which I performed first 

tested the practicality of methodology used in the pilot study. Necessary adjustment of the 

methodology was made for the later main study based on the pilot study. The methodology changes 

for the main study that the pilot study was addressed by describing each task type focusing on the 

differences. The details of participants, stimuli, and procedure of each task are discussed in turn in the 

next section. Before introducing details, a brief coverage of stimuli, the selection of participants and the 

task procedure are presented first.  

4.2  Task Design 

Native Mandarin speakers (NMSs) and native NZE speakers participated in this study. NMSs produced 

the target Mandarin stimuli for all the tasks except the production task in both studies; a control group 

of NMSs participated in the identification and production tasks of the main study; NMSs also acted as 

judges by transcribing the production of the learners in the production task of both studies. NMSs in the 

current study all speak standard Mandarin and their own dialects, whose specific local traits were not 

analysed in the course of this study. The naive NZE speakers responded to the Mandarin stimuli in the 

cross-language perceptual mapping task; native NZE speakers who were learning Mandarin 

responded to Mandarin stimuli in the rhyming and identification tasks and as speakers in the 

production task of both studies.  

The target vowels and chosen consonant onsets formed Mandarin monosyllables and disyllables as 

the stimuli of all the tasks except production tasks. NMSs were asked to produce these words (written 

in Pinyin) in a carrier sentence, “wo3 shuo1 (Target). (I say ‘Target’)”, spoken at the speaker’s self-

selected normal speaking rate.  Speakers were asked not to over-articulate the target words. 

Mispronounced or non-fluent utterances were self-corrected by the speakers. Before recording the 

NMSs were asked to read two or three words which were chosen randomly from all the stimuli as a 
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training for later formal recording. All the recordings occurred in the Audio laboratory at The University 

of Auckland and were created on a Didgidesign Command 8 Audio Mixer and Pro Tools 9 software. 

After the recording, a female native Mandarin speaker listened to the sounds produced by NMSs as 

task stimuli and wrote down what she heard to check if the stimuli were produced accurately enough to 

be used in tasks. These recordings were played later to listeners in the rhyming task of the pilot study, 

the cross-language perceptual mapping tasks and the identification tasks of both studies. Listeners 

who heard the fixed order stimuli could take as much time as they wanted to respond, and their 

responses were not timed. They could hear each item an additional time by asking permission from the 

researcher.  

In all tasks，participants met individually with the researcher for one session. Each participant received 

written instructions on how to complete the task and it was also explained by the researcher. 

Participants read the instructions and asked questions if needed. Then they filled in a language 

background questionnaire and signed the agreement to participate in the tasks. All participants 

completed a training practice before each formal task. The training practice was conducted 

immediately prior to the formal task, and in the same way as the formal tasks to allow participants to 

become familiar with the process. All participants in all tasks reported having normal hearing. No 

personal information was collected and no material that could personally identify any participant is 

used in any report of the current study. The details of stimuli, selection of participants and procedure of 

each task are introduced in turn below. 

4.2.1 Cross-language Perceptual Mapping Task 

The cross-language perceptual mapping task was designed to discover the status of categorization of 

Mandarin vowels by asking naive NZE speakers which NZE vowel they are most like.  

4.2.1.1 Stimuli  

Two NMSs produced the stimuli for the cross-language perceptual mapping task of both the pilot and 

main studies, one female and one male, aged 25 and 36 years. They had been living and studying in 

Auckland for an average of 2.5 years. The male speaker is from Jiangxi province (a southern province 

of China), and the female speaker is from Fujian Province (a south-eastern province of China). The two 

speakers speak both Mandarin and their own dialects, but their Mandarin has no noticeable regional 

accent. They were both students of Linguistics in the University of Auckland.  

For the cross-language perceptual mapping task of both studies, target Mandarin vowels and NZE 

vowels were placed in similar contexts to standardize the influence of onset consonants on target 

vowels as much as possible. This is because the phonetic features of one sound are context specific. 

Acoustic characteristics of a sound can vary quite significantly, from one neighbouring phonetic setting 

to another. Therefore, to measure the categorization of L2 sounds in terms of L1 sound categories, we 
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need to place L1 and L2 stimuli in the closest contexts possible in both languages, like using similar 

onsets. Mandarin vowels are presented in monosyllabic words beginning with three sets of 

consonants: the dental, retroflex and palatal fricatives and affricates /s/-/ʦ/-/ʦʰ/; /ʂ/-/tʂ/-/tʂʰ/, and /ʨ/, 

/ʨʰ/, /ɕ/. Therefore, NZE vowels are included in words beginning with the alveolar fricative /s/ (sea) or 

the palato-alveolar fricative /ʃ/ (sheep). 

The two NMPs produced 21 different Mandarin monosyllabic words written in Pinyin in a carrier 

sentence, “wo3 shuo1 (word). (I say ‘word’)” with the syllables that contained target vowels [i], [y], [ɹ̪], [ɻ] 

each being produced twice (with a few exceptions, see Table 4-1). The stimuli were verified by another 

NMSs to ensure the stimuli were identified as the target vowels. In the end, the two speakers produced 

36 monosyllabic words (6 vowel types x 6 times) which were isolated later from the context using Praat 

and randomly listed using Excel (see Appendix A1).  

In Table 4-1, ‘x 2’ means being produced twice; ‘(f)’ means being produced by the female speaker and 

‘(m)’ means being produced by the male speaker. All the tables in this chapter use the same symbols.  

Table 4- 1 Stimuli of the cross-language perceptual mapping task  

Vowels Monosyllabic words Vowel frequency 
i ji4x2(f, m) qi4x2(f, m) xi4x2(f, m)   6 
y xu4x2(f, m) ju4x2(f, m) qu4x2(f, m)   6 
ɹ̪ ci4x2(f, m) si4x2(f, m) zi4x2(f, m)   6 
ɻ zhi4x2(f, m) chi4x2(f, m) shi4x2(f, m)   6 
ɤ ce4(f) che4(m) she4x2(f, m) zhe4x2(f, m)  6 
u shu4x2(f, m) zhu4(f) cu4(m) su4(m) chu4(f) 6 

Note: The vowels [ɤ] and [u] were produced with more consonant choices because they appeared after 

six different onsets while the other vowels appeared after only three different onsets in this task. To 

increase the amount of other vowels, speakers produced them twice. 

Among the 36 words, each target vowel type was produced half by the female speaker and half by the 

male speaker to balance the gender factor for the later listeners’ categorization. A sound produced by 

females and males differs in its acoustic features. The cross-language perceptual mapping task was to 

investigate how naive L2 listeners categorize L2 sounds into their L1 phonemes. The naive L2 listeners 

were assumed to be able to hear different variants of one L2 sound phoneme and classify the variants 

into one L1 sound phoneme(s).  

The NMSs’ production of the target vowels in Mandarin monosyllabic words was recorded in the audio 

lab mentioned earlier. The male speaker was recorded first, then the female speaker was recorded. In 

the end, each of them produced 18 monosyllabic words. A training practice was provided for the 

speakers before the formal recording. In the training, the two speakers were asked to produce two to 

three monosyllabic words chosen randomly from all the monosyllabic stimuli used in the later formal 

task. Then all the monosyllabic words for the tasks were recorded for the formal task, in the same way 

as in the training task. After recording, I isolated the monosyllabic words from their carrier string using 
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Praat version 5.1.05 (Boersma & Weenink, 2009) and listed them in random order once by using the 

Excel random selection. Once the random order was selected, the syllables were played to listeners in 

a fixed order. Each syllable was played one by one to the listeners. Each listener listened to 36 isolated 

monosyllabic words presented in the same order, allowing participants to complete the items on each 

task in the same order.   

4.2.1.2 Listeners 

Ideally a large number of monolingual L1 speakers with no target L2 experience and limited experience 

in any L2 (naïve listeners) are needed as listeners. However, in practice, around ten naïve listeners are 

normally required (see also section 3.2.1). Monolingual native NZE speakers who had never studied 

Mandarin and had limited experience in any L2 were recruited as naive listeners in the current 

research.  

In the pilot study, two listeners, one male and one female, who were staff members of the School of 

Culture, Languages and Linguistics of the University of Auckland, participated as naive listeners. They 

didn’t report their ages. In the main study, 11 listeners participated as naïve listeners. The 11 native 

speakers were six males and five females, aged 18-35 years. They were all students of the University 

of Auckland. None of the participants considered themselves able to converse in or understand 

Mandarin in conversational settings. 

4.2.1.3 Procedures 

There is an established method (Guion et al., 2000; Strange et al., 2004; Tyler et al., 2014b) for the 

cross-language perceptual mapping task. Following previous studies, the task was conducted. 

The two naive listeners in the pilot study and 11 naive listeners in the main study listened to the 36 

isolated monosyllabic words.  Before the formal listening, there was a training practice. A numbered list 

of English words was presented on an answer sheet (see Table 4-2). Two to three isolated Mandarin 

syllables were chosen randomly from the 36 recorded syllables and played to listeners as training 

material. Participants heard each token once and were prompted to write down the English word on the 

list provided which contains the vowel that is most similar to the one they heard. After they selected the 

English word, they were prompted to select a number (ranging from 1 to 5) to indicate whether the 

Mandarin vowel they heard was a poor example (1) or a good example (5) of the English vowel in the 

word they selected. The formal listening followed the same procedure. 

In the pilot study, the list of English words contained the English monophthongs: /i/, /ɪ/, /ə/, /e/, /ʌ/, /a/, 

/ɜ/, /ʊ/, /æ/, /u/, /ɒ/, /ɔ/ and a diphthong /ʊə/. The NZE diphthong /ʊə/ was chosen because I heard from 

some native NZE speakers that the Mandarin mid vowel [ɤ] was perceptually similar to the ‘ə’ sound in 

/ʊə/. NZE speakers have this impression probably because the dynamic articulation of [ɤ] is similar to 

the articulation of diphthongs (see section 2.2.2). The diphthong referent was abandoned later in the 
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same task of the main study for two reasons. First, the results of the cross-language perceptual 

mapping task in the pilot study showed that [ɤ] was categorized most in terms of this diphthong with a 

poor goodness-of-fit rating of 2.3 out of a total of 5 (see section 5.1.1). This indicates that although 

native NZE speakers may think [ɤ] was produced more like a diphthong, they don’t think the NZE 

diphthong /ʊə/ and the Mandarin [ɤ] were perceptually similar to each other. Second, although the 

articulation of [ɤ] may be similar to the articulation of a diphthong, [ɤ] is widely accepted as a 

monophthong in Mandarin. In the cross-language perceptual mapping task, L2 monophthongs were 

compared with only L1 monophthongs not diphthongs in previous studies (Guion et al., 2000; Strange 

et al., 2004; Tyler et al., 2014b). In the main study, the diphthong [ʊə] was abandoned, instead, an 

NZE [ɯ] which denoted the vocalised /l/ when /l/ was non-prevocalically produced was added (see 

section 2.2). The referent NZE vowels of both studies are listed with numbers as they appeared to the 

listeners in Table 4-2. Capital letters were used to help learners focus their attention on the vocalic part 

of the word.  

Table 4- 2 English words as referents for naïve NZE speakers 

PM-PS PM-MS 
Vowel NZ word Vowel NZ word 

i shEEp i shEEp 
ɪ shIp ɪ shIp 
e shEll e shEll 
æ shAm æ shAm 
u shOe u shOe 
ɜ shIRt ɜ shIRt 
a shARp a shARp 
ɔ shORe ɔ shORe 
ʊ shOOk ʊ shOOk 
ɒ shOp ɒ shOp 
ə chIcago ə chIcago 
ʌ shUt ʌ shOVe 

ʊə sURe ɯ speciAL 

Naive NZE speakers (two in the pilot and 11 in the main study) responded to a total of 36 tokens, six 

tokens for each of six vowel types. Thus, the total number of responses for each vowel type was 2 x 6 

in the pilot study and 11 x 6 in the main study, i.e. 12 in the pilot and 66 in the main study. A mean 

correspondence score for each Mandarin-English vowel pair was then calculated by dividing the 

number of times each English vowel was matched to a given Mandarin vowel by the total number of 

responses for that Mandarin vowel. For example, if each of the 11 listeners in the main study identified 

the Mandarin vowel ‘i' as the vowel in ‘sheep’ five times, the score for the pair i-i would be 55/66 or 

83%. A mean goodness-of-fit rating was calculated by adding all goodness-of-fit ratings and dividing by 

the total number of responses for each vowel type (12 in the pilot and 66 in the main study). For 

example, if all participants in the main study rated the i-i correspondence at 4, the mean goodness-of-

fit would be 44/66 or .67.  
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4.2.2 Rhyming Task 

According to Duanmu’s (2007) standard, two Mandarin syllables rhyme when the syllables contain the 

same main vowel and/or coda, but with different preceding consonants. The rhyming task, which was 

used only in the pilot study, was designed to see if the learners of Mandarin could distinguish one 

target vowel from another target vowel when heard in quick succession, in order to assess the 

perceptual ability of learners.  

4.2.2.1 Stimuli 

The same two NMSs in the cross-language perceptual mapping task produced the stimuli for the 

rhyming task (see section 4.2.1). The two NMSs produced 27 Mandarin monosyllabic words written in 

Pinyin in the same carrier sentence, “wo3 shuo1 (word). (I say ‘word’)” with the syllables that contained 

the target vowels [i], [y], [u], [ɹ̪], [ɻ] being produced twice and the syllables that contained the target 

vowel [ɤ] being produced once19 (see Table 4-3). All stimuli were verified by another NMSs to ensure 

the stimuli were identified as the target vowels. In the end, the two speakers produced 40 tokens which 

were isolated later from the context using Praat and used to form 40 pairs of Mandarin monosyllabic 

words. Among them, there were four pairs with the vowel contrast [u]-[y]; seven pairs with the vowel 

contrast [i]-[ɹ̪]; seven pairs with the vowel contrast [i]-[ɻ]; six pairs with the vowel contrast [ɹ̪]-[ɻ]; six pairs 

with the vowel contrast [ɤ]-[ɹ̪]; six pairs with the vowel contrast [ɤ]-[ɻ]; and four pairs with distractor 

vowel contrasts (see Appendix A2). Because [ɹ̪] and [ɻ] can rhyme with each other in poetry (Duanmu, 

2007), the only rhyming pairs in the stimuli were those that combined the target vowels [ɹ̪] and [ɻ] and 

pairs with a distractor vowel in each; all the words with other target vowels formed unrhymed contrasts. 

Table 4- 3 Stimuli of the rhyming task 

Vowels Monosyllabic words Vowel frequency 
i ji4x2(f, m) qi4x2(f, m) xi4x2(f, m)    6 
ɹ̪ ci4x2(f, m) si4x2(f, m) zi4x2(f, m)    6 
ɻ zhi4x2(f, m) chi4x2(f, m) shi4x2(f, m)    6 
ɤ zhe4(m) che4(m) she4(f) ze4(f) ce4 (f) se4(m) 6 
y lü4x2(f, m) nü4x2(f, m)     4 
u lu4x2 (f, m) nu4x2(f, m)     4 

Distractors 
 

fa1(m)  ba1(m)  ma3(m)  da3(m)     
fo2(f)  bo2(f)  di3(f)  ti3(f)    

4.2.2.2 Listeners 

Five students of Mandarin were recruited as listeners, two females and three males, aged 18 to 35 

years. All listeners speak NZE, four were born and raised in New Zealand, and two were bilinguals: 

                                                      
19 The vowel [ɤ] was produced once because it appeared after six different onsets while the other five vowels appeared after only 
two or three different onsets in this task. To increase the amount of the other five vowels, speakers produced them twice.  
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one Japanese–English and one a Korean who came to study in New Zealand as a teenager. She 

speaks Korean fluently, and can also communicate in NZE in daily life. 

All listeners were recruited from the School of Asian Studies at the University of Auckland. They were 

divided into two subgroups according to their Mandarin learning experience: four participants were 

taking their first term Chinese class when recruited (Group 1) and one participant was taking his 

second term Chinese class when recruited (Group 2). These two groups do not differ significantly in 

their ages, or ages of starting Mandarin Chinese. They were set apart only by their time of Mandarin 

education at the University. According to the course design in their department, they were all beginners 

of Mandarin. No participant had received private Mandarin lessons or tutorials with NMSs, but all of 

them had the opportunity to practice Mandarin with NMSs casually.  

4.2.2.3 Procedures 

In the rhyming task, the five learners were asked to listen to the same pairs of Mandarin words 

produced by two NMSs in the same order and asked to write down ‘Yes’ on response sheets if they 

thought the words rhymed (had the same vowel sound), or ‘No’ if not. The learner's accuracy of 

discrimination was reflected in the number of matches between the pairs they said did rhyme and the 

rhyming pairs of the stimuli.  

After explaining the task procedure, completing the language background questionnaire and a training 

session, participants were asked to complete the rhyme recognition task by themselves in their free 

time. The recording of Mandarin word pairs and answer sheets were sent to them by email. However, 

only the answer sheets of the Japanese participant of Group 1 and the participant of Group 2 were 

received. Results are shown in Table 4-4. 

Table 4- 4 Results of rhyme recognition task of two participants 

Vowel contrasts u-y ɹ̪-ɻ ɻ-ɤ ɹ̪-ɤ i-ɹ̪ i-ɻ 
Accuracy rate Group 1 100% 20% 100% 100% 100% 100% 

Group 2 100% 100%  100%  100% 100% 100% 

Results of the Japanese learner of Group 1 and the listener of Group 2 showed that the two listeners 

judged all target vowel contrasts, rhymed or not, perfectly except that the Japanese listener heard [ɹ̪] 

and [ɻ] didn’t rhyme 80% of the time. However, the Group 2 listener didn’t discriminate [ɹ̪] and [ɻ] at all. 

He heard these two apical vowels as rhyming all the time, just as native Mandarin speakers treated 

allophones of one phoneme (see section 2.1).  

Given that both participants performed almost perfectly in the rhyme recognition task, judging rhyming 

or not seems not to reflect different perceptual abilities of learners with different learning experience. 

The Group 2 listener also reported that comparing two words which were listed next to each other 

made it easier for him to hear the difference. Therefore, an identification task was added in later tasks 
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to reflect different learners’ perceptual ability in regard to different vowels. Instead of being asked 

whether two words rhymed or not, participants were asked to write down Mandarin words containing 

target vowels. The errors of onsets and tones were not calculated in the current study. 

4.2.3 Identification task 

The identification task was designed to discover if the learners of Mandarin could identify target vowels 

correctly and if there was any pattern in the identified errors of learners of Mandarin.  

4.2.3.1 Stimuli 

The same male speaker and a different female speaker were recruited. The female speaker also 

studied Linguistics in the University of Auckland. She is from Hebei province (a northern province of 

China). She was 26 years old and had been living and studying in Auckland for three years. Her 

Mandarin had no noticeable regional accent. 

These two NMSs produced 38 Mandarin monosyllabic and 17 Mandarin disyllabic words written in 

Pinyin in the same carrier sentence, “wo3 shuo1 (word). (I say ‘word’)” with some of the words that 

contained the target vowels [i], [ɹ̪], [ɻ] being produced twice in the pilot study and some of the words 

that contained the target vowels [i], [y], [ɹ̪], [ɻ] being produced twice in the main study (see Table 4-4). 

The stimuli were verified by another NMSs to ensure the stimuli were identified as the target vowels. 

Each monosyllabic word contained one target vowel. Each disyllabic word contained two target vowels 

or two distractors. Thus, each target Mandarin vowel appeared five times in monosyllabic words and 

four times in disyllabic words in the main study (see Appendix A3). 

In the two tasks of the pilot study described above (i.e. the cross-language perceptual mapping task 

and the rhyming task), only monosyllabic words were used as stimuli. In the identification task of the 

pilot study, Mandarin disyllabic words were added as stimuli because monosyllabic and disyllabic 

words were the commonest word forms in Mandarin. Disyllabic words were added to explore the 

modern Mandarin sounds more comprehensively. Therefore, both monosyllabic and disyllabic words 

were used in the identification tasks and production tasks of both studies. Only monosyllabic words 

were used in the cross-language perceptual mapping tasks because the aim of cross-language 

perceptual mapping tasks is to investigate the classification of target Mandarin vowels in terms of NZE 

vowels. It is a more theoretical approach and not intended to reflect the realistic perception and 

production difficulties of the target vowels in Mandarin as the identification and production tasks were.  

Table 4- 5 Stimuli of the identification tasks in both studies 

Vowels Words Vowel 
frequency 

i Mono- ji4 x2(f) qi4 x 2(m) xi4 (m)   5 
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y ᵖ20 syllabic 
words 

ju4 (f) qu4 (m) xu4 (m)   3 
y ᵐ ju4 x2(f) qu4x2 (m) xu4 (m)   5 
ɹ̪ zi4 (m) ci4x2(m) si4x2(f, m)   5 
ɻ zhi4x2(m) chi4x2(m) shi4(m)   5 
u shu4(m) chu4(m) zhu4(f) cu4(f) su4(f) 5 
ɤ she4 (f) che4(f) ce4(m) se4(f) zhe4(f) 5 

Distractors bo1(f) ba1(m) ma3(f) fo2(f) pa1(f)  
fa2(f) po2(f) bo2(f)   

i Syllables  
in 

 disyllabic 
words 

ji4 x2(f) qi4 (f) xi4 (m)  4 
y ju4 (f) qu4x2 (f, m) xu4 (m)  4 
ɹ̪ zi4 (m) ci4x2(m) si4(m)  4 
ɻ zhi4x2(m) shi4x2(f, m)   4 
u shu4(m) chu4(m) zhu4(f) su4(f) 4 
ɤ che4(f) ce4(m) se4(f) zhe4(m) 4 

Distractors mo3cha2(m) ma1ma0(m) da4ge0(m) 13.fa1da2(m)  

4.2.3.2 Listeners 

Only one student (the Group 2 student in the rhyming task) acted as a listener in the identification task 

in the pilot study because the identification task was developed later in the pilot study and all the Group 

1 students withdrew after the rhyming task. Also, because of the loss of participants, the originally 

planned longitudinal study seemed unrealistic. Therefore, in the later study, more native NZE speaking 

learners of Mandarin were recruited. Learners from different levels of Mandarin class were recruited to 

attend a cross-sectional study instead of the longitudinal study. Although only one listener attended the 

identification task in the pilot study, the identification task in the pilot study was still conducted to test 

the practicality of methodology used in the pilot study and provided proofs of necessary adjustment of 

methodology in the later main study. The results of the identification task in the pilot study were also 

reported because the participant in this task was the only participant who attended both rhyming and 

identification tasks in both studies. His data for these two tasks were compared and led to some 

interesting findings (see section 5.1.2 and 5.1.3).   

In the identification task of the main study, 19 native NZE speaking learners (11 males and eight 

females) and ten NMSs (five males and five females) were recruited as listeners. 17 of the 19 learners 

were between 18 to 25 years of age, one was younger than 18 and one was 39 years old. All of them 

were born and raised in New Zealand, and were monolingual NZE speakers. Most of the participants 

were recruited from the School of Asian Studies in the University of Auckland. One was studying 

Mandarin at Auckland University of Technology. Two were from different departments of the University 

of Auckland who had studied Mandarin before. They were divided into two subgroups according to 

their experience of Mandarin learning: 11 participants (four females and seven males) who only had 

experience of Mandarin education (101 class to 301 class at the University of Auckland) when 

recruited were placed in Group 1: Low Experience participants (LEPs); eight participants (four males 

and four females) who had received other Mandarin input (travelling and living in China for several 

months; or heritage students) when recruited were placed in Group 2: Mid Experience Participants 

                                                      
20 ‘ᵖ’ represents ‘the pilot study’ and ‘ᵐ’ represents ‘the main study’. 
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(MEPs). These two groups did not differ significantly in their ages, or ages of starting Mandarin 

Chinese. They were set apart by their experience of Mandarin education. The ten NMSs were all 

doctoral students of the University of Auckland, five females and five males, aged 25-34 years. All of 

them speak Mandarin and had no noticeable accent. They were placed in Group 3: Native Experience 

Participants (NEPs) as a control group. 

4.2.3.3 Procedures 

In the identification task, the listeners were asked to listen to the tokens produced by NMSs as 

described above and write down the Mandarin syllables they heard, without tones. The listener’s 

transcriptions were then compared to the original list of recorded syllables, and the learner's accuracy 

of perception was reflected in the number of matches. Listeners responded to a total of 54 target 

tokens, nine tokens each of six vowel types, for a total of 1 x 54 responses in the pilot study and 29 x 

54 responses in the main study, i.e. 54 in the pilot study and 1566 in the main study. When all 

responses were combined, the mean error percentage for each vowel type was calculated by adding 

all errors of each vowel type of each listener and dividing by the total number of responses for each 

vowel type (9 in the pilot study; 99 for the LEPs, 88 for the MEPs and 90 for the NEPs in the main 

study). For example, if the 11 LEPs each had two [y] errors, the mean error percentage of vowel [y] for 

LEPs would be 22/99 or 22.2%. 

4.2.4 Production Task 

A production task was designed to assess the accuracy with which Mandarin vowels were 

differentiated in production by learners of Mandarin. In the pilot study, the production task for the Group 

2 learner was conducted longitudinally with three separate sessions happening in each month. In the 

main study, the production task was conducted only once with cross-sectional participants.   

4.2.4.1 Stimuli 

Group 1 learners produced 30 monosyllabic words that contained the six target Mandarin vowels [i], [ɹ̪], 

[ɻ], [ɤ], [y], [u] and two vowel distractors [ɑ] and [o], written in Pinyin21 in the same carrier sentence, 

“wo3 shuo1 (word). (I say ‘word’)” (see Table 4-6). Each word contained one target vowel or one 

distractor. Each word was produced once. See Appendix A4i. 

Table 4- 6 Stimuli of the production task for Group 1 learners in the pilot study  

Vowels Monosyllabic Words Vowel frequency 
                                                      
21 The target Mandarin vowel [y] was written as ‘ü’ to distinguish it from the other vowel [u] written as ‘u’. Pinyin uses ‘u’ symbol to 
represent [y] after consonants /ʨ/, /ʨʰ/, /ɕ/ and ‘ü’ symbol to represent [y] after consonants [l, n] because [y, u] can both appear 
after consonants [l, n], but [u] doesn’t appear after consonants /ʨ/, /ʨʰ/, /ɕ/. This design of orthography may cause the confusion 
of these two vowels for the learners of Mandarin, so in the production task, learners were shown [y] with the symbol ‘ü’. If they 
produced [y] as [u], they were not misled by the orthography reason. See also section 2-1. 
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i ji4 qi4 xi4    3 
u lu4 nu4     2 
y jü4 qü4 xü4                                                                                                                                                                  3 
ɤ ze4 ce4 se4 zhe4 che4 she4 6 
ɹ̪ zi4 ci4 si4    3 
ɻ zhi4 chi4 shi4    3 

Distractors  da3  ma3    ka1  ta1  pa2  fa1   
po2 fo2 bo1 bo2   

The Group 2 learner produced 21 monosyllabic and 15 disyllabic Mandarin words (i.e. another 30 

syllables) in each of his three separate sessions (see Table 4-7). All stimuli contained either one or two 

of the six target Mandarin vowels or one of the two distractors. Each monosyllabic word contained one 

target vowel or one distractor; each disyllabic word contained two target vowels. Each target Mandarin 

vowel appeared five times in monosyllabic words and four times in disyllabic words (see Appendix 

A4ii). There were also three monosyllabic words with distractor vowels [ɑ] and [o] among the 

monosyllabic stimuli. Among the disyllabic words, there were no words with distractors. 

Table 4- 7 Stimuli for the production task for the Group 2 learner in the pilot study 

Vowels Words Vowel frequency 
i Monosyllabic words ji4 qi4 xi4   3  
u zhu4 chu4 shu4   3 
y ju4 qu4 xu4   3 
ɤ ce4 che4 she4   3 
ɹ̪ ci4  si4  zi4   3 
ɻ zhi4 chi4 shi4   3 

Distractors pa1 ma3 bo1   3 
i Syllables in disyllabic words ji4 qi4 xi4 mi4 di4 5 
u zhu4 shu4x2 lu4 nu4  5 
y ju4 qu4 xu4 nü4x2  5 
ɤ zhe4 che4 she4 ce4x2  5 
ɹ̪ zi4x4 ci4    5 
ɻ zhi4x2 chi4 shix2   5 

In the production task of the main study, 29 participants read 45 monosyllabic words (30 words with 

each target vowel appearing five times and 15 words with irrelevant vowels [ɑ] and [o]) and 22 

disyllabic words (15 words with each target vowel appearing five times and seven words with irrelevant 

vowels [ɑ] and [o]), written in Pinyin with the vowel [y] being written as ‘ü’ after /ʨ/, /ʨʰ/, /ɕ/. Each 

monosyllabic word contained one target vowel. Each disyllabic word contained two target vowels. See 

Table 4-8. The 45 monosyllabic words were placed in 15 lines with three words in one line. To help the 

participants to distinguish each token during the production process, in each line, the left monosyllabic 

word was placed in a blue ellipse; the middle syllable was placed in a yellow diamond, and the right 

syllable was placed in an orange square. Similarly, the 22 disyllabic words were placed in 11 lines with 

two words in one line and in each line, the left disyllabic words were placed in a blue ellipse and the 

right syllable was placed in a blue square. Please see Figure 4-1. 

