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ABSTRACT

This research examines the effect of L2 phonetic learning on L1 vowel

production. Mandarin-English bilinguals differing in amount of L1 use produced

Mandarin and English vowels. An acoustic analysis showed that both the

Mandarin-English bilinguals of high L1 use and those of low L1 use deviated from

the norm of Mandarin vowel Iii. The Mandarin-English bilinguals of low L1 use

who successfully acquired English vowel lajl deviated from the norm of Mandarin

vowel laj/, indicating a carry-over effect of L2 vowel on L1 vowel production.

In a perception test, Mandarin vowel production by the Mandarin-English

bilinguals was presented to Mandarin as well as English listeners for goodness

rating. The results showed that both Mandarin-English bilinguals of high L1 use

and those of low L1 use differed significantly from Mandarin monolinguals in the

production of Iyl, a vowel with no counterpart in English. An analysis of inter

speaker variability indicated that some individual Mandarin-English bilinguals,

including both speakers of high L1 use and low L1 use, were accented in the

production of Iyl, lajl and lau/. Possible acoustic properties contributing to their

accentedness included lower second formant frequency, larger first or second

formant frequency movement, extremely short or long duration, and tone

deviation. L2 English learning led to some Mandarin-English bilinguals carrying

some English characteristics in their L1 Mandarin vowel production.
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In a follow-up perception test, the correlation between the ratings assigned

to the Mandarin-English bilinguals' production of Mandarin vowel Iyl and the

ratings assigned to their production of English vowel hi and lei was examined. No

inverse correlation was revealed, indicating that good L2 vowel production does

not necessarily lead to poor L1 vowel production, and vice versa.

This research suggests that the L1 phonetic system established in

childhood does not remain static; instead, it may undergo reorganization when

the L1 and L2 phonetic systems coexisting in a common phonological space

interact.

Keywords: L2 influence; L1 Mandarin vowel; accentedness; L1 use; cross
language similarity; L2 vowel acquisition

Subject Terms: second language learning; influence; bilingualism;
languages in contact
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CHAPTER 1: INTRODUCTION

It is generally believed that the two phonetic systems coexisting in a

bilingual's mind interact with each other bidirectionally (e.g., Flege, 1995;

Grosjean, 1989; Pavlenko, 2000; Yeni-Komshian, Flege, & Liu, 2000; Guion,

2003; Baker & Trofimovich, 2005). The first language (L1) phonetic system

influences the second language (L2) phonetic system, and vice versa. The

former has been well documented (e.g., Weinreich, 1953; Lado, 1957; Flege,

1987, 1995, 2003; Flege, Bohn & Jang, 1997; Flege, Schirru & MacKay, 2003;

and many others). The latter, however, has not been studied equally well. Many

issues regarding the influence of the L2 phonetic system on the L1 phonetic

system remain unresolved. For example, if the L1 phonetic system changes,

what is the direction of the change? Does an L1 phonetic segment undergoing

modification become more similar or dissimilar to its L2 counterpart? Do factors

such as cross-language similarity, amount of L1 use and formation of L2 phonetic

categories playa role in the L2 influence on L1? Is the formation of L2 phonetic

categories related to L1 phonetic proficiency?

The aim of this dissertation is to address the above-mentioned issues by

examining the influence of the L2 vowel system on the L1 vowel system among a

group of Mandarin-English bilingual speakers living in Vancouver, Canada. First,

I present a review of the previous studies and directions for tile present study. It

is followed by production tests whose major goal is to examine if the Mandarin-



English bilinguals differ from the Mandarin monolinguals in Mandarin vowel

production. Then, I discuss the results of perception tests that examine the

Mandarin-English bilinguals' accent in Mandarin vowel production and the

correlation between the formation of the L2 English vowel categories and the

proficiency of the L1 Mandarin vowels. Finally, a general discussion of the

findings concludes the dissertation.

1.1. Previous studies

1.1.1. Major models of cross-language speech perception and production

Three major models of cross-language speech perception and production

have been proposed. They are Kuhl and colleagues' Native Language Magnet

model (NLM) (Kuhl, 1991; Kuhl, Williams, Lacerda, Stevens, & Lindblom, 1992;

Iverson & Kuhl, 1995; Kuhl & Iverson, 1995), Best's Perceptual Assimilation

Model (PAM) (Best 1994, 1995), and Flege's Speech Learning Model (SLM)

(Flege, 1981, 1987, 1991, 1992, 1995, 2003).

The NLM maintains that speech prototypes, defined as sounds that are

identified as ideal representatives of a phonetic category by adult speakers of a

given language, function as perceptual magnets attracting their perceptual

variants toward themselves. With regard to the perception of foreign language

sounds, the NLM predicts that the native language magnets will pull a similar

foreign sound toward a single native prototype. The closer the foreign sound is to

the native prototype, the more similar to the native-language it will be perceived.
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As a result, L2 learners will not be able to distinguish the similar foreign sound

from the native-language sound.

The PAM is primarily concerned with how L2 listeners incorporate L2

sounds into their L1 phonetic system in perception. L2 listeners can perceive the

L2 contrasts either as speech sounds or as non-speech sounds. The L2

contrasts that are perceived as speech sounds are further classified into those

that can assimilate to native phonetic categories and those that can not. For the

L2 contrasts that can assimilate to native phonetic categories, a set of

assimilation patterns and degrees of discrimination are proposed.

The SLM is similar to the NLM and the PAM regarding the perceptual

assimilation of L2 sounds to similar L1 sounds. According to Flege's principle of

equivalence classification (1987, 1991, 1992, 1995), L2 sounds that are similar to

an L1 sound are identified as instances of the L1 sound. In other words, they are

treated as belonging to the same category, even though some phonetic

differences between the L2 and L1 sounds exist. As a result, a merged category

covering both the L2 sound and the L1 sound will emerge. Accurate production

and perception of such L2 sounds are predicted to be difficult for the L2 learner.

Although the three models offer similar accounts in terms of the

assimilation of L2 sounds to similar L1 sounds, the SLM differs from the NLM and

the PAM in one important aspect. That is, while the f\ILM and the PAM are

perception-oriented and therefore do not make predictions about the production

of L1 and L2 speech sounds when cross-language perceptual assimilation

occurs, the SLM makes predictions on both perception and production.
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A general assumption that the SLM makes is that the L1 phonetic system

and the L2 phonetic system coexisting in a bilingual's mind "remain adaptive over

the life span," and that the two phonetic systems reorganize through the addition

of new L2 phonetic categories or the modification of existing L1 phonetic

categories. This assumption implies that, regardless of the age of the language

learner, both his L1 phonetic system and L2 phonetic system may undergo

reorganization due to the interaction between the two phonetic systems

coexisting in "a common phonological space" (Flege, 1995). The interaction

between the two phonetic systems is bidirectional in nature (Flege, 1995). That is,

the L1 phonetic system influences the L2 phonetic system, and vice versa. With

regard to the latter, the SLM makes a specific prediction that the L1 phonetic

categories established in childhood do not remain static; instead, they may

undergo modification when similar L1 and L2 sounds interact in the process of L2

learning.

According to Flege (2003), the L1 and L2 phonetic categories interact

through mechanisms called "category assimilation" and "category dissimilation".

The mechanism of "category assimilation" is similar to his principle of

"equivalence classification" noted earlier. It claims that if a new category has not

been established for an L2 sound that is similar, but not identical, to an L1

speech sound, "category assimilation" may occur. When "category assimilation"

occurs, an experienced L2 learner may assimilate the phonetic properties of the

L2 sound into the L1 phonetic category, thus developing a category that merges

the phonetic properties of the L1 and L2 categories. As a result, pronunciation of

4



the L2 sound will resemble the corresponding L1 sound and pronunciation of the

L1 sound will be L2-like. For example, Flege (1987) examined the voice onset

time (VaT) of the ItI production in French and English by experienced French-

English bilinguals and English-French bilinguals. He found that the French

English bilinguals produced English ItI with a shorter VaT than the English

monolinguals, but with a longer VaT than the French monolinguals. The English

French bilinguals, on the other hand, produced French ItI with a longer VaT than

the French monolinguals, but with a shorter VaT as compared with the English

monolinguals. This indicates that neither the French-English bilinguals nor the

English-French bilinguals produced the L2 ItI in a native-like fashion. Instead, he

proposed that a merged category was formed for the two groups of bilingual

speakers. The study also found that, as compared with the French monolinguals,

the French-English bilinguals produced French ItI with a longer VaT value,

indicating the influence of English VaT on French VaT. Conversely, as

compared with the English monolinguals, the English-French bilinguals'

production of English ItI was shorter, showing the influence nf French VaT on

English VaT. These findings illustrate the bidirectional nature of interference

between L1 and L2. In the process of L2 phonetic learning, not only does the L1

phonetic system influence the L2 phonetic system, but also the L2 phonetic

system influences the L1 phonetic system.

Another aspect of the SLM, on the other hand, is that if a new category

has been established for an L2 sound, "category dissimilation" may occur. When

"category dissimilation" occurs, a newly established L2 category and the nearest

5



L1 speech category may shift away from one another to maintain the phonetic

contrast in a common phonological space. As a result, the L2 category and the

L1 category will differ from the categories of monolinguals in either language. In

fact, though, not much evidence (except Flege & Eefting, 1987, 1988) is available

to support the predictions of "category dissimilation". Flege & Eefting (1987)

obtained evidence of "category dissimilation" when they examined the VOT in the

production of Spanish Ip, t, kI by Spanish-English bilinguals. They found that the

Spanish-English bilingual children and adults, both having exposure to English

early in life, produced Spanish Ip, t, kI with a shorter VOT than the age-matched

Spanish monolinguals. Flege & Eefting (1988) later argued that these early

Spanish-English bilinguals had established new categories for English Ip, t, k1. It

was hypothesised that in order to maintain a phonetic distinction between the

category of Spanish Ip, t, kI and that of English Ip, t, kI established later in life,

the Spanish-English bilinguals shortened the VOT of L1 Spanish Ip, t, kI (Flege,

2007).

Be it "category assimilation" or "category dissimilation," phonetic

categories in a bilingual's L1 do not remain static. Instead, they may differ from

those of monolinguals. Depending on whether or not a similar L2 phonetic

category has been established, an L1 phonetic category becomes either similar

or dissimilar to its L2 counterpart.

To summarize, the I\ILM, the PAM and the SLM all make predictions on

the perception of L1 and L2 sounds. However, only the SLM makes predictions

on both perception and production of L1 and L2 sounds. The SLM posits that the

6



L1 phonetic system and the L2 phonetic system interact bidirectionally. With

regard to the influence of the L2 phonetic system on the L1 phonetic system, the

SLM predicts that the phonetic categories established in childhood do not remain

static; instead, they will undergo modification through the mechanisms of

"category assimilation" and "category dissimilation". Since the focus of the

present study is the influence of L2 phonetic learning on L1 vowel production, the

SLM is the most relevant and is therefore adopted as the theoretical framework

of the present study.

1.1.2. Factors related to L2 influence on L1

Previous studies of L2 influence on an L1 at the phonetic level1 (Baker &

Trofimovich, 2005; Guion et aL, 2000; Guion, 2003; Flege et aL, 2003; Harada,

2003; Yeni-Komshian et aL, 2000; Peng, 1993; Major, 1992; among others) have

shown that a variety of factors are related to L2 influence on L1. These factors

include, but are not limited to, the acquisition of L2 vowel or consonant

categories, the age of L2 learning, the length of residence, the amount or extent

of L1 use, and the pronunciation proficiency in an L2.

1.1.2.1. Acquisition of L2 phonetic categories

It is believed that the acquisition of L2 phonetic categories may account

for the influence of an L2 on an L1 at the phonetic level (Flege, 1987, 1995, 2003;

Guion, 2003). According to Flege et aL (2003), the closer to an L2 phonetic norm

a bilingual gets, the more his/her production of the similar (but not identical) L1

1 Previous studies at the syntactic, semantic and pragmatic level are not the concern of the
present study.
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speech sound tends to deviate from L1 phonetic norms. Flege's (1987) study of

VaT and Guion's (2003) study of vowels provided evidence for the above claim.

Flege (1987) found that, when compared with French monolinguals, French

English bilinguals produced French ItI with a longer VaT value, indicating the

influence of English VaT on French VaT. Conversely, when compared with

English monolinguals, English-French bilinguals produced English It! with a

shorter VaT value, indicating the influence of French VaT on English VaT.

Guion (2003), in her examination of the vowel systems of Quichua-Spanish

bilinguals, found that, as compared with the Quichua-Spanish bilinguals who

equated Spanish iii, lei and Quichua hi, those who equated Spanish Iii with

Quichua III but differentiated them from Spanish lei, produced a higher Quichua

hi. It was proposed that the acquisition of Spanish lei conditioned a raising of

Quichua hi. A similar pattern was observed in back vowels. When compared with

the bilinguals who equated Spanish 101, lui and Quichua lui, those who equated

Spanish lui with Quichua lui but differentiated them from Spanish 101 produced a

higher Quichua lui. Acquisition of Spanish 101 was believed to condition the

raising of Quichua lui. In most cases, the bilinguals who equated Spanish iii and

Quichua hi but differentiated them from Spanish lei also equated Spanish lui

with Quichua lui but differentiated them from Spanish 101. In addition, the

bilinguals' production of Quichua low vowel lal was found to be related to the

successful acquisition of Spanish la/. The bilinguals who had acquired distinct

front and back vowels had also acquired a distinct Spanish Ia!. They produced
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their Quichua Ia! higher as compared with those who had not acquired any of the

Spanish vowels. In sum, the successful acquisition of L2 Spanish vowels

triggered the reorganization of the corresponding L1 Quichua vowels. Both

Flege's study and Guion's study show that a bilingual's L1 phonetic categories

diverge from the phonetic norms of L1 monolinguals as a result of acquiring the

L2 phonetic categories.