Table 4- 8 Stimuli of the production task in the main study 
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Vowels Words Vowel 
frequency 

i Monosyllabic words ji4x2 qi4x2 xi4   5 
u zhu4 chu4 shu4 cu4 su4 5 
y ju4x2 qu4x2 xu4   5 
ɤ zhe4 che4 she4 ce4 se4 5 
ɹ̪ ci4 x2 si4 x2 zi4   5 
ɻ zhi4x2 chi4x2 shi4   5 

Distractors 
 

ma3 fa1 da3 fa2 ka1  
pa1 ha1 ma1 ti2  di3  
fo2 bo1 po2 bo2 me1  

i Syllables in disyllabic 
words 

ji4x3 xi4 qi4   5 
u su4x2 shu4 zhu4 chu4  5 
y qü4x2 jü4 xü4x2   5 
ɤ ce4x2 zhe4 she4 che4  5 
ɹ̪ si4x2 zi4x2 ci4   5 
ɻ chi4 zhi4x2 shi4x2   5 

Distractors ma1ma0  fa1bu4  mo2ca1 fu2bi3  da4du4  
da4ge1 ba4ba0    

 
 

 
Figure 4- 1. Stimuli examples in the production task in the main study. 

4.2.4.2 Speakers 

The same five students who acted as listeners in the rhyming task participated in the production task of 

the pilot study as speakers. They were also divided into two groups (Group 1 and Group 2) as in the 

rhyming task. The same 29 students who acted as listeners in the identification task of the main study 

participated in the production task of the main study as speakers. The 29 students were also divided 

into three groups (LEPs, MEPs and NEPs) exactly as they were in the identification task of the main 

study. 
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Five NMSs were recruited as judges in the production task of the pilot study. Five more NMSs were 

added as judges in the production task of the main study. They were recruited from the University of 

Auckland through a friend to friend network. They were all doctoral students from the School of 

Culture, Languages and Linguistics at the University of Auckland. The five NMSs in this task of the pilot 

study were four females and one male, aged 24 to 29 years. The five newly added NMSs for the main 

study were all female students, aged 23 to 35 years.  

4.2.4.3 Procedures 

Participants were asked to pronounce tokens with target Mandarin vowels and/or distractor vowels in 

the same Audio lab used in the pilot study. For the participants in the pilot study, tokens were produced 

in the carrier sentence, “wo3 shuo1 (a monosyllabic word). For the 29 participants of the main study, 

monosyllabic words were produced in a sentence ‘(monosyllabic word A) zai4 (monosyllabic word B) 

he2 (monosyllabic word C) de0 zhong1jian1’ (monosyllabic word A is in the middle of monosyllabic 

word B and monosyllabic word C); disyllabic words were produced in a carrier sentence: ‘(disyllabic 

word A) zai4 (disyllabic word B) de0 zuo3bian1’ (disyllabic word A is on the left of disyllabic word B) to 

produce these tokens in a more natural context. A training practice was provided for all the participants 

before the formal recording. In the training, two to three monosyllabic words and one to two disyllabic 

words chosen randomly from all word stimuli of the later formal task were used as training material. 

Learners' pronunciation was evaluated by native Mandarin speaking judges. Judges listened to the 

monosyllabic words or/and disyllabic words produced by participants and wrote down what they heard 

in Pinyin. The learners' accuracy of pronunciation was reflected in the number of matches between the 

tokens they intended to pronounce and the judges’ perception of what they said. The syllables 

produced by the learners in the production task were also transcribed by a native Mandarin speaker to 

compare with the transcription of native Mandarin speaking judges to ensure the judges’ transcriptions 

were consistent. Among the five judges of the production task in the pilot study, four judges listened to 

the production of four learners of Group 1 respectively; the fifth judge listened to the three productions 

of the Group 2 learner. Among the ten judges in the main study, nine judges each listened to three 

participants’ productions; the tenth judge listened to two participants’ productions.  

The productions were also analysed acoustically using Praat. For the productions of the pilot study, the 

values of the first two formants (F1 and F2) of each target Mandarin vowel were examined; the 

frequencies of three points at the beginning, middle and end position of each formant were chosen to 

calculate average frequencies of F1and F2. The values of the first two formants of target vowels 

produced by NMSs were also used to reflect the production differences between learners and NMSs 

(see section 2.3) in the pilot study. For the productions of the main study, the value of the first three 

formants (F1, F2 and F3) of each target vowels were examined. The frequencies of a stable period of 

each formant were chosen to measure the F1, F2 and F3 values of the target vowels. The F3 value 

was added in the main study because F3 is also an important acoustic feature of vowels, especially the 

retroflex approximant [ɻ]. F3 is closely related to the retroflex feature.  
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4.3  Summary 

In this chapter, the methodologies of each task in the pilot and main studies were introduced. The 

details of participants, stimuli and procedure used in each task were described and compared if 

necessary. The changes from the tasks in the pilot study to the tasks in the main study were 

addressed.  

From the aspect of participants, more participants were recruited in the main study than in the pilot 

study. Learners of Mandarin acting as participants were adjusted to have the same L1 background: 

NZE. From the stimuli aspect, the consonant onsets of target vowels were adjusted to only z/ʦ/-c/ʦʰ/-

s/s/, zh/tȿ/-ch/tȿʰ/-sh/ȿ/, and j/ʨ/-q/ʨʰ/-x/ɕ/ without the consonants /t/, /m/, /l/, /n/ used in the 

identification and production tasks in the pilot study. From the aspect of procedures, stimuli were 

presented in a more natural context in the production task of the main study to reflect the production 

ability of participants. The words with target vowels and distractors were produced to make sentences 

‘(monosyllabic word A) zai4 (monosyllabic word B) he2 (monosyllabic word C) de0 zhong1jian1’ 

(monosyllabic word A is in the middle of monosyllabic word B and monosyllabic word C); and 

‘(disyllabic word A) zai4 (disyllabic word B) de0 zuo3bian1’ (disyllabic word A is on the left of disyllabic 

word B)’ in the production task in the main study instead of inserting in the carrier sentence ‘wo3 shuo1 

‘syllable’’.  

Finally, a summary of the methodology of each task is presented in Table 4-9 for overall review. Based 

on the methodology described in this chapter, the results and discussions of each task are presented 

in the next chapter.
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Table 4- 9 Summary of methodology 

Tasks Cross-language perceptual mapping 
tasks 

Rhyming task Identification tasks Production tasks 

Pilot study Main study Pilot study Pilot study Main study Pilot study Main study 
Stimuli  
(NMSs 

recording or 
presenting in 

Pinyin) 

NMSs1 produced 36 
monosyllabic words 
in the frame ‘wo3 

shuo1’ (see 
Appendix A1) and 
digitally extracted 
from the frame. 

Used the 
stimuli 

created in the 
pilot study. 

NMSs1 produced 43 
monosyllabic words in 
the frame ‘wo3 shuo1’ 

and words recombining 
to make 40 pairs of 
monosyllabic words 
(see Appendix A2). 

NMSs2 produced 38 
monosyllabic words 

and 17 disyllabic 
words in the frame 
‘wo3 shuo1’ (see 

Appendix A3). 

Used the stimuli 
created in the task 
of the pilot study. 

30 monosyllabic 
words written in 
Pinyin for four 

Group 1 learners 
(see Appendix A4i); 

21 monosyllabic 
and 15 disyllabic 
words written in 

Pinyin for the Group 
2 learner (see 
Appendix A4ii) 

45 monosyllabic 
and 22 disyllabic 
words written in 

Pinyin (see 
Appendix A4 iii) 

Nonnative 
Mandarin 
speaking 

participants 

Two naive NZE 
speaking listeners 

(one female and one 
male) 

11 naive NZE 
speaking 

listeners (six 
males and 

five females, 
aged 18-35 

years) 

Five students of 
Mandarin as listeners 

(two females and three 
males, aged 18 to 35 

years) 

The same five 
students in the 
rhyming task 

19 NZE speaking 
learners of 

Mandarin (11 
males and eight 

females, aged 17 
to 39 years)   

The same five 
students in the 
rhyming task 

The same 19 
NZE speaking 

participants in the 
identification task 
in the main study 

Native 
Mandarin 
speaking 

participants 

 
 
- 

 
 
- 

 
 
- 

 
 
- 

10 NMSs (five 
males and five 

females, aged 25-
34 years) 

 
 
- 

The same 10 
NMSs in the 

identification task 
in the main study 
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Procedures Participants heard a vowel 
token and wrote down an 

English word which 
contains the vowel most 
similar to the one they 
heard and rated the 

similarity between the two 
vowels (ranging from 1 to 

5). 

The 
same 
as in 
the 
pilot 

study 

Participants listened 
to stimuli and wrote 

down ‘Yes’ on 
response sheets if 
they thought the 

words rhymed (had 
the same vowel 

sound), or ‘No’ if not. 

Participants listened 
to the stimuli and 
wrote down the 
Mandarin words 

without tones they 
heard. 

The 
same 
as in 
the 
pilot 

study 

Participants 
pronounced the 

stimuli in a carrier 
sentence, “wo3 
shuo1 (a word). 
Judges and the 

author listened to the 
production by 

participants and 
wrote down what 

they heard in Pinyin. 

Participants produced stimuli in a 
sentence ‘(monosyllabic word A) 
zai4 (monosyllabic word B) he2 

(monosyllabic word C) de0 
zhong1jian1’ and a 

sentence‘(disyllabic words A) 
zai4 (disyllabic words B) de0 

zuo3bian1’. 
Judges did the same thing as in 

the pilot study. 

Assessment There is no standard 
answer for this task. 
Participants’ answers 

reflected their 
categorization of target 

Mandarin vowels in terms 
of referent NZE vowels. 

The 
same 
as in 
the 
pilot 

study 

The accuracy was 
reflected in the 

number of matches 
between the pair they 
discriminate and the 
stimuli pairs which 
were not rhymed. 

 

The accuracy was 
reflected in the 

number of matches 
between the word 
they identified and 

the NMSs’ 
production of the 
Mandarin words. 

The 
same 
as in 
the 
pilot 

study 

The accuracy was 
reflected in the 

number of matches 
between the word 
they intended to 

pronounce and the 
perception of what 

they said by judges. 
The accuracy was 

also measured 
acoustically.  

The same as in the pilot study 
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5 Perception Experiment 

In this chapter, results of several tasks in both pilot and main studies were presented. The cross-

language perceptual mapping task and the perceptual identification task of both studies and the 

rhyming recognition task in the pilot study, explored the perception of six target vowels. The production 

task investigated the production of six target vowels and was reported in the next chapter. 

5.1 Cross-language Perceptual Mapping Task 

The cross-language perceptual mapping task investigates the perceptual categorization of target 

Mandarin vowels by naïve NZE speakers. 11 Naive NZE speakers heard a list of Mandarin monosyllabic 

words with target vowels and chose an NZE word which contains the vowel that most resembled the one 

they heard and rated the similarity between the two vowels (see also section 4.2.1). It is an established 

method for the perceptual categorization of target L2 vowels in terms of L1 vowels being operationalized 

as mean correspondence percentages and mean goodness-of-fit ratings (Guion et al., 2000; Strange et 

al., 2004; Tyler et al., 2014) (see also section 3.2.2 and 4.2.1.3).  

5.1.1 Pilot Study 

Two participants were invited to attend the cross-language perceptual mapping task in the pilot study. 

The two naive NZE speakers responded to a total of 36 tokens, six tokens each of six vowel types, for 

a total of 72 responses. Thus, the total number of responses for each vowel type was 12. The mean 

correspondence percentage for each Mandarin-English vowel match was calculated by dividing the 

number of times each English vowel was matched to a given Mandarin vowel and dividing it by 12. The 

mean goodness-of-fit rating was calculated by adding all goodness-of-fit ratings and dividing by 12 (the 

highest mean goodness-of-fit rating is 5). Results of correspondence of Mandarin stimuli in NZE vowel 

categories for the two participants appear in Table 5-1. The mean correspondence percentage (%) is 

shown first and the mean goodness-of-fit rating is shown in parentheses below it. Boldfaced values 

indicate the modal categorization responses. 

The mean correspondence percentages indicated which NZE category or categories were used most 

often to categorize the Mandarin stimuli. Among the six target Mandarin vowels, only the vowel [ɤ] was 

consistently (>75%) (Guion et al. 2000) classified as an instance of a single NZE vowel category /ʊə/. 

On the other hand, the other five Mandarin vowels were identified in terms of two or more NZE vowel 

categories. Here only the modal categorizations of NZE vowel for each Mandarin vowel were 

introduced. The Mandarin vowel [i] was identified most as NZE vowel /i/ (58.3%); the Mandarin vowels 

[y], [u] and [ɻ] were all identified most as NZE vowel /u/ (58.3%, 50% and 41.7% respectively); and the 

Mandarin vowel [ɹ̪] was identified most as NZE vowel /ɜ/ (41.7%). The order of modal categorization 
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percentage was [ɤ] (83.3% as /ʊə/) > [i] (58.3% as /i/); [y] (58.3% as /u/) > [u] (50% as /u/) > [ɹ̪] (41.7% 

as /ɜ/); [ɻ] (41.7 as /u/).  

Table 5- 1 Categorization of Mandarin vowel stimuli in terms of NZE vowel categories 

Vowel 
Stimuli 

  NZE Vowels 
i ɛ ӕ u ʊ ɜ a ɪ ʌ ə ɔ ɒ ʊə 

ɻ … … … 41.7 
(1.6) 

8.33 
(1.0) 

33.3 
(2.0) 

… 8.33 
(2.0) 

… … … … 8.33 
(1.0) 

ɹ̪ … … … 25 
(1.67) 

8.33 
(1.0) 

41.7 
(2.0) 

… 8.33 
(3.0) 

… … … … 16.7 
(1.0) 

i 58.3 
(2.86) 

… … 8.33 
(2.0) 

… 16.7 
(2.0) 

… 8.33 
(1.0) 

… … … … 8.33 
(2.0) 

ɤ … … … … 16.7 
(1.5) 

… … … … … … … 83.3 
(2.3) 

u 16.7 
(2.0) 

… … 50 
(2.17) 

… 16.7 
(3.0) 

… … … … 8.33 
(1.0) 

… 8.33 
(3.0) 

y 25 
(2.33) 

… … 58.3 
(2.0) 

… 8.33 
(1.0) 

.. … … … … … 8.33 
(4.0) 

 

Results showed that the categorization of Mandarin vowels [i] and [u] were in accord with previous 

comparison studies. For example, in Wu’s (2011) study, the Mandarin vowel [i] most resembled the 

English vowel [i]; the Mandarin vowel [u] most resembled the English vowel [u]. The vowel [ɤ] was 

classified into the NZE diphthong /ʊə/, a pattern which can’t be compared with previous studies 

because there was no /ʊə/ in L1 referent list in these studies. In Thomson et al.’s 2009 study, [ɤ] most 

closely resembled the Canadian English /ʊ/.  

There was no further analysis of results of this task because of the limited number of participants and 

the extreme variability in categorization. Only two participants attended this trial task and they had very 

different preferences for categorization of the same vowels, resulting in some extreme variability in 

categorization. In other words, individual differences affected results significantly. For example, the 

categorization of the Mandarin [i], [u], [y], [ɹ̪] and [ɻ] to multiple vowels in English can be attributed to 

two different factors. In some cases, one participant consistently identified a Mandarin vowel in terms 

of one English category while the other participant identified it as a different one. For example, one 

participant consistently categorized the Mandarin apical vowel [ɻ] as the English vowel /u/, while the 

other participant categorized it as /ɜ/. In other cases, each participant identified the same stimulus as 

an example of different vowels. In this case, the participants heard these vowels as being between two 

or more English vowel categories.  However, the results do provide the only classification of the 

Mandarin vowel [ɤ] in terms of the NZE diphthong /ʊə/ which is not a referent option in the main study. 

The differences in classification of [ɤ] in terms of NZE vowels with or without the referent /ʊə/ will be 

discussed in the later main study.  

In conclusion, the perceptual mapping task in the trial proved the overall design of the task was 

practicable. In the later formal study, the same method was used for the perceptual mapping task with 

more listeners (11 listeners).  
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5.1.2 Main Study 

11 NZE speakers attended the main study. 11 NZE speaking listeners responded to a total of 36 

tokens, 6 tokens each of 6 vowel types, for a total of 396 responses. The total number of responses for 

each vowel type was 66. The mean correspondence percentage for each Mandarin-English vowel 

match was calculated by dividing the number of times each English vowel was matched to a given 

Mandarin vowel and dividing it by 66. The mean goodness-of-fit rating was calculated by adding all 

goodness of-fit ratings and dividing by the number of the match (the highest mean goodness-of-fit 

rating is 5). Results of categorization of Mandarin stimuli in NZE vowel categories for the 11 

participants are shown in Table 5-2. The mean correspondence percentages are shown first and the 

mean goodness ratings are shown in parentheses below the percentages.  

There is no standard answer for the Mandarin stimuli. However, results in Table 5-2 indicated which 

NZE category or categories was/were used most often to categorize the Mandarin stimuli. Among the 

six target Mandarin vowels, only the vowel [i] was consistently (>75%) (Guion et al., 2000) classified as 

a single NZE vowel category. Mandarin vowel [i] was classified as NZE vowel /i/ in 98.3% of instances 

(n= 66), and received a mean goodness-of-fit rating of 4.6 for the corresponding NZE category /i/. On 

the other hand, the other five Mandarin vowels were identified in terms of two NZE vowel categories 

(categorization percentages below 20% were excluded). Mandarin vowels [y] and [u] were both 

classified most commonly as the NZE vowel /u/ (70% and 60% respectively with mean goodness-of-fit 

ratings of 3.6 and 4.5 respectively); Mandarin vowel [ɹ̪] was classified most commonly as NZE vowel /ɪ/ 

(38.3% with mean goodness-of-fit scores of 3.6); Mandarin [ɻ] was classified most commonly as NZE 

vowel /ɜ/ (33.3% with mean goodness-of-fit scores of 2.0); the Mandarin vowel [ɤ] was classified most 

commonly as the NZE vowel /ɜ/ (38.3% with a mean goodness-of-fit rating of 3.2). 
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Table 5- 2 Mean correspondence percentages and goodness-of-fit ratings (in brackets) of Mandarin vowel stimuli in terms of NZE vowels 

Mandarin 
vowel 

Classification in NZE vowels 
i e æ u ʊ  ɜ a ə22 ʌ  ɔ ɒ ɪ ɯ23 

shEEp shEll shAm shOe shOOk shIRt shARp chIcago shOVe shORe shOp shIp 
 

speciAL 

i 98.3 
(4.6) 

… … … … … …  … … … 1.7 
(4) 

… 

u … … … 60 
(4.5) 

30 
(3.6) 

… … … … 8.3 
(3.2) 

1.7 
(2) 

 … 

y 20 
(3) 

… … 70 (3.6) 3.3 
(3.5) 

1.7 
(3) 

..  … … … 3.3 
(2.5) 

… 

ɹ̪ … … … 8.3 
(2.4) 

6.7 
(3.3) 

28.3 
(2.9) 

…  18.3 
(3.5) 

… … … 38.3 
(3.6) 

1.7 
(2.0) 

ɻ 5 
(3.3) 

3.3 
(3) 

… 8.3 
(3) 

6.7 
(3.1) 

33.3 
(2.0) 

… 16.7 
(3.6) 

… … … 26.7 (3.7) … 

ɤ 5(3) … … … 11.7 
(3.6) 

38.3 
(3.2) 

5 
(3.3) 

… 3.3 
(3) 

25 
(2.7) 

3.3 
(3) 

 3.3 
(2) 

Note: Boldfaced values indicated the modal categorization responses.  

                                                      
22 All English vowels in unstressed syllables can be a schwa, so /ə/ is also chosen as a referent English vowel. 

23 /ɯ/ represents vocalized /l/ which exists commonly in NZE and is chosen as a referent vowel. 
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Combining the mean correspondence percentage and goodness-of-fit scores, the Mandarin-English 

match i- i had the highest mean correspondence percentage and mean goodness-of-fit rating scores, 

followed by matches u-u and y-u; the third matches were ɹ̪- ɪ and ɤ- ɜ. The match ɻ- ɜ achieved the 

lowest mean correspondence score and mean goodness-of-fit rating score. 

Following the work of Guion et al. (2000), the mean correspondence percentages and goodness-of-fit 

ratings were combined to create fit indexes which reflect the overall fit of Mandarin vowels and their 

corresponding NZE vowel categories. The responses to the Mandarin stimuli were analysed further to 

reflect their overall fit to an NZE category in order to create fit indexes. The fit indexes were calculated 

by multiplying the mean correspondence percentages of each vowel (mean correspondence 

percentages below 20% were excluded) by its corresponding mean goodness-of-fit scores. Fit indexes 

were used in the classification of different categorization types (good, fair or poor) in the later analysis. 

For example, the fit index for the Mandarin [i] was obtained by multiplying the proportion of responses 

that identified it as the English /i/ (0.983) by the goodness-of-fit rating of the match (4.6). Then the fit 

index for the Mandarin [i] to the NZE /i/ is 4.51. If a Mandarin vowel was classified into more than one 

NZE vowel category, the same calculations were made once for each category. For instance, the 

Mandarin vowel [u] was categorized into two NZE vowel categories, /u/ and /ʊ/. Fit indexes were 

calculated for both NZE reaction categories. The proportion of /u/ correspondences (0.6) was multiplied 

by the goodness-of-fit rating for the /u/ vowel (4.5), giving a fit index of 2.7, and the proportion of /ʊ/ 

stimuli correspondence (0.3) was multiplied by the goodness-of-fit rating for the /ʊ/ response (3.6), 

giving a fit index of 1.08. Table 5-3 displays the fit indexes of six target Mandarin vowel stimuli. The fit 

indexes covered a wide range, from the lowest value of 0.6 (the fit of Mandarin vowel [y] to NZE /i/) to 

the highest of 4.51 (the fit of Mandarin vowel [i] to NZE vowel /i/). According to the standard created by 

Guion et al. (2000), the highest fit index for any target Mandarin vowels was then taken as an ideal fit 

index and Mandarin-English matches with different fit indexes were then classified as ‘categorized’ or 

‘uncategorized’ types according to the distance between their actual fit index and the ideal fit index. 

Since Mandarin vowel [i] received the highest fit index (4.51) in the current study, its fit index was 

regarded as the ideal fit index. The mean fit index obtained for the six Mandarin vowels was 1.66 (s.d. 

=1.2). The Mandarin vowels receiving a fit index that fall within 1.0 s.d. of the ideal fit index (4.51-

1.2=3.31) obtained for the Mandarin vowels were classified as ‘good’ instances of a NZE vowel 

category. That is, a good fit range from 3.31 to 4.51, and only the Mandarin vowel [i] received a good fit 

index in NZE. The Mandarin vowels receiving a fit index that fall within 2.0 s.d. of the ideal fit index 

(4.51-1.2x2=2.11) obtained for the Mandarin vowels were classified as ‘fair’ instances of a NZE vowel 

category. That is, a fair fit range from 2.11 to 3.31, and Mandarin vowel [u] and [y] received a fair fit 

index in NZE: vowel [u] and [y] both were fair examples of NZE vowel /u/.  The Mandarin vowels 

receiving a fit index score below 2.11 were classified as ‘poor’ instances of NZE vowel categories. 

Therefore, the rest of the categorizations were all classified as poor (see Table 5-3). In Table 5-3, 

matches with mean correspondence percentage below 20% were excluded. Good and fair instances of 
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NZE vowel categories were regarded as successful categorizations, while poor instances of NZE vowel 

categories were treated as unsuccessful categorization: uncategorization24.  

Table 5- 3 Fit index for Mandarin vowels in terms of NZE vowel categories 

Mandarin 
vowel 

Most common 
identification 

Proportion of 
correspondence 

Goodness-of-
fit rating 

Fit index 

i i 0.98 4.6 4.51 good i 
u u 0.6 4.5 2.70 fair u 

ʊ 0.3 3.6 1.08 poor ʊ 
y u 0.7 3.6 2.52 fair u 

i 0.2 3.0 0.60 poor i 
ɹ̪ ɪ 0.38 3.6 1.37 poor ɪ 

ɜ 0.28 2.9 0.81 poor ɜ 
ɻ ɪ 0.27 3.7 1.00 poor ɪ 

ɜ 0.33 2.0 0.66 poor ɜ 
ɤ ɜ 0.38 3.2 1.22 poor ɜ 

ɔ 0.25 2.7 0.68 poor ɔ 

5.1.3 Discussion 

Results of the analysis of Mandarin vowel stimuli in NZE in both pilot and main studies suggested that 

the close front unrounded Mandarin vowel [i] was the only vowel that assimilated to a single category in 

NZE, as a good example of the close front unrounded NZE vowel /i/. There were two other Mandarin 

vowels [u] (close back rounded) and [y] (close front rounded) which were classified as fair instances of 

the same NZE vowel category: the close central rounded vowel /u/. The remaining three vowels were 

not categorized into any NZE vowel category. The Mandarin mid back unrounded vowel [ɤ] was 

classified as a poor instance of NZE close-mid front rounded vowel /ɜ/ and close-mid back rounded 

vowel /ɔ/, with a higher assimilation to NZE vowel /ɜ/. The two Mandarin apical vowels [ɹ̪] and [ɻ] were 

classified as poor instances of NZE mid central unrounded vowel /ɪ/ and close-mid front rounded vowel 

/ɜ/. 

The cross-language perceptual mapping can be used to examine the perceptual categorization of L2 

sounds into L1 sound phonemes and acted as an effective approach to detect cross-linguistic similarity 

(see Table 3-3). Several research projects investigated the similarity between Mandarin vowels and 

English vowels acoustically (see section 2.3), but no study examined the similarity from a perceptual 

mapping perspective. L2 vowels which are assimilated into L1 vowel categories are regarded as more 

similar vowels to their corresponding L1 vowels; L2 vowels which are uncategorized into any L1 vowel 

categories are less similar vowels. The results of the cross-language perceptual mapping task in the 

current study were compared with the conclusions from previous studies (see Table 2-10). There are 

some findings to be discussed. 

First, the cross-language perceptual mapping results of the Mandarin vowel [ɤ], [u] were unexpected. 

Vowel [ɤ] normally was regarded as a similar vowel compared to English vowels with a counterpart 

such as Canadian English vowel /ʊ/ from the acoustic comparison (Thomson et al., 2009; Wu, 2011). 

                                                      
24 Mandarin vowels are all treated as speech sounds because Mandarin sounds can be acquired successfully by highly 
experienced L2 learners. Therefore, there was no non-assimilation type of PAM in the current study (see section 3.3.3.1). 
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See also Figure 2-8 for the vowel chart of Canadian English. However, from the perceptual mapping 

data, the Mandarin vowel [ɤ] was not categorized into any NZE vowel category as it was a poor 

instance of both NZE vowels /ɜ/ and vowel /ɔ/. In the cross-language perceptual mapping task of the 

pilot study, the back unrounded vowel [ɤ] was classified into NZE diphthong /ʊə/ most (83.3%) with a 

goodness-of-fit rating of 2.3. Although the correspondence percentage is high, the goodness-of-fit 

rating is not. If the fit index of the [ɤ] to /ʊə/ was calculated, it would be 1.92 which implies [ɤ] is also a 

poor instance of /ʊə/. Although only two listeners in this task of the pilot study and the data of the 

categorization of [ɤ] in the pilot study was inconclusive, results of both studies seemed to suggest that 

Mandarin [ɤ] did not resemble any NZE vowel phoneme. 

The perceptual mapping data also showed that Mandarin [u] was classified in the NZE close central 

rounded vowel /u/ as a fair instance, therefore Mandarin and NZE /u/ are quite similar to each other. 

However, in Thomson ((2009)’s study, the statistical model indicated that Mandarin and Canadian 

English /u/ are very different to each other. There is only 1.25% degrees of overlap between the 

Canadian English /u/ and the Mandarin /u/ while the two most similar Canadian English-Mandarin 

vowels /o/ and /o/ shared 33.75% degree of overlap (see also section 2.3). 

The results of cross-language perceptual mapping of Mandarin vowels [y], [ɹ̪] and [ɻ] were also quite 

interesting. In previous studies of observation (Li & Liu, 2008; Wen, 2010), Mandarin vowels [y], [ɹ̪] and 

[ɻ] were treated as new/different vowels (see section 3.3.2) compared with English vowels. This means 

that there are no counterpart English vowels for [y], [ɹ̪] and [ɻ]. In the comparison of F1 and F2 values in 

Wu (2011)’s study, [y], [ɹ̪] and [ɻ] were also not similar to any English vowel. According to the current 

perceptual mapping data, [ɹ̪] and [ɻ] both were poor examples of NZE vowel categories, which implied 

that they were not categorized into any NZE vowel categories. However, the Mandarin vowel [y] was a 

fair instance of NZE vowel /u/, which was in conflict with the previous studies which argued that the 

vowel [y] had no counterpart in English vowels. In other studies of cross-language comparison of 

Mandarin and English vowels, the Mandarin vowels [y], [ɹ] and [ɻ] were excluded for they did not occur 

in the chosen /bv/ and /pv/ contexts (see section 2.1.2)25. This was a shame as the Mandarin vowels 

[y], [ɹ̪] and [ɻ] actually prove difficult for English speaking learners according to previous observations 

and studies (see section 3.1). 

The perceptual mapping data of the Mandarin vowels [i] were in accord with the results of the acoustic 

comparison in previous studies (Thomson et al., 2009; Wu, 2010; Wen, 2010). According to previous 

studies, the Mandarin vowel /i/ was similar to the English high front vowel /i/. The perceptual mapping 

data showed that the Mandarin vowel [i] was assimilated to the NZE vowel /i/ as a good instance. 

Some scholars may wonder whether the differences between NZE vowels and Canadian/American 

English vowels contribute to the contrary results or not. Canadian/ American English /ʊ/ seem more 

central compared to NZE vowel /ʊ/ (see Figure 2-5, 2-7 and 2-8), therefore Mandarin mid back [ɤ] 

should more closely resemble NZE /ʊ/. As for the vowel /u/, the positions of /u/s in acoustic charts for 

                                                      
25 In Thomson (2005)’s study, Mandarin /y/ was found to be dissimilar to English vowels in /bV/ and /pV/ contexts. In Strange et 
al.’s 2004, 2009 studies German and French /y/ was found to be categorized into the back high rounded English vowel /u/ (see 
also section 3.2.1).   
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NZE, American and Canadian English are not very different (see Figure 2-5, 2-7 and 2-8). Therefore, it 

is hard to explain why acoustically Canadian English not NZE /u/ is very different from Mandarin /u/. 

Anyway, this inquiry has no inconclusive answer because no perceptual similarity comparison has 

been conducted using other varieties of English vowels. Moreover, the acoustic analysis is certainly 

different from the perceptual mapping method as discussed below.  

The disagreement between perceptual and acoustic comparisons was not surprising since very 

different parameters were used in these two methods. The perceptual mapping method provided a 

practical way to investigate the classification of cross-language sounds. Speech acquisition has its 

subjective side: the measurement of physical features helps, but cannot substitute completely for the 

subjective perceptual process. Flege (1997) stated that “The only reliable way to determine the 

perceived relation, if any, between vowels in two languages is empirically, through a cross-language 

mapping study” (Flege et al., 1997, p. 441). Since the current study focuses on the perception of L2 

learners, in the later analysis only the conclusions of the cross-language perceptual mapping are used 

to predict later perceptual difficulties of target vowels by native NZE speaking learners of Mandarin in 

the frame of PAM and SLM (see section 3.3.3).  

In conclusion, given the data attained from the cross-language perceptual mapping task, the 

Perceptual Assimilation Model-L2 (PAM-L2) provides a series of testable predictions. In PAM-L2, the 

discrimination between two L2 sounds depends on their perceptual categorization in terms of L1 sound 

categories. The perceptual categorization pattern can be divided into five types: 1) two L2 phones are 

assimilated to different L1 sound categories: Two Categories (TC) type; 2) two L2 phones are 

assimilated to one same L2 sound category as equally good, fair or poor instances: Single Category 

(SC) type; 3) two L2 phones are assimilated to one same L2 sound category as relatively better or 

poorer examples: Category Goodness (CG), 4) one of two L2 phones is assimilated to a L1 sound 

category while the other L2 phone is not assimilated to any L2 sound category: Uncategorized 

Categorized type (UC); 5) two L2 phones are not assimilated to any L2 sound category: Both 

Uncategorized type (UU) (Tyler, Best, Faber, & Levitt, 2014)26 (see section 3.3.3). Based on the data 

collected above, the discriminability of Mandarin stimuli could be classified into four of the 

categorization types in PAM: TC, SC, UC and UU. For example, Mandarin vowel [i] fell in NZE vowel /i/ 

category while Mandarin [ɻ] was not assimilated to any NZE vowel category, thus the discrimination of 

[i]-[ɻ] contrast is the Uncategorized Categories type; Mandarin [ɻ] and [ɹ̪] were not assimilated to any 

NZE vowel category, thus the discrimination of [ɻ]-[ɹ̪] contrast belonged to Both Uncategorized type; 

Mandarin vowel [u] and [y] both fell in the NZE vowel /u/ category as fair instances of /u/, therefore the 

discrimination of Mandarin [u]-[y] contrast is the Single Category type (see also Table 5-3). Table 5-4 

presents the categorization types of Mandarin vowel contrasts in the framework of PAM. If one 

Mandarin vowel is both categorized and uncategorized into NZE vowel categories, only the categorized 

vowel category is included in this table. The reason for the exclusion of uncategorization is that 

categorization precedes uncategorization. 

                                                      
26 Non-speech categorization is not considered in the current analysis.  
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The types of categorization of Mandarin-English contrasts in the PAM framework shown above will be 

combined in the next section, with the discrimination between two target Mandarin vowels based on 

the identification task results to see how well PAM predicts the actual discrimination of the vowel 

contrasts. 

Table 5- 4 Categorization types of Mandarin vowel contrasts in the framework of PAM  

Mandarin 
Contrast 

Classification into NZE vowel 
category/categories 

PAM Category 
Type 

Supposed 
Discrimination 

degree 
i-y, i-u Good i  Fair u TC type  Very good 

y-ɹ̪ Fair u  Poor ɘ or ɜ UC type  
 
 

Very good 
u-ɤ Fair u  Poor ɜ or ɔ 

y-ɤ, y-ɻ, u-ɹ̪, u-ɻ Fair u  Poor ɘ or ɜ 
i- ɹ̪, i- ɻ Good i  Poor ɘ or ɜ 

i-ɤ Good i  Poor ɜ or ɔ 
ɤ-ɹ̪, ɤ-ɻ Poor ɜ or ɔ  Poor ɜ or ɘ UU type poor to very good 

ɹ̪-ɻ Poor ɘ or ɜ  Poor ɘ or ɜ 
u-y Fair u Fair u SC type  poor 

5.2 Perceptual Identification Task 

5.2.1 Pilot Study 

In the pilot study, two tasks were conducted. First came a rhyme recognition task, followed by an 

identification task. The result of the rhyme recognition task was presented in section 4.2.2.3. Here the 

identification task is shown below. 

In the identification task, the Group 2 learner listened to the Mandarin monosyllabic and disyllabic 

words and wrote down the Mandarin words they heard. The identification error percentage was 

reflected in the number of mismatches between the tokens the learner identified and the stimuli 

syllables. The learner responded to a total of 54 tokens, nine tokens each of six vowel types, for a total 

of 54 responses. The error percentage for each vowel type was calculated based on nine responses. 

The result of this learner’s identification is shown in Table 5-5.  

From Table 5-5, we see that the learner had most [y] errors for both monosyllabic and disyllabic words; 

the second difficult vowel was the vowel [ɤ]; the target vowel [u] was misidentified as [y] twice for the 

monosyllabic words, but was identified correctly for all the monosyllabic words; on the other hand, 

there was no error of the two apical vowels [ɹ̪] and [ɻ] in monosyllabic words, but [ɹ̪] and [ɻ] were 

misidentified as [i] once each in disyllabic words. In conclusion, among the six target Mandarin vowels, 

[y] received the highest error rate, followed by [ɤ], [u], [ɹ̪], [ɻ] and [ɹ̪]. This learner had no Mandarin 

vowel [i] error at all.  
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Table 5- 5 Error percentages, types and number of the identification task of the Group 2 learner 

Vowel  ɤ  u y i ɹ̪ ɻ 
Error percent Monosyllable 40% 20% 60% 0% 0% 0% 

Disyllable 50% 0%  100%  0% 25% 25% 
Error type 
(number) 

Monosyllable ɻ (2) y (1) u (3) - - - 
Disyllable ɹ̪ (2) - u (4) - i (1) i (1) 

It was interesting to see that the learner distinguished [ɹ̪] with [ɻ] perfectly here. He never misidentified 

[ɹ̪] as [ɻ] or misidentified [ɻ] as [ɹ̪]. In the rhyme recognition task (see section 4.2.2), he heard these two 

phones rhymed all the time. Rhyming between two Mandarin monosyllabic open syllables used in this 

task means the two syllables contained the same main vowel. Results of [ɹ̪] and [ɻ] in the rhyming 

suggested that this learner acquired the allophonic status of [ɹ̪] and [ɻ]. He ignored the phonetic 

differences between these two allophones and categorized them into one phoneme instead of treating 

them as separate phonemes. That’s why he heard them rhymed all the time. On the other hand, 

ignoring the phonetic differences between the allophones might have led him to confuse the 

allophones in the identification task. Results of his identification task showed an opposite tendency. 

Since there was more identification data for learners with similar Mandarin learning experience in the 

identification task of the main study, this issue will be discussed in the identification task in the main 

study (see section 5.2.2).  

5.2.2 Main Study 

Based on the above tasks in the pilot study, a perceptual identification task was performed here. The 

identification errors were calculated in two ways: individual vowel errors and vowel pair errors to 

display the error rate and the error pattern in identification. First, the individual vowel errors were 

calculated. 19 NZE speaking learners (11 Low Experience Participants, LEPs - and eight Medium 

Experience Participants, MEPs) and ten NMSs (NEPs) responded to a total of 54 target vowels, nine 

tokens each of six vowel types, for a total of 1566 responses. There were 11 LEPs, eight MEPs and 10 

NEPs, so the mean error percentage for each vowel was calculated as: error number / 99 (11×9) for 

LEPs; error number / 72 (8×9) for MEPs, and error number / 90 (10×9) for NEPs (see also section 

4.2.3.3). 

5.2.2.1 Individual Vowel Identification Error Percentage 

Mean identification error percentages of six target Mandarin vowels for 19 learners (LEPs and MEPs) 

and 10 NEPs are shown in Table 5-6 and Figure 5-1. 

From Table 5-6 and Figure 5-1, we see that the Mandarin vowel [y] was the most difficult vowel for 

LEPs to identify. The percentage of identification error for [y] was 48.5%, but only 12.5% for MEPs. The 

second hardest Mandarin vowel for LEPs to identify was the vowel [ɤ]. LEPs identified [ɤ] incorrectly 

33.3% of the time, compared to 8.3% for MEPs. The third most difficult Mandarin vowel for LEPs to 

identify was [u] (28.3%), but only 5.6% for MEPs and there was one [u] identification error for NEPs, 

which probably was just a slip. The fourth most difficult vowel for LEPs to identify was [ɻ] (26.3%), and 
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15.3% for MEPs (the highest error rate for MEPs). The fifth most difficult vowel for LEPs to identify was 

[i] (17.2%), and 5.6% for MEPs. The apical vowel [ɹ̪] was the easiest target vowel for LEPs to identify. 

LEPs’ misidentification of the apical vowel [ɹ̪] was 9.1%, compared to 1.4% for MEPs 

Table 5- 6 Error percentages for the target Mandarin vowels by three groups 

Mandarin vowels LEPs (n=11) MEPs(n=8) NEPs(n=10) 
 % error (SD; range) % error (SD; range) % error (SD; range) 
y 48.5(28.2;0-78) 12.5(19.2;0-56) 0.0(0.0;0-0) 
ɤ 33.3(23.3;0-67) 8.3(11.5;0-33) 0.0(0.0;0-0) 
u 28.3(16.0;0-56) 5.6(8.4.1;0-22) 1.1(3.5;0-11) 
ɻ 26.3(27.8;0-89) 15.3(27.2;0-78) 0.0(0.0;0-0) 
i 17.2(17.5;0-44) 5.6(15.7;0-44) 0.0(0.0;0-0) 
ɹ̪ 9.1(9.7;0-22) 1.4(3.9;0-11) 0.0(0.0;0-0) 

 

   
 

Figure 5- 1. Mean identification error percentages for target Mandarin vowels of three groups 

5.2.2.2 Vowel Identification Error Type  

The identification error types of target vowels were presented to better reveal the details of 

identification errors of six target vowels, i.e. what kind(s) of vowels a target vowel could be identified 

as. The identification task was designed as an open identification task which meant that listeners could 

identify target vowels as any Mandarin vowels. However, listeners only identified a target vowel as 

another target vowel. Therefore, the identification error types of the three groups of listeners were only 

discrimination errors between target vowels and the overall identification error patterns could be 

represented by a confusion matrix for the listeners of three groups (see Table 5-7). Responses were 

organized by the six target vowel stimuli, and by the same six vowels being responded to by listeners. 

The numbers on a row indicate the number and percentage (in parentheses) of an intended target 

vowel stimulus which was identified as one of the six target vowels by the listeners. The percentage 

was calculated as: identified times/total number of responses. For example, LEPs identified [y] as [u] 

42 times, the percentage of [y] being identified as [u] would be 42/99=42.4%; MEPs identified [y] as [u] 

8 times, the percentage would be 8/72=11.1%. 
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Table 5- 7 Confusion matrix for the vowel identification by LEPs (first row; n=11), MEPs (second row; 

n=8) 

 Response vowels  
Stimuli i y ɹ̪ ɻ ɤ u 

i 82(82.8%)                                                                                                                                                                                                                                                                                                                                                                                                                                                                       6(6.1%) 8(8.1%) 3(3.0%)  
68(94.4%)   4(5.6%)   

y 3(3.0%) 51(51.5%)  3(3.0%)  42(42.4%) 
1(1.4%) 63(87.5%)    8(11.1%) 

ɹ̪ 3(3.0%)  90(90.95) 4(4.0%) 2(2.0%)  
1(1.4%)  71(98.6%)    

ɻ 5(5.1%) 2(2.0%)  73(73.75) 18(18.2%) 1(1.0%) 
  3(4.2%) 61(84.7%) 8(11.1%)  

ɤ 2(2.0%) 1(1.0%) 18(18.2%) 11(11.1%) 66(66.7%) 1(1.0%) 
  4(5.6%) 2(2.8%) 66(91.7%)  

u  28(28.3%)    71(71.7%) 
 4(5.6%)    68(94.4%) 

Note: the bold value represents target vowels being identified as themselves correctly. 

From Table 5-7, we see that main identification error types were [y] being misidentified as [u] (42.4% 

for LEPs and 11.1% for MEPs); [ɻ] being misidentified as [ɤ] (18.2% for LEPs and 11.1% for MEPs); [ɤ] 

being misidentified as [ɹ̪] (18.2% for LEPs); [ɤ] being misidentified as [ɻ] (11.1% for LEPs), and [u] 

being misidentified as [y] (28.3% for LEPs). All the other misidentification percentages were lower than 

10%. The discrimination between two vowels seems asymmetric. [ɤ] was misidentified as [ɹ̪] 18.2% of 

the time for LEPs, but [ɹ̪] was misidentified as [ɤ] only 2.0% of the time for LEPs. [y] was misidentified 

as [u] 42.4% of the time for LEPs, but [u] was misidentified as [y] 28.3% of the time for LEPs, etc. 

Further discussion for the asymmetries presents in section 5.3.4.  

5.2.2.3 The Discrimination between Two Target Vowels 

To better explore the confusion between target vowels, the discrimination between each two target 

Mandarin vowels was analysed. The discrimination between vowel contrasts can be used to test the 

predictions of the Perceptual Assimilation Model (PAM). The error percentages for vowel contrasts 

were calculated as: 

Error percent = Error number / Contrasts number  

For instance, 11 LEPs listened to each target Mandarin vowel nine times, thus giving a total of 99 

results for each target Mandarin vowel. There are 99 tokens containing the target Mandarin vowel [y] 

and 99 tokens containing the vowel [u], making a total of 198 [y]-[u]contrasts. The vowel [y] being 

perceived as [u] and the vowel [u] being perceived as [y] are both classified as errors of the [y]-[u] pair. 

11 LEPs have 42 errors of the vowel [y] being mistaken as the vowel [u] and 29 errors of the vowel [u] 

being mistaken as the vowel [y] (see Table 5-7). Therefore, the error percentage for [y]-[u] contrast of 

LEPs is: (42+29)/198=35.9%. The discrimination errors of Mandarin vowel contrasts for the three 

groups are shown in Table 5-8. For LEPs, contrasts whose error percentage < 4.0% were not listed in 

detail, but all were treated as ‘other’. The [ɹ̪]-[ɻ] contrast was an exception for its data was needed in 

the discussion in section 5.3.2. 
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Table 5- 8 Perception errors in vowel contrasts for three groups 

Vowel Contrasts y-u ɤ-ɹ̪ ɤ-ɻ i-ɹ̪ i-ɻ ɹ̪-ɻ Other 
LEPs Error number 72 20 29 9 13 4 14 

Error percent 36.4% 10.1% 14.6% 4.5% 6.6% 2.0% N/A 
MEPs Error number 12 4 10 1 4 3 1 

Error percent 8.3% 2.8% 6.9% 0.7% 2.8% 2.1% N/A 
NEPs Error number 0 0 0 0 0 0 1 

Error percent 0 0 0 0 0 o N/A 

 

Figure 5- 2. Error percentages of vowel contrasts for participants in the three groups 

From Table 5-8 and Figure 5-2, we see that generally, the error rates were lower in the more 

experienced group than in the less experienced group. The Mandarin vowel contrast [y]-[u] was the 

hardest contrast to discriminate for both LEPs and MEPs. For LEPs, the error percentage of the [y]-[u] 

contrast was 36.4%, compared to 8.3% for MEPs. The [ɤ]-[ɻ] contrast was also hard to discriminate. 

LEPs’ error percentage for [ɤ]-[ɻ] was 14.6 %, compared to 6.9% for MEPs. The discrimination of vowel 

contrast [ɤ]-[ɹ̪] is the third hardest. LEPs’ error percentage for contrast [ɤ]-[ɹ̪] was 10.1 %, compared to 

2.8% for MEPs. The error percentage of [i]-[ɹ̪] and [i]-[ɻ] contrasts were similar. Error percentage of [i]-[ɹ̪] 

contrast was 4.5% for LEPs, and 0.7% for MEPs; the error percentage of [i]-[ɻ] was 6.6%, and 2.8% for 

MEPs. NEPs had no discrimination error on the above contrasts.  

To sum up, LEPs’ discriminations between all possible Mandarin vowel contrasts were quite accurate. 

The error percentage for the majority contrasts (i-y, i-u, y-ɹ̪, u-ɹ̪, y-ɤ, y-ɻ, u-ɹ̪, u-ɻ, i-ɹ̪, ɹ̪-ɻ and i-ɤ) were 

less than 5%. Most discrimination errors were for these vowel contrasts: y-u, ɤ-ɻ, ɤ-ɹ̪ and i-ɻ. The 

discrimination of the [y]-[u] contrast was poor (error percentage >30%); the discriminations of [ɤ]-[ɹ̪] and 

[ɤ]-[ɻ] contrasts were fair (error percentage between 10%-30%); the discrimination of the [i]-[ɻ] contrast 

was also good (error percentage < 10%). The discrimination performances on Mandarin contrasts for 

MEPs were very good as all the contrast error percentages were less than 10%. Moreover, the error 

percentages of the majority of Mandarin contrasts for MEPs (i-ɹ̪, i-ɻ, ɹ̪-ɻ, i-y, i-u, y-ɹ̪, u- ɹ̪, y-ɤ, y-ɻ, u-ɹ̪, u-ɻ 

and i-ɤ) were less than 5%.  
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5.3 Discussion 

5.3.1 Learning Experience and the Predictions of SLM  

In SLM, when an L2 sound is sufficiently similar to an L1 sound, it can be assigned to one of the L1 

phonetic categories. L2 learners use the corresponding L1 sound to substitute the L2 sound, which 

makes the perception and production of the similar L2 sound easy at the first stage. However, L2 

learners never really acquired the L2 sounds, they keep using an approximate/the corresponding L1 

sound to substitute the real L2 sound. This would cause perceptual and production inaccuracy of the 

L2 sound when compared to the accuracy of the less similar sounds in the later acquisition stage.  

On the other hand, if L2 sounds are too dissimilar from any L1 sounds to be classified into any 

phonetic category of L1, new phonetic categories will be built up eventually for these sounds. The 

perception and production accuracy of this type of sounds are lower compared to the sounds which 

have corresponding L1 categories at the beginning of acquisition, but later the L2 learners will build up 

new categories for the less similar sounds and acquire them authentically. Therefore, there will be a 

significant difference in the perception errors of less similar sounds between beginners and more 

experienced learners and no significant difference in the perception errors of more similar sounds 

between beginners and more experienced learners. The degree of phonetic distance determines the 

formation of a new sound category. The more distant an L2 sound is from its closest L1 sound 

category, the more likely it is that a new sound category will be built up. For adult learners, the 

formation of a new category may take years. However, during the early stage of acquisition, there 

should still be some evidence of learning, i.e. the more experienced learners identified these L2 

sounds significantly better than less experienced learners. SLM predicts that beginners have more 

errors with less similar L2 sounds because the new categories of these L2 sounds have not been built 

up yet. However, once the new categories have been built up by more experienced learners, there will 

be many fewer errors compared with the errors in the early acquisition stage (for beginners). Therefore, 

there will be a significant difference in the perception errors of less similar sounds between beginners 

and more experienced learners. That is a learning effect. Moreover, the learning effect should be more 

obvious for L2 sounds which are perceived as phonetically more distant from the closest L1 categories 

(less similar sounds) than L2 sounds which are perceived as more phonetically similar to the closest L1 

categories (more similar sounds) (Guion et al., 2000).  

To test the above predictions, a further analysis of identification errors with a focus on the errors of 

LEPs and MEPs was conducted by using Mann-Whitney U-tests. For each vowel, a series of Mann-

Whitney U-tests were performed to investigate whether there were any significant differences in the 

error percentages for the two groups of learners. The effect size for the Mann-Whitney U test was 

calculated using the equation: 𝑟𝑟 = 𝑍𝑍
√𝑁𝑁

 27 (Larson-Hall, 2015). The results indicated a significant 

difference in the error percentages for the vowels y, u and ɤ between LEPs and MEPs (p < 0.5). More 

experienced learners perform significantly better on these vowels than less experienced learners. For 

                                                      
27 N=the total number of samples 
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[u], U=9.5, p=.003, r=.67, a large effect size; for [y], U=13, p=.009, r=.60, a large effect size; for [ɤ], 

U=16, p=.018, r=.54, a large effect size. On the other hand, there was no significant difference in the 

error rates for the other three vowels i, ɹ̪ and ɻ between the LEPs and MEPs (p > 0.5). More 

experienced learners didn’t perform significantly better on these vowels than less experienced 

learners. For [i], U=24, p=.065, r=.42, a medium effect size; for [ɹ̪], U=24, p=.054, r=.44, a medium 

effect size; for [ɻ], U=29.5, p=.212, r=.29, a small effect size. 

Table 5-9 (see below) summarises the prediction of the six target Mandarin vowels. The table showed 

the fit index for target Mandarin vowels and their classification in terms of NZE vowels (also see Table 

5-2). If SLM’s prediction is right, the LEPs and MEPs’ perception of a Mandarin vowel which is a good 

or fair example (a similar sound) of its closest NZE vowel category/categories will show no obvious 

learning effect, i.e. MEPs’ identification of the vowel will not be significantly better than the LEPs’ 

identification of the vowel. On the other hand, if a Mandarin vowel is a poor example (a less similar 

sound) of its closest NZE vowel category/ categories, there will be an obvious learning effect, i.e. 

MEPs’ identification of the vowel will be significantly better than the LEPs’ identification of the vowel. In 

Table 5-9, the effect of Mandarin learning experience on the identification task was also summarized. 

‘Yes’ represents that there is a significant difference in identification accuracy between groups with 

different Mandarin learning experience. In other words, relatively experienced learners achieve 

significantly higher identification accuracy scores than relatively inexperienced learners. ‘No’ indicates 

that there is no significant difference in identification accuracy between groups with different Mandarin 

learning experience. If the SLM prediction is correct, the Mandarin vowel [i] which is a good example of 

NZE vowels will show no learning effect. Mandarin vowels [ɤ], [ɹ̪], [ɻ] which are poor examples of their 

closest NZE vowels will show some learning effects (Guion et al., 2000). 

From Table 5-9, we see that there was no learning effect for the Mandarin vowel [i] as predicted, 

Among the other five Mandarin vowels, the vowels [u, y, ɤ] with at best a fair fit did show learning 

effects, while vowels [ɹ̪] and [ɻ] which were poor examples of any NZE vowel category, did not show 

any learning effect. 

Table 5- 9 Fit indexes and learning effect in perception of target Mandarin vowels 

Mandarin vowel Fit index Learning effect 
i 4.51 good /i/ No 
u 2.70 fair /u/; 1.08 poor /ʊ/ Yes 
y 2.52 fair /u/; 0.60 poor /i/ Yes 
ɤ 1.22 poor /ɜ/; 0.68 poor /ɔ/ Yes 
ɹ̪ 1.37 poor /ɪ/; 0.81 poor /ɜ/ No 
ɻ 1.00 poor /ɪ/; 0.66 poor /ɜ/ No 

As predicted, if a Mandarin vowel is a poor example of its closest NZE vowel category/ categories, 

there will be an obvious learning effect, i.e. LEPs’ identification of the vowel will be significantly worse 

than the MEPs’ identification of the vowel. [ɹ̪] and [ɻ] are poor examples of any NZE vowel category, but 

MEPs’ identification of [ɹ̪] and [ɻ] is not significantly better than the LEPs’ identification of [ɹ̪] and [ɻ] 

(details of the identification error percentages of [ɹ̪] and [ɻ] for LEPs and MEPs appear in Figure 5-1 

and Table 5-7). According to SLM, the lack of similarity makes sounds harder to perceive at the 
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beginning stage of acquisition, but once the new categories for those different/new sounds are built up, 

they become easier to perceive. Therefore, one possible explanation for the lack of learning effect for 

[ɹ̪] and [ɻ] between LEPs and MEPs is that LEPs and MEPs are still in the early stage of acquisition of 

the present study (only low experience and mid experience learners participated in the task) and the 

new categories for [ɹ̪] and [ɻ] have not been built up at this stage. It is possible that the categories for [ɹ̪] 

and [ɻ] are built up later than the categories for the other ‘uncategorized’ vowel [ɤ] from the view of the 

Markedness Differential Hypothesis (MDH) (see also section 3.3.2).  

According to MDH, for L2 sounds, the most difficult to acquire are those possessing no similar 

counterparts in the L1 sound system and which are also highly marked, while L2 sounds which have 

no counterpart in the L1 sound system, but are less marked are acquired more easily. [ɹ̪], [ɻ] and [ɤ] all 

have no similar counterparts in NZE sound system, but [ɹ̪] and [ɻ] are more marked than [ɤ]. The apical 

vowels/syllabic consonants/syllabic approximants [ɹ̪] and [ɻ] are quite unique phones in Mandarin 

whose frequencies of occurrence across the world’s languages are low compared to the mid back 

unrounded vowel [ɤ] (Ladefoged & Maddieson, 1996; Lee-Kim, 2014). Compared to [ɹ̪] and [ɻ], the 

back unrounded vowel [ɤ] is less marked. Therefore, [ɹ̪] and [ɻ] are more difficult for L2 learners than 

[ɤ] according to MDH and showed no learning effect in the early stage of acquisition in the present 

study. In other words, the new categories for [ɹ̪] and [ɻ] by L2 learners have not been built up yet for 

LEPs and MEPs.  

However, the identification accuracies of these two allophones are relatively high, which indicates they 

have been acquired correctly by the learners and the categories for these two allophones have been 

built up. Moreover, because the learners with low and medium Mandarin experiences both identify 

these two allophones accurately, there is no obvious learning effect between the two groups of 

learners. As the reason learners acquire these two uncategorized phones easily, it could be the 

allophonic status of these two phones. More details of this explanation will be presented in the next 

discussion (section 5.3.2). 

5.3.2 PAM’s Prediction 

Individual sounds are the targets in SLM.  PAM is focused on the discrimination of sound contrasts. In 

this section, Mandarin vowel contrasts formed by target vowels were investigated in the framework of 

PAM. The relationship between the cross-language perceptual mapping data (in section 5.1) and the 

discrimination of vowel contrasts (in section 5.2) was investigated to see whether PAM-L2 could predict 

the performance in the early stage of L2 vowel’s perception correctly.  

Best & Tyler (2007) proposed the perceptual assimilation model for L2 speech perception (PAM-L2). 

This model predicts the discrimination performance of L2 sound contrasts according to the ways they 

are assimilated to the L1 sound category/categories. As mentioned in section 3.3, there are five 

different ways of categorization of L2 sounds into native sound categories in PAM: Single-Category 

Assimilation (L2 sounds are classified into one single native sound category and are treated as equal 

good or bad instances of the single native sound category); Category-Goodness Difference ( nonnative 

sounds are classified into one signal native sound category, but are treated as unequal good or bad 
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instances of the single native sound category); Two-Category Assimilation (L2 sounds are assimilated 

to two different native sound categories respectively); Uncategorizable versus Categorized (one L2 

sound is classified to a native sound category, while the other L2 sound is not assimilated into any 

native sound category), and finally, both Uncategorizable (two L2 sounds are not classified into any 

native sound category/categories). 

Each of the classification types just mentioned makes a specific prediction based on the discrimination 

of L2 sound pairs. According to the perceptual mapping data, the Mandarin vowel contrasts provide 

examples of the following assimilation types (see Table 5-4): the ɤ-ɹ̪, ɹ̪-ɻ and ɤ-ɻ contrasts are instances 

of the ‘‘Both Uncategorizable’’ type (UU Type). The two vowels of a contrast fall within native 

phonological space, but ‘‘in between’’ (Best, 1995, p. 194) specific L1 vowel categories. That is, 

Mandarin vowel [ɤ] and [ɹ̪] fall in between NZE vowel /ɜ/, /ɔ/ and /ɪ/ categories. The y-ɹ̪, u-ɤ, y-ɤ, y-ɻ, u-

ɹ̪, u-ɻ, i- ɹ̪, i- ɻ and i-ɤ contrasts are instances of the ‘‘Uncategorized vs. Categorized’’ type (UC Type). 

Mandarin vowels [y] and [u] are assimilated to the NZE vowel /u/ category; Mandarin [i] is classified into 

NZE /i/ category. The Mandarin vowels [ɹ̪], [ɻ] and [ɤ] fall in between NZE vowel /ɪ/, /ɜ/and /ɔ/ 

categories. The [i]-[y] and [i]-[u]contrasts are instances of the ‘Two-Category Assimilation’ type (TC 

Type). The Mandarin vowel [i] is classified in the NZE /i/ category, and the Mandarin vowels [y] and [u] 

are classified in the NZE vowel /u/ category. The remaining Mandarin [u]-[y] contrast is an example of 

‘Single–Category Assimilation’ type (SC Type). Both Mandarin vowels [y] and [u] are assimilated to the 

NZE vowel /u/ category and are equally distinct from NZE vowel /u/. Table 5-10 lists the types of these 

contrasts. 