1.1.2.2. Age of L2 learning

Age of L2 learning, often indexed by age of arrival (AOA) in an L2

speaking country, may be the most important factor determining the degree to

which the L2 phonetic system influences the L1 phonetic system. Previous

studies (Baker & Trofimovich, 2005; Harada, 2003; Yeni-Komshian et aI., 2000)

have shown that, other factors being equal, the earlier one learns an L2, the

more likely hislher L1 is influenced by hislher L2.

Baker & Trofimovich (2005), for instance, examined the interaction of

native and second language vowel systems in early and late Korean-English

bilinguals. Acoustic analysis showed that the early bilinguals, who had an age of

arrival (AOA) ranging from 7 to 13 years and a length of residence (LOR) ranging

from 5 to 15 years, differed from age-matched Korean monolinguals in the

production of Korean Iii, lui, IE!. Specifically, when compared with the age

matched Korean monolinguals, these early bilinguals produced Korean iii, lui, lEI

higher in the vowel space. In addition, they produced Korean lui more anterior in

the vowel space. Baker & Trofimovich (2005) concluded that these Korean
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vowels were "colored" by English vowels after extensive experience with English.

However, it is not clear how English vowels "colored" these Korean vowels. Their

analysis did not show an acoustic difference between Korean Iii and lui and

English Iii and lui. Nor did it show that English lEI was higher and more anterior

than Korean lEI. In fact, English lEI was lower and more posterior than Korean lEI.

When interpreting the L2 influence on L1 among the early bilinguals, they

claimed that the influence was more likely to occur in early bilinguals than in late

bilinguals, because the young learners' L1 was still developing, thus more

susceptible to restructuring.

The role of AOA in L2 influence on L1 is also shown in Yeni-Komshian et

al. (2000) and Harada (2003). Yeni-Komshian et al. studied Korean-English

bilinguals' global pronunciation proficiency in Korean and English and found that

the global pronunciation of the majority of Korean-English immigrants who came

to the U.S.A at age 12 or later was rated at the same level as Korean

monolinguals residing in Seoul, Korea. However, the younger immigrants, whose

AOA ranged from 1 to 11, were rated significantly lower than Korean

monolinguals. Harada's examination of early Japanese-English bilinguals' VOT

of Japanese voiceless stops Ip/, ItI and IkJ showed that the mean VOT values

produced by the early Japanese-English bilinguals were greater than those of the

monolingual Japanese speakers, regardless of the place of articulation. He

suggested that the longer VOT of the L2 English voiceless stops affected the

bilinguals' VOT of Japanese voiceless stops.
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Despite the general agreement that the earlier one learns an L2, the more

likely hislher L1 is influenced by hislher L2, previous studies (Flege and

Hillenbrand, 1984; Major, 1992; Peng, 1993; Sancier and Fowler, 1997; Munro,

Derwing, & Flege, 1999) have shown that adult learners can also modify their L1

or dialect 1 (D1) as a result of L2 learning or contact with dialect 2 (D2).

For example, Flege and Hillenbrand (1984) found that proficient adult

French speakers of English, who had a mean age of 38 years and a mean length

of residence (LOR) of 12.2 years in the United States, produced ItI in the French

syllables Itul ("tous") and Ityl ("tu") with a mean VOT value of 54 milliseconds

(ms). This mean VOT value was significantly greater than the approximately 20

ms VOT values found in the speech of French monolinguals (Caramazza & Yeni

Komshian, 1974, cited in Flege & Hillenbrand, 1984). Flege and Hillenbrand

claimed that these French speakers' L2 English learning affected the production

of their L1 French VOT. They hypothesized that these French speakers of

English merged the short-lag VOT of French ItI with the long-lag VOT of English

ItI by identifying the L2 ItI as an exemplar of the L1 It!. A single phonetic category

was employed for both the French ItI and the English It/. As a result, these

French speakers of English developed a VOT of French ItI that was intermediate

between that of the French monolinguals and that of the English monolinguals.

Two other studies of VOT (Major, 1992; Sancier and Fowler, 1997) also showed

that adults might modify their L1 as a result of L2 learning. Major's study revealed

that the English VOTs of the adult American immigrants in Brazil deviated from

the English monolingual speaker values toward the direction of Brazilian
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Portuguese. Sancier and Fowler measured the VaT of voiceless stops Ipl and ItI

in Spanish and English produced by a 27-year old Portuguese learner of English.

They found that the speaker's VaT in Portuguese Ipl and Itl became longer after

a 4-month stay in the United States, thus drifting toward the VaT values of the

English stops. This indicated that L2 English long-lag VaT affected the learner's

L1 Portuguese short-lag VaT. A similar effect of L2 learning on L1 was found in

Peng's (1993) study of consonants, which showed that highly proficient adult

Amoy speakers of Mandarin tended to produce Amoy Ihl with well-defined

striations as observed on wideband spectrograms. The well-defined striations,

which indicated secondary uvular vibration caused by velar constriction (Fant,

1960, cited in Peng, 1993), are characteristic of a typical Mandarin Ix/. Based on

this finding, she claimed the bilinguals' Amoy Ihl productions had the acoustic

feature of the "similar" Mandarin Ixl due to the acquisition of Mandarin Ix/.

The phonetic interference that happens to adults occurs not only across

languages (L1 and L2) but also across dialects (D1 and D2). For example, Munro

et al. 's (1999) study of the influence of American English on Canadian English

showed that the speech samples of adult Canadians residing in Alabama, U.S.A.,

were rated to have an American accent by both Canadian listeners in Canada

and American listeners in Alabama. Tokens of "wife", "rifle", "like", "driving",

"highway" and "goodbye" were selected from the speech samples of the

Canadians in Alabama, Canadians in Canada, and Americans in Alabama.

Phonetically trained listeners rated these tokens on a 5-point scale, with 1 being

"very American" and 5 being "very Canadian." The listeners were instructed to
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rate the tokens with Canadian raising /AI/ as "very Canadian," and those with

monophthongal /a/ as "very American." Half of the ratings assigned to the word

tokens of the Canadians in Alabama were toward the "American" end of the scale

indicating the absence of Canadian raising and the presence of monophthongal

/a/ in some tokens produced by Canadians in Alabama. The authors proposed

that the absence of Canadian raising probably contributed to the speech samples

of the Canadians in Alabama being rated as having an American accent. Their

study shows that the 01 (Canadian English) of some Canadians in Alabama had

some characteristics of the 02 (Alabama English) as a result of contact with the

02.

In sum, it seems that early bilinguals are more susceptible to restructuring

their L1 phonetic system than late bilinguals. However, adult learners may also

modify their L1 phonetic system in the process of L2 learning.

1.1.2.3. Length of residence

The length of residence (LOR) in an L2 speaking country is usually

considered an index of experience with L2. However, previous studies of L2

influence on L1, such as Guion et al. (2000), Guion (2003), Flege et al. (2003),

Harada (2003), Yeni-Komshian et al. (2000) and Peng (1993) rarely controlled for

LOR to be an independent variable. To the best of my knowledge, only Baker &

Trofimovich (2005) controlled LOR in examining L2 influence on L1.

Baker & Trofimovich (2005) found that, compared with Korean

monolinguals matched for age, the early Korean-English bilinguals with a longer
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LOR (mean=8 years) modified their production of Korean /iI, lui, lei. However,

early Korean-English bilinguals with a similar AOA but a shorter LOR (mean=1.3

years) did not show this trend. In addition, neither the late Korean-English

bilinguals (AOA=15-31 years) with longer LOR (mean=6.9 years) nor those with

shorter LOR (mean=0.9 years) differed from the Korean monolinguals in the

production of Korean vowels, Iii, lei, lei, lui and Iii. Baker & Trofimovich's finding

suggests that LOR plays a role in L2 influence on L1 only among early bilinguals.

1.1.2.4. Amount of L1 use

One of the factors affecting the nature and strength of the influence of the

L1 and the L2 on one another is the amount and circumstances of L1 and L2 use

(Grosjean, 1992,2001). It has been well documented that amount of L1 use

affects the extent to which the L1 phonetic system influences the L2 phonetic

system (e.g., Flege, Frieda & Nozawa, 1997; Flege, Schirru & MacKay, 2003;

Guion et aI., 2000; among others). Other factors being equal, the more a bilingual

uses hislher L1, the less accurate and more accented hislher L2 production is.

However, the relationship between amount of L1 use and extent of L2 influence

on L1 is far from clear. Only a few studies of L2 influence on an L1 take amount

of L1 use into consideration (McRobbie, 2003; Guion et aI., 2000). The findings

of these studies are mixed.

McRobbie (2003) carried out an acoustic study of Hungarian immigrants'

production of Hungarian [0] and found that the immigrant speakers who had

minimal contact with members of the Hungarian community diverged the least
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from the monolingual Hungarian speakers in their pronunciation of Hungarian [D].

I assume that the less contact one has with his/her L1 community, the less the

amount of L1 use there is. Thus, McRobbie's study suggests that the bilinguals

using L1 less tended to deviate the least from the monolinguals in the production

of Hungarian [D]. Guion et al. (2000) examined the effect of L1 use on

pronunciation in Quichua-Spanish bilinguals who learned their L2 Spanish when

they started school. Quichua-Spanish bilingual speakers were divided into a low

L1 use group, a mid L1 use group and a high L1 use group. It was found the

mean ratings of the Quichua sentences for the three groups of Quichua-Spanish

bilinguals did not differ much 'from one another and from the near-monolingual

Quichua controls. This indicates that these bilinguals did not have noticeably

different degrees of Spanish foreign accent in L1 Quichua. Amount of L1

Quichua use did not affect their pronunciation of L1 sentences. The mixed

findings as noted in MeRobbie (2003) and Guion et al. (2000) give rise to the

need to examine further whether the amount of L1 use is an important factor

when examining L2 influence on an L1.

1.1.2.5. Pronunciation proficiency

As reviewed in Yeni-Komshian et al. (2000), if the SLM is correct,

segmental changes in an L1 may result as L2 phonetic learning increases. With

regard to global pronunciation proficiency, an inverse relationship between L1

and L2 was predicted (Yeni-Komshian et aI., 2000). Their study showed that the

participants whose AOA ranged from 1 to 9 were rated to have better English

pronunciation scores and worse Korean pronunciation scores. The participants

15



with an AOA of 12-23 were judged to be worse in English pronunciation, but

better in Korean pronunciation. The only group having equal or slightly above

average pronunciation scores in both English and Korean were those with an

AOA of 10-11. Indeed, an inverse correlation between L2 and L1 pronunciation

was found for most of the Korean bilinguals in this study. However, the focus of

Yeni-Komshian et al.'s study was to investigate if the speakers of different age

groups behaved differently in their L1 and L2 production. No attempt was made

to examine whether good producers of an L2 tended to be those who differed

from L1 monolinguals in the production of L1, and vice versa.

1.1.2.6. Summary

To summarize, it is evident that a bilingual's existing L1 phonetic

categories may be reorganized in the process of acquiring the corresponding L2

phonetic categories (Flege, 1987; Guion, 2003). It is also established that both

early learners (Baker & Trofimovich, 2005; Yeni-Komshian et aI., 2000; Harada,

2003) and adult learners (Flege and Hillenbrand, 1984; Peng, 1993; Sancier and

Fowler, 1997) may modify their L1 as a result of L2 learning. With regard to LOR,

early bilinguals of longer LOR, but not those of shorter LOR, tend to modify their

L1 phonetic categories (Baker & Trofimovich, 2005). However, the role that

amount of L1 use plays in L2 influence on L1 is not apparent (McRobbie, 2003;

Guion et al. 2000). Moreover, while early bilinguals tend to have worse L1

pronunciation than L2 pronunciation, it is not clear whether good producers of L2

within a certain age group tend to be those who differ from L1 monolinguals in

the production of L1.
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1.1.3. Mandarin Chinese and Canadian English vowels

1.1.3.1. Mandarin vowel system

It is generally accepted that Mandarin Chinese, including both Beijing

Mandarin and Taiwanese Mandarin2
, has five vowel phonemes, namely, Iii, Iyl,

lui, I~I and Ia! (Cheng, 1966; Lin, 1989; Wan & Jaeger, 2003). The high, front,

unrounded vowel Iii has three allophones, which are [lU], [i], and [i], respectively.

The dental apical vowel [lU] occurs after dental sibilants [ts], [ts'] and [s]. The

retroflex apical vowel [i] occurs only after retroflex fricatives and affricates [t~], [t~']

[~] and [.tf [i] occurs elsewhere. The allophones of the mid vowel I~I are [e], [E],

[0], b"L [J], and [~] (Howie, 1976; Chao, 1968; Wu, 1994; Wan & Jaeger, 2003).