Table 5- 10 Mandarin vowel contrast types in the PAM framework  

Mandarin Contrast PAM Category Type 
i-y and i-u TC type  

y-ɹ̪, u-ɤ, y-ɤ, y-ɻ, u-ɹ̪, u-ɻ, i- ɹ̪, i- ɻ, i-ɤ UC Type  
ɤ-ɹ̪, ɤ-ɻ, ɹ̪-ɻ UU Type 

u-y SC Type  

Using the cross-language perceptual mapping data and the contrasts discrimination error percentage 

here, the predictions of PAM-L2 are testable. First, according to PAM-L2, the sound contrasts of ‘SC 

Type’ are supposed to display poor discrimination because both sounds of the contrast are assimilated 

into one native language sound category and both are equally distinct from the native language sound 

category. The Mandarin vowel contrast [u]-[y] is the ‘SC Type’ and the discrimination of [u]-[y] of LEPs 

is poor (error percentage > 30%. See section 5.2). For the more experienced group, the discrimination 

error percentage of [u]-[y] is much lower, only 8.3%, but this type still has the highest error percentage 

among all types of errors of Mandarin vowel contrasts of MEPs. This indicates the [u]-[y] contrast is still 

the hardest contrast for more experienced L2 learners (MEPs) to discriminate, which is in accordance 

with the prediction of ‘SC’ type in PAM.  

The discrimination of the ‘TC Type’ and the ‘UC Type contrasts are predicted to be ‘very good’ in PAM-

L2. Mandarin vowel contrasts of ‘TC Type’ are [i]-[u] and [i]-[y]. The discrimination of ‘TC Type’ 

contrasts are very good (error percentages <5%). Mandarin vowel contrasts classified into the ‘UC 

Type’ can be divided into two groups according to their discrimination performance. The Mandarin 
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vowel contrasts y-ɹ̪, i- ɹ̪, u-ɤ, y-ɤ, y-ɻ, u-ɹ̪, u-ɻ, and i-ɤ form one group and the discrimination of these 

contrasts is very good (error percentage < 5%); the Mandarin vowel contrasts [ɤ]-[ɻ] and [i]-[ɻ] with a 

slightly higher discrimination error percentage (6.9% and 6.6%) comprise the other group. Overall the 

discrimination of the ‘UC Type’ contrasts for LEPs is good (error percentages <10%). The MEPs’ 

discrimination of the ‘UC Type’ contrasts are also very good (error percentage < 5%).  

The discrimination of ‘UU Type’ contrasts covers all the possible discrimination performances, ranging 

from poor to very good, i.e. the discrimination of UU Type contrasts is hard to predict because it covers 

all the possibilities. In this study, contrasts [ɤ]-[ɻ], [ɤ]-[ɹ̪], [ɹ̪]-[ɻ] are UU type. However, [ɹ̪] and [ɻ] are two 

unique target vowels in the current study and [ɤ] was misidentified as [ɹ̪], [ɻ] greatly by learners, 

therefore the discrimination between these pairs needs attention. Tyler et al. (2014) suggested that the 

discrimination of ‘UU Type’ L2 phone contrasts might depend on the overlap between the closest L1 

sound categories (although the L2 sounds were not assimilated into these L1 sound categories). 

Mandarin vowel contrasts belonging to the ‘UU Type’ are ɤ-ɹ̪, ɤ-ɻ, and ɹ̪-ɻ. The discrimination of 

contrasts ɤ-ɹ̪ and ɤ-ɻ for LEPs is fair (error percentage are 10.1% and 14.6%). The discrimination of 

contrast [ɹ̪]-[ɻ] for LEPs is very good with an error percentage of 1.2%. Though the three phones (ɤ, ɹ̪ 

and ɻ) in Mandarin contrasts ɤ-ɹ̪, ɤ-ɻ, and ɹ̪-ɻ are not assimilated to NZE vowels: /ɜ/, /ɔ/ and /ɪ/, there is 

an overlap between the closest NZE vowels for Mandarin vowels ɤ, ɹ̪ and ɻ. For the [ɤ]-[ɹ̪] and [ɤ]-[ɻ] 

contrasts, the overlapped vowel is the NZE vowel /ɜ/; for the [ɹ̪]-[ɻ] contrast, the overlapped vowels are 

NZE vowels /ɜ/ and /ɪ/. Therefore, the ‘overlap standard’ can explain why the discrimination of 

Mandarin contrasts [ɤ]-[ɹ̪] and [ɤ]-[ɻ] are fair. Table 5-11 provides the data of the three uncategorized 

phones based on the results of the cross-language perceptual mapping task; the positions of these 

three phones in an acoustic chart are reflected in Figure 5-3 based on the frequencies of the first three 

formants of these three phones provided by the studies of Lee & Zee (2001), Easton & Bauer (2000) 

(see also section 2.1). In Figure 5-3, the dash line arrows point to the overlapped NZ vowels for three 

uncategorized Mandarin vowels. 

Table 5- 11 The overlapped NZE vowel categories for Mandarin vowels [ɤ], [ɹ̪], [ɻ]. 

Mandarin 
vowel 

Most common 
identification 

Proportion of 
identification 

Goodness 
rating 

Fit index 

ɻ ɜ 0.33 2.0 0.66 poor ɜ 
ɪ 0.27 3.7 1.00 poor ɪ 

ɹ̪ ɪ 0.38 3.6 1.37 poor ɪ 
ɜ 0.28 2.9 0.81 poor ɜ 

ɤ ɜ 0.38 3.2 1.22 poor ɜ 
ɔ 0.25 2.7 0.68 poor ɔ 
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Figure 5- 3. Positions of three uncategorized vowels [ɤ], [ɹ̪], [ɻ] and their corresponding NZE vowels in 

a F1-F2-F3 (Hz) plot. 

However, why does the Mandarin contrast [ɹ̪]-[ɻ] have fewer errors than the other two Mandarin 

contrasts? The discrimination of the Mandarin contrast [ɹ̪]-[ɻ] should also be fair since it also has an 

overlapped vowel. The allophonic status of [ɹ̪]-[ɻ] may provide possible explanations for this issue. 

Vowels [ɹ̪] and [ɻ] are in complementary distribution in Mandarin. As stated in section 2.1.4, 

phonologically, [ɹ̪], [ɻ] and [i] are allophones of one single Mandarin vowel phoneme /i/. The three 

variants of /i/ are in complementary distribution in Mandarin. [ɹ̪] only appears after dental affricates and 

fricatives z/ʦ/, c/ʦʰ/ and s/s/. [ɻ] only occurs after post-alveolar affricates and fricatives zh/tȿ/, ch/tȿʰ/ 

and sh/ȿ/. The restriction of different onset consonants may help to discriminate Mandarin vowels [ɹ̪] 

and [ɻ], as target L2 sounds’ own phonological restrictions also affect learners’ acquisition of L2. If this 

assumption is true, then when LEPs identify these two vowels, they may not need to discriminate the 

two vowels but just discriminate the consonants preceding the two vowels. The preceding consonant 

onsets will help the learners to tell the two allophones apart.  

Besides In the rhyming task, the contradictory performance of the Japanese learner of Group 1 (the 

very beginning learner) and the listener of Group 2 (more experienced learner) also showed the 

speciality of the two allophones.  The two listeners judged all target vowel contrasts, rhymed or not, 

perfectly, except that the Japanese listener heard [ɹ̪] and [ɻ] didn’t rhyme 80% of the time, and the 

Group 2 listener heard these two apical vowels as rhyming all the time, just as native Mandarin 

speakers treated allophones of one phoneme (see section 4.2.2.3). The two listeners’ different 

treatment of [ɹ̪] and [ɻ] was interesting because the less experienced learner could differentiate 

between these two phones better than the more experienced learner. Phonologically, apical 

vowels/syllabic consonants/syllabic approximants [ɹ̪], [ɻ] and the high front unrounded vowel [i] are 

allophones of one Mandarin vowel phoneme /i/. However, [ɹ̪] and [ɻ] are articulated quite differently 
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from [i]. As explained in section 2.1.4, they are rhymed with each other but neither is rhymed with [i]. 

The Japanese listener was taking his first term Chinese class (two weeks’ studying of Mandarin) when 

he did the task, so his Mandarin experience was less than that of the Group 2 listener, who was taking 

his second term Chinese class when he did the task (see also section 4.2.2.2). I speculated that the 

Japanese listener was still sensitive to the phonetic differences between [ɹ̪] and [ɻ], while more 

experienced L2 learners seemed to ignore the phonetic differences between them as did native L2 

speakers, because the differences were not important for the phonological distribution of these two 

sounds in Mandarin.  

It was a shame that only two participants’ data was available in both studies. I did ask several 

monolingual NZE speaking friends whether words containing these two vowels rhymed or not. They all 

told me that these two didn’t rhyme. I also asked some friends who had learned Mandarin for more 

than one semester, who all told me that these two vowels rhymed. Although the data provided here are 

limited, the inconsistency of rhyming or not for L2 allophones by L2 learners at different acquisition 

stages seems real. I would assume that the very beginners of L2 and the naive L2 listeners, probably 

still recognized the phonetic differences between the allophones of L2 before they acquired the 

phonological distribution of L2 sounds. As the first hypothesis in the Speech Learning Model states: 

“Sounds in the L1 and L2 are related perceptually to one another at a position-sensitive allophonic 

level, rather than at a more abstract phonemic level” (Flege, 1995, p. 239). At the later acquisition 

stage, the perception of L2 sounds was at the phonemic level (see also section 3.3.3). In addition, the 

phonetic difference may help L2 beginners to distinguish the allophones and may result in fewer 

perception and production errors of these two apical vowels in the early stage of acquisition. 

In conclusion, the predictions of PAM about the degree of discrimination of each type of contrast are 

very accurate (see Table 5-4). See Table 5-12. According to PAM-L2, the discrimination of L2 sound 

contrasts is most accurate for TC/ UC types’ categorization, followed by the CG Type, and then SC 

Type. The UU Type has no fixed pattern in PAM-L2. There is no CG Type in the current study. Results 

from the identification task were in accord with this overall tendency. The discrimination accuracy of 

Mandarin contrasts is listed below: 

i-y, i-u (TC Type), y-ɹ̪, u-ɤ, y-ɤ, y-ɻ, u-ɹ̪, u-ɻ, i-ɤ (UC Type) ≥ ɹ̪-ɻ, ɤ-ɹ̪, ɤ-ɻ (UU Type) > y-u (SC Type) 

Table 5- 12 Mandarin vowel contrasts and the predictions of PAM  

Mandarin 
Contrasts 

PAM Category Type 
 

Supposed 
Discrimination 

degree 

Discrimination 
performance of 

LEPs 

Discrimination 
performance of 

MEPs 
i-y and i-u TC type  Very good Very good Very good 

y-ɹ̪, u-ɤ, y-ɤ, y-ɻ, 
u-ɹ̪, u-ɻ, i-ɤ, 
i- ɹ̪, and i- ɻ 

UC Type Very good Good to Very 
good 

Very good 

ɤ-ɹ̪ and ɤ-ɻ UU Type  poor to very good Fair Fair 
ɹ̪-ɻ Very good Very good 
u-y SC  poor Poor Fair 
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5.3.3 A Perception Bias in the Perception of Mandarin High Vowels  

In the identification task, the Mandarin high front rounded vowel [y] was confused much more with the 

Mandarin high back rounded vowel [u] than with the Mandarin high front un-rounded vowel [i] (see 

Table 5-7). For LEPs, [y] was misidentified as [u] 42 times out of a total of 99 [y] stimuli (42.4%) and as 

[i] three times out of a total of 99 [y] stimuli (3.0%); for MEPs, [y] was misidentified as [u] 8 times out of 

a total of 72 [y] stimuli (11.1%) and as [i] once out of a total of 72 [y] stimuli (1.4%). Taking 11 LEPs’ 

data as an example, a Chi-square test showed that a significant difference in the mean error 

percentage between [y] being misidentified as [u] and [y] being misidentified as [i] (χ2=5.90, p<.05, 

w=0.18).  

This bias also occurs in the perception of Korean and Japanese speaking learners of Mandarin but 

with the opposite tendency: [y] is confused much more with [i] than with [u] (Wang, 2001; Wang & 

Deng, 2009). Wang argued that [i] and [y] were more acoustically similar due to their closer L2 

frequencies than [u] and [y]. The L1 frequencies of three high vowels [i], [u], [y] are similar, but the L2 

frequency differences between [y] and [i] are much fewer than the L2 frequency differences between 

[y] and [u]. Based on this, Wang believed that the confusion between [i] and [y] rather than between 

[u]and [y] was universal. However, looking at the F2 frequencies may not be enough to judge which 

two vowels are more similar. The greater confusion between [u] and [y] for NZE speaking learners in 

the current study proves the existence of the opposite tendency.  

The data from the perceptual mapping task showed that for naive English speakers, Mandarin vowels 

[y] and [u] were both categorized into the single NZE vowel /u/ category (SC type in PAM), while the 

Mandarin vowels [y] and [i] were each categorized into a different NZE vowel category: /u/ and /i/ 

respectively (TC type in PAM). I speculate that for naive Korean and Japanese speakers, [y] and [i] 

may be classified into a single Korean/Japanese vowel category, while [y] and [u] may be categorized 

into different Korean/Japanese vowel categories. In Lee’s (2010) study, a cross-language perceptual 

mapping of Mandarin vowels by naive Korean speakers showed that Mandarin vowels [i] and [y] were 

largely classified into the same Korean vowel category: 이/i/; while [u] was classified mostly into Korean 

vowel category: 우/u/. There is no data on naïve Japanese speakers’ perceptual similarity of Mandarin 

vowels. The most similar data is the perceptual mapping result of preliminary Japanese speaking 

learners of Mandarin’s categorization of Mandarin vowels in Wang & Deng’s 2009 study (see section 

3.1). This study showed that Mandarin vowels [i] and [y] were categorized markedly into one Japanese 

vowel category: イ/i/; and [u] was classified markedly into another Japanese vowel category: ウ/u/. The 

categorization of three Mandarin high vowels in terms of NZE, Korean and Japanese categorizes 

appears in Table 5-13.  
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Table 5- 13 The most frequent categorization of Mandarin vowels i, u, y in terms of NZE, Korean and 

Japanese vowels 

Mandarin  
vowel 

NZE vowel Korean vowel Japanese vowel 
i u 이i 우u イi ウu 

i 98.3%(4.6)  100%  94%  
y  70%(3.6) 58%  44%  
u  60%(4.5)  59%  90% 

Note: goodness-of-fit ratings are in parentheses if there are goodness-of-fit ratings.   

According to PAM, sounds belonging to one single L1 sound category are the hardest to distinguish 

perceptually, while sounds classified into multiple L1 sound categories are easier to distinguish 

perceptually. Therefore, the perceptual mapping data explained why NZE speaking learners of 

Mandarin confuse the vowel [y] more frequently with [u] than with [i] while the Japanese and Korean 

speaking learners of Mandarin confuse [y] more frequently with [i] from the perspective of L1 influence 

on L2. 

A new question occurs: why do these three different L1 background speakers categorize Mandarin i, u, 

y differently in the cross-language perceptual mapping task, resulting in different perception patterns of 

the three vowels? Mandarin vowels i, u, y are all high vowels. [i] is high front unrounded; [u] is high 

back rounded and [y] is high front rounded. The Japanese and Korean speakers seem more sensitive 

to the front-back contrast than the unrounded-rounded contrast when categorizing the high front 

rounded vowel [y]. They categorized the two front vowels [y] and [i] into a same L1 vowel category and 

left the back vowel [u] in a different L1 vowel category. Relying on the feature of backness makes 

Japanese and Korean learners more confused between [i]-[y] than [u]-[y]. On the other hand, NZE 

speakers seem to rely more on the roundness feature to categorize Mandarin vowels. They 

categorized the rounded target vowels [y] and [u] into the same L1 vowel category and left the 

unrounded vowel [i] in a different L1 vowel category. Relying on the feature of roundness causes 

Japanese and Korean learners more perception confusion between [u]-[y] than [i]-[y]. In other words, 

NZE speakers confused [y] with [u] more frequently because these two vowels are the same in 

roundness. Even [y] and [u] are distinctive in blackness. The backness feature seems unhelpful when 

the NZE speakers are distinguishing [u]-[y] because they choose to ignore the backness difference 

between [u]-[y]. They are confused by the roundness feature shared with both [y] and [u]. This 

perceptual feature weighting was also found in Escudero & Boersma’s (2004) study (see section 

3.2.4). In their study, different L1 speakers perceive L2 contrast based on different spectral or duration 

cues. The weighting of backness or roundness is also a weighting of a spectral cue: F2 because F2 

values are related to vowels’ backness, and the lower F2 values, the more vowels’ backness. F2 

frequencies are also related to lip rounding; the lower F2 values, the more lip roundness (Bao & Lin, 

2014; Delattre, 1951; Joos, 1948). Japanese, Korean and NZE speakers all seem very sensitive to the 

F2 frequencies of vowels, but a lower F2 frequency might mean different cues for them, i.e. Japanese 

and Korean learners identify a back vowel from a low F2, while NZE learners hear a rounded vowel 

from a low F2.    

Thinking about this topic a step further from the perspective of the high vowel system in the above 

learners’ L1, in the NZE high vowel system, there is a high front unrounded vowel and a high central 
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rounded vowel in NZE. In the Korean high vowel system, there is a high front unrounded vowel /i/ (a 

short version of SEE vowel), a high central unrounded vowel /ɨ/ (like the production of ‘e’ in HOUSES), 

and a high back rounded vowel /u/. In the Japanese high vowel system, there are only two high 

unrounded vowels: a front /i/ and a back /ɯ/. There is no distinctive feature of roundness28 for 

Japanese high vowels at all.  Figures 5-4 and 5-5 present the vowel system for Korean and Japanese 

based on the acoustic data from Nishi et al.’s (2008b) and Lee’s (2010) studies. 

 

                Figure 5- 4. Korean vowel chart.                         Figure 5- 5. Japanese vowel chart. 

I assume that the different distinctions featured in L1 high vowel systems lead learners with different L1 

backgrounds to rely on different distinctive features (L1 phonology influences L2 phonology). For 

example, Japanese speakers will confuse [y] with [i] most frequently because there is only one 

distinctive feature of roundness in the high vowels of Japanese; for Korean speakers, the cross-

language perceptual mapping result showed they also rely on the backness more than on the 

roundness. However, there is a rounded vowel /u/ in the Korean high vowel system. Therefore, the 

degree of reliance on the backness feature for Korean speakers may be less than for Japanese 

speakers. In other words, Korean speakers probably have fewer errors when discriminating [i] and [y] 

compared to Japanese speakers. Wang (2001) reported that for low Mandarin experienced Korean 

speaking learners (study period=11.2 months), the mean discrimination error percentage of [y]-[i] was 

11.0%, while for mediate Mandarin experienced Japanese speaking learners (study period=25.6 

months) the mean discrimination error percentage of [y]-[i] was 14.9%. Normally, low experienced 

learners had more perception errors than mediate experienced learners, thus I speculate that 

Japanese learners with the same low Mandarin experience as Korean learners may have higher mean 

discrimination error percentages than 14.9%.  

In NZE, there are both roundness and backness distinctions in the high vowel system. Although lip 

spreading and rounding are not strong in NZE, there is a distinctive feature of roundness and it is a 

salient property in NZE speakers’ perception. NZE speakers are more sensitive to the roundness 

feature than the backness feature. 

There is another possible explanation for why NZE speaking learners perceive Mandarin [y] as being 
more similar to [u] than [y]: the NZE [u] is more central compared to [u] in other varieties of English, 

                                                      
28 Korean high front vowels don’t have unrounded-rounded contrast, but high back vowels have roundness distinction. 
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then it is possible that Mandarin [y] is closer to NZE[u], not [i] acoustically29. However, in Zhu’s (2010) 

study, American English speaking learners of Mandarin also confused Mandarin [y] with [u] much more 

often than [i]. Besides, the studies on the perceptual categorization of French and German front high 

rounded vowels by American English speakers had similar findings (see section 3.2.1). Strange et al. 

(2004) found that although acoustic comparison in their study showed the two front high rounded 

German vowels [yː] (tense) and [ʏ] (lax) most resembled the American English front high unrounded 

vowels [iː](long) and [ɪ] (short) respectively, native American English speakers categorized both the two 

front rounded German vowels into American English back rounded vowel categories not the front 

unrounded vowel categories, i.e. [yː] and [ʏ] were classified into American English back rounded 

vowels [uː] (long) and [ʊ] (short) respectively. Strange et al. (2009) also found that American English 

speakers categorized French and German front high rounded vowels into American English back high 

rounded vowels, not the front high unrounded vowels, i.e. German front high rounded vowels [yː] and 

[ʏ] were classified into [uː] and [ʊ] as above; French [y] was classified into the back high rounded 

American English vowel [uː].  

According to my teaching experience, the way we teach students who have difficulties in producing the 

Mandarin vowel [y] is based on the Mandarin vowel [i]’s production. [i] is easier to produce and 

normally no student has problems producing [i]. Students are asked to produce [i] first and then to 

make rounded lips while at the same time keeping the tongue gesture of [i]. This teaching method 

emphasizes the distinctive feature of ‘roundness’ and the front tongue position at the same time which 

is suitable for English students because this method helps them to master the front tongue position 

when producing [y], and is also practical as English students have no difficulty in rounding their lips. 

Therefore, I assume that the English learners will have fewer production confusions between [y] and [u] 

than perception confusions. They may struggle to perceptually discriminate [y] and [u] accurately, but 

their production of [y] could be more accurate benefiting from the effective teaching method and this 

helps them to separate [y] from [u] in production. Therefore, learners’ production of these two vowels 

must be better than their perception of y and u. In the production task in the next chapter, LEPs’ mean 

production accuracy of /y/ and /u/ is higher than the mean perception accuracy of these two vowels 

(see section 6.2.1.1). If the teacher also emphasizes the differences in backness between /y/ and /u/ to 

English speaking learners in future, learners may perceive and produce these two vowels with even 

higher accuracy.  

In conclusion, the weighting of distinctive features of roundness or backness in the perception of 

Mandarin high vowels by learners with different L1 backgrounds (NZE, Japanese and Korean) reflect 

an optimal perception bias. The distinctive feature of roundness is prior to backness for NZE speakers, 

while the distinctive feature of backness is prior to roundness for Japanese and Korean speakers. This 

optimal perception bias affects the result of the categorization and discrimination of the Mandarin high 

vowels by NZE speakers. 

                                                      
29 From the acoustic data used in the current study (see Figure 2-5, 2-6, 2-7 and 2-8), we cannot find that NZE /u/ is more front 
than American, Canadian, British English /u/ in the acoustic vowel charts. 
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5.3.4 Directional Asymmetries in Learners’ Perception 

In the perceptual identification task, LEPs identify the spoken stimulus [y] as [u] (42%) more often than 

they identify the spoken stimulus [u] as [y] (28%) (see section 5.2.2.2); LEPs identify the spoken 

stimulus [ɤ] as [ɹ̪] (18%) more often than they identify the spoken stimulus [ɹ̪] as [ɤ] (2%); LEPs identify 

the spoken stimulus [ɻ] as [ɤ] (18%) more often than they identify the spoken stimulus [ɤ] as [ɻ] (11%). 

Please see Table 5-14 and Figure 5-6. Table 5-14 lists the number and percentage (in parentheses) of 

a vowel stimulus which is identified by LEPs as each of the six target vowels; LEPs’ perception 

discrimination of vowel pairs is presented in Figure 5-6; arrows point to the vowel in the contrastive pair 

which was identified by learners respectively, more often. For example, the arrow pointing from [y] to 

[u] in the perception diagram means that [y] was identified as [u] more than [u] was identified as [y]. A 

series of Chi-square tests were performed to see if there is any significant asymmetry in the 

discrimination between two target vowels. The results of Chi-square tests showed a significant 

difference in the discrimination between two vowels in pairs: [y]-[u] (χ2=5.90, p<.05, w=0.18), and [ɤ]-

[ɹ̪] (χ2=16.16, p<.05, w=0.30) in the perceptual identification task. Therefore, there are directional 

asymmetries in the discrimination of pairs [y]-[u] and [ɤ]-[ɹ̪]. 

Table 5- 14 Confusion matrix (i) for target vowels in perception and production by LEPs 

Stimuli 
        

Perception (identification by LEPs) 
u y ɤ ɹ̪ ɻ i 

u  28(28%)     
y 42(42%)      
ɤ    18(18%) 11(11%)  
ɹ̪   2(2%)   3(3%) 
ɻ   18(18%)   5(5%) 
i    6(6%) 8(8%)  

 

Figure 5- 6. Asymmetries in the perception confusion of vowel contrasts by LEPs. 
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The directional perceptual asymmetry of the pair [y]-[u] in the current study is consistent with the 

findings in other studies of the asymmetries in the discrimination of vowel pairs /y/-/u/ by infants and 

adults (see Table 5-15).  

Table 5- 15 Asymmetries in the perceptual discrimination of vowel contrast y-u 

Study Infants’ ambient language Contrast 
Polka & Werker (1994) English German y → u 
Polka & Bohn (1996) English German y → u 

German German y → u 
 Adults’ language  

Polka & Bohn (2011) English  German y → u 

In Table 5-15, arrows show the asymmetry directions, i.e. listeners discriminate the y-u pair better 

when the stimuli are played from y to u. It is also noteworthy that the studies listed here used different 

methods from the current study in investigating the discrimination between y-u. In these studies, stimuli 

were played to infants and adults with different directions, i.e. stimuli were played from y to u and also 

from u to y. Infants’ discrimination of the pair was tested by using the conditional head turn method 

(see also section 3.2.4); adults’ discrimination of the pair was tested by using a similar method named 

‘go/ no go’ which asked the listeners to judge if the stimuli played to them changed or not. On the other 

hand, the directional asymmetries found in the current study through the method similar to Miller & 

Nicely’s (1955) study in which the asymmetries were based on the results of confusions between two 

vowels using the perceptual identification method (see section 3.2.4). As for the other pair ɤ-ɹ̪, no 

similar results were found in the previous studies of asymmetries. This is probably due to the fact that 

[ɹ̪] is not a common phone in the vowel inventory in world languages. [ɹ̪] is a dental approximant and an 

allophone of a vowel phoneme.  

Asymmetries were widely reported in infants’ perceptual discrimination between vowels (Polka & Bohn, 

2003), and more studies start to report the asymmetries in adults’ discrimination between non-native 

vowels (Polka & Bohn, 2011). As I reviewed in section 3.3.3.2, the asymmetry in the pair /u/-/y/can be 

explained by the peripherality hypothesis: the more peripheral vowel in a vowel pair is confused less 

frequently with the other vowel in the pair than the other vowel with the more peripheral vowel (Polka & 

Bohn, 2003). /u/ is the more peripheral vowel than /y/ in a traditional F1-F2 vowel space. As for the pair 

[ɹ̪]-[ɤ], phonetically speaking, [ɹ̪] is not a vowel, but an approximant. Therefore, the articulation of [ɹ̪] is 

beyond the extreme ‘points’ for vowels, which indicates that [ɹ̪] is the more peripheral sound at more 

articulatory and acoustic extremes than the mid vowel [ɤ] in the pair. Therefore, the perceptual 

asymmetry in the pair that [ɤ] was identified as [ɹ̪] significantly more than [ɹ̪] as [ɤ] is reasonable. 

In conclusion, the asymmetries in the current study suggest that there are ‘peripheral sounds’ in the 

perception of adult L2 learners. The more peripheral sounds are at more articulatory and acoustic 

extremes of a F1-F2 vowel space. Listeners can perceive the more peripheral sound more easily than 

the less peripheral sound in a pair. This results in the directional asymmetries in the perception of 

listeners. As for the reason for listeners’ preference for more peripheral phones, Schwartz et al.(2005) 

explained that peripheral vowels are vowels with more focalized formant values and more focalized 

formant values make the peripheral phones more salient in the perception system. Although the 
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focalization can’t explain the directional asymmetries in the discrimination between two peripheral 

vowels /y/ and /u/30, I also suggest that the nature of perceptual asymmetries may still exist in the 

sounds’ physical characteristics which are rooted in the articulation of the sounds and reflected as the 

acoustic and phonological features of the sounds. For vowels, the physical characteristics are reflected 

as the formant values and we can explore further what shapes the formants values. I will explain this 

point further in Chapter 7 (see section 7.4).  

5.4 Summary 

The perception of the six target vowels was investigated in this chapter through a cross-language 

perceptual mapping task and a perceptual identification task. In the cross-language perceptual 

mapping task, the perceptual categorization status of target vowels in terms of NZE vowel categories 

was explored. The correspondence percentage and goodness-of-fit of each Mandarin-English vowel 

match were measured and fit indexes of target Mandarin vowels were created based on the 

measurement. Then target Mandarin vowels were classified as ‘categorized’ or ‘uncategorized’ 

according to their fit indexes. Vowel pairs formed by target vowels were also classified as different 

categorization types in the framework of PAM.   

In the identification task, the perceptual identification errors of target vowels were examined. Error 

percentages and error types were presented. The roles of Mandarin learning experience (in the 

framework of SLM) on the perception of target vowel types were examined, and the different 

characteristics on the perceptual discrimination of vowel contrasts (formed by target vowels) which 

belonged to different categorization types (in the framework of PAM) were revealed. Three contrasts of 

the ‘Both Uncategorized’ type (UU type) were further investigated to find out why the discrimination of 

[ɹ̪]-[ɻ] contrast was better than the discrimination of the other two contrasts: [ɹ̪]-[ɤ]and [ɻ]-[ɤ].   

There are four findings. First, the cross-language perceptual mapping results showed some different 

conclusions compared to the previous cross-language similarity comparison between target Mandarin 

vowels and English vowels: [ɤ] was not categorized into any NZE vowel category; it is a less similar 

vowel; [u] was classified in the NZE close central rounded vowel /u/ as a fair instance and [y] was also 

a fair instance of NZE vowel /u/. [y] is a more similar vowel. Second, English speaking learners 

probably rely on additional cues (the preceding consonant onsets) to distinguish the two apical 

Mandarin vowels [ɹ̪] and [ɻ].Third, the fact that more perception confusions occur among NZE learners 

in the Mandarin high vowel contrast [y]-[u] than in the contrast [y]-[i] reflected that NZE learners rely on 

the distinctive feature of roundness more than on the distinctive feature of backness when categorizing 

and identifying the high front rounded vowel [y]. Fourth, learners’ perceptual identification showed there 

were directional asymmetries in the discrimination between Mandarin vowel pairs y-u and ɤ-ɹ̪. The 

directional asymmetries were explained as vowels at articulatory and acoustic extremes of a F1-F2 

vowel space (more peripheral vowels). They are more salient and stable and act as perceptual 

referents. 