[e] occurs before [i]; [E] occurs after a glide or [i] and [y]; [0] occurs before [w]; [y]

occurs in an open syllable as a monophthong; [J] occurs after the labial

consonants in open syllables; [~] occurs in closed syllables before nasals. The

low vowel lal varies allophonically from central to back variants [a] and [0] (Wan

& Jaeger, 2003). [a] occurs in an open syllable and before [n] and [j]; [0] occurs

before [w] and [lJ]'

Besides monophthongs, Mandarin Chinese has nine diphthongs (Iaj/, lej/,

laul, lial, liel, loul, lual, luol, lye/) and four tripl1thongs (Iiao/, lioul, luai/, luei/)

(Wu & Lin, 1989).

2 The bilinguals in the present study were speakers of Taiwanese Mandarin.
3 Wan & Jaeger (2003) believed that the dental apical vowel [ill] and the retroflex apical vowel [i]

were phonetically indistinguishable in Taiwanese Mandarin for the reason that most Taiwanese
Mandarin speakers did not produce strongly retroflexed vowel after retroflex consonants.
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1.1.3.2. Canadian English vowel system

Canadian English has 13 vowel phonemes, IiI, hI, leI, lEI, lrel, !AI, luI, luI,

10/, ID/, laj/, laul and hII, among wrlich leI and 101 are "phonetic" diphthongs

(Nearey & Assmann, 1986).

1.1.3.3. Acoustic comparisons of Mandarin and Canadian English vowels

Cross-language acoustic comparisons of English and Mandarin vowels

are limited. To my knowledge, only Wang (1997) carried out such a study. Wang

(1997) compared Mandarin vowels [il, [ejl, [ul, [au] and [a] with their Canadian

English counterparts in terms of duration and the first and second formant

frequencies (F1, F2). The author found that Canadian English [i] and [ej] were

significantly longer than their Mandarin counterparts. Mandarin [ul, [au] and [a]

and their Canadian English counterparts were non-significantly different in

duration. With regard to spectral properties, no significant difference was found

between Mandarin and Canadian English vowel [i]. Mandarin [ej] was

significantly lower and more posterior than its Canadian English counterpart at

measurement (a) (30% distance into the vowel), but no signi'ficant difference was

found at measurement (b) (70% distance into the vowel). Mandarin [au] was

significantly lower at both measurement (a) and (b) but only more posterior than

its Canadian English counterpart at measurement (b). Mandarin [u] was more

posterior than its Canadian English counterpart. The low central Mandarin [a]

was significantly lower and more anterior than the low back Canadian English [D].

This study of cross-language similarity is based on acoustic analysis. It provides
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quantitative information about the similarities and differences between Mandarin

and Canadian English vowels. However, acoustic measurements alone may not

suffice to determine cross-language similarity (Flege, Bohn & Jang, 1997). For

this reason, a perceptual assimilation test is included in the present study.

1.2. The present study

1.2.1. Design

The present study examines the influence of L2 English learning on L1

Mandarin vowel production among a group of Taiwanese Mandarin-English

bilinguals4 to address the unresolved issues arising from the previous studies,

such as the effect of L1 use and the correlation between L2 vowel pronunciation

proficiency and L1 vowel pronunciation proficiency. The design of this study is

described as follows.

First, the AOA of the Mandarin-English bilinguals in the present study is

controlled to range from 9 to 13 years (mean:=11.3 years). The selection of

subjects of this particular AOA range is motivated by the consideration that the

bilinguals under study must be those who have established an L1 Mandarin

phonetic system before being exposed to L2 English. This is important, because I

believe that the effect of L2 learning on L1 can be established only when the

bilinguals have mastered L1 phonology. Otherwise, when the bilinguals are found

4 The nature of this study required that all subjects speak the same dialect of Mandarin. I had
attempted to recruit bilingual Beijing Mandarin-English speakers in the pilot study. However,
very few subjects met my selection criterion (e.g. AOA=9-13 years; university students; came
to Canada from the same city). I therefore decided to recruit only Taiwanese Mandarin
speakers coming from Taipei, Taiwan. This resulted in far more Mandarin-English bilingual
speakers that met my selection criterion.
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to deviate from L1 monolinguals in the production of an L1 phonetic segment, it is

hard to say whether the deviation is due to an underdeveloped L1 phonology or

due to the effect of the L2 phonology. The bilinguals in the present study are

assumed to have established an L1 Mandarin phonetic system before being

exposed to English. Previous studies of L1 acquisition have shown that complete

mastery of phonology, productive control of most of syntactic structures, and

early literacy are achieved by about age eight (Smit, Hand, Freilinger, Bernthal

and Bird, 1990; Snow, Burns and Griffin, 1998; cited in Yeni-Komshian, et al. ,

2000).

Second, the Mandarin-English bilinguals in the present study are divided

into a group of high L1 use and a group of low L1 use according to their self-

report of L1 use. The aim of this design is to examine the effect of L1 use on L2

influence on L1. In fact, there is no commonly agreed criterion of "low L1 use"

and "high L1 use." For example, in Flege, Frieda and Nozawa's study (1997),

Italian speakers of low L1 use had an average of 3% Italian use. Italian speakers

of high L1 use had an average of 36% Italian use. In Guion et al.'s study (2000),

the low L1 use group had an average of 41 %5 Quichua use; the mid L1 use

group had an average of 64% Quichua use; the high L1 use group had an

average of 91 % Quichua use. As reviewed in Guion et al. (2000), it was possible

that some participants in Flege Frieda and Nozawa's (1997) low L1 use (3%) had

never fully developed or had lost their Italian production proficiency. For this

reason, the present study does not follow Flege Frieda and Nozawa's (1997)

5 For easy comparison, scores in Guion et al.'s study (2000) were converted to percentages by
the author using the formula: score/7*1 00.
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criterion of low and high L1 use. Since the bilinguals in the present study report

using Mandarin ranging from 20% to 80% of the time, it may be more reasonable

to follow Guion et al.'s criterion (2000). However, none of the bilinguals in the

present study report using Mandarin 90% of the time or above. A category

consistent with Guion's "high L1 use" is non-existent in the present study. For

convenience, the present study assigns Mandarin-English bilinguals to two

categories, namely, "low L1 use" and "high L1 use." Those who use Mandarin

40% and less are categorized as "low L1 use." Those who use Mandarin 40%

and above are put into the category of "high L1 use."

Third, the present study administers both production tests and perception

tests. Most previous studies of L2 influence on an L1 have focused on either

acoustic analysis (e.g., Peng, 1993) or perceptual analysis (e.g., Yeni-Komshian

et aI., 2000). A comprehensive study of L2 influence on an L1 should include

both. An acoustic analysis is important because it can quantify the acoustic

characteristics of the phonetic segments produced by monolinguals and

bilinguals. These quantified acoustic characteristics, such as formant frequencies

and duration, can show if and how the bilinguals acoustically differ from the

monolinguals. However, the acoustic differences between the bilinguals and the

monolinguals do not necessarily have perceptual saliency. Therefore, a

perceptual study must also be included to test such saliency. In addition, it is

impractical to measure every possible acoustic feature of some given speech

samples in acoustic analysis. Some acoustic features (e.g., voice quality)

contributing to accent may not be captured in an acoustic analysis (Murray
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Munro, 2004, personal communication). However, such acoustic features may be

revealed by a perceptual analysis.

Finally, the present study recruits both L1 Mandarin monolingual listeners

and L2 English monolingual listeners to do the rating task in the perception tests.

The majority of the previous perceptual studies of L2 influence on L1 recruited

only monolingual listeners of the L1 to rate the overall pronunciation of the

bilinguals' L1 (e.g., Guion et aI., 2000; Yeni-Komshian et aI., 2000). However, if

L2 learners' L1 is "colored" by L2, thus carrying some acoustic characteristic of

L2, both L1 and L2 monolingual listeners should be able to detect the "color."

That is, L1 monolingual listeners should be able to detect the non-native "color"

(unlike L1) whereas L2 monolingual listeners should be able to detect the native

"color" (like L2). Selection of L1 vowels and their L2 phonetic counterparts as

target vowels makes it possible for monolingual listeners of both L1 and L2 to do

the rating task.

1.2.2. Target vowels

The Mandarin vowels examined in this study are Ii, y, u, a, aj, au, ej, oul,

among which all but Iyl have English counterparts. Selection of the Mandarin

vowels having similar English counterparts allows the researcher to examine the

predictions in Flege's "category assimilation" and "category dissimilation" whose

basis is cross-language phonetic similarity (similar sounds). On the other hand,

the selection of Iyl, whose counterpart is non-existent in English, is motivated by

the fact that effect of L2 phonetic learning on such a dissimilar sound is not

predicted in any of the speech learning models (NLM, PAM and SLM) and needs
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further examination. Since this study is of exploratory nature, no attempt is made

to include all Mandarin vowels that do not have obvious English counterparts

(e.g., diphthongs lial, liel, lual, luol, Iyel and all triphthongs).

English vowels are also included in the present study for two reasons.

First, doing so enables the determination of cross-language vowel similarity

between Mandarin and English. Second, it helps determine the correlation

between acquisition of L2 vowels and the modification of L1 vowel production.

The English vowels selected for the present study are Ii, I, e, E, <e, U, U, 0, D, A, aj,

au/. English iii, lei, lui, 10/, ID/, lajl and laul each has a Mandarin counterpart,

which is /iI, lej/, lui, loul, Ia/, lajl and laul, respectively. The inclusion of hi, lEI, l<e/,

IAI and lui, which do not have obvious Mandarin counterparts, is motivated by the

fact that most of them are difficult for Mandarin learners of English to produce

and perceive (Wang, 1997). An acoustic and perceptual analysis of the

Mandarin-English bilinguals' production of these vowels may indicate if the

bilinguals have successfully formed categories for these L2 vowels, which in turn

helps answer questions raised in 1.2.3 (e.g., "Is there an inverse correlation

between the Mandarin-English bilinguals' English vowel pronunciation proficiency

and their Mandarin vowel pronunciation proficiency?"). English diphthong hII is

not selected because it does not have a Mandarin counterpart.

1.2.3. Research questions

A general goal of the present study is to investigate if the Mandarin-

English bilinguals' production of the target Mandarin vowels undergoes
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modification as a result of L2 English learning. Moreover, the issues arising from

the previous studies such as cross-language similarity, effect of L1 use, and

correlation between formation of L2 vowel categories and L1 vowel production

are addressed by answering the following questions.

Research question 1: Do the Mandarin-English bilinguals differ

acoustically from the Mandarin monolinguals in the production of the target

Mandarin vowels? If so, do cross-language similarity, amount of L1 use and

formation of L2 vowel categories playa role? Production tests are administered

to address these issues.

Research question 2: Do the Mandarin-English bilinguals have an accent

in their L1 vowel production? If so, what acoustic properties are associated with

this accent? Are Mandarin-English bilinguals of high L1 use and those of low L1

use equally judged as accented?

Research question 3: Is there an inverse correlation between the

Mandarin-English bilinguals' English vowel pronunciation proficiency and their

Mandarin vowel pronunciation proficiency? Perception tests are administered to

deal with the issues raised in research question 2 and 3.
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CHAPTER 2:
MANDARIN AND ENGLISH VOWEL PRODUCTION

BY MANDARIN-ENGLISH BILINGUALS

This chapter describes and discusses three production tests. First,

Mandarin monolinguals are compared with English monolinguals to determine

cross-language vowel similarity. Second, Mandarin-English bilinguals are

compared with English monolinguals to establish if Mandarin-English bilinguals

have formed L2 English vowel categories. Finally, Mandarin-English bilinguals

are compared with Mandarin monolinguals to examine if Mandarin-English

bilinguals deviate from Mandarin monolinguals in Mandarin vowel production.

2.1. Methodology

2.1.1. Speakers

Thirteen monolinguals of Taiwanese Mandarin (MonoM), 12 monolinguals

of Canadian English (MonoE) and 33 Taiwanese Mandarin-English bilinguals

differing in amount of L1 use (BiMH and BiML) participated in this study. They

reported no disorders in speaking and hearing.

The characteristics of MonoM, MonoE, BiMH and BiML are summarized

in Table 2-1.
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Table 2-1: Characteristics of Mandarin monolinguals (MonoM), English
monolinguals (MonoE), Mandarin-English bilinguals of high L1 use
(BiMH) and Mandarin-English bilinguals of low L1 use (BiML)

%use Age AOA LOR Years of %of %of %of

of (year) (year) (year) English English English English

Mandarin Study
TV Movie Radio

MonoE M ----- 27 ----- ----- ----- ----- ----- -----
SO ----- (5) ----- ----- ----- ----- ----- -----

Range ----- 19-36 ----- ----- ----- ----- ----- -----

MonoM M 97 24 24 .1 9 ----- ----- -----
SO (3) (4) (4) (.04) (2.0) ----- ----- ---,o-

Range 90-100 17-32 17-32 .08-.16 6-12 ----- ----- ---,o-

M 65 22 11.6 9.9 12 66 80 65
BiMH SO (8) (2) (1.2) (2.2) (2.5) (29) (20) (28)

Range 60-80 19-25 10-13 6-14 6-15 10-100 20-100 10-100

M 30 21 10.9 10.4 12.9 80 91 85

BiML SO (9) (2) (1.6) (2.0) (2.9) (27) (14) (24)

Range 20-40 18-24 9-13 6-14 8-17 0-100 50-100 30-100

Note. Dashes indicate the values were not available.