                                                      
30 /y/ and /u/ both have focalized formant values. 
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6 Production Experiment  

Production task of the six targeted Mandarin vowels produced by five participants in the pilot study and 

29 participants in the main study were conducted to investigate participants’ pronunciation accuracy. 

The production data provided records of attempts by different learners to produce the target Mandarin 

vowels. The accuracy of production was assessed by two methods, so as to explicate the degree to 

which some Mandarin vowels were produced more successfully than others.  

First, production accuracy was assessed by playing multiple tokens of the recorded production of the 

six vowels to native Mandarin speaking judges (NS judges) in an open identification test. NS judges 

listened to participants’ productions and wrote down the syllables they thought participants produced. 

This is called ‘the interpretations by NS judges’. Second, participants’ productions of the target vowels 

were examined acoustically by measuring the frequencies of the first three formants. This is the 

‘acoustic analysis’. Results of these two analyses for both studies are shown in turn below.   

6.1 Pilot Study 

6.1.1 Result of Group 1 Participants 

The four participants of Group 1 all attended the production task for one session. Because their L1 

language backgrounds and /or sex were different, results of each participant are presented separately. 

Firstly, the Japanese participant’s production was analysed from the perspectives of a judge’s 

transcription and acoustic examination (see Table 6-1 and Figure 6-1). In all the figures of this section, 

‘M’ represents ‘Mandarin speakers’, and ‘L’ represents ‘Learners’. 

Table 6- 1 Production errors of the Japanese learner by the subjective judgement 

Target vowel ɤ u y i ɹ̪ ɻ 
Error percent 100% 50% 33.33% 0% 0%  0% 

Error type (number) ɻ (3) ɹ̪ (3) y (1) u (1) - - - 

From Table 6-1 we see that most of the Japanese participant’s errors occurred with [ɤ], as [ɤ] was 

misproduced as the two apical vowels [ɹ̪] and [ɻ] three times respectively. On his vowel ellipses plot 

(Figure 6-1), the ellipses of [ɤ] and two apical vowels [ɹ̪], [ɻ] were largely overlapped because the 

position for [ɤ] was too high compared to native Mandarin speakers (NMSs)31’ [ɤ]. Therefore, it was 

reasonable that there were so many errors of [ɤ], and all the errors were [ɤ] being misproduced as 

apical vowels [ɹ̪], [ɻ], not vice versa. He also confused the production of [u] with [y]. This was also 

reflected on the plot: his [y] was very back and his [u] was very front compared to NMSs’ [y] and [u].  

                                                      
31 The acoustic data of NMSs are from Zee & Lee’s (2001) study. 
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Figure 6- 1. F2-F1 vowel ellipses for target Mandarin vowels produced by the Japanese participant. 

Secondly, production results of the Korean participant are presented in Table 6-2 and Figure 6-2. 

Table 6- 2 Production errors of the Korean learner by the subjective judgement 

Target vowel ɤ u y i ɹ̪ ɻ 
Error percent 66.67% 0% 0% 33.33% 66.67%  33.33% 

Error type (number) ɻ (2) ɹ̪ (2) - - ɻ (1) ɻ (2) ɹ̪ (1) 

From Table 6-2 it is apparent that most errors of the Korean participant also occurred with [ɤ]. She 

misproduced [ɤ] as [ɹ̪] and [ɻ] twice respectively. On her plot (Figure 6-2 below), one of her [ɤ]s was too 

high compared to NMSs’ [ɤ] while her other [ɤ] positions were normal compared to NMSs’ [ɤ]. Her [ɹ̪] 

was too front compared to NMSs’ [ɹ̪] but her [ɻ] was normal as there is no overlapping among her [ɤ], [ɹ̪] 

and [ɻ]. Her plot does not show why she misproduced [ɤ] as [ɹ̪] and [ɻ] twice respectively, but it does 

show that she also misproduced [ɹ̪] as [ɻ] twice, as her [ɹ̪] was too far forward compared to the NMSs’ 

[ɻ]. In addition, her [i] was very back compared to NMSs’ [i] and overlapped with her [ɻ]; this explained 

why she misproduced [i] as [ɻ] once.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

F1 (Hz) 

F2 (Hz) 
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Figure 6- 2. F2-F1 vowel ellipses for target Mandarin vowels produced by the Korean participant. 

Thirdly, production results of the NZ female participant of Group 1 are shown in Table 6-3 and Figure 

6-3. 

Table 6- 3 Production errors of the NZ female learner by the subjective judgement 

Target vowel ɤ u y i ɹ̪ ɻ 
Error percent 66.67% 33.33% 0% 66.67% 0%  0% 

Error type (number) ɻ (2) ɹ̪ (1) ʲa32 (1) y (1) - ɻ (1) ʲe(1) - - 

From Table 6-3, we see that the most errors of the New Zealand female participant occurred with [i] 

and [ɤ]. This was also shown in her vowel ellipses plot (Figure 6-3). On the plot, her [ɤ] was too front 

compared to NMSs’ [ɤ] and overlapped with her [ɹ̪]; her [ɻ] was a bit lower compared to NMSs’ [ɻ] and 

very close to her [ɤ]. It was reasonable that her [ɤ] was produced as two apical vowels [ɹ̪] and [ɻ]. Since 

New Zealanders tend to front their vowels, the learner’s mid back [ɤ] could have been produced as the 

low front vowel [a]. That is why she also misproduced [ɤ] as [a] once. Besides her [y] was too back and 

her [u] was too front compared to NMSs’ [y] and [u]. One of her [u]s was in the ellipses of her [y] and 

she misproduced one [u] as [y]. This might indicate that even if a phone was wrongly positioned on an 

acoustic vowel space, it was still possible to distinguish it from other phones. In other words, a sound 

being produced wrongly could still be recognized as itself, as long as it was distinct from any other 

sounds. This learner also misproduced ‘ji4’[i] as ‘jie4’[ʲe]33 once, and this was also reflected by her 

acoustic data. One of her [i]s was too low and back compared to NMSs’ [i] and might be read as the 

mid front vowel [e].  

                                                      
32 I adopt the IPA symbols for Mandarin vowels used in Lin’s (2007) study. [ʲ] in [ʲa] and [ʲe] is a glide and [a], [e] are the main 
vowels. [a] is a low front unrounded vowel; [e] is a mid front unrounded vowel (see section 2.1.2, Table 2-3, and Table 2-4).  
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Figure 6- 3. F2-F1 vowel ellipses for target Mandarin vowels produced by the NZ female participant. 

Fourthly, production results of the NZ male participant are shown in Table 6-4 and Figure 6-4. 

Table 6- 4 Production errors of the NZ male learner by the subjective judgement 

Target vowel ɤ u y i ɹ̪ ɻ 
Error percent 83.33% 100% 0% 33.33% 0%  33.33% 

Error type (number) ʲɛ (3) ɹ̪ (1) i (1) y (2) - ʲe (1) - ʲe (1) 

From Table 6-4 we see that most errors by the New Zealand male participant occurred with [u] and [ɤ] 

errors. [u] was misproduced as [y] twice. In the plot, his [u] was very front compared to NMSs’ [u]. One 

of his [u]’s was even more front than his [y]. His [ɤ] was produced as [ɹ̪] and [i] once. On the plot, his [ɤ] 

was very high and even higher than some of his [ɻ] compared to NMSs’ [ɤ]. One of his [i]’s was in his 

[ɤ] ellipse. This learner misproduced the target mid back unrounded [ɤ] as the mid front unrounded 

vowel [e] three times (see section 2.1.2 and Table 2-3). Since New Zealanders tend to front their 

vowels, this learner’s mid back [ɤ] could have been produced as the mid front vowel [e].  This learner 

also misproduced [i] and [ɻ] as [e] once each. The reason for his [i] being judged as [e] could be that his 

[i] was very back compared to NMSs’ [i] on his plot and probably near the position of the mid front 

vowel [e]. In Mandarin, [ɻ]’s position was also more back compared to [e] (see Figure 2-1), therefore the 

learner probably also fronted his [ɻ] as [e].  
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Figure 6- 4. F2-F1 vowel ellipses for target Mandarin vowels produced by the NZ male participant. 

In conclusion, the error percentages of six target Mandarin vowels produced by these four participants 

are shown in Figure 6-5. 

 

Figure 6- 5. Group 1 learners’ vowel error rates. 

From Figure 6-5, we see that among all six target vowels, the vowel [ɤ] was the most difficult one for 

the Group 1 learners. All four learners had very high [ɤ] error rates (100%, 66.67%, 66.67% and 

83.33%); the second most difficult vowel is [u]. The Japanese, NZ female and NZ male learners all had 

quite high [u] error rates (50.00%, 50.00% and 100.00%), but the Korean learner had no [u] error. The 

third most difficult was the vowel [i]. The Korean learner, the NZ female learner and NZ male learner’s 

[i] error rates were 33.33%, 33.33% and 66.67% respectively. The fourth most difficult ones were the 

two apical vowels [ɹ̪] and [ɻ] with an even mean error rate of 16.67%; the vowel [y] was the easiest 

vowel for the Group 1 learner with the least mean error rate of 8.3%. Because these learners have 
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different L1 backgrounds, Japanese, Korean and NZE, it is hard to see which L1 influences the error 

tendency described above.  

The two Group 1 NZE learners fronted the back Mandarin vowel [ɤ] as more front Mandarin vowels [a] 

and [e] several times. This phenomenon was not found in the production of the Group 2 learner and 

other NZE speakers in the main study, probably because it only happened at the very beginning stage 

of L2 acquisition as the Group 1 learners were the only learners who had just started Mandarin for two 

weeks.  

6.1.2 Result of the Group 2 participant 

The Group 2 learner participated in three sessions for the production task as designed in the longitude 

study. Disyllabic words with target vowels were added as stimuli. His production results for three 

sessions were presented respectively. Results for the three production sessions of the Group 2 learner 

are presented in Table 6-5, 6-6 and 6-7 with a division between monosyllabic words and disyllabic 

words. 

Table 6- 5 Errors of first time pronunciation for the Group 2 learner by the subjective judgement 

Target vowels i ɹ̪ ɻ ɤ y u 
Error  

percent and 
type 

(number) 

Monosyllables 
0% 0% 0% 0% 0% 66.67% 
- - - - - y (2) 

Disyllables 
0% 40% 0% 20% 40% 20% 
- i (2) - ɻ (1) u (2) y (1) 

Mean 
0% 25% 0% 12.5% 25% 37.5% 
- i (2) - ɻ (1) u (2) y (3) 

From Table 6-5 we see that most errors of the Group 2 learner occurred with [u]. [u] was misproduced 

as [y] three times. The learner also misproduced [y] as [u] twice.  

The participant of Group 2 conducted his second session four weeks after his first production. Judges 

transcribed his production and the errors are shown in Table 6-6. 

Table 6- 6 Error percentages, types and number of second time pronunciation of the Group 2 learner 

Vowels i ɹ̪ ɻ ɤ y u 
Error  

percent, 
type  

(number) 

Monosyllables 
0% 0% 0% 66.67% 33.33% 0% 
- - - ɹ̪ (1) ɻ (1) u (1) - 

Disyllables 
0% 0% 0% 80% 60% 0% 
- - - ɹ̪ (3) ɻ (1) u (3) - 

Mean 
0% 0% 0% 75% 50% 0% 
- - - ɹ̪ (4) ɻ (2) u (4) - 

In the second production session, the learner’s errors were mainly vowels [y] and [ɤ]. His [y] errors 

were all [u]. His [ɤ] errors were the two apical vowels [ɹ̪] and [ɻ]. He had no other vowel error at all. This 

time, errors for each vowel were more in the disyllabic words than in the monosyllabic words.  
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The participant of Group 2 did his third production four weeks after his second production. Results are 

shown in Table 6-7. 

Table 6- 7 Error percentages, types and number of third time pronunciation of the Group 2 learner 

Vowels i ɹ̪ ɻ ɤ y u 
Error  

percent, 
type  

(number) 

Monosyllables 
0% 0% 0% 100% 0% 0% 
- - - ɹ̪ (1) ɻ (2) - - 

Disyllables 
0% 0% 20% 40% 20% 20% 
- - ɤ (1) ɹ̪ (1) ɻ (1) u (1) y (1) 

Mean 
0% 0% 12.5% 62.5% 12.5% 12.5% 
- - ɤ (1) ɹ̪ (2) ɻ (3) u (1) y (1) 

In the participant’s third production task, he produced all three monosyllabic words with the target 

vowel [ɤ] wrongly. For the disyllables, his [ɤ] errors reduced to two errors out of a total of five [ɤ] 

stimuli, while there was one error each for the production of [u], [y] and [ɻ]. He had more [ɻ], [y] and [u] 

errors in disyllabic words than in monosyllabic words. However, he had no [i] and [ɹ̪] error in either 

monosyllabic or disyllabic words and he had more [ɤ] errors in monosyllabic words than in disyllabic 

words. 

An acoustic analysis was also applied to the Group 2 learners’ production. Since the gap between 

each two productions of the participant is not much (every four weeks), only the first production of the 

learner was acoustically analysed (see Figure 6-6). From Figure 6-6, we see that the learner’s[u] was 

slightly front compared to NMSs’ [u] and his [y] was more back compared to NMSs’ [y]; there was also 

some overlapping between his [u] and [y]. One of his [y] was even more back than most of his [u]. His 

[ɹ̪] was produced as [i] twice. On the plot, two of his [ɹ̪] were very front and fell into the ellipse of his [i]. 

His [ɤ] being misproduced as [ɻ] wasn’t reflected on the plot as there was no overlapping between his 

[ɤ] and [ɻ], although his [ɤ] was higher than NMSs [ɤ] and close to the ellipses of his [ɹ̪] and [ɻ]. For the 

majority of the target vowels, he had more errors in disyllabic words than in monosyllabic words. 

However, he had fewer [u] errors in disyllabic words than in monosyllabic words. 

 

Figure 6- 6. F2-F1 vowel ellipses for target Mandarin vowels produced by the participant of Group 2 

F2 (Hz) 
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In conclusion, errors of three production sessions by the Group 2 learner are shown in Figure 6-7. 

 

Figure 6- 7. Error rates for target vowels in three sessions of production by the Group 2 learner 

As shown in Figure 6-7, Mandarin vowels [y] and [ɤ] are the most difficult vowels for this participant to 

produce. There was no clear tendency for the target vowels being produced more correctly with time: 

there were no [i] errors at all for three productions; [ɹ̪]’s errors reduced to zero in the two subsequent 

productions; [u]’s errors reduced in the second production, but increased in the third productions 

compared to the second production, and the other three vowels [ɤ], [y] and [ɻ]’s error even increased in 

the subsequent productions to some degree. This error pattern cannot be explained by any Model 

reviewed in this research. Therefore, no further analysis of learning experience was conducted due to 

the limited number of participants. 

Because of the different backgrounds and limited numbers of learners in the pilot study, the result of 

the study is insufficient to infer more meaningful conclusions. However, the small-scaled pilot study 

confirmed the practicality of the methodology and provided evidence for a necessary adjustment to the 

methodology used in the main study. First, there was no clear tendency for target vowels to prove more 

difficult in disyllabic words than in monosyllabic words. Therefore, in the main study, errors were not 

divided into monosyllabic word errors and disyllabic word errors. Second, although results of the 

acoustic analysis were generally in accordance with results of the judges’ transcriptions, there were 

some exceptions. For example, the Korean learner’s plot does not show why she misproduced [ɤ] as 

[ɹ̪] and [ɻ] twice respectively. Therefore, the third formant (F3) value was added in the acoustic analysis 

of the main study to ascertain if the addition of F3 would explain the exception as F3 is related to the 

retroflex and [ɻ] is retroflex.  
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6.2 Main Study 

6.2.1Results of Interpretations by NS judges 

6.2.1.1 Mean Production Error Percentages 

The same 29 participants (11 LEPs, eight MEPs and 10 NEPs) who took part in the perceptual 

identification task of the main study also participated in the production task where they each produced 

a total of ten tokens of each of the six target Mandarin vowel types, for a total of 290 tokens of each 

vowel and 1740 responses altogether. The mean error rate was calculated for each target vowel and 

each speaker group, by dividing the number of errors made on that vowel by members of that group, 

over the total number of tokens of that vowel produced by the group as follows: for LEPs: error number 

/ 110; for MEPs: error number / 80; for NEPs: error number / 100. The mean error rates for production 

of the six target vowels by the two groups of learners appear in Table 6-8 and Figure 6-8. 

Table 6- 8 Mean production error percentages for six target vowel types by three group participants 

Vowel LEPs (n=11) MEPs (n=8) 
 % Error (SD; range) % Error (SD; range) 

ɤ 54.5 (35.3;0-100) 23.8 (27.7;0-70) 
y 33.6 (34.4;0-80) 13.8 (28.8;0-80) 
ɻ 30.9 (36.5;0-90) 11.3 (12.5;0-30) 
ɹ̪ 12.7 (27.2;0-90) 5.0 (7.6;0-20) 
u 11.8 (17.2;0-50) 6.3 (9.1;0-20) 
i 8.2 (18.3;0-60) 10.0 (17.7;0-50) 

 

 

Figure 6- 8.  Production error percentages for target Mandarin vowels by LEPs, MEPs and NEPs. 

As shown in Table 6-8 and Figure 6-8, the mean error percentages of six target vowel types were all 

higher for LEPs than for MEPs except for one vowel type [i]. This shows that MEPs are generally better 
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at production than LEPs. The production of [ɤ] is most problematic for both LEPs and MEPs. The mean 

production error percentage of [ɤ] for LEPs is 54.5%, and 23.8% for MEPs. The second most 

problematic Mandarin vowel in production is the vowel [y]. LEPs produced [y] incorrectly 33.6% of the 

time, compared to 13.8% for MEPs. The third most difficult vowel was the apical vowel [ɻ] which was 

produced incorrectly 30.9% of the time for LEPs, compared to 11.3% for MEPs. The other apical vowel 

[ɹ̪] and the back rounded vowel [u] achieved similar error percentages. LEPs’ mispronunciation of [ɹ̪] 

and [u] are 12.7% and 5.0% respectively, compared to 5% and 6.3% respective for MEPs. The easiest 

vowel to produce is [i] whose error percentage for LEPs is 8.2%, and 10% for MEPs. Therefore, the 

production inaccuracy order for LEPs is: ɤ>y>ɻ>ɹ̪>u>i; the production difficulty order for MEPs is: 

ɤ>y>ɻ>i>u>ɹ̪ (‘>’ means ‘harder than’). The greatest difference in the production difficulty orders 

between LEPs and MEPs is the production of [i]. As mentioned earlier, [i] is the only vowel whose 

production inaccuracy is greater for MEPs than LEPs. The mean error percentage for MEPs’ [i] is 

10.0% and for LEPs [i] is 8.2%. NEPs’ vowels were identified by NS judges in every instance except for 

[i] being identified as [y] once. This was the only error out of a total of 600 responses for NEPs, and 

was probably just a slip.  

The production error percentages were submitted to a series of Mann-Whitney tests. To investigate 

whether there were any significant differences in the error percentages for the two groups of learners 

(LEPs and MEPs) for each vowel, and no significant difference was found (p >.05) with medium and 

small effect sizes.  For [ɤ], (U=22, p=.067; r=.42,) and [y] (U=28.5, p=.165; r=0.32); for [u] (U=38, 

p=.580; r=0.13); for [ɹ̪], (U=42.5, p=.886; r=.03); for [i], U=40, p=.689; r=0.09, and for [ɻ], U=36.5, 

p=.519; r=.15. Since there is no large effect size for all vowels, the results for the paucity of significant 

difference are reliable. 

6.2.1.2 Patterns of Production Errors 

The error patterns reveal how the target Mandarin vowels were misidentified. Like the data in the 

perceptual identification task, production data also showed that the errors of target vowels were only 

within the target vowels themselves. There was no restriction on how judges could interpret the 

production of the three groups except they had to write down a syllable, so it had to be a vowel and 

only two Mandarin monophthongs /a/ and /o/ are not included in the target vowels. Judges only 

recognized a target vowel as another target vowel. Therefore, the overall production error patterns can 

be represented by a confusion matrix for these six vowels for the three groups of speakers (see Table 

6-9). Responses are organized by the six target vowel stimuli (rows 1-6), and by the same six vowels 

as responses by judges (columns 2-7). Within the row for each vowel, the smaller rows show the 

results for LEPs (first row; n=11), MEPs (second row; n=8). The numbers on each cell indicate the 

number and percentage (in parentheses) of an intended vowel stimulus which was interpreted by the 

judges as the target vowel at the head of the column. In other words, the percentage was calculated 

as: times identified as a vowel/total number of times that the stimulus vowel was produced by that 

group. For example, the LEPs collectively produced each stimulus vowel 110 times, and judges 

interpreted LEPs’ production of [y] as [u] ([y] – [u]), 33 times and so the percentage of [y] being 

produced as [u] by LEPs is 33/110=30.0%; MEPs collectively produced 80 tokens for each stimulus 
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vowel and judges interpreted MEPs’ [y] as [u] three times, so the percentage of [y]- [u] for MEPs is 

3/80=3.8%.  

Table 6- 9 Confusion matrix for the production of six vowels 

Stimulus vowels  
(vowel produced) 

Response vowels (vowel identified by judges)  
i y ɹ̪ ɻ ɤ u 

i 101 (91.8)                                                                                                                                                                                                                                      2 (1.8) 2 (1.8) 5 (4.5)  
72 (90)  6 (7.5) 2 (2.5)   

y  73 (66.4)  1 (0.9) 3 (2.7) 33 (30.0) 
7 (8.8) 69 (863)  1 (1.3)  3 (3.8) 

ɹ̪ 11 (10)  96 (87.3)  3 (2.7%)  
  76 (95) 1(1.3%) 3 (3.8%)  

ɻ 16 (14.5)  3 (2.7) 76 (69.1) 15 (13.6)  
1 (1.3) 2 (2.5) 6 (7.5) 71 (88.8)   

ɤ 4 (3.6) 1 (0.9) 29 (26.4) 26(23.6) 50 (45.5)  
  12 (15) 7(8.8) 61 (76.3)  

u  8 (7.3) 4 (3.6)  1 (0.9) 97 (88.2) 
1 (1.3) 4 (5)    75 (93.8) 

Note: bold values are numbers and percentages of the correct production for target vowel types.   

As seen in Table 6-9, the main production error types were [y] being misproduced as [u] (30% for 

LEPs); [ɤ] being misproduced as [ɹ̪] (26.4% for LEPs and 15% for MEPs); [ɤ] being misproduced as [ɻ] 

(23.6% for LEPs); [ɻ] being misproduced as [i] (14.5% for LEPs); [ɻ] being misproduced as [ɤ] (13.6% 

for LEPs), and [ɹ̪] being misproduced as [i] (10% for LEPs). All the other error percentages were lower 

than 10%.  

6.2.2 Results of the Acoustic Analysis 

6.2.2.1Frequency Measurement 

An acoustic analysis of the pronunciation of the three groups of participants was also conducted to see 

if the production errors were reflected and explained by acoustic data. Since the information of the first 

three formants are most important for describing the linguistic features of vowels, the frequencies of the 

first three formants of six target vowels were measured by Praat software. When measuring the 

frequencies of formants of each target Mandarin vowel, I firstly separated pronounced words 

individually and marked them in Pinyin, then chose the stable period of each vowel to measure the F1, 

F2 and F3. The average values of F1, F2, F3 for the target vowels [i], [y], [u], [ɹ̪], [ɻ], [ɤ] in monosyllabic 

and disyllabic Mandarin words produced by eight male LEPs, three female LEPs, three male MEPs, 

five female MEPs, five male NEPs and five female NEPs were listed in Table 6-10. 

F1 frequencies are directly related to the opening of the vocal tract in the production of vowels; the 

higher F1 values, the wider the opening. In other words, F1 varies inversely with vowel height; the 

lower F1 values, the higher the vowels. F2 values are inversely related to tongue retracting; the lower 

F2 frequencies, the more tongue retraction or in other words, the more back the vowel. F2 frequencies 

are also inversely related to lip rounding; the lower F2 values, the more the lip roundness. Compared 

to F1 and F2, F3 is not that important in terms of height, backness or roundness of vowels, but it is 
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related to the r-colour (rhotacization) of vowels (raising the tip of the tongue); the lower F3 frequencies, 

the more r-colour of vowels (Bao & Lin, 2014; Delattre, 1951; Joos, 1948). This is especially relevant to 

the allophone [ɻ] which follows the retroflex onsets. 

From the articulation-acoustic relationships described above, the six target vowels can be described as 

follows:, [i], [u], and [y] are high vowels with low F1 frequencies; [ɤ] is a mid vowel with relatively higher 

F1 value than [i], [u], [y]; [i] and [y] are front vowels with higher F2 values compared to the two back 

vowels [u] and [ɤ]; [y] is front rounded with relatively lower F2 frequency compared to the front 

unrounded vowel [i]; the apical vowel [ɻ] (the retroflex approximant) is articulated with a raising of the 

tongue blade, which means a relatively lower F3 value compared to the other apical vowel [ɹ̪] (dental 

approximant), which is not a rhotic sound (Lee-Kim, 2014).  

In Table 6-10, the acoustic characteristic of NEPs’ production of the six target vowels is in accord with 

the articulatory-acoustic description above. The F1 frequencies of NEPs’ [i], [u], [y] are relatively lower 

than the F1 values of [ɤ]; NEPs’ [i] and [y] have the highest F1 values while [u] has the lowest F2 

value, but [y]’s F2 frequency is somewhat lower than the F2 frequency of [i], because of the roundness 

of [y]; NEPs’ retroflex approximant [ɻ] has a lower F3 frequency than the F3 value of the dental 

approximant [ɹ̪].  
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Table 6- 10 Mean (M), Standard Deviation (SD) of F1, F2, F3 Values (in Hertz) for six target vowels produced by three group participants  

Vowel Male LEPs (n=8) Male MEPs (n=3) Male NEPs (n=5) 
F1 F2 F3 F1 F2 F3 F1 F2 F3 

M SD M SD M SD M SD M SD M SD M SD M SD M SD 
i 307 59 2160 224 2859 300 295 24 2236 192 3041 243 284 29 2126 119 3043 194 
u 317 45 1156 322 2365 158 321 17 926 251 2439 189 331 22 777 173 2616 209 
y 308 50 1525 378 2274 142 302 41 1774 311 2406 201 289 28 1918 92 2258 172 
ɤ 409 58 1416 187 2518 257 423 53 1371 114 2506 289 450 39 1247 87 2652 128 
ɹ̪ 395 57 1378 134 2645 78 376 30 1415 124 2751 70 335 40 1390 106 2728 161 
ɻ 380 62 1592 219 2254 363 362 33 1637 167 2103 334 343 30 1685 72 2381 354 

 

Vowel Female LEPs (n=3) Female MEPs (n=5) Female NEPs (n=5) 
F1 F2 F3 F1 F2 F3 F1 F2 F3 

M SD M SD M SD M SD M SD M SD M SD M SD M SD 
i 349 26 2526 231 3176 243 373 63 2516 355 3253 155 358 23 2727 169 3465 172 
u 365 39 1084 162 2696 201 357 37 1013 323 2918 204 391 32 892 134 3188 234 
y 364 42 1298 452 2671 188 348 36 2211 318 2868 228 361 23 2261 158 2830 108 
ɤ 540 85 1584 158 2735 259 596 113 1595 253 3041 173 531 45 1360 123 3190 148 
ɹ̪ 445 82 1942 551 3050 317 494 91 1701 272 3167 144 414 39 1717 97 3285 179 
ɻ 447 85 1960 494 2824 445 459 79 1834 184 2784 473 399 38 1930 155 2836 472 
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The values of the first three formants of target vowels produced by LEPs, and MEPs are also generally 

in accord with the articulation-acoustic pattern, but the differences in formant values between target 

vowels produced by LEPs and MEPs are less. Moreover, the F2 frequencies of [y] are even lower than 

the F2 value of retroflex approximant [ɻ] which represents the improper articulation position of [y] by 

LEPs. The F3 frequencies of [ɻ] produced by LEPs and MEPs are lower than the F3 frequencies of [ɹ̪] 

produced by NEPs and LEPs. This indicates that LEPs and MEPs produce the r-colour of [ɻ]. 

To observe the production of six target vowels by three group participants more directly, F1-F2 

acoustic vowel charts were drawn based on the male34 participants’ data (see Figure 6-9, 6-10). 

The position of each vowel on the chart was arranged by plotting the frequency of F2 as x axis and the 

frequency of F1 as y axis. F3 does not appear on the plot because among all target vowels, only the 

vowel [ɻ]’ F3 needs to be emphasized as it is a rhotic vowel. Plotting is done on a Mel scale to make 

the relative distances between two vowels accord with the auditory impression, i.e. equal distances on 

the chart accord with equal distances in hearing (Fant, 1959; Lindblom, 1986). The formula from (Fant, 

1959) to transfer frequencies (Hz) to Mel (M) was adopted.  

Formula 6-1. Mi=1000*log(1+Fi/1000)/log2, i=1,2,3 

In Formula 6-1, M is the Mel-scale value; F is the formant frequency in hertz. 

 
Figure 6- 9. F1-F2 vowel ellipses for male NEPs and LEPs. 