The 13 Mandarin monolinguals (5 males and 8 females) were from Taipei,

Taiwan. They were either visitors or ESL students in Vancouver. Their LOR and

ages ranged from 1 to 2 months (mean=1.5 months) and 17 to 32 years (mean

=24 years), respectively. Except for one high school graduate, all of the

participants were either studying at a university in Taiwan or had recently

graduated from a university in Taiwan. Since English is a required course in

Taiwanese schools, they all had studied English in a classroom setting since

junior high school. On average, they had studied English for 9 years. However,

they rarely used English when they were in Taiwan. The self-rating of their

English speaking proficiency in the questionnaire (Appendix 2) showed that the

majority rated themselves "not fluent" in speaking English (10 cases of "not

fluent", 3 cases of "somewhat fluent" and 0 case of "fluent"). Besides English,
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most of these speakers reported having some knowledge of Taiwanese6
. In

general, their speaking proficiency in Taiwanese was low. Nine of them rated

themselves "not fluent", 4 rated "somewhat nuent" and no one rated "fluent" in

speaking Taiwanese. No one reported having knowledge of Hakka, a dialect

spoken in Taiwan. The self-reported mean percentage of their Mandarin use at

home, in school, at work and with friends was as high as 97%. This indicates that

Mandarin was the main language in their daily communication. Their self-report

also shows that Mandarin was their first language.

The 12 monolingual speakers of Canadian English (6 males and 6

females) were undergraduates and graduates attending Simon Fraser University.

They were all born and raised in Anglophone regions of Canada west of Quebec.

In fact, 10 out of the 12 participants were born and raised in the province of

British Columbia. Most of them reported having some knowledge of a second

language (e.g., French or Spanish) obtained during high school. However, they

all reported very low proficiency in the second language they had learned. Their

ages ranged from 19 to 36 years (mean= 27 years).

The 33 Mandarin-English bilinguals were undergraduates at Simon Fraser

University. All of them had immigrated to Vancouver from Taipei, Taiwan, with

their parents when they were children. This group had an AOA ranging from 9 to

13 years (mean=11.3 years). At the time of the study, their LOR and ages ranged

from 6 to 14 years (mean=1 0.2 years) and 18 to 25 years (mean=22 years),

respectively. The majority of these speakers spoke Mandarin and English only.

6 Taiwanese is a variant of Amoy Min Nan Chinese. Although most people in Taiwan can speak
Taiwanese, the degree of fluency varies widely (Wikipedia, the free encyclopedia, n.d.).
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Only 9 out of the 33 speakers reported having some knowledge of Taiwanese in

addition to Mandarin and English. However, they rated themselves "not Huent" in

speaking Taiwanese and claimed having very few chances to speak it in

Vancouver. No one reported speaking Hakka.

Based on the amount of L1 Mandarin use, the 33 Mandarin-English

bilinguals were further divided into a group of high Mandarin use (BiMH) (n=16)

and a group of low Mandarin use (BiML) (n=17). Participants were asked to

answer questions regarding the language most used at home, at school, at work,

with friends and in day-to-day affairs (Appendix 1). Three answers were possible.

They were "Mandarin", "English" or "Both about the same". Following the practice

of Guion et al. (2000), participants were given one point for each "Mandarin"

answer, half a point for each "Both about the same" answer, and zero for each

"English" answer. The possible maximum total score for a participant was five.

Since the question regarding the most used language at work might not apply to

every participant, it was possible some participants had answers for only four

questions and thus a possible maximum total score of four. To calculate the

percentage of L1 Mandarin use, a participant's total score was divided by the

number of questions answered, and then multiplied by 100. Those who used

Mandarin 40% and less were categorized as "low L1 use" and those who used

Mandarin 40% and above were put into the category of "high L1 use". The

BiMH's use of Mandarin was significantly more than that of the BiML [t (31) =

11.71, P < .00-1]. However, the two groups were comparable in age, ADA, LOR,

years of English study, overall percentage of watching English TV programs
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overall percentage of watching English movies and overall percentage of

listening to English radio programs. A one-way ANOVA revealed a main effect of

age between the MonoM, MonoE, BiMH, and BiML [F (1,31) = 6.9, p<.001]. A

Tukey test showed a significant difference only between MonoE and the two

Mandarin bilingual groups (for both groups, p<.01). This suggests that MonoM,

BiMH and BiML were comparable in age and MonoE were older than BiMH and

BiML.

2.1.2. Stimuli

English and Mandarin stimuli are summarized in Table 2-2. The initial

consonant of all stimuli was controlled to be the same (/p/) whenever possible so

that the target vowels have a comparable phonetic context both intra- and cross

linguistically. If a word with initial Ipl was not available in Mandarin, a word with

an initial consonant occurring in both Mandarin and English was selected (e.g.,

Idoul and Ily/). All Mandarin words were in open syllables. English words

containing vowels that are Mandarin counterparts (e.g., Ii, ti, 0, 0, aj, au, e/) were

also in open syllables. In order to match the English words as closely as possible,

all Mandarin words were in Tone 4, which is equivalent to a "high-low" in terms of

intonation patterns of English (Dow, 1972, cited in Wang, 1995).

2.1.2.1. Mandarin stimuli

The Mandarin vowels examined in this study were Ii, y, ti, a, aj, au, e, ou/.

Since no Tone 4 open syllable words containing loul and Iyl begin with initial Ipl

in Mandarin, a word with initial Idl was used for loul and a word with initial III was
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used for Iy/. The Chinese words containing the Mandarin vowels were "1,\l¥[pi]

(out-of-the-way), g~[ly] (green), flt3[pU] (store), '~El[pa] (fear), 11&[paj] (send), J@

[paul (canon), WC[pe] (match), R[dou] (bean)". They were inserted in the

sentence frame "zhe ge zi shl_
o

0" (This character is 0) in the

production test.

2.1.2.2. English stimuli

The English vowels examined in this study were Ii, I, e, E, <e, U, U, 0, D, A,

aj, au/. Words containing these target vowels, "pea, pit, pay, pet, pat, Pooh, put,

dough, paw, pub, pie, pow", were inserted in the sentence frame "Now I say

___." to elicit the vowel production data.

Table 2-2: Mandarin and English stimuli

Target vowels Words containing target Sentence frame
vowels

Mandarin Ii, y, U, a, aj, au, 1~¥[pi], g~[ly], fltHpu]' 'l's[pa], 11& Zhe ge zi
e,oul [paj], :):@[pau]Jic[pe], R[dou] shi

(This character
is .)

English Ii, I, e, E, <e, U, u, pea, pit, pay, pet, pat, Pooh, Now I say
o p put, dough, paw, pub, pie,ou, D, A, al, au

pow

2.1.3. Recording

Participants were recorded in a sound-treated recording booth in the

Phonetics Lab at Simon Fraser University using a digital recorder (PMD 670

7 Acoustic data in the present study (2.2.1) showed that the vowel in English "pay" and Mandarin
"[pej]" was a monophthong. In addition, the vowel in English "dough" and Mandarin "[dour'was
a diphthong. Henceforth, lei and loul are used to represent the two vowels, respectively.
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Marantz) and a microphone (SHURE KSM109). The recorder was set at a

sampling rate of 44KHz and a resolution of 16-bit.

Mandarin monolinguals produced Mandarin stimuli only. English

monolinguals produced English stimuli only. Mandarin-English bilinguals

produced both English stimuli and Mandarin stimuli. When the Mandarin-English

bilinguals were recorded, half of them produced the English stimuli first and

Mandarin stimuli second; the other half proceeded in reverse order. Stimuli were

presented to participants on cue cards. Each stimulus was presented 3 times in

random order. The experimenter used English to give directions when English

stimuli were recorded and Mandarin when Mandarin stimuli were recorded.

Before the recording started, participants signed a consent form,

completed a background questionnaire (Appendix 1 and 2), and reviewed the

stimulus lists. They were instructed to read the stimuli at a normal speaking rate.

They were encouraged to correct any errors that they had made while recording.

In total, 1104 Mandarin tokens (8 vowels x 46 subjects x 3 repetitions) and

1620 English tokens (12 vowels x 45 subjects x 3 repetitions) were elicited (The

subject pool contained 1 more Mandarin speaker than English speakers).

2.1.4. Acoustic analysis

The duration, F1, F2, F3 and FO of each target vowel were measured

using Praat (Version 4.) (Boersma & Weenink, 2005). Praat script, "Iabel

vowel.praat" (Welby, 2003), was used to label vowel boundaries. The starting

point of a vowel was where the periodicity first appeared in the waveform after
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the initial consonant. The ending point of the vowel was where F2 disappeared

on the spectrogram (Munro, 1992). The pitch track was also displayed to help

with the judgement of the starting and ending points of a vowel. The labelled

vowels were then submitted to another Praat script (Shira, 2003)8 for analysis.

Formants were measured at 30% and 70% of the distance after the beginning of

a vowel to address the possibility that some vowels, including both

monophthongs and diphthongs, may have upward or downward formant

movement (Nearey & Assmann, 1986; Munro, 1992). Vowel duration, F1, F2 and

F3 were automatically transferred to a spreadsheet. The measurements obtained

by the scripts were manually checked and corrected by referring to the

spectrograms. To compensate for the gender differences, the F1, F2 and F3

values in Hertz were converted to the Bark scale using the following formula

(TraunmUller, 1990):

b=26.8/ (1 + (1960/f)) - 0.53,

in which b is in Bark, and f is in Hz.

The amount of formant movement was calculated using the formant

values obtained at a distance of 70% from the beginning of a vowel minus the

formant values obtained at a distance of 30% 'from the beginning of the same

vowel. Positive values indicate upward formant movement, while negative values

indicate downward formant movement. The upward or downward formant

movement was calculated not only for diphthongs but also for monophthongs.

The calculation of formant frequency movement is relevant to the present study

8 The script was slightly modified to satisfy the needs of the present study.
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for the following reasons. First, the present study examined the acoustic

similarities and differences between Mandarin vowels and their English

counterparts. If English monophthongs have significant formant frequency

movement (Nearey & Assmann, 1986; Munro, 1992), it is reasonable to include

formant frequency movement to achieve a comprehensive comparison between

English and Mandarin vowels. Second, the present study also examined the

Mandarin-English bilinguals' acquisition of English vowels. In addition to F1, F2

or F3, formant frequency movement should also be a good indicator of a

bilingual's success or failure in English vowel acquisition. Finally, the present

study examined the influence of English phonetic learning on Mandarin vowel

production by Mandarin-English bilinguals. If such an influence exists, the

acoustic characteristics of English vowels carried over to the production of

Mandarin vowels should include not only F1, F2 or F3 but also formant frequency

movement.

FO was measured because of the concern that reading the target words in

the same tone (Tone 4) may not eliminate the possibility that the Mandarin

English bilinguals might be different from the Mandarin monolinguals in tone.

Before FO was manually measured in Praat, vowel duration was normalized to

adjust for differences in speaking rate (Wang, Jongman & Sereno, 2003). A

vowel was stretched or shrunk in SoundForge (Version 8) to be the same

duration as the median duration of the vowel across all speakers. FO was

measured at approximately 0%, 25%, 50%, 75%, and 100% point of the pitch
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contour (Wang et aI., 2002). To accommodate gender difference, Fo was

normalized using Rose's formula (1987):

FOnorm = (FOj - meanFO)/s,

where FOi is the FO of any given point of a pitch contour, meanFO is the mean of

the frequencies of the five points for a given speaker, s is the standard deviation

from the mean for a given speaker.

2.2. Results and discussion

This section presents and discusses the results of the production tests.

Mandarin vowel production by Mandarin monolinguals is compared with English

vowel production by English monolinguals; Mandarin-English bilinguals are

compared with English monolinguals in the production of English vowels; and

Mandarin-English bilinguals are compared with Mandarin monolinguals in the

production of Mandarin vowels. An a value of .05 was the criterion for

significance in all statistical analyses in this thesis.

2.2.1. Cross-language acoustic similarities in vowels

This section describes and discusses Mandarin vowel production by

Mandarin monolinguals and English vowel production by English monolinguals.

The goal is to determine the acoustic similarities between Mandarin vowels and

their English counterparts.
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2.2.1.1. Results

Duration data

The mean durations for vowels spoken by Mandarin monolinguals and

English monolinguals are summarized in Table 2-3. A mixed design ANOVA, with

vowel as a within-subjects factor (la/(lo/)9, laj/, laul, lei, Iii, loul, lui) and language

(Mandarin, English) as a between-subjects factor, revealed a main effect of

language, [F (1, 23) = 14.35, P < .01]. English vowels tended to be longer than

their Mandarin counterparts. Separate one-way ANOVAs were calculated on

each of the vowels, la/(lo/), laj/, laul, lei, /iI, loul, lui. The results revealed

significant group differences for lal (101), [F (1, 23) = 27.01, P < .001], for laj/, [F (1,

23) = 25.38, p< .001], for laul, [F(1, 23) = 22.51, p< .001], for/il, [F(1, 23) =

11.48, P < .01], and for loul, [F (1, 23) = 13.25, P < .01]. In all cases, the English

vowel was longer than its Mandarin counterpart. No signi'ficant group difference

was found for lei and lui.

9 Enclosed in brackets is the English counterpart of Mandarin Ia!.
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Table 2-3: Mean durations (ms) and standard deviations of Mandarin
vowels lal, laj/, laul, leI, IiI, loul, luI and their English counterparts,
101, laj/, laul, leI, IiI, loul, luI

Vowel MonoM MonoE

lal (ln/) 225 (53)** 326 (43)**

lajl 256 (67)** 378 (53)**

laul 233 (58)** 330 (42)**

lei 269 (73) 313 (49)

iii 232 (46)** 286 (31 )**

loul 256 (58)** 334 (48)**

lui 241 (63) 278 (47)

Note. Values enclosed in parentheses represent English vowels
and standard deviations, respectively. **p < .01

Spectral data

The mean F1, F2, and F310 values obtained at 30% distance from the

beginning of a vowel (labelled F1 a, F2a, and F3a) are listed in Appendix 7. An F1

x F2 plot depicting Mandarin vowels produced by Mandarin monolinguals and the

English counterparts produced by English monolinguals is provided in Figure 2-1.

The means in Bark of F1 and F2 movement values (labelled LlF1 and LlF2) are

given in Appendix 8. Figure 2-2 illustrates schematically how laj/, laul and loul

differ in formant movement between Mandarin and English.

10 F3 values were obtained for rounded vowels only.
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Figure 2-1: Mean formant values (Bark) for Mandarin vowels produced
by Mandarin monolil1guals (n=13) and English vowels produced by
English monolinguals (n=12)
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Figure 2-2: Schematic spectrograms representing the first and second
formants of laj/, laul and loul for Mandarin and English
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Note: The formant values at 30% and 70% of the duration are used at 0% and 100% of the
duration, respectively.

To compare the differences in spectral properties between Mandarin

vowels and their English counterparts, a series of one-way ANOVAs were carried

out on the mean values of F1 a, F2a, F3a, f1F1 and f1F2 for each of the vowels,

(la/(lD/), laj/, laul, lei, /iI, loul, lui). The acoustic differences, along with statistical

results and phonetic consequences, are listed in Table 2-4.
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Table 2-4: Acoustic differences between Mandarin vowels and their
English counterparts

Mandarin Difference in comparison Statistical results Consequences
Vowel with English counterpart

Ia!
Higher F1 F (1, 23) = 27.27, P < .001 Lower & more

Higher F2 F (1, 23) = 53.80, P < .001 anterior

Higher F1 F (1, 23) = 4.99, P < .05 Lower, more

lajl Higher F2 F(1, 23) = 10.06, p< .01 anterior & less

smaller upward ~F2 F (1, 23) = 45.60, P < .001
open

laul
Lower F2 F (1, 23) = 7.94, P < .05 More posterior &

smaller downward L'.F2 F (1, 23) = 35.43, P < .001 less open

lei No difference ---- ----

Iii Larger downward ~F1 F(1, 23) = 8.10, p< .01 More open

Higher F1 F (1, 23) = 7.05, P < .05 Lower, more

lower F2 F(1, 23) = 11.23, p< .01 posterior, less
loul rounded & less

higher F3 F(1, 23) = 16.75, p< .001 open
less downward ~F2 F (1, 23) = 15.47, P < .01

lui
Higher F1 F (1, 23) = 7.69, P < .05 Lower & more

lower F2 F (1, 23) = 38.49, P < .001 posterior

Note. A dash indicates the information was not available.

The statistical analyses revealed that Mandarin lal had significantly higher

F1, [F (1, 23) = 27.27, P < .001], and significantly higher F2, [F (1, 23) = 53.80, P

< .001], than English 10/. Therefore, Mandarin lal was lower and more anterior

than its English counterpart. However, the two vowels did not differ significantly

in either F1 movement or F2 movement.

For laj/, the results showed that Mandarin laj/ was significantly lower, [F (1,

23) = 4.99, P < .05] and more anterior, [F (1, 23) = 10.06, P < .01], than its

English counterpart. Though the amount of F1 movement of Mandarin lajl and

that of English lajl was non-significantly different, Mandarin lajl had significantly

smaller amount of upward F2 movement than English laj/, [F (1, 23) =45.60, P

< .001].
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Compared with English lau/, Mandarin laul was significantly more posterior,

[F (1, 23) = 7.94, P < .05]. It was also found that Mandarin laul had significantly

smaller amount of F2 movement than its English counterpart, [F (1,23) = 35.43,

p < .001]. No significant difference in height, roundedness and F1 movement

were found between Mandarin laul and its English counterpart.

For lei, no significant differences between Mandarin and English were

revealed in height, backness, amount of F1 and F2 movement,

There were no signi"ficant differences between Mandarin Iii and English Iii

in height, backness and amount of F2 movement. However, Mandarin Iii had a

significantly larger amount of downward F1 movement than English Iii, [F (1,23)

= 8.10, P < .0-1].

Compared with English lou/, Mandarin loul was significantly lower [F (1,

23) = 7.05, P < .05], more posterior, [F (1, 23) = 11.23, P < .01], and less rounded,

[F (1, 23) = 16.75, P < .001]. It also had significantly less downward F2

movement, [F (1, 23) = 15.47, P < .01].

Mandarin lui was significantly lower, [F (1, 23) = 7.69, P < .05], and more

posterior than English lui, [F (1, 23) = 38.49, P < .001]. However, Mandarin lui

and its English counterpart did not differ significantly from each other in

roundedness, amount of F1 and F2 movement.

Summary

All English vowels except lei and lui were significantly longer than their

Mandarin counterparts. Moreover, all Mandarin vowels except lei were
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significantly different from their English counterparts in at least one acoustic

dimension. Specifically, Mandarin lal and lajl were lower and more anterior than

English 101 and laj/11, respectively. Mandarin lajl also had less upward F2

movement, which indicates it was less open as compared with English laj/.

Mandarin laul was more posterior than English lau/. It also had less downward F2

movement. Mandarin Iii had more downward F1 movement than English IiI.

Mandarin loul was lower, more posterior, less rounded and less downward in F2

movement than English lou/. Finally, Mandarin luI was lower and more posterior

than English luI.

2.2.1.2. Discussion

The results of the cross-language vowel duration measurement in the

present study were inconsistent with Wang's study (1997) except for vowel luI, in

which both studies revealed a non-significant duration difference between

Mandarin and English. While the present study revealed that a majority of the

English vowels were longer than their Mandarin counterparts, Wang found that

English had significantly longer duration only in iiI and leI. This inconsistency was

probably due to the different phonetic contexts of the stimuli used in the two

studies. In Wang's study, words containing the target English vowels were in a

closed syllable (/bVt/) while words containing the target Mandarin vowels were in

an open syllable (/bV/). In the present study, however, words containing the

target English vowels that have Mandarin counterparts and words containing the

11 The height and backness of diphthongs such as laj/, lau/, and loul mentioned in this thesis
were determined by the formant frequencies obtained at the first portion of the vowels (30%).

41



target Mandarin vowels were in an open syllable (lpV/. The vowel shortening

effect in a closed syllable may account for the non-significant duration difference

between Mandarin and English in most of the vowels in Wang's study.

Although Wang (1997) found that Mandarin lei was lower and more

posterior than its English counterpart, the same spectral differences were not

confirmed by the data in this study. Like Wang (1997), this study found that

Mandarin iii was spectrally identical to English Iii in height and backness.

However, this study had an additional finding in that Mandarin iii had significantly

downward F1 movement, which, to the best of my knowledge, has never been

reported in the literature. The finding that Mandarin diphthongs laj/, laul, and loul

had significantly less F2 movement was consistent with Wu's finding (1992) that

Mandarin diphthongs such as laj/ are less open than those of English. Mandarin

lal was considerably lower and more anterior than English 10/, which conforms to

Wang's (1997) study. Also conforming to Wang's (1997) study are the results of

Mandarin loul and luI. loul was found to be lower and more posterior than its

English counterpart and lui differed from English lui in backness and height.

The acoustic data of the present study suggest that Mandarin lei was

temporally and spectrally identical to its English counterpart. The remaining

Mandarin vowels all differed from their English counterparts in at least one

acoustic dimension. However, it is difficult to determine cross-language

similarities and differences solely on the basis of acoustic measurement,

because of the various uncontrolled differences, such as stress, speaking rate,
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formality and vocal tract size that may complicate determining cross-language

phonetic similarities (Flege, Bohn and Jang, 1997). Therefore, cross-language

vowel similarities can not be adequately determined without a perception test.

Nonetheless, the acoustic analysis in this section sets the basis for subsequent

perception studies. Furthermore, the acoustic comparison of Mandarin and

English vowels establishes the Mandarin and English norms for analysis of non

native vowel production by Mandarin-English bilinguals. Moreover, Mandarin

vowels and English vowels have to be acoustically different to test L2 influence

on L1.

2.2.2. Bilingual English vowel production

This section describes and discusses the extent to which Mandarin

English bilinguals differ from English monolinguals in English vowel production.

2.2.2.1. Results

Duration data

Table 2-5 displays the mean durations of English vowel productions by

BiMH, BiML and MonoE. A repeated measures ANOVA, with vowel as within

subjects factor (Iii, III, lei, !EI, lrel, lui, lui, 101, 10/, IAI, laj/, lau/) and speaker group

as between-subjects factor (BiMH, BiML, MonoE), revealed an effect of vowel by

speaker group interaction, [F (22, 42) = 1.58, P < .05]. However, there was no

main effect of speaker group. A series of one-way ANOVAs on the vowel data

with speaker group (BiMH, BiML, MonoE) as between-subjects factor revealed

no significant group difference in any vowel except lrel, [F (2, 42) = 3.37, P < .05].
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A post hoc Tukey test revealed a significant difference only between BiMH and

MonoE [p < .05]. No significant difference was found between BiML and MonoE.

Table 2-5: Mean durations (ms) and standard deviations of English
vowel production by Mandarin-English bilinguals of high L1 use (BiMH)
(n=16), Mandarin-English bilinguals of low L1 use (BiML) (n=17) and
English monolinguals (MonoE) (n=12)

Vowel BiMH BiML MonoE

101 287 (47) 292 (71) 326 (43)

lajl 335 (56) 347 (82) 379 (53)

laul 290 (43) 307 (64) 330 (42)

lei 315 (50) 328 (83) 313 (49)

loul 313 (43) 330 (72) 334 (48)

!AI 141 (30) 151 (21) 138 (27)

Iii 280 (40) 278 (64) 286 (31)

hi 110 (24) 123 (26) 122 (29)

lui 284 (38) 264 (76) 278 (47)

lui 117 (23) 128 (24) 122 (28)

lcel 156(34)* 174 (25) 185 (32)

lEI 130 (27) 136 (30) 137 (29)

Note. Values enclosed in parentheses represent standard deviations. •p < .05.

Spectral data

The mean F1 a, F2a, F3a (Bark) of English vowel productions by BiMH,

BiML and MonoE and a summary of the mean ~F1 and ~F2 (Bark) of English

vowel productions by the same speaker groups are listed in Appendix 9 and 10.
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Figure 2-3 is a plot of vowel space of English vowel production by MonoE and

BiMH. Figure 2-4 shows the vowel space of English vowel production by MonoE

and BiML. Figure 2-5 illustrates schematically how the Mandarin-English

bilinguals differ from MonoE in the formant movements of English laj/, laul, loul,

III and 1£1.

Figure 2-3: Mean formant frequencies (Bark) for English vowels
produced by English monolinguals (MonoE) (n=12) and Mandarin
English bilinguals of high L1 use (BiMH) (n=16)

1'------

17 15
----I ------

[]

F2 (Bark)
13 11

-----T - ---r---

9 7 5

I 2

3

A. •DOn
& ••~au
o 0 aJ

45

4

5

~ I.M~noEI....
6 ct

i B'MH Ia:J iD I'
.,....

ILL

7

8

9

10



Figure 2-4: Mean formant frequencies (Bark) for English vowels
produced by English monolinguals (MonoE) (n=12) and Mandarin
English bilinguals of low L1 use (BiML) (n=17)
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Figure 2-5: Schematic spectrograms representing the first and second
formants of laj/, laul, loul, !II and lEI for English monolinguals (MonoE)
(n=12), Mandarin-English bilinguals of high L1 use (BiMH) (n=16) and
Mandarin-English bilinguals of low L1 use (BiML) (n=17)
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Separate one-way ANOVAs were calculated on the mean F1 a, F2a, F3a,

~F1 and ~F2 for each of the 12 English vowels. The results showed that BiMH

and BiML did not differ significantly from MonoE in any of the spectral properties

of vowels 10/, lei, IAI, /iI, lui and lre/. For vowels laj/, laul, loul, III, lui, lEI, however,

the three groups differed significantly from each other in at least one dimension

of the spectral properties. The acoustic differences, along with statistical results

and phonetic consequences, are given in Table 2-6.

Table 2-6: Acoustic differences between Mandarin-English bilinguals
(BiMH & BiML) and English monolinguals (MonoE) in English vowel
production

English Difference in comparison with Statistical results Consequences
Vowel MonoE
laj/ Less upward ~F2 (BiMH) p< .05 Less open
laul smaller upward ~F2 (BiMH & BiML) P < .01 Less open
loul less downward ~F2 p< .05 Less open

III downward ~F1 (BiMH & BiML) P < .01 (BiMH); P < .001 (BiML) Less open
less upward ~F2 (BiMH & BiML) P < .05 (BiMH); P < .01 (BiML)

lui
lower F2 (BiMH) p< .05 More posterior
less downward ~F2 (BiMH) p < .01 Less open

IE! More downward ~F1 (BiML) p< .05 More open

Note. A dash indicates the information was not available. "BiIVlH" and "BiML" enclosed in the
brackets indicate which group the information applies to.