                                                      
34 Male participants were chosen because there were more male learners in LEPs. 
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Figure 6- 10. F1-F2 vowel distribution for male NEPs and LEPs. 

As shown in Figure 6-9 and 6-10, the production of six target Mandarin vowels by NEPs shows a clear 

pattern: vowels [i] (red squares) and [y] (blue squares) are high front vowels; vowel [u] (black squares) 

is a high back vowel slightly lower than [i] and [y]; the positions of [ɹ̪] (pink squares) and [ɻ] (turquoise 

squares) are semi high and front; the position of [ɤ] (green squares) is more central than originally 

described (a back vowel). This is basically in accordance with other studies (Duanmu, 2007; Howie, 

1976; Huang & Liao, 1983; Lee & Zee, 2003; Zee & Lee, 2001).  

However, the production of target Mandarin vowels of LEPs shows a different pattern. The position of 

vowel [i] (red dots) is still front and high, but the position of the other high front vowel [y] (blue dots) 

becomes central, even back. Furthermore, the position of the high back vowel [u] (black dots) is too 

fronted, even central. It is very clear on Figure 6-9 that ellipses of male LEPs [y] (blue dots) and [u] 

(black dots) overlap because both [y] and [u] were produced as more central vowels by LEPs. This 

leads to the production confusion between vowel [y] and [u] which corresponds to the result of 

interpretations of NS judges. In addition, part of the production of vowels [ɹ̪] (pink dots) and [ɻ] 

(turquoise dots) by LEPs is higher and more front than the production of these two vowels by NEPs 

and results in the confusion between these two vowels with the high front vowel [i]. Finally, part of the 

production of vowels [ɹ̪] and [ɻ] by LEPs is lower and more back than the production of NEPs and leads 

to the confusion between these two vowels with the central vowel [ɤ]. At the same time the position of 

vowel [ɤ] of LEPs is higher and more front than the production of [ɤ] by NEPs, which aggravates the 

confusion between [ɹ̪]-[ɤ], and [ɻ]-[ɤ]. Ellipses of male LEPs’ [ɻ] (turquoise dots), [ɹ̪] (pink dots) and [ɤ] 

(green dots) also overlapped. This is also consistent with the interpretations of NS judges. The 

production confusions between [y] and [u], [ɹ̪] and [ɤ], [ɻ] and [ɤ] are the main errors shown in the 

interpretations of NS judges (see Table 6-3).  
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In Figure 6-10, the mean F1, F2 frequencies of target vowels produced by NEPs and LEPs are 

presented. It shows even more clearly that LEPs’ [y] is too back and [u] is too front compared to NEPs’ 

production of these two vowels. Visual review of the overall vowel spaces indicates that the vowel 

triangle area appears to be smaller for male LEPs than that of male NEPs, indicating a more compact 

distribution of the target vowels produced by male LEPs compared to male NEPs.  

The MEPs’ production of target vowels were analysed acoustically the same as LEPs’ production. 

Results are shown in Figures 6-11 and 6-12. 

 
Figure 6- 11. F1-F2 vowel ellipses for male NEPs and MEPs. 

 
 

Figure 6- 12. F1-F2 vowel distribution for male NEPs & MEPs. 
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Target Mandarin vowels produced by MEPs in the vowel charts still show some patterns similar to the 

production of LEPs. For example, MEPs’ [u] is also more front compared to NEPs’ [u], and one MEPs’ 

[y] is very back compared to NEPs’ [y]; however, it shows fewer spectral overlaps between different 

target vowels produced by MEPs than was seen for LEPs. As shown in Figure 6-11, the ellipses of 

male MEPs [y] (blue triangles) and [u] (black triangles) did not overlap; ellipses of male MEPs’ [ɻ] 

(turquoise triangles), [ɹ̪] (pink triangles) and [ɤ] (green triangles) only overlapped to a small degree. 

From Figure 6-12, we see that the vowel triangle area of MEPs resembles NEPs’ vowel triangle, which 

indicates that MEPs’ production is close to NEPs’ production and results in fewer production errors for 

MEPs than LEPs. Although there are no significant differences on the production error percentages 

between LEPs and MEPs (see section 6.2.1), the acoustic data here revealed obvious differences 

between LEPs’ production and MEPs’ production. 

The vowel charts reflect LEPs and MEPs’ production errors visually, but fail to reveal the data of each 

production of target vowels by individual learners. Therefore, for each formant of each vowel, a one-

way ANOVA test was performed to investigate whether there were any significant differences in the 

first three formants’ frequencies between the productions of LEPs and NEPs, MEPs and NEPs, LEPs 

and MEPs. Results of Tukey’s post-host tests are presented in Table 6-11. Differences that were 

significant at the 0.05 level are marked by an asterisk. The effect size is Cohen’s d and the magnitude 

of the effect size is determined according to Cohen (1988) and Sawilowsky (2009)’s studies: 0.2 

(small); 0.5 (medium); 0.8 (large); 1.2 (very large) (Cohen, 1988; Sawilowsky, 2009).  

Significant differences in a vowel's formants for any two groups indicates that the production of the 

vowel differs significantly between those two groups. As shown in Table 6-11, the differences between 

the production of target vowels by LEPs and NEPs are always greater than between MEPs and NEPs. 

This indicates that MEPs are generally better at production than LEPs as the vowel charts and the 

interpretation results show.  

For LEPs, LEPs’ [ɤ] is significantly different from NEPs’ [ɤ] in the frequencies of all three formants with 

medium to large effect sizes; LEPs’ [u] is significantly different from NEPs’ [u] only in the frequencies of 

the F2 and F3, but both have very large effect sizes. Since larger effect sizes also represent greater 

differences, the production of [ɤ] and [u] are both regarded as the most inaccurate vowels produced by 

LEPs compared to the productions of NEPs. MEPs’ production of the other four vowels are significantly 

different in two formant values from NEPs’ production with different effect sizes. Based on the number 

of formants with significant differences and the corresponding magnitudes of effect sizes, the 

significant differences/production inaccuracy order is [ɤ], [u]> [ɹ̪], [y]> [ɻ], [i] (‘>’ represents ‘more and 

greater significant differences’).  

For MEPs, each target vowel is significantly different in one formant value compared to NEPs’ 

production. MEPs’ [ɤ] is significantly different from NEPs’ [ɤ] in the frequencies of F2 with the largest 

effect size (d=1.229); MEPs’ [ɹ̪] is significantly different from NEPs’ [ɹ̪] in the frequencies of F1 with a 

slightly smaller effect size of [ɤ] (d=1.175); MEPs’ [u], [i], [y], [ɻ] are significantly different from NEPs’[u], 

[ɻ], [y], [i] in the frequencies of one formant with similar effect sizes. Therefore, the significant 

differences/production inaccuracy order is [ɤ], [ɹ̪] > [u], [ɻ], [y], [i] (‘>’ represents ‘higher’). In addition, for 

MEPs, each target vowel (except [ɤ]) is also significantly different in at least one formant value 
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compared to LEPs’ production. MEPs’ [i] and [ɻ] are significantly different from LEPs’ [i] and [ɻ] in the F3 

value with small or medium effect size; MEPs’ [ɹ̪] is significantly different from LEPs’ [ɹ̪] also in the F3 

value but with very large effect size; MEPs’ [y] is significantly different form LEPs’ [y] in both F2 and F3 

values with medium effect sizes; MEPs’ [u] is significantly different from LEPs’ [u] in the F2 value with 

large effect size. MEPs’ [ɤ] is not significantly different from LEPs [ɤ] in any formant value. Although 

statistical analysis for NS judges’ interpretation indicated that MEPs didn’t perform significantly better 

than LEPs in the production of all target vowels, the acoustic data here revealed MEPs’ production is 

significantly better than LEPs’ production of vowels [i], [u], [y], [ɹ̪] and [ɻ] in F2 or F3 formant values. 

Especially the significant differences in the F2 value of vowels [y] and [u] suggests MEPs distinguish [y] 

and [u] better from the backness of these two vowels because F2 is inversely related to vowels’ 

backness. In conclusion, the results of the one-way ANOVA test are in accord with the results shown in 

vowel charts. MEPs’ production is closer to NEPs’ production than LEPs’ production.  
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Table 6- 11 Comparison of first three formants of each target vowel produced by male participants of three groups 

 
Vowel LEPs -NEPs MEPs-NEPs LEPs-MEPs 

F1  F2 F3 F1 F2 F3 F1 F2 F3 
i p=.017*  

d=0.499 
small 

p=.580  
d=0.192 

small 

p=.000*  
d=0.73 
medium  

p=.526 
d=0.440 

small 

p=.040* 
d=0.690 
medium 

p=.999 
d=0.010 

small 

p=.494 
d=.256 
small 

p=.172 
d=0.363 

small 

p=.005* 
d=0.667 
medium 

u p =.101 
d=0.378 

small 

p =.000* 
d=1.466  

very large 

p =.000* 
d=1.356 

very large 

p =.432 
d=0.517 
medium 

p =.055 
d=0.691 
medium 

p =.000* 
d=0.890 

large 

p =.910 
d=0.093 

small 

p =.000 * 
d=0.795 

large 

p =.151 
d=0.424 

small 
y p =.042*  

d=0.463 
small 

p =.000*  
d=1.429 

very large 

p =.948  
d=0.065 

small 

p =.419 
d=0.356 

small 

p =.106 
d=0.628 
medium 

p =.001* 
d=0.768 
medium 

 p =.774 
d=0.138 

small 

p =.001* 
d=0.720 
medium 

p =.001* 
d=0.762 
medium 

ɤ p =.000*  
d=0.833 

large 

p =.000* 
d=1.163 

large 

p =.005* 
d=0.658 
medium 

p =.070 
d=0.579 
medium 

p =.001* 
d=1.229 

very large 

p =.021 
d=0.653 
medium 

p =.412 
d=0.258 

small 

p =.348 
d=0.292 

small 

 p =.967 
d=0.045 

small 
ɹ̪ p =.000* 

d=1.221 
very large 

p =.852  
d=0.100 

small 

p =.000*  
d=0.653 
medium  

p =.001* 
d=1.175 

large 

p =.652 
d=0.219 

small 

p =.632 
d=0.187 

small 

 p =.176 
d=0.403 

small 

p =.340 
d=0.289 

small 

p =.000* 
d=1.430 

very large 
ɻ p =.001*  

d=0.648 
medium  

p =.021*  
d=0.523 
medium 

p =.129  
d=0.348 

small 

p =.423 
d=0.410 

small 

p =.575 
d=0.316 

small 

p =.003* 
d=0.799 
medium 

p =.215 
d=0.377 

small 

 p =.477 
d=0.229 

small 

p =.128* 
d=0.431 

small 
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6.2.2.2 Euclidean Distance 

The Euclidean distances between two vowels in the vowel chart can also indicate the different 

productions of the two vowels. To calculate the distance between two vowels in a vowel chart, the 

mean frequencies of the first three formants of each target Mandarin vowel produced by male LEPs, 

MEPs and NEPs are used to draw a three-dimensional (3d) vowel chart. The reason for adding a 3rd 

vowel chart in the final study is that the 2nd distance and 3rd distance of some vowels varies largely. 

For instance, the 2nd distance of vowel [i] and [y] is very different from the 3rd distance of [i] and [y] 

(Du & Chen, 2012). 

Each pronunciation of six target vowels is marked as dots in the 3rd vowel charts. According to the 

formula of Euclidean distance, the distance between any two dots can be calculated as: 

Dxy2d = �[M1(x) − M1(y)]2 + [M2(x) − M2(y)]2 

Dxy3d = �[M1(x) − M1(y)]2 + [M2(x) − M2(y)]2 + [M3(x) − M3(y)]2 

Note: x and y represent two different vowels; M1(x) represents the Mel value of the F1 of vowel x; M2(y) 

represents the Mel value of the F2 of vowel y, and so on.  

For example, the mean M1, M2 and M3 of vowel [i] produced by male LEPs are 389.527, 1677.772 

and 1967.253, and the mean M1, M2 and M3 of vowel [i] produced by male NEPs are 359.94, 1643.44 

and 2014.68. Therefore, the 2nd and 3rd distance between the first token of vowel [i] and the mean dot 

of all vowels [i] can be calculated as: 

Dxy2d = �(359.94 − 389.53)2 + (1643.44 − 1677.77)2=45.32 

Dxy2d = �(359.94 − 389.53)2 + (1643.44 − 1677.77)2 + (2014.68 − 1967.25)2=65.60 

The distance of the mean Mel of individual vowel productions between male LEPs and male NEPs, 

male MEPs and male NEPs were calculated and the results are listed in Table 6-12. 

Table 6- 12 Vowel’s Euclidean Distance between LEPs and NEPs 

Vowel D2d D3d Vowel D2d D3d 
iNEP iLEP 45.32 65.60 iNEP iMEP 54.11 54.11 
uNEP uLEP 262.59 277.88 uNEP uMEP 131.81 151.28 
yNEP yLEP 236.81 237.81 yNEP yMEP 86.82 105.50 
ɤNEP ɤLEP 118.27 127.03 ɤNEP ɤMEP 83.49 101.79 
ɹ̪NEP ɹ̪LEP 100.27 101.84 ɹ̪NEP ɹ̪MEP 46.87 47.88 
ɻNEP ɻLEP 38.23 38.23 ɻNEP ɻMEP 27.23 118.24 

The distance between each vowel produced by LEPs/MEPs and NEPs can also be a standard for the 

production inaccuracy of LEPs and MEPs. As shown in Table 6-12, there is no great divergence 

between the two dimensional Euclidean distance and the three dimensional Euclidean distance for 
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each vowel produced by LEPs and NEPs; this is also true for all target vowels produced by MEPs and 

NEPs except for [ɻ]. The 3rd distance of [ɻ] produced by MEPs and NEPs is a great deal larger than the 

2nd distance of [ɻ] produced by MEPs and NEPs (118.24Mel vs. 27.23Mel). This is because the F3 

value of MEPs’ [ɻ] is significantly different from the F3 value of NEPs’ [ɻ] while the F3 value of LEPs’ [ɻ] 

is not significantly different from the F3 value of NEPs’ [ɻ]. Since F3 is a very important formant for [ɻ] 

(F3 is related to the retroflex feature), in the analyses of Euclidean distance, the 3rd distance data was 

used as the standard.  

We see from Table 6-12 that the distances of [u] between NEPs and LEPs /MEPs are the longest. This 

indicates the productions of [u] by LEPs and MEPs are most different from the production of [u] by 

NEPs, and male LEPs and MEPs’ productions of [u] is most inaccurate; for LEPs and NEPs, the 

second longest distance is the production of [y], while for MEPs and NEPs, the production of [ɻ] 

achieved the second longest distance. Based on the Euclidean distance shown in Table 6-12, the 

production inaccuracy order (from worst to best) for LEPs is u>y>ɤ>ɹ̪>i>ɻ; and for MEPs is 

u>ɻ >y>ɤ>i>ɹ̪.  

The vowel accuracies showed by Euclidean distance are not exactly the same as the accuracies based 

on the frequencies of the first three formants, but it is generally agreed that u, y and ɤ are more 

inaccurate than ɹ̪, i and ɻ.  

6.3 Discussion 

6.3.1Relationship between Acoustic Analyses and Interpretations  

The participants’ productions of target vowels were analysed through subjective interpretations and 

objective acoustic analyses. The interpretations by NS judges show that [ɤ], [y], [ɻ] are the most 

problematic vowels for learners, while [i], [u], [ɹ̪] are the least problematic vowels. The results of 

acoustic analyses indicate that the production of [ɤ] and [u] are most inaccurate; [ɻ] and [i] are most 

accurate. The results of the two methods agree for some vowels. For instance, the target vowels [ɤ]’s 

production was very inaccurate according to both interpretations and acoustic analyses. On the other 

hand, there are some conflicts in the results of the two methods. For instance, the target vowel [u]’s 

production by learners was highly inaccurate according to the acoustic analysis; however, [u] was not a 

problematic vowel in the interpretations by NS judges. The other target vowel [ɹ̪]’s production 

inaccuracy was also high according to the acoustic analysis, but [ɹ̪] was also not a problematic vowel in 

the interpretations by NS judges. The inaccuracy order according to the two methods are listed in 

Table 6-13. 

Table 6- 13  Production inaccuracy orders for male participants of three groups 

Method Production inaccuracy order 
LEPs  MEPs 

Interpretation ɤ>y>ɻ>ɹ̪>u>i ɤ>y>ɻ>i >u >ɹ̪ 
Formant Value   ɤ, u > ɹ̪, y >ɻ, i ɤ, ɹ̪ > u, ɻ, y, i 

Euclidean Distance u> y > ɤ > ɹ̪ > i > ɻ u > ɻ > y > ɤ > i >ɹ̪ 
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This conflict may be related to the different perceptual weighting of formant values of each vowel by 

NS judges. As stated in section 5.3.3, learners with different L1 backgrounds relied on different 

formants to perceive the Mandarin vowel /y/. The interpretation of learners’ production is actually a 

perceptual identification of learners’ production by NS judges. Spectral features (frequencies of the first 

three formants) may also play different roles in this perception. For example, LEPs produced [ɹ̪] and [u] 

very inaccurately but NS judges seemed to ‘ignore’ their poor production. On the other hand, NS 

judges are very sensitive to the inaccurate production of vowels [y] and [ɤ] by learners. For these two 

vowels, learners’ inaccurate production directly resulted in more errors in the interpretations by NS 

judges. Tables 6-13 and 6-14 listed the comparison results on each vowel produced by learners and 

native Mandarin speakers, and the production error percentage for each vowel produced by learners 

according to the interpretation by NS judges. Bold values represent significant differences in 

comparison. 

Table 6- 14  Comparison between male LEPs and male Native speakers using F1-F3 Frequencies and 

Interpretations 

Vowel Formant value Interpretation  
F1  F2 F3 Rank Error percent Rank 

i p<.05, d=.499  p>.05  p<0.5, d=.73  5 8.2%6 6 
u p>.05 p<.05, d=1.466 p<.05, d=1.356 1 11.8%5 5 
y p<.05, d=.463 p<.05, d=1.429 p>.05  3 33.6%2 2 
ɤ p<.05, d=.833 p<.05, d=1.163 p<.05, d=.658 1 54.5%1 1 
ɹ̪ p<.05, d=1.221 p>.05  p<.05, d=.653 3 12.7%4 4 
ɻ p<.05, d=.648 p<.05, d=.523 p>.05 5 30.9%3 3 

 

Table 6- 15 Comparison between male LEPs and male Native speakers using F1-F3 Frequencies and 

Interpretations 

Vowel Formant value Interpretation  
F1 F2 F3 Rank Error percent Rank 

i p>.05 p<.05, d=.69 p>.05 6 10.0% 4 
u p>.05 p>.05 p<.05, d=.89 3 6.3% 5 
y p>.05 p>.05 p<.05, d=.768 5 13.8% 2 
ɤ p>.05 p<.05, d=1.229 p>.05 1 23.8% 1 
ɹ̪ p<.05, d=1.175 p>.05 p>.05 2 5.0% 6 
ɻ p>.05 p>.05 p<.05, d=.799 4 11.3% 3 

Following the work of Flege et al. (1997), a series of stepwise multiple regression analyses were 

performed to assess the relationship between spectral features (frequencies of the first three formants) 

and the production error percentages interpreted by NS judges. the mean frequency of each formant 

for each vowel produced by each learner (11 LEPs, eight MEPs) and the mean production error 

percentage of each vowel interpreted by native speaking judges were submitted to each stepwise 

multiple regression test. The dependent variable in each of six analyses (one for each vowel) was the 

production error percentage. The independent variables were F1 (height), F2 (backness/roundness), 

F3 (rhotic) values. The results can evaluate the unique contribution of each formant frequency to the 

production error percentage for each vowel.  
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The results of the stepwise multiple regression indicated that for the vowel [i], at step 1 of the analysis, 

F1 value entered into the regression equation and was significantly related to the production error 

percentage F (1, 17)=8.393, p<.01. The multiple correlation coefficient was .575, indicating 

approximately 33.1% of the variance of the production error percentage could be accounted for by F1 

value, corresponding to height. At step 2 of the analysis, F1 and F2 values entered into the regression 

equation and were significantly related to the production error percentage F (2, 16) = 10.534, p <.01. 

The multiple correlation coefficient was .754, indicating approximately 56.8% of the variance of the 

production error percentage could be accounted for by F1 and F2 values (height and backness). F2 

value alone accounts for 23.8% of the variance of the production error percentage, not quite as much 

as the F1 value. The F3 value did not enter into the equation at step 2 of the analysis (t = 1.000, 

p > .05). Thus, the regression equation for predicting the [i] error percentage is: error percentage =.259 

× F1 value − .036 × F2 value + 8.443. F1 (height) and F2 (backness and/or roundness) are significantly 

important features for the accurate production of [i] as interpreted by NS judges.  

For the vowel [u], at step 1 of the analysis, F2 value entered into the regression equation and was 

significantly related to the production error percentage F (1, 17) = 10.474, p<.01. The multiple 

correlation coefficient was .617, indicating approximately 38.1% of the variance of the production error 

percentage could be accounted for by F2 value. The F1 and F3 values did not enter into the equation 

at step 2 of the analysis (tF1=1.171, p > .05; t F3=-.265, p > .05). Thus, the regression equation for 

predicting the [u] error percentage is: error percentage =.043 × F2 value − 35.472. F2 (backness and/or 

roundness) is the only significantly important feature for the accurate production of [u] as interpreted by 

NS judges. 

For the vowel [y], at step 1 of the analysis, F2 value entered into the regression equation and was 

significantly related to the production error percentage F (1, 17) =5.742, p<.05. The multiple correlation 

coefficient was .502, indicating approximately 25.2% of the variance of the production error percentage 

could be accounted for by F2 value. The F1 and F3 value did not enter into the equation at step 2 of 

the analysis (tF1=1.025, p > .05; t F3=1.521, p > .05). Thus, the regression equation for predicting the [u] 

error percentage is: error percentage =-.036 × F2 value + 87.430. F2 (backness and/or roundness) is 

the only significantly important feature for the accurate production of [y] as interpreted by NS judges. 

For the vowel [ɹ̪], at step 1 of the analysis, F2 value entered into the regression equation and was 

significantly related to the production error percentage F (1, 17) =11.158, p<.01. The multiple 

correlation coefficient was .629, indicating approximately 39.6% of the variance of the production error 

percentage could be accounted for by F2 value. The F1 and F3 value did not enter into the equation at 

step 2 of the analysis (tF1=-.869, p > .05; t F3=-1.267, p > .05). Thus, the regression equation for 

predicting the [u] error percentage is: error percentage =.018 × F2 value − 22.442. F2 (backness and/or 

roundness) is the only significantly important feature for the accurate production of [ɹ̪] as interpreted by 

NS judges. 

For the vowel [ɻ], at step 1 of the analysis, F3 value entered into the regression equation and was 

significantly related to the production error percentage F (1, 17) = 5.360, p<.05. The multiple correlation 

coefficient was .490, indicating approximately 24.0% of the variance of the production error percentage 
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could be accounted for by F3 value. The F1 and F3 value did not enter into the equation at step 2 of 

the analysis (tF1=-.1.378, p > .05; t F2=.152, p > .05). Thus, the regression equation for predicting the [u] 

error percentage is: error percentage =.031 × F3 value − 53.176. F3 (rhotacization) is the only 

significantly important feature for the accurate production of [ɻ] as interpreted by NS judges. 

For the vowel [ɤ], a significant regression model could not be established, probably because there was 

less variance in the error percentage for [ɤ] than for the other five target vowels. 

As shown in Table 6-13, the F1 and F3 frequencies of LEPs’ were significantly different from NEPs’ [ɹ̪], 

however the stepwise multiple regression test indicated that only the F2 value accounted for a 

significant 39.6% of variance in the error percentage for [ɹ̪]. Therefore, it is reasonable that [ɹ̪]’s 

production inaccuracy was high according to the acoustic analysis, but [ɹ̪] was one of the least 

problematic vowels in the interpretation by NS judges (see Table 6-8); the F1 and F2 frequencies of 

LEPs’ [ɻ] were significantly different from NEPs’ [ɻ], however the stepwise multiple regression test 

indicated that only the F3 value accounted for a significant 24.0% of variance in the error percentage 

for [ɻ]. Therefore, it is reasonable that [ɻ]’s production inaccuracy was high according to the acoustic 

analysis, but [ɻ] was also one of the least problematic vowels in the interpretation by NS judges (see 

Table 6-8).  

The result of the vowel [u] was an exception. The stepwise multiple regression test indicated that the 

F2 value accounted for a significant 38.1% of variance in the error percentage for [u]; and the F2 and 

F3 frequencies of LEPs’ [u] were significantly different from NEPs’ [u]. Therefore, the production 

inaccuracy of [u] according to acoustic analyses and the production inaccuracy of [u] based on the 

interpretation by NS judges should be consistent, however [u] was highly inaccurate according to the 

acoustic analysis but was not a problematic vowel in the interpretation by NS judges. The gap reflected 

by [u]’s accuracy from two different measurements could probably be explained by the distance 

between the different L2 vowels. Because the position of vowel [u] in the vowel chart was far from the 

other five vowels, the incorrect production revealed in the acoustic analysis did not lead to confusions 

between the vowel [u] and other target vowels. Since the F1-F3 comparison only represents the 

production accuracy of each vowel itself compared to production of the native Mandarin speakers, the 

distance between two target vowels were not reflected, but were shown in the previous vowel charts 

(Figure 6-9 to Figure 6-12).   

6.3.2 A Possible Cue for the Interpretations of Vowels  

In section 6.3.1, the relationship between acoustic features and the interpretations by NS judges were 

investigated. The first three formants contribute differently to the interpretations of different vowels. 

Besides the formant values, there is another possible cue for the judges to interpret learners’ 

production: consonant onsets. In the perceptual identification task, the consonant onsets probably help 

the learners to distinguish the allophone [ɹ̪] from another allophone [ɻ] (see section 5.2.2.1). The 

consonant onsets may also contribute to the interpretations of some vowels by NS judges.  
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To ascertain if the NS judges rely on other cues than formant values to interpret learners’ production, 

the production error pattern of high vowels is analysed acoustically. According to NS judges’ 

interpretation, learners’ production greatly confused the high front rounded [y] and high back rounded 

[u] (see section 6.2.1). Table 6-16 and Figure 6-13 present the formants values of /y/ and /u/. In Table 

6-16 and Figure 6-13, ‘Ny’ and ‘Nu’ represent the pronunciation of vowels /y/ and /u/ by male NEPs; 

‘Ly’ and ‘Lu’ represent the correct production of /y/ and /u/ by male LEPs (/y/ being interpreted as /y/; 

/u/ being interpreted as /u/ by NS judges); ‘Lu*’ represents /y/ productions by male LEPs which were 

interpreted as /u/ by NS judges; ‘Ly*’ represents /u/ productions by male LEPs which were interpreted 

as /y/ by NS judges. 

Table 6- 16 F1, F2 and F3 values for /y/ and /u/ produced by male LEPs 

Vowel F1 F2 F3 
Mean S.D Range Mean S.D Range Mean S.D Range 

Ny 290 28 246-374 1918 92 1740-2068 2258 172 1972-2686 
Nu 331 22 281-380 777 173 525-1071 2616 209 2196-3180 
Ly 297 32 251-403 1719 258 888-2029 2285 143 2005-2679 
Ly* 322 16 300-341 1645 184 1367-1875 2263 159 2022-2580 
Lu 317 48 241-515 1098 284 743-1728 2377 155 1987-2818 
Lu* 309 34 244-402 1113 281 719-1664 2277 163 2043-2614 

 

Figure 6- 13. Formants of /y/, /u/, [u*] and [y*]. 
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As shown in Table 6-13, the F2 values of NEPs’ [u] and [y] are not overlapped. The lowest F2 for NEPs’ 

[y] is 1740Hz, while the highest F2 for NEPs’ [u] is 1071Hz. However, there is an overlap of the F2 values 

for learners’ vowels interpreted as [u] and vowels interpreted as [y] of nearly 1,000 Hz (from 888 - 1728): 

the F2 range for [Lu] and [Lu*] is 719-1728 Hz, the range for [Ly] and [Ly*] is 888-2029 Hz. Therefore, 

NS judges cannot just rely on F2 frequencies to identify which vowel is [u] and which is [y], they may use 

some additional cues to assign the vowels, such as the onsets. In this study, target [y] only occurs after 

palatal fricative and affricates and [u] follows dental and alveolar fricatives and affricates. Since there are 

no palatal fricatives and affricates in NZE, it is possible that learners use NZE dental and alveolar 

fricatives and affricates to replace the Mandarin palatal fricative and affricates. When NS judges hear the 

NZE dental and alveolar consonants, they judge the vowels following these consonants as [u], not [y]. 

Therefore, even though learners produce [y] correctly, judges may still hear learners [y] as [u] because 

of the consonantal influence.   

6.4 Summary  

In this chapter, the results of the production task were analysed subjectively (interpretations by NS 

judges) and acoustically. The interpretations of learners’ production by NS judges showed that MEPs 

were generally better at production than LEPs except for the production of [i]. LEPs’ production of [i] 

was worse than MEPs’ production of [i]. This is probably because [i] is the good instance of the NZE /i/ 

vowel category. According to the Speech Learning Model, the L2 vowels, which are similar to L1 vowel 

category, are not acquired authentically but are replaced by their corresponding L1 vowels and result in 

more errors in the later acquisition stage (MEPs’ learning stage) than in the early stage (LEPs’ learning 

stage).  

The interpretation results indicated that the production inaccuracy order for LEPs is: ɤ > y > ɻ > ɹ̪ > u > 

i; the production inaccuracy order for MEPs is: ɤ > y > ɻ > i > u > ɹ̪ (‘>’ means ‘harder’). LEPs and 

MEPs had most errors in producing [ɤ] and [y]. [ɤ]’s errors were mainly being misproduced as [ɻ] and 

[ɹ̪]; [y]’s errors were mainly being misproduced as [u]. Other main errors included: [ɻ] being 

misproduced as [i] or [ɤ] (13.6%; and [ɹ̪] being misproduced as [i].  