For the diphthongs laj/, laul, loul, Mandarin-English bilinguals tended to

have less F2 movement when compared to MonoE. For lajl [F (2,42) == 3.33, P

< .05], a post hoc Tukey test revealed a significant difference only between BiMH

and MonoE [p < .05]. No significant difference was found between BiML and

MonoE [p == .443].

For laul [F (2,42) == 6.96, P < .01], a post hoc Tukey test revealed a

significant difference between BiMH and MonoE [p < .01], and between BiML and

MonoE [p< .01].
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For loul [F (2,42) = 4.88, P < .05], a post hoc Tukey test revealed a

significant difference between BiMH and MonoE [p < .05] and between BiML and

MonoE [p < .05].

For monophthongs hi, lui, lEI, the three groups differed significantly in at

least one of the spectral properties of F2a, ~F1, and ~F2. For hi, a significant

group difference was found in both ~F1 [F (2,42) = 10.57, P < .001] and ~F2 [F

(2, 42) = 7.65, P < .01]. While MonoE had an upward F1 movement (positive

value), BilVlH and BiML had a downward F1 movement. A post hoc Tukey test

revealed a significant difference between BiMH and MonoE [p < .01], and

between BiML and MonoE [p < .001]. Though the three groups all had the same

direction of F2 movement (downward movement as indicated by the negative

values), they differed significantly in the amount of F2 movement. Significantly

less F2 movement was observed in BiMH [p < .05] and BiML [p < .01].

For lui, a significant group difference in F2a [F (2, 42) = 3.50, P < .05], and

~F2 [F (2,42) = 5.42, P < .01], was revealed. A post hoc Tukey test showed that

BiMH's lui was significantly more posterior than MonoE's lui [p < .05]. No such

difference was found between BiML and MonoE [p = .094]. BiMH showed

significantly less downward F2 movement as compared with MonoE and BiML [p

< .01].

For lEI, a significant group difference in F1 movement was observed, [F (2,

42) = 3.70, P < .05]. A post hoc Tukey test showed it was BiML [p < .05], rather

than BiMH, that had significantly more downward F1 movement in comparison

with MonoE.
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Summary

With regard to duration, the two groups of Mandarin-English bilinguals did

not differ from the English monolinguals except for the vowel lre/, where BiMH

had a significantly shorter duration than MonoE. Spectrally, the two groups of

Mandarin-English bilinguals did not differ from the English monolinguals in the

English vowels 10/, leI, IAI, IiI, luI and lre/. The English vowels in which the

Mandarin-English bilinguals differed from the English monolinguals were laj/, laul,

loul, hI, luI, and lEI. Compared with MonoE, less F2 movement in the English

vowels lajl and luI, and a more posterior position in English luI, were observed

for BiMH only. For English laul, loul and hI, less F2 movement was observed for

both BiMH and BiML. While F1 movement in the opposite direction (downward)

was found for both BiMH and BiML in English vowel hI, more downward F1

movement was observed for BiML only in the English vowel lEI.

2.2.2.2. Discussion

The Mandarin-English bilinguals showed a native-like duration pattern in

the majority of the English vowels examined in this study. Duration did not seem

to pose a big problem in the process of their acquisition of the English vowels.

Traditionally, F1 and F2 are used to measure if an L2 English learner has

successfully acquired an L2 English target vowel. If the same criterion were used

to examine the successful acquisition of L2 English vowel acquisition here, it

could be claimed that, in most cases, the Mandarin-English bilinguals in this

study had successfully acquired the L2 English vowels. However, as Nearey &

Assmann (1986) and Munro (1992) pointed out, the traditional approach might
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fail to reveal differences in formant movement. In fact, most of the significant

group differences in this study were observed in either F1 or F2 movement. If

differences in formant movement are taken into consideration, it can be claimed

that the Mandarin-English bilinguals in this study had successfully acquired

English vowels 10/, leI, !AI, /iI, luI and lce/, but were not equally successful in the

acquisition of the English vowels laj/, laul, 101, hI, luI, and If).

Consistent with previous studies (e.g., Flege, Fireda and Nozawa, 1997;

Flege, Schirru and MacKay, 2003; Guion et aI., 2000), an effect of L1 use on L2

was found in the production of lajl and luI, in which BiMH rather than BiML

differed from MonoE in either F2 movement or F2. However, such an effect was

not found in the production of laul, loul, and hI, in which both BiMH and BiML

were unsuccessful, suggesting that such vowels pose some difficulty for both

groups of learners. Nevertheless, compared with BiML, BiMH had problems with

far more vowels. Overall, the findings in the present study suggest that the more

a bilingual uses hislher L1, the less accurate hislher L2 production is (e.g., Flege,

Frieda and Nozawa, 1997; Flege, Schirru and MacKay, 2003).

2.2.3. Bilingual Mandarin vowel production

In this section, Mandarin-English bilinguals are compared with Mandarin

monolinguals in the production of Mandarin vowels. As noted in chapter 1, this is

the focus of the present study.
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2.2.3.1. Results

Duration Data

Mean durations of Mandarin vowel productions by Mandarin-English

bilinguals and Mandarin monolinguals are given in Table 2-7. A repeated

measures ANOVA, with vowel as witt-lin-subjects factor (fal, laY, laul, lei, Iii, loul,

lui, Iy/), and speaker group as between-subjects factor (MonoM, BiMH, BiML),

revealed a non-significant main effect of speaker group and a significant vowel

by speaker group interaction, [F(14, 43) =2.66, p= .001]. Separate one-way

ANOVAs on each of the eight vowels with speaker group as a between-subjects

factor (MonoM, BiMH, BiML) revealed no significant group difference in any of

the vowels except lou/. For loul, a main effect of group was observed, [F (2,43)

= 3.55, P < .05]. However, a post hoc Tukey test showed only a marginal

difference between BiML and MonoM [p = .051]. No significant difference was

found between BiMH and MonoM. In general, Mandarin-English bilinguals did not

differ from Mandarin monolinguals in the mean durations of Mandarin vowels.
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Table 2-7: Mean durations (ms) and standard deviations of Mandarin
vowel production by Mandarin-English bilinguals of high L1 use (BiMH)
(n=16), Mandarin-English bilinguals of low L1 use (BiML) (n=17) and
Mandarin monolinguals (MonoM) (n=13)

Vowel BiMH BiML MonoM

197 219 225
lal

(51 ) (57) (53)

238 270 256
lajl

(59) (61 ) (67)

214 251
233

laul
(47) (66) (58)

224 257 269
lei

(55) (67) (73)

213 222 232
Iii

(48) (59)
(46)

215 213 256
loul

(44) (44) (58)

204 211
241

lui
(49) (64) (63)

257 277 280
Iyl

(60) (66) (62)

Spectral Data

The mean values of F1 a and F2a of all Mandarin vowels and of F3a of

Mandarin laul, loul, lui, Iyl as produced by both Mandarin monolinguals and

Mandarin-English bilinguals are given in Appendix 11. The mean ~F1 and ~F2 of

the Mandarin vowel productions by Mandarin monolinguals and Mandarin-

English bilinguals are listed in Appendix 12. Figure 2-6 is a plot indicating the

vowel space of Mandarin vowel productions by MonoM, BiMH and BiML. Figure
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2-7 illustrates schematically how the Mandarin-English bilinguals differ from

MonoM in the formant movements of lajl and iii.

Figure 2-6: Mean formant frequencies (Bark) for Mandarin vowels
produced by Mandarin monolinguals (MonoM) (n=13), Mandarin-English
bilinguals of high L1 use (BiMH) (n=16) and Mandarin-English bilinguals
of low L1 use (BiML) (n=17)
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Figure 2-7: Schematic spectrograms representing the first and second
formants of lajl and IiI for Mandarin monolinguals (MonoM) (n=13),
Mandarin-English bilinguals of high L1 use (BiMH) (n=16) and Mandarin
English bilinguals of low L1 use (BiML) (n=17)
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Note: The formant values at 30% and 70% of the duration are used at 0% and 100% of the
duration, respectively.

Separate one-way ANOVAs were calculated on the mean values of F1 a,

F2a, F3a, ~F1 and ~F2 for each of the Mandarin vowels with group (MonoM,

BiMH, BiML) as a between-subjects factor. The analysis revealed no significant

group difference in the mean values of F1 a, F2a, and F3a in any of the Mandarin

vowels, indicating that BiMH, BiML and MonoM did not differ significantly from

each other in vowel height, backness and rounding. However, a significant group

difference was found in the mean values of ~F1 in vowel /iI, [F (2,43) = 4.93, P

< .05], and the mean values of ~F2 in vowel laj/, [F (2, 43) = 4.40, P < .05]. For

~F1 in Iii, a post hoc Tukey test showed that, compared with MonoM, both BiMH

[p < .05] and BiML [p < .05] had significantly less downward movement. For ~F2

55



in laj/, a post hoc Tukey test revealed that BiML had significantly more upward

movement than MonoM [p < .05]. BiMH did not differ sjgnificantly from MonoM in

this respect. No significant group difference in ~F1 and ~F2 was found for other

Mandarin vowels.

Tone data

As noted in 2.1.4, the measurement of FO was motivated by the concern

that the Mandarin-English bilinguals might deviate from Mandarin monolinguals

in tone when the words containing the target vowels were produced.

Separate one-way repeated measures ANOVAs were conducted

comparing MonoM, BiMH, and BiML's Tone 4 productions for each of the eight

Mandarin vowels, with position of measurement (0%, 25%, 50%, 75%, 100%) as

within-subjects factor, and group (MonoM, BiMH and BiML) as between-subjects

factor. No significant effect was observed for group or group by position

interaction in the Tone 4 productions of any of the Mandarin vowels, indicating

that all three groups produced the tone homogenously.

Summary

The acoustic analysis did not reveal any significant differences between

the Mandarin-English bilinguals and the Mandarin monolinguals in vowel duration,

formant frequencies (F1, F2 or F3), and Tone 4 contours in any of the target

Mandarin vowels. The only significant group difference was found in formant

movement for the vowels Iii and laj/. For vowel Iii, both BiMH and BiML had

significantly less downward F1 movement than MonoM, approximating the

pattern of English Iii. For laj/, BiML, but not BiMH, had significantly more upward
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F2 movement than MonoM, indicating that BiML's lajl was more open than

MonoM's lajl and thus approximates English laj/.

2.2.3.2. Discussion

BiMH and BiML's less downward F1 movement in Mandarin Iii and BiML's

more upward F2 movement in Mandarin lajl can be interpreted as the result of L2

vowel learning. As mentioned in 2.2.2, neither BiMH nor BiNiL differed from

MonoE in F1 movement or other acoustic dimensions of English Iii, indicating

successful acquisition of this English vowel. In the case of English laj/, however,

BiNiL did not differ from MonoE in F2 movement and other acoustic dimensions

while BiMH did, indicating BiNiL's successful acquisition of English laj/. It is

hypothesized that the Mandarin-English bilinguals who successfully acquired

English Iii (BiMH and BiML) and laj/ (BiML) carried over the stable F1 movement

of English Iii and the more upward F2 movement of English lajl to the production

of Mandarin Iii and laj/, respectively. In sum, consistent with previous studies

(Flege, 1987, 1995, 2003; Guion, 2003), the findings in the present study indicate

that success'ful acquisition of L2 vowels plays a role in L1 vowel modification.

It must be noted, however, that the effect of L2 vowel learning on L1 vowel

production did not show up in all L1 vowels whose L2 counterparts have been

successfully acquired. For example, the acoustic analysis in 2.2.2 revealed that

Mandarin-English bilinguals did not differ from English monolinguals in duration

and spectral properties of English 101 and lei, indicating their successful

acquisition of these two vowels. However, no corresponding modification of
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Mandarin vowels Ia! and lei was observed of the Mandarin-English bilinguals. It is

hypothesized that cross-language vowel similarity is a contributing factor (e.g.,

Williams, 1980; Flege, 1995, 2003; Baker & Trofimovich, 2005). As can be seen

in Figure 2-1 of 2.2.1, Mandarin lal and English 101 were the least similar

acoustically among all target vowels. Further evidence of their dissimilarity is

available in Table 3-2 of the following chapter, in which Mandarin lal and English

101 received the lowest and second lowest rating, respectively. Since Mandarin lal

and English 101 are different from each other to a larger extent than other vowels,

Mandarin-English bilinguals may categorize them as belonging to two different

categories after being exposed to them for an extended period of time. As a

result, Mandarin Ia! was not affected by English 10/. With regard to Mandarin and

English lei, the acoustic analysis in 2.2.1 revealed that they did not differ in any

of the dimensions measured in the present study and were therefore "identical."

Given the identical nature of these two vowels, no effect of English lei on

Mandarin lei should be expected. In sum, the effect of L2 phonetic learning on an

L1 can not be demonstrated if an L1 phonetic segment is too dissimilar (e.g.,

Mandarin lal and English 10/) or identical to its L2 counterpart (e.g., Mandarin lei

and English lei).

The effect of the amount of L1 use was revealed in Mandarin-English

bilinguals' production of Mandarin laj/, where BiML had significantly more upward

F2 movement than BirvlH when compared with MonoM.
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Despite the successful category formation of English Ii! and laj/ by

Mandarin-English bilinguals, the SLM's prediction of "category dissimilation" was

not observed in the present study. Instead of deflecting away from the English

monolingual's English Ii! and lajl to keep a contrast between Mandarin vowels

and their English counterparts, Mandarin-English bilinguals' Mandarin Ii! and laj/

became similar to English Ii! and laj/ (e.g., less downward F1 movement in Iii and

more upward F2 movement in laj/). It seems that "category assimilation" occurs

even though a bilingual has successfully established an L2 sound.

To summarize, Mandarin-English bilinguals, especially those with low L1

use, have modified the categories of some L1 Mandarin vowels (e.g., Mandarin

Iii and laj/) as a result of L2 vowel learning. Yet, it is not known if the acoustic

differences between Mandarin-English bilinguals and Mandarin monolinguals as

revealed in the production test are salient in perception. In addition, although the

measurement of acoustic dimensions such as duration, formant frequencies,

formant movement and tone does not reveal a difference between l\t1andarin

English bilinguals and Mandarin monolinguals in the production of some vowels

(e.g., /iI, Iyl, laul, lei, lou/), it does not necessarily mean that Mandarin-English

bilinguals do not have an accent in their L1 vowel production. Other acoustic

dimensions that are not measured in the production test (e.g., voice quality) may

contribute to Mandarin-English bilinguals' accented L1 vowel production.

Moreover, it is not clear if the Mandarin-English bilil1guals whose L1 vowel

production deviates from L1 monolingual norms tend to have good L2 vowel

proficiency, or whether the Mandarin-English bilinguals who have poor L2 vowel
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proficiency do not deviate from L1 monolingual norms. In order to address these

issues, perception tests were also administered. These are discussed in the

following chapter.

60



CHAPTER 3:
GOODNESS RATING OF MANDARIN-ENGLISH

BILINGUALS' VOWEL PRODUCTION

This chapter describes and discusses two goodness rating experiments.

The first experiment addresses three main issues, namely, cross-language vowel

perceptual similarity, Mandarin-English bilinguals' accent in L1 vowel production

and the acoustic properties contributing to this accent. The second experiment

evaluates the correlation between Mandarin-English bilinguals' English vowel

pronunciation proficiency and their Mandarin vowel pronunciation proficiency.

3.1. Experiment 1

3.1.1. Methodology

3.1.1.1. Listeners

Twenty Mandarin listeners and 20 English listeners were initially recruited

for the perception test. Four Mandarin listeners did not qualify due to their first

language being Taiwanese. Four English listeners were excluded because they

had learned Mandarin or were proficient speakers of other languages (e.g.,

French, Spanish). In the end, 16 Mandarin listeners (7 males and 9 females) and

16 English listeners (6 males and 10 females), all of whom reported normal

hearing, participated in the perception test.

All Mandarin listeners were from Taipei, Taiwan. At the time of the study,

they were either adult ESL students studying at the Harbour Centre campus of
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Simon Fraser University, recent immigrants or short-term visitors. They had all

received a university education in Taiwan. Their ages ranged from 20-39 years

(mean=29). Their LOR ranged from half a month to 3 months (mean=2 months).

In general, their English speaking proficiency was low. Twelve participants

reported "not fluent" in English speaking; the other four reported "somewhat

fluent." They all reported having some knowledge of Taiwanese. However, their

spoken Taiwanese was generally "not fluent" (12 cases of "not fluent" and 4

cases of "somewhat fluent"). No one reported having knowledge of Hakka. The

ESL students studying at Simon Fraser University completed the perception test

in a quiet room at Harbour Centre campus. The recent immigrants and visitors

were tested in public libraries across the Lower Mainland, British Columbia.

The English listeners were recruited from the undergraduate population at

the Burnaby campus of Simon Fraser University. Their ages ranged from 18-26

years (mean=21 years). They were all born and raised in Anglophone regions of

Canada west of Quebec. None of them had background in Mandarin. They

completed the test in the Phonetics Lab of Simon Fraser University.

3.1.1.2. Stimuli

The vowel tokens collected in the production tests were used for this

experiment. For English, only "pea, Pooh, pie, paw, pow, pay, dough", each of

which had a Mandarin counterpart, were selected. In total, there were 104

Mandarin tokens by Mandarin monolinguals (8 vowels x13 subjects x 1

repetition), 264 Mandarin tokens by Mandarin-English bilinguals (8 vowels x33
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subjects x 1 repetition) and 84 English tokens by English monolinguals (7 vowels

x 12 subjects x 1 repetition).

There is no commonly agreed-upon criterion for selecting stimuli from

among multiple repetitions in a perception test. In the present study, the second

repetitions12 of the target words in the production test were selected. Based on

intuition and common sense, the first repetition of a stimulus may not be as

stable as latter repetitions. On the other hand, the last repetition may have more

practice effect (Murray Munro, personal communication, 2007).

To eliminate the effect of the initial consonants on vowel perception, the

initial consonants of the target words were held constant through digital editing.

Two Mandarin monolingual listeners (1 male and 1 female) and 2 English

monolingual listeners (1 male and 1 female) were randomly selected from the

subject pool. These selected speakers' initial consonants of the target words

were edited out and were used to replace the initial consonants of all speakers

on the basis of language (Mandarin, English) and gender (male, female). The

editing was conducted using Audacity (Version 1.2.6). The average RMS

intensity (loudness) of these edited words was then normalized to -16dB in

Sound Forge (Version 8.0). A native Mandarin speaker from Taiwan evaluated

the naturalness of these edited words and judged all tokens as natural.

12 As noted in chapter 1, there are three repetitions for each stimulus in the production test. If a
second repetition is not usable due to poor recording quality, the first or third repetition is
selected instead.
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3.1.1.3. Procedure

Stimuli were divided into two blocks, in which Mandarin stimuli and English

stimuli were mixed, and were presented to listeners for goodness rating via E

Prime 1.0 (Psychology Software Tools) on a laptop computer (Compaq Presario

V2000). For the Mandarin listeners, the first block consisted of 241 stimuli. There

were 49 English stimuli by 7 English monolinguals (7 vowels x 7 subjects x 1

repetition), 56 Mandarin stimuli by 7 Mandarin monolinguals (8 vowels x 7

subjects x 1 repetition) and 136 Mandarin stimuli by 17 Mandarin-English

bilinguals (8 vowels x 17 subjects x 1 repetition). The second block included 211

stimuli, among which there were 35 English stimuli by 5 English monolinguals (7

vowels x 5 subjects x 1 repetition), 48 Mandarin stimuli by 6 Mandarin

monolinguals (8 vowels x 6 subjects x 1 repetition) and 128 Mandarin stimuli by

16 Mandarin-English bilinguals (8 vowels x 16 subjects x 1 repetition). Mandarin

listeners were instructed to rate the goodness of the word they heard on a 7-point

scale, with "1" being the worst and "7" the best exemplar of the Mandarin target

word (see Appendix 3 for detailed oral instruction). For English listeners, the

Mandarin stimuli containing vowel /y/ were excluded, because Mandarin /y/ does

not have an English counterpart. As a result, the first block had a total of 217

stimuli, comprising 24 stimuli (1 vowel x 24 Mandarin speakers) less than the

total number of stimuli for Mandarin listeners. The second block had a total of

189 stimuli, being 22 stimuli (1 vowel x 22 Mandarin speakers) less than the total

number of stimuli for Mandarin listeners. The English listeners were instructed to

complete the same task as the Mandarin listeners did, with "1" being the worst
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and "7" the best exemplar of the English target word (see Appendix 4 for detailed

oral instruction).

Before the experiment started, listeners completed a consent form and a

questionnaire. All listeners used headphones (Technics RP-HT400). The

experiment began with a practice session to familiarize listeners with the test

procedure. The inter-trial interval was set to be 4 seconds. Stimulus presentation

in the actual test was counter-balanced. Half of the listeners listened to Block 1

first, and then listened to Block 2. The other half of the listeners proceeded in

reverse order. Mandarin listeners completed Block 1 in 24 minutes and Block 2 in

21 minutes. English listeners took 20 minutes and 19 minutes respectively to

complete blocks 1 and 2. All participants had a 5-minute break between the two

blocks. When the listeners finished the test, they completed a debriefing

questionnaire (Appendix 5 and 6).

3.1.2. Results

The perceptual similarities between Mandarin vowels and their English

counterparts, and differences between Mandarin monolinguals and Mandarin

English bilinguals in rating scores are presented in the following sections.

3.1.2.1. Cross-Iangu~ge vowel perceptual similarities

As noted in 3.1.1.3, English vowel production by English monolinguals

was included in the perception test for Mandarin listeners. Similarly, Mandarin

vowel production by Mandarin monolinguals was included in the perception test

for English listeners. Mandarin listeners in the present study had to rate the
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goodness of these English vowels with reference to the prototypical Mandarin

vowels existing in their minds. English listeners had to do the same task by

referring to the prototypical English vowels. The inclusion of the English and

Mandarin stimuli made it possible to examine cross language (between English

and Mandarin) vowel perceptual similarity.

Inter-rater reliability

Inter-rater reliability estimates by vowel were computed for Mandarin

listeners and English listeners by using Cronbach's a (Cronbach, 1951). The

results are provided in Table 3-1. The cut-off point of Cronbach's a is .70, above

which inter-rater reliability is acceptable (Nunnaly, 1978). An acceptable inter-

rater reliability was observed for laj/, leI, loul and luI in both groups of listeners.

However, the Cronbach's values for English 101 and Mandarin lal, English vowel

laul and Mandarin vowel Iii failed to meet the criterion for acceptable reliability.

The ratings assigned to the vowels having unacceptable inter-rater reliability

must be interpreted with caution.

Table 3-1: Mean inter-rater reliability scores for Mandarin listeners
(n=16) judging MonoE and English listeners (n=16) judging MonoM

Vowel Cronbach's a for Cronbach's a for
Mandarin Listeners' English Listeners'
judQement of MonoE judQement of MonoM

lo/(/a/) .59 .48
lajl .71 .88
laul .62 .90

leI .90 .76
IiI .90 .48
loul .77 .74

luI .86 .71
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Goodness rating scores

The rating scores assigned to the English monolinguals' productions of the

English vowels by the Mandarin listeners and those assigned to the Mandarin

monolinguals' productions of the Mandarin vowels by the English listeners are

listed in Table 3-2.

Table 3-2: Mean rating scores assigned to English monolinguals by
Mandarin listeners (n=16) and rating scores assigned to Mandarin
monolinguals by English listeners (n=16) on a 7-point scale where 1=
"bad" and 7= "good"

Vowel English vowelsl Mandarin Mandarin vowelslEnglish
listeners listeners

Iii 3.93 (.99) 4.39 (.87)

lei 3.48 (.98) 4.69 (.61)

lajl 3.05 (.54) 4.49 (.86)

lui 2.94 (.78) 4.32 (.46)

loul 2.66 (.61) 3.65 (.25)

IDI(laI) 2.42 (.45) 2.07 (.53)

laul 2.33 (.41) 3.65 (1.02)

Note. Values enclosed in parentheses represent standard deviations.

The Mandarin listeners' scores descended in the order of Iii, lei, laj/, lui,

loul, ID/, laul, showing different extents of similarity to the Mandarin vowel

counterparts. The three vowels to which English listeners assigned higher scores

were also Iii, lei, laj/. In addition, both Mandarin listeners and English listeners

assigned the lowest scores to IDI(laI) and lau/. It has to be noted, though, that the

rating scores for Mandarin lal and English IDI must be interpreted with caution
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due to the unacceptable inter-rater reliability. Although the Cronbach's a for the

ratings of Mandarin iiI failed to meet the criterion of an acceptable inter-rater

reliability, the inter-rater reliability for the ratings of English IiI was acceptable.

Based on the ratings of English iiI, it may be argued that Mandarin IiI, leI, lajl

and their English counterparts are highly similar. Although the Cronbach's value

for the ratings of English laul was unacceptable, the inter-rater reliability for the

ratings of Mandarin laul was acceptable. Based on the ratings of Mandarin lau/, it

may be argued that Mandarin laul and its English counterpart are among the

vowels that are the least similar between English and Mandarin.

Relating the production data in 2.2.1 and the perceptual data in this

section, Mandarin leI and its English counterpart may be considered "identical",

because the production data did not reveal any difference in any acoustic

dimension between Mandarin leI and its English counterpart and it was rated the

best by English listeners and the second best by Mandarin listeners. Although

the acoustic analysis showed Mandarin iiI had a significant downward F1

movement, the perceptual analysis showed it was highly similar to its English

counterpart. Thus, Mandarin iiI may also be considered "identical" to its English

counterpart, at least perceptually. The remaining Mandarin vowels had at least

two acoustic dimensions that differed from their English counterparts. Thus, it is

not surprising that they were rated worse than iiI and leI. These remaining

vowels may be considered "similar" to their English counterparts. However, they

are similar to their English counterparts to different degrees, with laj/, luI, and
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loul being more similar to their English counterparts than lal and laul were. In

other words, Mandarin lal and laul were the least similar to their English

counterparts.