A series of Mann-Whitney tests indicated no significant difference in the error percentages for all target 

vowels between LEPs and MEPs. More experienced learners didn’t perform significantly better on all 

target vowels than less experienced learners. However, the acoustic analysis indicated significant 

differences between MEPs’ production and LEPs’ production of vowels [i], [u], [y], [ɹ̪] and [ɻ] in F2 or F3 

formant values. This suggested that the acoustic analysis can reveal significant differences which are 

not reflected by statistical analysis. 

In the acoustic analysis, the first three formant values of target vowels produced by three groups’ 

participants were measured. F1-F2 acoustic vowel charts were drawn based on the frequencies data. 

Vowel charts reflected the positions of each vowel type produced by three groups and showed the 

differences between the productions of LEPs, MEPs and NEPs in the height and backness of target 

vowels visually. Then the frequencies of the first three formants of vowels were compared to each 

other statistically using one-way ANOVA. Using this method, the production inaccuracy order for LEPs 
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is ɤ, u > ɹ̪, y > ɻ, i; the production inaccuracy order for MEPs is: ɤ, ɹ̪ > u, ɻ, y, i. LEPs and MEPs 

produced ɤ, u, ɹ̪ most inaccurately according to the acoustic analysis.  

There were some inconsistences in the results of the acoustic analysis and the interpretations by NS 

judges. To explain the gaps between the results, a series of Stepwise Multiple Regression tests were 

conducted to assess which spectral features contribute significantly to the interpretations (perception) 

by NS judges. Results indicated that [i]’s F1 and F2 values contributed significantly to the perception of 

[i] by native Mandarin speakers; the F2 values of [u], [y], [ɹ̪] contributed significantly to the perception of 

these three vowels by native Mandarin speakers; the F3 value of [ɻ] contributed significantly to the 

perception of [ɻ] by native Mandarin speakers. Unfortunately, the data in the current study were 

insufficient to reveal the relationship between the spectral features and interpretations for [ɤ]. The 

native Mandarin speakers’ perceptual feature weighting explained the gaps between the acoustic 

analysis and the interpretations by NS judges well, except for the target vowel [u] which occupied a 

very marginal position on the vowel chart. The distance between [u] and other target five Mandarin 

vowels probably explained why [u] was produced with great acoustic inaccuracy, but its inaccurate 

production didn’t cause significant trouble in the native speaker’s perception of L2 learners’ production 

of [u]. In addition, NS judges may rely on the consonant onsets to distinguish [y] and [u] which 

suggests other cues than formant values could be used in the interpretation by NS judges. 
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7 Discussion, Conclusion, Evaluation, and Future 
Study  

In this final chapter, several fundamental questions in the current study are discussed. A general 

summary of each research question is given with the specific concrete findings relating specifically to 

each question. Then the implications and limitations of the current study are evaluated. Finally, future 

directions for research are described.  

7.1 Discussion 

In this section, several fundamental questions in the current study are discussed: first the 

categorization of Mandarin vowels in NZE vowel categories, second, NZE speaking learners’ 

performance in perception and production of Mandarin vowels and finally, the relationship between 

perception and production. 

7.1.1 The Perceptual Categorization of Mandarin Vowels in NZE 

7.1.1.1 New Findings  

A comparison of L1 and L2 vowels provides a key determinant of L2 learners’ perceptions of L2 

vowels. In the current study, the cross-language comparison between target Mandarin vowels and 

English vowels are accomplished by a perceptual categorization of Mandarin vowels in NZE. In 

Chapters 5 and 6, the cross-language perceptual mapping task reported the results of the perceptual 

categorization of Mandarin vowels in NZE. The results showed several differences compared to 

previous studies of the comparison between Mandarin and English vowels. First, Li & Liu (2008), 

Thomson et al., (2009), Wen (2010) and Wu (2011) all suggested Mandarin vowel [ɤ] is similar to or 

has a corresponding English vowel (either /ɜ/ or /ʊ/). However, [ɤ] was not assimilated to any NZE 

vowel category according to the cross-language perceptual mapping task. [ɤ] is an uncategorized 

vowel which is less similar to/had no corresponding English vowel. Secondly, Mandarin [u] was 

assimilated to NZE /u/ category as a fair instance. The categorization of Mandarin [u] in this study 

supports the statements of Li & Liu’s (2008) and Wen’s (2010) observation on tongue positions of 

Mandarin and English: [u] is similar to or has a corresponding English vowel /u/; but Thomson et al.’s 

(2009) and Wu’s (2011) results based on acoustic features show that Mandarin and Canadian English 

/u/ are very different. Thirdly, [y] was considered as having no corresponding English vowel as there is 

no high front rounded vowel in English (Li & Liu, 2008; Wen, 2010), however it was assimilated to the 

NZE /u/ as a fair instance (similar to/has a corresponding English vowel /u/). 

The new findings from the categorization of Mandarin vowels in NZE suggest that different comparison 

techniques lead to different results. Li & Liu’s (2008), Wen’s (2010), and part of Wu’s (2011) studies 

compared the tongue positions of vowels between Mandarin and English. Thomson et al., (2009) and 

Wu (2011) compared the acoustic features (multiple or first two formants) of Mandarin and English 
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vowels. In the current study, the perceptual comparison method was adopted. The three techniques 

share some conclusions but not others. For example, both vowel inventory and perceptual comparison 

report the Mandarin vowel /u/ resembles English /u/, while acoustic comparison found that Mandarin 

and English /u/ are very different. At the same time, both acoustic comparison and inventory 

comparison report that Mandarin [ɤ] has a similar English vowel and Mandarin [y] has no similar 

English vowel, while the perceptual comparison method reports the opposite results. It is well known 

that there is a correlation between the perception and acoustic features of sounds. A famous example 

would be the direct correlation between the height, backness and roundness and the frequencies of the 

first three formants of vowels. However, the correlation is not straightforward, as there are numerous of 

acoustic features of one sound, and how these acoustic features influence/determine the perception of 

the sound is still not completely clear. It is possible that Mandarin and English /u/ may be very different 

acoustically but perceptually close to each other.  

In conclusion, the result of cross-language comparison depends on the techniques used in the 

comparisons. Since the current study investigates the vowel perception, the perceptual categorization 

results are adopted. Mandarin vowels [i], [u], [y] have corresponding English vowel categories; they are 

similar vowels. Mandarin vowels [ɤ], [ɹ̪], [ɻ] have no corresponding English vowel categories; they are 

less similar vowels. When the goodness-of-fit scores are added, the similarity order of these vowels is 

[i] > [u], [y], > [ɤ], [ɹ̪], [ɻ] (‘>’ represents greater). 

7.1.1.2 Perceptual Weighting on the Categorization of [y] 

The perception of Mandarin high vowels shows a certain pattern. In the perceptual categorization task, 

the high front rounded vowel [y] and the high back rounded vowel [u] were both assimilated to NZE 

high central rounded vowel /u/ category. Native English speaking learners’ perceptual categorizations 

of other L2s (German and French), which have the high front rounded vowel /y/, also reflect this 

pattern: the high front rounded vowel /y/ is assimilated to the back front rounded vowel /u/ category 

rather than the high front unrounded vowel /i/ category. However, native Japanese and Korean 

speaking learners do categorize Mandarin /y/ to their L1 /i/ vowel category. I assume the reason for 

different categorization of /y/ is that different distinctive features exist in L1 high vowel systems, leading 

learners with different L1 backgrounds to rely on different distinctive features (L1 phonology influences 

L2 phonology) to perceive L2 phones. There are backness and roundness contrasts in English and 

Korean high vowels, but Japanese only has the backness contrast in its high vowels. Therefore, 

Japanese learners have to rely on the distinctive feature of backness to perceive an L2 phone, thus 

they assimilate Mandarin /y/ to their /i/ vowel category not their high back unrounded vowel /ɯ/ 

category. As for English and Korean speaking learners, they seem to rely on roundness or backness to 

perceive L2 high vowels. For English speaking learners, the roundness feature is more salient than the 

backness feature; Korean speaking learners are more sensitive to the backness feature than the 

roundness feature.  
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7.1.2 Learners’ Performance in Perception 

7.1.2.1 Predictions of SLM and PAM 

Learners’ performance in perception is reflected by their perceptual identification accuracy of target 

Mandarin vowels in Chapter 6. Their performance is predicted by the Speech Learning Model (SLM) 

and Perceptual Assimilation Model (PAM). Learners’ performance and the predictions of two models 

are combined to be discussed in turn below. 

SLM predicts more similar vowels are easier to perceive and less similar vowels are difficult to perceive 

by L2 learners at that early stage of acquisition because learners use the corresponding L1 vowel to 

substitute the similar vowels. The perceptual identification results of the most similar vowel [i] and less 

similar vowel [ɤ] are in accordance with the predictions of SLM, that ([i] is easy to be identified 

accurately and [ɤ] is difficult to be perceived correctly by learners), while the performance of two less 

similar vowels [ɹ̪] and [ɻ] are in conflict with the SLM’s predictions. According to SLM, [ɹ̪] and [ɻ] should 

be relatively difficult for learners at the early stage of acquisition. [ɹ̪] and [ɻ] are allophones of one vowel 

phoneme /i/ and they occur in different consonantal contexts (complementary distribution). The 

learners may just perceive the different consonantal contexts as different and the different consonantal 

onsets probably help the learners to tell the vowels apart. As for the other two vowels [y] and [u] which 

are similar L2 vowels (although not the most similar ones), they should be easier to perceive accurately 

by learners as SLM predicts, however they are identified with high inaccuracy; [ɹ̪] and [ɻ] are less 

similar L2 vowels which should be difficult to perceive for learners, but they are identified with high 

accuracy. A possible reason for the unusual performances of [y] and [u] as SLM predicts is the 

perceptual categorization of [y] and [u]. These two vowels are assimilated to a same NZE vowel 

category /u/; thus, learners use the NZE vowel /u/ to substitute for them both. [y] and [u] are not just 

similar to English /u/, but they are also similar to each other (categorized into the same L1 vowel 

category). Therefore they are frequently identified as each other by learners and their identification 

inaccuracy is high.  

The role of language experience (learning effect) in perception also indicates similar patterns. The 

vowels [u, y, ɤ] with at best a fair fit did show learning effects, while vowels [ɹ̪] and [ɻ] which were poor 

examples of any NZE vowel category, did not show any learning effect. SLM predicts that there will be 

a significant difference on the perception errors of less similar sounds between beginners and more 

experienced learners, not more similar sounds. Learners’ performances of [ɹ̪], [ɻ] contradict the 

predictions of SLM, but can be explained by the allophonic status of these two sounds as stated above. 

Together these suggest that the perception of L2 vowels is not just influenced by the L1 vowels, but is 

also affected by L2 vowels’ own inventory and the context chosen for the vowels in a study.  

PAM’s prediction of L2 learners’ perceptual performance considers the status of both L1 and L2 

phones. It predicts the discrimination performance of L2 sound contrasts according to the ways they 

are assimilated to the L1 sound category/categories: The discrimination between Single-Category 

vowels is poor; the discrimination between two-Category vowels is very good; the discrimination 

between uncategorized versus categorized vowels is also very good; the discrimination between both 
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uncategorized vowels is from poor to very good. The perceptual identification results show that the 

discrimination between pairs of target vowels can be predicted by their categorization types in PAM: 

the discrimination between [y] and [u], a pair of the Single-Category type, is poor; while discrimination 

between pairs of the Two-Category type (i-y, i-u) and pairs of Uncategorized versus Categorized (y-ɹ̪, u-

ɤ, y-ɤ, y-ɻ, u-ɹ̪, u-ɻ, i- ɹ̪, i- ɻ and i-ɤ) is good to very good. However, the discrimination between pairs of 

vowels where both are of the Uncategorized type (ɤ-ɹ̪, ɹ̪-ɻ and ɤ-ɻ) ranged from fair to very good.  

In conclusion, PAM’s predictions are more accurate than SLM’s in the perception of target Mandarin 

vowels preceding dental, retroflex or palatal fricatives and affricates in the current study. Due to the 

specific status of some target L2 phones (allophones), SLM’s predictions are not always consistent 

with the learners’ performance in perception. 

7.1.2.2 The Directional Asymmetries in L2 Learners’ Perception 

In the perceptual identification task, learners identified [y] as [u] and [ɤ] as [ɹ̪] significantly more than [u] 

as [y] and [ɹ̪] as [ɤ]. The directional asymmetry in learners’ discrimination of the pair [ɤ]-[ɹ̪] can be 

explained by the Peripherality Hypothesis which proposes that more peripheral vowels are more stable 

and salient in perception and the less peripheral vowel will be identified as more peripheral vowel more 

than the more peripheral vowel as less peripheral vowel. Peripheral vowels are vowels at acoustic and 

articulation extremes of a F1-F2 vowel space. Phonetically speaking, [ɹ̪] is a dental approximant with 

more ‘’acoustic and articulation extreme’ than the vowel [ɤ]. Therefore [ɹ̪] is the peripheral vowel in the 

[ɤ]-[ɹ̪] pair and the learners perceptually identified [ɤ] as [ɹ̪] more often than [ɹ̪] as [ɤ]. As for the pair [u]-

[y], learners identify [y] as [u] more often than [u] as [y] can be explained as [u] is more peripheral than 

/y/ in a F1-F2 vowel space. In a F1-F2 vowel space, [u] is the highest and most back vowel, but [y] is 

not the highest and most front vowel. 

7.1.3 Learners’ Performance in Production 

7.1.3.1 A Gap between NS Judges’ Interpretations and the Acoustic Analysis 

Learners’ performance on production is investigated by a production task in which learners’ production 

of target vowels are examined by NS judges’ interpretations and the acoustic analysis in Chapter 7. It 

is found that there is a gap between NS judges’ interpretations and the results of the acoustic analysis. 

For instance, learners’ intended production of [u] is highly inaccurate according to the acoustic analysis 

(frequencies of 2nd and 3rd formants of LEPs’ [u] are significantly different from NEPs’ [u] with very 

large effect sizes), but is highly accurate according to NS judges’ interpretations (error rate =11.8%). 

The other target vowel [ɹ̪]’s production inaccuracy is also high according to the acoustic analysis, but [ɹ̪] 

is also not a problematic vowel in the interpretation by NS judges. Results of a series of Stepwise 

Multiple Regression tests indicate that the NS judges rely on different formant values to interpret 

learners’ production. This finding can explain some contradictions between subjective interpretations 

and the objective acoustic analysis. For example, the F1 and F3 frequencies of LEPs’ [ɹ̪] are 

significantly different from NEPs’ [ɹ̪], however judges only significantly rely on the F2 value of [ɹ̪] to 
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interpret learners’ production and the F2 value of [ɹ̪] is not significantly different between learners and 

native speakers’ production. Therefore, even though the acoustic analysis shows that LEPs produce [ɹ̪] 

with great inaccuracy, [ɹ̪] is not a problematic vowel in NS judges’ interpretations. However, the finding 

cannot explain the gap between the interpretation and the acoustic analysis of learners’ [u], as the 

Regression test indicates that the F2 value of [u] significantly contributes to NS judges’ interpretations 

and the acoustic analysis also shows that the F2 value of learners’ [u] is significantly different from 

native Mandarin speakers’ [u]. The gap reflected by [u]’s accuracy from two different measurements 

probably can be explained as [u]’s position in the vowel chart. [u] is far from the other five vowels in the 

vowel chart, the incorrect production revealed in the acoustic analysis did not lead to confusions 

between the vowel [u] and other target vowels. To sum up, the finding of the Regression tests reflects 

native Mandarin speakers’ weighting of acoustic features in their interpretations of learners’ production. 

It is reasonable to have gaps between the results of two different analysis methods. This indicates that 

there is a complex correlation between the acoustic data and the perceptual judgement, just like the 

perceptual categorization and the acoustic comparison of L1 and L2 phones discussed in 8.1.1.  

7.1.3.2 Other Possible Cue(s) for NS judges 

Aside from the first three formants of target vowels, NS judges may rely on extra cue(s) to interpret 

learners’ production. An acoustic analysis of learners’ production errors on the two high vowels [y] and 

[u] reveals that NS judges cannot just use the key formant (F2) for [y] and [u] to distinguish them 

because there is an overlap on the F2 values for learners’ production of [y] and [u]. There is a 

possibility that judges may rely on the consonant onsets preceding [y] and [u] to distinguish them. 

Since there are no palatal fricatives and affricates in NZE, it is possible that learners use NZE dental 

and alveolar fricatives and affricates (which only precede [u]) to replace the Mandarin palatal fricative 

and affricates (which only appear before [y]). In this case, NS judges may interpret the vowel after 

dental and alveolar fricatives and affricates produced by learners as [u], not [y]. 

7.1.4 The Relationship between Perception and Production 

7.1.4.1 General Findings 

Assessing the relationship between perception and production of L2 sounds is one of the most 

intriguing topics in the study of L2 speech acquisition. To explore the relationship between the 

perception and production of target vowels in this study, error percentages for perception (perceptual 

identification task) were compared to those for production (the interpretations by NS judges) for LEPs 

and MEPs. To find out if there is any statistically significant relationship between error percentages for 

perception and production, a series of Spearman's rank-order correlation tests were performed. A two-

tailed test of significance indicated that there was a significant correlation between the overall mean 

perception and production error percentages for all learners (rs =.657, n =19, p<.05), but this was due 

mainly to the significant correlation between perception and production of the vowels y, ɻ, ɤ. For vowels 

i, u, ɹ̪, there was no significant relationship between perception and production. And when investigating 

the LEPs or MEPs alone, the two-tailed tests indicated that there was a significant relationship 
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between perception and production only for the retroflex approximant [ɻ]. This may be due to the 

retroflex feature of this phone as it is the only feature important to the target vowels that is shared by 

no NZE vowel. For all the other five vowels, there was no significant correlation between perception 

error percentages and production within a learner group35. For a summary of these results, see Table 

7-1.  

Table 7- 1 Results of the relationship between perception and production of each target vowel type and 

overall vowels by LEPs, MEPs and both  

Learners i u y ɹ̪ ɻ ɤ Overall 

LEPs(n=11) 
rs =.572,  
p =.066 

rs =-.141, 
p =.679 

rs =.377, 
p =.253 

rs =-.271, 
p =.420 

rs =.609*, 
p =.047 

rs =.241, 
p =.475 

rs =.593, 
p =.054 

MEPs(n=8) 
rs =-.283 
p =.496 

rs =.476, 
p =.233 

rs =.560, 
p =.149 

rs =.667, 
p =.071 

rs =.793*, 
p =.019 

rs =.468, 
p =.243 

rs =.627, 
p =.096 

LEPs & MEPs 
(n=19) 

rs =.149, 
p =.542 

rs =.164, 
p =.503 

rs =.573*, 
p =.010 

rs =.017, 
p =.944 

rs =.661**, 
p =.002 

rs =.559*, 
p =.013 

rs =.657**, 
p =.002 

Note: *p < .05, **p < .01, ***p < .001 

The Spearman's rank-order correlation tests suggest that the relationship between perception and 

production performance may vary with the vowel. There is a correlation in perception and production 

for some vowels, but not for others. It is not possible to make a generalization because perception and 

production are not always correlated, but sometimes they are. There was no one-to-one 

correspondence between perception and production accuracy of individual vowels in either group (see 

Figure 7-1). The same vowels rank differently in terms of difficulty in production and perception: for 

LEPs, [y] is the hardest vowel to identify but the second hardest to produce; [ɤ] is the second hardest 

vowel to identify but the hardest to produce. Also for LEPs some vowels scored better in perception 

than production, while for other vowels, the opposite is true. The mean error percentages for their 

perception of vowels [y], [u] and [i] were higher than the mean error percentages for their production of 

the same vowels. That is, LEPs produce [y], [u] and [i] more accurately than they perceive them, while 

the mean error percentages for perception of vowels [ɤ], [ɻ] and [ɹ̪] was lower than their mean error 

percentages for production: LEPs perceive [ɤ], [ɻ] and [ɹ̪] more accurately than they produce them. For 

MEPs, [y] is not the hardest vowel to identify, instead [ɻ] is the hardest one; [y] is the second hardest 

one to identify. Like LEPs, [ɤ] is still the hardest vowel to produce and [y] is the second hardest vowel 

to produce for MEPs. For MEPs, the mean perception error percentages of all vowels are lower than 

their mean production error percentages except for [ɻ], whose mean perception error percentage is still 

higher than its mean production error percentage. This indicates that language experience plays more 

of a role in the perception than the production, as stated above. 

                                                      
35 When investing LEPs and MEPs together or alone, there are different results for each vowel. The different results may be due 
to the number of participants being investigated. 
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Figure 7- 1. Mean error percentages for perception and production of target vowels by LEPs and 

MEPs. 

From the preliminary observation for LEPs, the three high vowels [y], [u] and [i] form a group with better 

perception than production, while in the case of the other three vowels [ɤ], [ɻ], [ɹ̪] perception is worse 

than their production from another group. A possible factor influencing their behaviour is their 

classification according to PAM. The three high vowels [y], [u] and [i] are all categorized vowels in 

PAM; that is, all were assigned to NZE vowel categories in the perceptual mapping task ([i] is a good 

instance of NZE [i], and [y] and [u] are fair instances of NZE vowel [u] (see Table 5-3). The other three 

mid vowels [ɤ], [ɻ] and [ɹ̪] are all uncategorized vowels in PAM; that is, they are at best poor instances 

of any NZE vowel category. In other words, the three categorized vowels, [i], [y] and [u] which are 

produced more accurately by LEP, are more similar to their L1 than the uncategorized vowels which 

they found harder to produce, even though they could perceive them correctly. Although the statistical 

results are consistent for both groups (only a significant correlation between perception and production 

for the retroflex but not the other five vowels), it does look like LEPs are better at production of more 

familiar vowels (i, u, y) but better at perception of less familiar vowels, while MEPs are better at 

perception for all vowels except the retroflex. This result agrees with the general assumption that 

perceptive ability precedes productive ability, unless perception is ‘skewed’ by competition from an L1 

category (NZE 'i' and barred 'u' being midway between [u] and [y]). In conclusion, different results for 

different vowels are pointing to the relevance of the different categorization status of these vowels.   

As shown in Figure 7-1, the mean perception and production error percentages of each vowel was 

lower for MEPs than for LEPs. MEPs are generally better at perception and production of target vowels 

than LEPs. However, MEPs’ error percentages for perception are much less than LEPs’ while MEPs’ 

error percentages for production are only a little less than those for LEPs. This implies that with little 

experience speakers can produce sounds, even though they might still struggle to perceive them. This 

may be hard to imagine in the L1 study, however many L2 studies report that the production ability of 

some learners if not all of them precedes their perception ability (Flege et al., 1997; Sheldon & 

Strange, 1982; Smith, 2001; Zampini & Green, 2001). This also suggests that language experience 

plays a lesser role in the improvement of production than in the improvement of perception. This 

interpretation is somewhat supported by the direct analysis of the effect of language experience (see 

section 5.3.1 and 6.2.1). While Mann-Whitney tests showed that there was no significant difference 

between LEPs and MEPs (p > .05) in the error percentages for production of the target vowels or for 

perceptual identification of the three vowels [ɻ], [ɹ̪] and [i], there was a significant difference between 
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LEPs and MEPs (p < .05) in the mean error percentage for perceptual identification of the vowels [y], 

[ɤ] and [u], with MEPs performing better than LEPs. 

7.1.4.2 Individual Differences 

As stated above, there is no consistent and systematic conclusion regarding the relationship between 

perception and production. The relationship between perception and production depends on the type of 

vowel and the group of learners. In this section, each learner’s perception and production of vowels are 

examined to determine individual differences in the relationship between perception and production. 

See Figure 7-2 and Figure 7-3. 

Investigation of individual learners’ data reflects great individual differences. Some learners’ perception 

and production are correlated more than other learners. For instance, in the LEPs group, learners PTi, 

PKa, PAa, PTh’s perception and production are correlated for more vowels than other LEPs. In the 

MEPs group, learners PWi, PSoI, PMa’s perception and production are correlated for more vowels 

than other MEPs. An individual learner’s perception and production are correlated for some target 

vowels but not correlated for other target vowels. For example, the perception and production of PAb in 

LEPs group for [ɤ] are correlated, but not the other five vowels; the perception and production of PJeT 

in MEPs group for vowels [i], [u], [ɹ̪], [ɻ] and [ɤ] are correlated, but seem not to be correlated for [y]. In 

conclusion, the large individual differences result in no one-to-one correspondence between perception 

and production accuracy of vowels in either group, although the overall perception and production for 

each learner are correlated significantly in statistics mainly because each individual learner’s 

perception and production are correlated for some vowels but not for other vowels.  
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Figure 7- 2 . Error rates for 11 LEPs’ perception and production of target vowels 
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Figure 7- 3. Error rates for Eight MEPs’ perception and production of target vowels
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7.2 Conclusion of the Current Study 

This study examined the perception and production of six target Mandarin phones [i], [u], [y], [ɤ], [ɹ̪], [ɻ] 

by native NZE speaking learners of Mandarin. This research employed a pilot study and main studies. 

The pilot study investigated the practicality of all the tasks. In the main study, naïve NZE monolinguals 

participated in a cross-language perceptual mapping task to explore the perceptual categorization of 

target Mandarin phones; learners with low and medium Mandarin experience and native Mandarin 

speakers (as a control group) attended to a perceptual identification task and a production task to 

assess their perception and production accuracies of the target Mandarin phones. The main findings of 

this study can be summarized as: 1) L2 learners’ acquisition of target Mandarin vowels are influenced 

greatly by their L1s; 2) There is bias in learners’ perception of L2 phones. 3) There is a gap between 

subjective analysis (cross-language perceptual categorization, and NS judges’ interpretations) and the 

objective acoustic analysis. 4) There is no general and consistent conclusion for the relationship 

between learners’ perception and production. The research questions are answered in turn below. 

Question 1: Will the six target Mandarin vowels be classified into vowel categories of NZE?  

The results of the cross-language perceptual mapping task showed that half of the target Mandarin 

phones were classified into corresponding NZE vowel categories. The target front high unrounded 

Mandarin vowel [i] was assimilated to the NZE front high unrounded vowel /i/ category as a good 

instance; the front high rounded and back high rounded Mandarin vowels [y] and [u] were assimilated 

to the NZE high central rounded vowel /u/ category as fair instances. The other three target vowels [ɤ], 

[ɹ̪] and [ɻ] were not categorized into any NZE vowel category.  

Question 2: Does the initial perceptual categorization of Mandarin vowels by L2 learners affect 
their later perception accuracy of Mandarin? If so, how? Is it in keeping with predictions of PAM 
and SLM? 

The perceptual categorization of target Mandarin vowels does influence L2 learners’ perception of 

target vowels. The results of the perceptual identification task indicated that two target Mandarin 

vowels which were assimilated to one NZE vowel category (Mandarin vowels [y] and [u]) were 

confused with each other most; whereas two target Mandarin vowels assimilated to two different NZ 

categories ([i]-[y] and [i]-[u]) were seldom confused with each other. Nor was an uncategorized 

Mandarin vowel often confused with another categorized Mandarin vowel.  

The way initial perceptual categorization affects the later perceptual accuracy is in accordance with the 

predictions of the Perceptual Assimilation Model. PAM predicts the discrimination performance of L2 

sound contrasts according to the ways they are assimilated to the L1 sound category/categories: the 

discrimination between Single-Category vowels is poor; the discrimination between two-Category 

vowels is very good; the discrimination between uncategorized versus categorized vowels is also very 

good, and finally the discrimination between both uncategorized vowels ranges from poor to very good. 

In the current study, the discrimination between pairs of target vowels could be predicted by their 

categorization types in the Perceptual Assimilation Model: the discrimination between [y] and [u], a pair 
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of the Single-Category type, is poor; while discrimination between pairs of the Two-Category type (i-y, i-

u) and pairs of Uncategorized versus Categorized (y-ɹ̪, u-ɤ, y-ɤ, y-ɻ, u-ɹ̪, u-ɻ, i- ɹ̪, i- ɻ and i-ɤ) is good to 

very good. The discrimination between pairs of vowels where both are of the Uncategorized type (ɤ-ɹ̪, 

ɹ̪-ɻ and ɤ-ɻ) ranged from fair to very good. 

SLM’s predictions are not always consistent with the learners’ performance in perception. SLM 

proposes that at the early stage of acquisition, more similar vowels are easier to perceive than less 

similar vowels; language experience plays an important role in the perception of less similar vowels, 

but not more similar vowels. In the perceptual identification task, the most similar vowel [i] is more 

easily identified than the other two similar vowels [y] and [u]. The less similar vowel [ɤ] is difficult to 

identify correctly for learners, while the two less similar vowels [ɹ̪] and [ɻ] are not problematic. Mann-

Whitney U-tests indicate that language experience plays a statistically significant role in the perception 

of the vowels; [u, y, ɤ] with at best a fair fit showing learning effects, while vowels [ɹ̪] and [ɻ] which were 

poor examples of any NZE vowel category, did not show any learning effect. Language experience 

doesn’t play a statistically significant role in the perception of the similar vowel [i], and different vowels 

[u] and [y]. 

Question 3: Is there any perceptual bias in the perception of Mandarin vowels? 

Yes. There are perceptual biases in the perceptual categorization and identification of Mandarin vowels 

by naive English speakers and learners with Mandarin experience, and NS judges’ interpretations of 

learners’ production as well. The perceptual bias reflects in 1) the naive English speakers’ 

categorization of the high front rounded Mandarin vowel [y] as English high back rounded vowel /u/ not 

high front unrounded vowel /i/ and 2) the directional asymmetries in the discrimination between the 

Mandarin vowels in pairs [u]-[y] and [ɤ]-[ɹ̪] by learners. Learners tend to identify [y] as [u] and [ɤ] as [ɹ̪] 

significantly more than [u] as [y] and [ɹ̪] as [ɤ]. 3) NS judges apply perceptual weighting of different 

acoustic features to interpret learners’ production. The frequencies of F1 (height) and F2 (backness or 

roundness) (esp. F1) not F3 (rhotacization) are significantly important features for the accurate 

production of [i] as interpreted by NS judges; the values of F2 not F1 and F3 for vowels [u], [y] and [ɹ̪] 

are significantly important features for the accurate production of these vowels as interpreted by NS 

judges; the frequencies of F3 not F1 and F2 for [ɻ] are significantly important features for the accurate 

production of [ɻ] as interpreted by NS judges. Finally, the statistical analysis failed to reveal which 

formant is significantly important for judges’ interpretation of [ɤ].  

Question 4: How accurate is the L2 learners’ perception and production of target vowels?   

The results of the perceptual identification task indicated that the perception accuracy order of target 

vowels was ‘y < ɤ < u < ɻ < i < ɹ̪’ for beginners. The error rates of target Mandarin vowels for beginners 

are y (48.5%) > ɤ (33.3%) > u (28.3%) > ɻ (26.3%) > i (17.2%) > ɹ̪ (9.1%). In other words, less 

experienced learners identified the Mandarin dental approximant [ɹ̪] most accurately, followed by the 

high front unrounded vowel [i] and the retroflex approximant [ɻ]; the front high rounded vowel [y] and 

the mid back unrounded vowel ɤ were most inaccurate target Mandarin vowels. Medium experienced 

learners identified the target vowels generally better than the low experienced learners. The perception 
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accuracy order for medium experienced learners was ‘ɻ < y < ɤ < u, i < ɹ̪’. The error rates of target 

vowels for intermediate learners are ɻ (15.3%) > y (12.5%) > ɤ (8.3%) > i, u (5.6%) > ɹ̪ (1.4%).   

The data of the production task were analysed through two different methods. The interpretation by NS 

judges of learners’ intended production showed that the production accuracy order for low experienced 

learners was ‘ɤ < y < ɻ < ɹ̪ < u < i’. Low experienced learners’ production of the mid back unrounded 

vowel ɤ was most inaccurate according to the perception of NS judges. The acoustic analysis also 

showed that low experienced learners produced ɤ least accurately because the first three formants of 

ɤ produced by low experienced learners were all significantly different from the ɤ produced by native 

Mandarin speakers. The production accuracy order of low experienced learners based on the acoustic 

analysis was ‘ɤ, u < ɹ̪, y < ɻ, i’.  Medium experienced learners produced the target vowels generally 

more accurately than the low experienced learners did. The interpretations showed that the production 

accuracy order was ‘ɤ < y < ɻ < i < u < ɹ̪’ for medium experienced learners; the acoustic analysis 

showed the production accuracy order was ‘ɤ, ɹ̪ < u, ɻ, y, i’ for medium experienced learners.  

Question 5. Is there any difference in the classification, perception, and production of the three 
uncommon phones [ɹ̪], [ɻ], and [y] (two allophones and one high rounded vowel)?  

Among the three uncommon phones, the high front rounded vowel [y] and the retroflexed approximant 

[ɻ] are the most difficult vowels in perception for learners. [y] is the hardest vowel to be identified 

accurately by less experienced learners and the second hardest vowel by more experienced learners; 

[ɻ] is the hardest vowel to be identified accurately by more experienced learners and the third hardest 

vowel by less experienced learners. On the other hand, the dental approximant [ɹ̪] is the easiest vowel 

to be identified accurately by both groups of learners. The perceptual confusion patterns of these three 

vowels are fixed: [y] is mainly confused with the high back rounded vowel [u] by learners, [ɹ̪] and [ɻ] are 

mainly confused with the mid back unrounded vowel [ɤ].  

In the production task, the interpretations by NS judges indicated that [y] and [ɻ] are less accurately 

produced than [ɹ̪] by both groups of learners. [y] and [ɻ] are the second and third hardest vowels to 

produce accurately by both groups of learners; [ɹ̪] is the easiest vowel to produce accurately by more 

experienced learners and the third easiest vowel by less experienced learners. However, the acoustic 

analysis showed that [ɹ̪] is produced with less accuracy than both [y] and [ɻ]. The production confusion 

patterns for these three phones are the same as their perception confusion patterns. This suggests 

that among these three uncommon phones, [y] and [ɻ] shared more similar perception and production 

characteristics than [ɹ̪]. 

Question 6: Does NZE listeners’ perception and production of Mandarin vowels improve with 
Mandarin language experience?  

The results of the Mann-Whitney U-test indicated that learners with medium experience performed 

significantly better than less experienced learners, on the identification of vowels [y], [u], [ɤ], but not on 

vowels [i], [ɹ̪], [ɻ]. This accords with the predictions of the Speech Learning Model that there is a 

significant difference on the perception errors of less similar sounds between beginners and more 

experienced learners, not more similar sounds. The vowels [u, y, ɤ] with at best a fair fit did show 
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learning effects, while vowels [ɹ̪] and [ɻ], which were poor examples of any NZE vowel category, did not 

show any learning effect. The lack of learning effect for [ɹ̪] and [ɻ] between low experienced learners 

and medium experienced learners is probably because learners successfully rely on the onset 

consonants to tell these two phones apart (the allophonic status of [ɹ̪] and [ɻ]). 

The results of Mann-Whitney tests showed no statistically significant difference between less 

experienced and more experienced learners in the error percentage for production of any vowel: Yet, 

despite this, the acoustic analysis showed that the first three formants of the more experienced 

learners’ vowels were significantly closer to those of native speakers than the early learners’ formants. 

Question 7: Is there any relationship between the perceptual accuracy and production accuracy 
of Mandarin vowels? 

No, not to any great extent. Though a Spearman’s rank order correlation indicated that there was a 

significant correlation between the overall mean perception and production error percentages for all 

vowels and all learners (rs=.657, n =19, p<.05), when each vowel was considered separately, there 

was a significant correlation between the perception error percentage and the production error 

percentage only for vowels [y], [ɻ], and [ɤ]. However, when investigating the LEPs or MEPs separately, 

the two-tailed tests indicated a significant relationship between error percentages for perception and 

production only for the retroflex approximant [ɻ]. Therefore, the results of this study indicate no 

consistent and statistically significant relationship between the perception and production of these 

target vowels. 

7.3 Evaluation of the Current Study 

This study systematically investigates the perceptual categorization, identification and production of 

Mandarin high and mid vowels by NZE speaking learners. There are some new findings and also some 

limitations in this study. 

7.3.1 Implications of the Current Study  

The current study provides the results of the cross-language perceptual mapping task investigating the 

perceptual categorization of Mandarin vowels by native NZE speakers for the first time. Moreover, all 

previous cross-language perceptual comparisons between Mandarin and English vowels have treated 

English vowels as the target L2 sounds. Therefore, the results of the task presented here provide a 

new perspective on the cross-language comparison between Mandarin vowels and NZE vowels. The 

results of the task also showed some different findings in Mandarin [u], [ɤ], and [y] compared to the 

previous study.  

The perceptual weighting of asymmetries in vowel perception is important in exploring the nature and 

structure of L2 learners’ perception of non-native contrasts, as well as language development. This 

study found new perceptual weighting/ biases/ asymmetries that exist in the perceptual categorization 

and identification of L2 learners. The perceptual biases can be divided into two types: the perceptual 
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weighting on distinctive features in a sound system and phonetic characteristics of a sound. The 

perceptual categorization and identification of Mandarin high front rounded [y] by learners reflects a 

perceptual weighting of different distinctive features of roundness and backness by L2 learners with 

different L1 backgrounds. The directional asymmetries found in the perceptual discrimination between 

pairs [ɤ]-[ɹ̪] and [u]-[y] by learners indicated the perceptual priority of the more ‘peripheral vowels’ in a 

vowel pair. 

It is well known that there is a gap between subjective ratings and acoustic analyses on production. In 

this study, the investigation of the correlation between NS judges’ interpretations and formant analysis 

of target Mandarin vowels suggests that the gap is probably due to subjective weighting of different 

acoustic cues for different vowels. The acoustic analysis also reflects significant differences in 

production between learners of different Mandarin experience levels that the statistical analysis cannot 

detect in small samples. Neither are the acoustic differences significant in NS judges’ interpretations. 

NS judges may also be using subtle cues (e.g. the consonant onsets preceding the target vowels) we 

cannot yet identify what target vowel a learner is trying to produce, even when differences in the 

supposedly key formants are observed. 

7.3.2 Limitations of the Current Study 

This study is a small sample study. Due to the difficulty of finding proper participants, the number of 

NZE speaking learners is limited. Only 11 less-experienced learners and eight more experienced 

learners attended the tasks. The limited number may affect the accuracy of statistical analysis and the 

generalization of the findings. Individual differences/strategies are not discussed in this study either. In 

future studies, individual differences can be investigated. 

In the cross-language perceptual mapping task, the NZE vowels chosen as referents were not placed 

in the exact same contexts as the target Mandarin vowels. Due to the restriction of using consonant 

onsets /ʦ/-/ʦʰ/-/s/; /tʂ/-/tʂʰ/-/ʂ/ and /ʨ/-/ʨʰ/-/ɕ/, target vowels were placed in open syllable /CV/ and 

NZE vowels were placed in /CVC/ syllables. The final consonants in English words may influence the 

preceding NZE vowels and affect the results of the cross-language perceptual categorization. 

Moreover, due to the distribution of the target Mandarin vowels (/i/) and the Pinyin spelling system in 

the tasks, the onsets may provide additional cues for learners and may lead to possible bias in the 

perception data. In the future study, the AXB task can be added to examine the perception of learners. 

7.4 Future study 

There are some unsolved questions in the current study which are worth continued study in the future. 

The major one is the perceptual bias founded in perception by L2 learners. 

7.4.1 Perceptual Biases 

In this study, the perceptual bias is reflected as a perceptual weighting in the abstract phonological 

contrasts of distinctive features, as well as the perceptual asymmetries of the physical characteristics 
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of sounds (peripheral vowels). The perceptual bias may provide a key window through which to explore 

the nature of categorization in human perception. In future studies, the perceptual weighting of 

distinctive features can be further examined. The categorization of the high front rounded /y/ can be 

investigated by learners with other L1 backgrounds, such as French which has a distinction of 

roundness in high vowels. How does the distinctive feature of roundness influence French learners’ 

categorization of Mandarin /y/? They may assimilate /y/ to their high front rounded /y/ category. What 

about Norwegian learners? Norwegian has a high front outrounded /y/ which sounds really like /i/ to me 

(a native Mandarin speaker). The reliance on roundness by English speaking learners could also be 

extended to the acquisition of other L2 vowels by English speaking learners in future study.  

There is no firm conclusion for the cause of the perceptual bias, even though vowel asymmetries are 

frequently reported. In future study, the directional asymmetries in the perception of non-native sounds 

by L2 learners, using the go/no-go method which appeared in the studies of asymmetries, could be 

used to see if the directional asymmetries in the discrimination of Mandarin vowel pairs y-u, ɹ̪-ɤ still 

exist, and whether or not the direction of asymmetries is the same or not. The directional asymmetry 

found in the dental approximant [ɹ̪] and the mid vowel [ɤ] pair suggest that consonants can also be 

included when exploring the nature of the perceptual asymmetries. In the current study, the dental 

approximant [ɹ̪] was proposed to be more peripheral than the vowel [ɤ] because of its consonantal 

articulation. It would be interesting to explore the nature of the ‘peripheral vowels’ from both vowels 

and consonants aspects. Although the asymmetry found in the current study can be explained by the 

Peripherality Hypothesis (the ‘peripheral vowels’ at articulation extremes of a vowel space), it remains 

unclear why sounds with ‘articulation and acoustic extreme’ are more salient and stable in the 

perception space of listeners. Is the salience for the peripheral vowels only related to the extreme 

positions of the vowel space or is it also related to the innate bias in the auditory mechanism? Also, 

“each distinctive feature in the universal set is assumed to be grounded in a particular “defining” 

acoustical/perceptual consequence of an articulatory configuration or gesture.” (Hardcastle, Laver, & 

Gibbon, 2010, p. 426). The perception weighting on the distinctive features may also can be explained 

by the mechanism underlying the peripheral vowels.  

7.4.2 Perceptual Categorization of Mandarin Vowels  

The cross-language perceptual mapping task in this study provides a reasonable explanation for the 

later perceptual discrimination results. In the future study, this method can be applied to the 

categorization of more Mandarin vowels with different consonant onsets by learners with different L1 

backgrounds. First, the low Mandarin vowel can be included since only the high and mid vowels were 

investigated in this study. Second, the articulatory constraint of chosen consonant onsets in this study: 

j /ʨ/ - q /ʨʰ/ - x/ɕ/, z /ʦ/ - c /ʦʰ/ - s /s/ and zh /tʂ/ - ch /tʂʰ/ - sh /ʂ/ influence the following vowels largely 

and may lead to the special difficulties for vowel identification. If excluded, the two allophones [ɹ̪] and 

[ɻ], labial consonants can be chosen as the context for Mandarin vowels. It would be interesting to see 

if there is any difference in the categorization of Mandarin monophthongs in a labial consonantal 

context and to find out the consonant influences in the categorization. 
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7.4.3 Others 

The similarity between Mandarin and NZE vowels is compared perceptually in the current study. A 

preliminary observation of the positions of Mandarin and NZE vowels based on first three formants of 

these vowels seems insufficient. In the future study, an acoustic comparison of similarity between 

Mandarin and NZE vowels can be conducted with more acoustic data.  

The rhyming recognition task in the pilot study of the current thesis indicated that the perception of L2 

allophones differs when the rhyming recognition task is used from when the perceptual identification 

task is used. The rhyming recognition task may discover new characteristics of the perception of L2 

allophones. In future studies, the rhyming recognition task could be conducted in the perception of L2 

phones. 

Due to the variations in the error percentages for [ɤ], this study failed to establish a significant 

regression model for this vowel. In the future study, another technique can be used to find out which 

formant of [ɤ] contributes significantly to the interpretation of this vowel by NS judges, i.e. to reveal 

which acoustic features of [ɤ] are relied on by native Mandarin speakers to identify it. 

Finally, the unique relationship between the perception and production of the retroflex approximant [ɻ] 

make it different from the other five Mandarin vowels. The reason for the perception and production of 

this phone being always significantly related is not clear. A further study of this phone is warranted. 
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Appendix 

Appendix A. Stimuli Materials 

A1. Stimuli of the Cross-language perceptual mapping task (both studies) 

1.ce4 (f) 2. che4 (m) 3.chi4(m) 4.chu4(f)
5.chi(f) 6.ci(m) 7.cu(m) 8.ci4(f)
9.ji(m) 10.ju(m) 11.qi4(f) 12.ji4(f)

13.qi4(m) 14.ju4(f) 15.qu4(m) 16.she4(f)
17.shi(m) 18.qu4(f) 19.she4(m) 20.zi4(f)

21.shu4(m) 22.si4(f) 23.su4(m) 24.si4(m)
25.shu4(f) 26.xi4(m) 27.xu4(m) 28.zhe4(m)
29.xu4(f) 30.xi4(f) 31.zhe4(f) 32.zhi4(f)
33.zhu4(f) 34.zhi(m) 35.zi4(m) 36.shi4(f)

Note: ’f’ represents female, meaning the stimulus was produced by the female speaker; ’m’ represents 

male, meaning the stimulus was produced by the male speaker. 

A2. Stimuli of the discrimination task 

1.fa1-ba1(m) 11.nu4-nü4(m) 21.zi4-ji4(m) 31.che4-chi4(f)
2.lü4-lu4(f) 12.ji4-zhi4(m) 22.xi4-si4(f) 32.shi4-qi4(m)
3.di3-ti3(f) 13.chi4-ci(m) 23.she4-shi4(f) 33.ci4-ce4(f)

4.qi4-shi4(f) 14.ma3-da3(m) 24. nü4-nu4(f) 34.si4-ze4(f)
5.ci4-xi4(m) 15.ji4-zi4(f) 25.zhi4-zhe4(m) 35.chi4-che4(m)

6.chi4-xi4(m) 16.xi4-chi4(f) 26.si4-shi4(f) 36.xi4-shi4(f)
7.si4-qi4(m) 17.xi4-ci4(f) 27.zhi4-ji4(f) 37.zi4-zhi4(m)
8.se4-si4(m) 18.ze4-zi4(m) 28. lu4-lü4(m) 38.qi4-si4(f)
9.fo2-bo2(f) 19.shi4-si4(m) 29.zhi4-zi4(f) 39.she4-ci4(m)

10.shi4-she4(m) 20.zi4-ze4(f) 30.chi4-ci4(f) 40.zhi4-zhe4(f)

A3. Stimuli of the identification tasks (both studies) 

Monosyllab
les 

1.si4(m) 2.she4(f) 3.qi4(m) 4.bo1(f) 5.shu4(m) 6.che4(f)

7.ba1(m) 8.si4(f) 9.zhi4(m) 10.ji4(f) 11.chu4(m) 12.fo2(f)

13.nü4ᵖ(m)
/qu4ᵐ(m)

14.cu4(f) 15.chi4(m) 16.ma3(f) 17.qi4(m) 18.lü4ᵖ(m)
/ju4ᵐ(f)

19.ci4(m) 20.zhu4(f) 21.ci4(m) 22.jü4(f) 23.chi4(m) 24.pa1(f)

25.ce4(m) 32.se4(f) 27.zhi4(m) 28.ji4(f) 29.zi4(m) 30.po2(f)

31.xi4(m) 38.su4(f) 33.xü4(m) 34.fa2(f) 35.shi4(m) 36.zhe4(f)

37.qü4(m) 38.bo2(f)

Disyllables 1.mo3cha2(m) 2.ji4zhu4(f
) 

3.chu4zhi4(
m) 4.ju4lu4(f) 5.ma1ma1(

m) 
6.su4ji4(f)

7.xi4shu4(m) 8.ce4shi4(
m)

9.zhe4ci4(
m)

10.da4ge1(
m)

11.qi4shi4(f
) 

12.qu4zi4(
m)

13.fa1da2(m) 14.lü4se4(
f)

15.si4ci4(m
) 

16.zhi4xu4(
m)

17.che4qu
4(f)
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A4i. Stimuli of the production task for Group 1 learners in the pilot study 

1.fo2                                                                                                                                                                2.xi4                                                                               3.si4                                                                                   4.zhi4                                                                                   5.ji4                                                                                                                                                                        6.lu4                                                                                    
7.ma3                                                                                     8.she4 9.qi4                                                                                     10.fa1 11.bo1 12.che4                                           
13.zi4 14.se4 15.xu4 16.po2 17.ze4 18.ka1 
19.pa2 20.ci4 21.ju4 22.chi4 23.ce4 24.nu4 
25.shi4 26.da3 27.qu4 28.ta1 29.zhe4 30.bo2 

A4 ii. Stimuli of the production task for the Group 2 learner in the pilot study 

Monosyllables 1.si4  2.ci4  3.zhu4  4.xi4  5.zhi4 6.ji4 
7.chu4 8.chi4 9.ma3 10.she4 11.qi4 12.bo1 

13.shu4 14.che4 15.xü4 16.shi4 17.qü4 18.zi4 
19.pa1 20.jü4 21.ce4    

Disyllables 1.ji4zhu4 2.nü4nü4 3.xi4shu4 4.jü4lu4 5.nu4qi4 6.mi4she4 
7.chi4zi4 8.ce4zi4 9.di4shi4 10.zhe4ci4 11.zi4zhi4 12.shu4zi4 

13.zhi4xü4 14.ce4shi4 15.che4qü4    

A4iii. The production material in the main study 

Monosyllables 1.fo2  2.ju4 3.si4  4.ji4  5.me1 6.ci4 
7.zhu4 8.ti2 9.xi4 10.zhe4 11.si4 12.zhi4 
13.ji4 14.chu4 15.cu4 16.qü4 17.chi4 18.ma3 

19.she4 20.qi4 21.fa1 22.bo1 23.shu4 24.che4 
25.da3 26.se4 27.xü4 28.fa2 29.shi4 30.po2 
31.qü4 32.ka1 33.zi4 34.pa1 35.ci4 36.jü4 
37.chi4 38.ha1 39.ce4 40.su4 41.zhi4 42.di3 
43.qi4 44.ma1 45.bo2    

Disyllables 1.ji4si4 2.ma1ma0 3.ce4zi4 4.zhe4ci4 5.chi4zi4 6.she4zhi4 
7.su4qü 8.xi4shu4 9.jü4shi4 10.ji4zhu4 11.che4qü 12.ce4xü4 

13.si4chu4 14.fa1bu4 15.fu2bi3 16.zhi4xü4 17.mo2ca1 18.qi4shi4 
19.da4du4 20.su4ji4 21.da4ge1 22.ba4ba0   

Appendix B. Results of the Main Study. 

B1i. Error percentages (%) for each vowel identified by each LEPs in the perceptual identification task 

Learner                                i u y ɹ̪ ɻ ɤ Overall 
1.PCo 22.2 11.1 22.2 0 11.1 66.7 133.3 
2.PAb 44.4 55.6 33.3 0 44.4 0 177.7 

3.PLaF 0 44.4 44.4 11.1 44.4 55.6 199.9 
4.PTi 11.1 0 55.6 22.2 33.3 33.3 155.5 
5.PSa 0 33.3 66.7 0 0 66.7 166.7 
6.PAa 44.4 44.4 77.8 11.1 88.9 22.2 288.8 
7.PLu 33.3 33.3 66.7 0 11.1 33.3 177.7 
8.PTh 11.1 22.2 11.1 0 0 0 44.4 
9.PKa 0 22.2 0 11.1 0 22.2 55.5 
10.PMi 22.2 22.2 77.8 22.2 44.4 22.2 211 
11.PLa 0 22.2 77.8 22.2 11.1 44.4 177.7 
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B1ii. Error percentages (%) for each vowel identified by each MEPs in the perceptual identification task 

Learner i u y ɹ̪ ɻ ɤ Overall 
1.PJeT 0 0 11.1 0 0 0 11.1 
2.PAn 0 0 22.2 0 22.2 0 44.4 

3.PSoL 0 11.1 0 0 22.2 33.3 66.6 
4.PWi 0 0 0 0 0 11.1 11.1 
5.PDa 44.4 22.2 55.6 0 77.8 0 200 
6.PSoI 0 11.1 0 0 0 11.1 22.2 
7.PJeW 0 0 11.1 11.1 0 11.1 33.3 
8.PMa 0 0 0 0 0 0 0 

B1iii. Error percentages (%) for each vowel identified by each NEPs in the perceptual identification task 

Learner i u y ɹ̪ ɻ ɤ Overall 
1.PBr 0 0 0 0 0 0 0 

2.PDan 0 0 0 0 0 0 0 
3.PGuang 0 11.1 0 0 0 0 11.1 

4.PLi 0 0 0 0 0 0 0 
5.PSh 0 0 0 0 0 0 0 
6.PMe 0 0 0 0 0 0 0 

7.PWang 0 0 0 0 0 0 0 
8.PMiao 0 0 0 0 0 0 0 
9.PLu 0 0 0 0 0 0 0 

10.PYali 0 0 0 0 0 0 0 

B2i. Error percentages (%) for each vowel produced by each LEPs (NS judges’ interpretations) 

Learner i u y ɹ̪ ɻ ɤ Overall 
1.PCo 0 30 0 10 70 10 120 
2.PAb 0 0 70 90 90 0 250 

3.PLaF 0 0 20 10 20 50 100 
4.PTi 0 0 80 0 20 100 200 
5.PSa 0 0 30 0 0 100 130 
6.PAa 10 10 70 30 80 80 280 
7.PLu 60 50 80 0 60 20 270 
8.PTh 0 0 0 0 0 40 40 
9.PKu 0 10 0 0 0 50 60 
10.PMi 20 30 20 0 0 90 160 
11.PLa 0 0 0 0 0 60 60 
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B2ii. Error percentages (%) for each vowel produced by each MEPs (NS judges’ interpretations) 

Vowel i u y ɹ̪ ɻ ɤ Overall 
1.PJeT 0 0 80 0 0 0 80 
2.PAn 50 0 0 10 30 20 110 

3.PSoL 20 10 0 0 10 70 110 
4.PWi 0 0 0 0 0 0 0 
5.PDa 0 20 30 10 30 0 90 
6.PSoI 0 0 0 0 10 10 20 
7.PJeW 10 20 0 20 10 60 120 
8.PMa 0 0 0 0 0 30 30 

B2iii. Error percentages (%) for each vowel produced by each NEPs (NS judges’ interpretations) 

Vowel i u y ɹ̪ ɻ ɤ Overall 
1.PBr 0 0 0 0 0 0 0 

2.PDan 0 0 0 0 0 0 0 
3.PGuang 0 0 0 0 0 0 0 

4.PLi 0 0 0 0 0 0 0 
5.PSh 0 0 0 0 0 0 0 
6.PMe 0 0 0 0 0 0 0 

7.PWang 0 0 0 0 0 0 0 
8.PMiao 10 0 0 0 0 0 10 
9.PLu 0 0 0 0 0 0 0 

10.PYali 0 0 0 0 0 0 0 

B3i. The Mean Frequencies (Hz) of the First Three Formants for Target Vowels by LEPs 

Vowel 
          

Learner 

Male Female 
1 2 3 4 5 6 7 8 9 10 11 

i F1 288 307 277 412 330 273 274 283 325 374 347 
F2 2066 2171 2187 1939 2033 2338 2286 2331 2503 2309 2766 
F3 2915 2797 2820 2560 2708 2857 3247 3039 3186 2933 3409 

u F1 311 321 302 393 321 318 268 297 323 398 372 
F2 1408 1235 1201 1229 1545 786 816 943 1117 1170 963 
F3 2191 2400 2312 2343 2250 2625 2403 2414 2511 2822 2754 

y F1 318 302 274 396 319 290 274 288 318 405 369 
F2 1336 1868 1894 1326 1612 1731 835 1764 1800 1114 979 
F3 2130 2263 2295 2285 2198 2295 2382 2365 2493 2764 2757 

ɤ F1 366 407 400 518 439 417 361 370 451 538 631 
F2 1626 1362 1402 1426 1523 1246 1438 1306 1551 1713 1489 
F3 2589 2608 2580 2357 2344 2703 2587 2370 2813 2575 2819 

ɹ̪ F1 376 402 370 515 415 384 347 348 469 518 349 
F2 1548 1353 1350 1461 1428 1280 1279 1322 1570 1568 2687 
F3 2573 2623 2663 2598 2704 2694 2652 2654 2938 2795 3416 

ɻ F1 316 416 354 501 407 356 333 358 461 524 357 
F2 1893 1357 1561 1492 1630 1692 1674 1439 1659 1610 2610 
F3 2684 2566 1935 2123 2235 1963 2427 2095 2804 2351 3319 
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B3ii. The Mean Frequencies (Hz) of the First Three Formants for Target Vowels by MEPs 

Vowel 
          Learner 

Male Female 
1 2 3 4 5 6 7 8 

i F1 306 312 270 356 370 384 414 340 
F2 2261 2431 2038 2283 2686 2279 2551 2778 
F3 2908 3260 2963 3308 3118 3225 3160 3423 

u F1 320 327 315 323 347 384 380 352 
F2 947 1010 830 914 1073 1191 1025 860 
F3 2457 2608 2268 2783 2775 3009 3041 2982 

y F1 299 335 275 298 368 383 351 342 
F2 1935 1400 1950 2298 2136 2008 1997 2616 
F3 2482 2304 2423 2930 2690 2873 2680 3168 

ɤ F1 428 450 396 663 539 576 607 592 
F2 1365 1430 1325 1362 1700 1844 1660 1408 
F3 2595 2670 2269 3026 2944 3083 3073 3081 

ɹ̪ F1 390 387 351 394 484 581 554 459 
F2 1279 1556 1410 1875 1932 1794 1703 1201 
F3 2720 2762 2770 3281 3132 3037 3112 3272 

ɻ F1 375 370 340 391 413 570 502 415 
F2 1634 1661 1618 1891 1950 1900 1876 1523 
F3 1981 2467 1899 3172 2688 3019 3043 1910 

B3iii. The Mean Frequencies (Hz) of the First Three Formants for Target Vowels by NEPs 

Vowel 
          Learner 

Male Female 
1 2 3 4 5 6 7 8 9 10 

i F1 257 330 268 285 278 372 380 342 340 336 
F2 1997 2046 2257 2097 2232 2683 2509 1965 2410 2735 
F3 2884 2989 3301 2969 3074 3481 3287 3297 3123 3589 

u F1 310 358 325 320 340 420 412 385 347 398 
F2 791 914 579 679 874 831 869 944 1015 979 
F3 2481 2459 2881 2662 2655 3149 3507 3116 3186 2946 

y F1 259 334 283 293 279 383 378 352 343 354 
F2 1781 1904 2000 1925 1982 2158 2221 2215 2412 2283 
F3 2147 2292 2251 2298 2333 2863 2874 2788 2903 2737 

ɤ F1 421 499 432 424 476 562 545 491 483 566 
F2 1146 1266 1235 1338 1248 1338 1347 1198 1452 1488 
F3 2702 2654 2606 2705 2591 3166 3369 3177 3182 3050 

ɹ̪ F1 295 398 331 323 327 426 433 393 360 425 
F2 1253 1296 1444 1456 1499 1646 1711 1489 1696 1721 
F3 2787 2701 2845 2800 2504 3344 3482 2349 2954 3238 

ɻ F1 306 390 345 340 353 442 416 392 345 393 
F2 1645 1659 1642 1688 1757 1776 1866 1909 1913 2127 
F3 2262 2832 1959 2642 2196 3294 2606 2399 2926 2532 
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