3.1.2.2. Rating scores assigned to Mandarin-English bilinguals

Presented in the following subsections are inter-rater reliability, group

differences, individual differences and the relation between individual differences

and acoustic data. As can be recalled in 3.1.1.3, the English stimuli produced by

the English monolinguals were included in the perception test for both Mandarin

listeners and English listeners. The inclusion of the English stimuli served as a

reference point when English listeners rated the goodness of Mandarin vowel

production by Mandarin monolinguals and Mandarin-English bilinguals. It was not

the focus of the perception test. The main interest of the perception test was to

compare Mandarin-English bilinguals with Mandarin monolinguals. Thus, English

monolinguals' perception data were excluded from analysis in this section. Only

the perception data for the two groups of Mandarin-English bilinguals (BiMH and

BiML) and those of the Mandarin monolinguals (MonoM) were submitted for the

analysis of inter-rater reliability and for statistical analyses.

Inter-rater reliability

Inter-rater reliability estimates by vowel were computed for Mandarin

listeners and English listeners by using Cronbach's a. The results are provided in

Table 3-3. The values for Mandarin listeners are all above.70, a cut-off point for

acceptable reliability (Nunnaly, 1978). The values for English listeners are

above.70 in all vowels except Ia! and iiI. Since English listeners did not quite
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agree with each other on the rating of lal and Iii, the rating scores assigned by

English listeners to these two vowels were excluded from further analysis.

Table 3-3: Mean inter-rater reliability scores for Mandarin listeners
(n=16) and English listeners (n=16)

Mandarin Cronbach's a Cronbach's a
Vowel for for

Mandarin Listeners English Listeners
la/ .87 .56
lail .87 .89
laul .86 .88

lei .85 .81
Iii .75 .47
loul .80 .78
lui .79 .74
Iyl .76 ----

Note. Dash indicates the value was not relevant as /y/ is nonexistent in English.

Group differences

Rating scores assigned by Mandarin listeners

The mean ratings for each vowel assigned by Mandarin listeners to each

speaker group (pooled across listeners) is given in Figure 3-1. The general

tendency is that MonoM received the highest ratings and MonoE the lowest

ratings, with the two groups of Mandarin-English bilinguals receiving intermediate

ratings. It is also observed that, in most cases, BiML's ratings were lower than

those of BiMH.

A Shapiro-Wilks test for normality indicated that the rating scores assigned

to all three speaker groups (MonoM, BiMH, BiML) were normally distributed in

the vowels Ia/, laul, lei, Iii, and loul. However, significant deviations from

normality were observed in the rating scores assigned to MonoM in lajl (Shapiro-
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Wilks = .782, P < .01), BiML in lui (Shapiro-Wilks = .879, P < .05) and BiMH in Iyl

(Shapiro-Wilks = .877, P < .05). For the normally distributed data, parametric

tests (ANOVA or t-test) were conducted. For those that deviated from normality,

a nonparametric test (Mann-Whitney U) was conducted.

A repeated measures ANOVA was conducted on the rating scores

assigned to each of the three speaker groups for Ia/, laul, lei, Iii, loul with

speaker group as a between-subjects factor (MonoM, BiMH, BiML). The analysis

revealed neither a significant main effect of speaker group [F (2,43) = 1.10, P

=.34] nor significant vowel by speaker group interaction [F (2, 43) = .77, P =.630],

indicating a non-significant difference between MonoM, BiMH, and BiML in the

rating scores assigned to Ia/, laul, lei, Iii, and lou/.

For the rating scores assigned to laj/, Mann-Whitney independent samples

test (U) revealed a non-significant difference between MonoM and BiMH and

between MonoM and BiML. For the rating scores assigned to lui, two separate

analyses were conducted. Mann-Whitney U test was conducted on the rating

scores of MonoM and BiML due to the significant deviation from normality in the

rating scores of BiML. Since the rating scores of BiMH were normally distributed,

an independent samples t-test (two-tailed) was conducted on the rating scores of

MonoM and BiMH. Neither the Mann-Whitney U test nor the t-test revealed a

significant between group effect, indicating no significant group difference

between the Mandarin-English bilinguals and the Mandarin monolinguals in the

rating scores for lui. For the same reason, two parallel tests were conducted on

the rating scores assigned to vowel Iy/. Both the Mann-Whitney U test [Z = -2.42,
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p < .05] and the t-test [t (28) = 2.46, P < .05] showed a signi'ficant between group

effect.

In summary, despite the trend that the rating scores assigned to the

Mandarin-English bilinguals were intermediate between the Mandarin

monolinguals and the English monolinguals, a significant between-group

difference of rating scores was observed only in Iyl, a vowel nonexistent in

English.

Figure 3-1:

7

6

Mean Ratings assigned by Mandarin listeners (n=16)

3

2

-. --·1 ~-: -----...--- - ----41
• MonoM

-.- BiMH

- - ... - . BiML

• MonoE

lal
101 laj/ laul lei Iii loul lui Iyl

Rating scores assigned by English listeners

The mean ratings for each vowel assigned by English listeners to each

speaker group (pooled across listeners) are given in Figure 3-2. MonoE tended

to receive the highest ratings while MonoM tended to get the lowest ratings.

BiMH did not differ much from MonoM in the mean ratings of all vowels except

lau/, in which BiMH was lower than MonoM. BiML had intermediate ratings in all
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vowels except Iii. In this vowel, BiML, BiMH and MonoM received similar rating

scores.

An examination of the rating scores assigned by English listeners

indicated a significant deviation from normality in the rating scores of BiMH in

vowel laul (Shapiro-Wilks = .806, P < .01). All rating scores of the three Mandarin

speaker groups and the remaining vowels were normally distributed13
.

Accordingly, an independent samples Mann-Whitney U test was conducted on

the rating scores of MonoM and BiMH in lau/. An independent samples t-test was

conducted on the rating scores of MonoM and BiML in the same vowel. A one-

way repeated measures ANOVA was conducted on the rating scores of the three

Mandarin speaker groups for the remaining vowels 14.

The independent samples Mann-Whitney test indicated that BiMH and

MonoM differed signincantly in the rating scores of lau/, [Z = - 2.33, P < .05]. The

independent samples t-test revealed a marginal difference between BiML and

MonoM, [t (28) = -1.92, P = .065]. The one-way repeated measures ANOVA, with

vowel (/ajl, lei, lou/, Iii) as within-subjects factor and speaker group as between-

subjects factor (MonoM, BiMH, BiML), showed a significant main effect of

speaker group, [F (2,43) = 6.47, P < .01], but a non-significant vowel by group

interaction, [F (2,43) =.41, P = .873]. Four one-way ANOVAs (one for each of the

four vowels) with speaker group as a between-subjects factor (MonoM, BiMH,

13 Deviations from normality were also found in the rating scores of BiMH and BiML in vowel Ia!.
But they were not reported here, because the rating scores of Ia! were excluded from further
analysis due to a lower than acceptable inter-rater reliability.

14 The rating scores of Ia! and Iii were not included in the analysis.
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BiML) revealed a significant main effect of speaker group only in the rating

scores of lei, [F (2, 43) = 4.61, P < .05]. A Post Hoc Tukey HSD analysis showed

a significant difference between the rating scores of BiML and those of BiMH [p

< .05]. However, no significant difference was found between MonoM and BiMH.

A marginal difference [p = .057] was found between MonoM and BiML.

Ta sum up, from the perspective of the English listeners, the Mandarin-

English bilinguals did not differ significantly in ratings from the Mandarin

monolinguals in the target vowels except lau/, in which BiMH differed significantly

from MonoM.

Figure 3-2: Ratings assigned by English listeners (n=16)

-.
---+---- MonoM

- .. - BiMH
_...... BiML

-"-MonoE

laj/ laul lei Iii loul lui

Note. The vertical axis has been reversed to permit easy comparison with Figure 3-1 (Munro et
aI., 1999).

Correlation

If Mandarin-English bilinguals' productions of Mandarin vowels carried

some characteristics of English vowels and were therefore judged by Mandarin
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listeners as bad instances of Mandarin vowels, English listeners might be able to

detect the English characteristics in the Mandarin-English bilinguals' productions

of Mandarin vowels and judge them as good instances of English vowels. If this

is the case, the ratings assigned to the Mandarin-English bilinguals by Mandarin

listeners should be negatively correlated with the ratings assigned to the same

group of speakers by English listeners. To test this hypothesis, correlations were

computed between the ratings assigned to the Mandarin-English bilinguals by

Mandarin listeners and those assigned by English listeners to the vowels lajl, lau/,

lei, lou/, and lui. The ratings assigned to Mandarin Iyl were not included in the

correlation study due to the non-existence of its counterpart in English. The

ratings assigned to lal and iii were also excluded due to the unacceptable inter

rater reliability for English listeners.

An examination of the ratings assigned to the above five vowels by

Mandarin listeners and English listeners revealed significant departures from

normality in the ratings assigned to laul by English listeners (Shapiro-Wilks

= .900, P < .01), and in the ratings assigned to lei (Shapiro-Wilks = .922, P < .05)

and lui (Shapiro-Wilks = .904, P < .01) by Mandarin listeners. Accordingly,

Spearman rank correlation, which is a nonparametric correlation test, was

computed on the ratings of lau/, lei, and lui. A Pearson correlation was computed

on the ratings of lajl and lou/.

A significant negative correlation was found between the ratings assigned

to laul by Mandarin listeners and the ratings assigned to the same vowel by
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English listeners (rs = -.378, P < .05). No significant correlation was found in the

ratings assigned to the remaining vowels.

Summary

When compared with MonoM, both BiMH and BiML obtained significantly

lower rating scores for Mandarin Iy/. With regard to the rating scores assigned by

English listeners to Mandarin lau/, BiMH was significantly lower than MonoM.

BiML was marginally lower than MonoM. In addition, a significant negative

correlation was revealed between the ratings assigned to laul by Mandarin

listeners and the ratings assigned to the same vowel by English listeners.

Individual differences

Ratings assigned by Mandarin listeners

The analysis in this section aims to examine the individual Mandarin-

English bilinguals whose vowel production was judged as accented by Mandarin

listeners. In Flege, Munro & MacKay's study (1995) of Italian learners of English,

those who obtained a mean rating falling two standard deviations below the

mean rating assigned to native English speakers were considered to have

accented English pronunciation. The same accentedness criterion was adopted

in the present analysis.

Ratings obtained for the Mandarin monolinguals are presented in

Appendix 13. Ratings assigned to all Mandarin monolinguals except two

(speaker 105 in lal, laj/, laul and lei; speaker 107 in /iI, and Iy/) are within two

standard deviations of the Mandarin monolinguals' group mean. It is not

uncommon that a small number of native speakers may be judged as having
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foreign accents in studies of accentedness (e.g., Flege, Munro & MacKay, 1995;

Bongaerts, Mennen, & van der Slik, 2000). This may be due to human error or to

other unknown reasons (Murray Munro, personal communication, 2007). A

further look at speaker 105 and 107's answers to the questionnaire did not show

anything unusual. Since it is a normal phenomenon to have a few speakers being

judged as accented, it was decided not to remove the two speakers' data in the

present analysis. In the following analysis of the individual Mandarin-English

bilinguals' rating scores, the mean ratings and the standard deviations obtained

for all 13 Mandarin monolinguals for each of the target vowels were used to

calculate if a Mandarin bilingual's rating score was two standard deviations below

the Mandarin monolinguals' mean.

Ratings obtained for the Mandarin-English bilinguals are listed in Appendix

14. As many as 13 Mandarin-English bilinguals (6 BiMH, 7 BiML) had rating

scores falling two standard deviations below the Mandarin monolinguals' mean in

Iy/. This is consistent with the finding in group differences that both BiMH and

BiML had significantly lower ratings than MonoM.

Although no significant group differences in ratings were found between

the Mandarin-English bilinguals and the Mandarin monolinguals in lal, laul, laj/,

lei, /ii, loul and lui, some individual Mandarin-English bilinguals did have ratings

falling two standard deviations below the Mandarin monolinguals' mean. For loul,

5 Mandarin-English bilinguals (2 BiMH, 3 BiML) were judged accented; for each

of the vowels iii and laI, 4 Mandarin-English bilinguals (2 BiMH, 2 BiML each)

were judged accented; for lei, 2 Mandarin-English bilinguals (1 BiNlH, 1 BiNlL)
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were judged accented; for each of the vowels laj/, laul and lui, 1 Mandarin-

English bilingual was judged accented. As the numbers in the brackets indicate,

BiML did not outnumber BiMH in being judged as accented by Mandarin listeners.

Ratings assigned by English listeners

For the analysis of individual differences in ratings assigned by English

listeners, Flege, Munro & MacKay's (1995) nativeness criterion was adopted.

Specifically, Mandarin speakers who received a mean rating for a target

Mandarin vowel (e.g., laj/) that fell within two standard deviations of the English

monolinguals' mean rating for a corresponding English vowel (e.g., laj/) were

considered to have produced the Mandarin vowel like an authentic English vowel.

The ratings assigned by English listeners to Mandarin monolinguals and to

Mandarin-English bilinguals are listed in Appendix 15 and 16, respectively. An

examination of the ratings assigned to the 12 English monolinguals revealed that

all speakers had ratings that fell two standard deviations within the English

monolinguals' mean except for one speaker who received a rating of 6.06 out of

7 in lou/. This was probably due to a small standard deviation (SO=.15) causing

this speaker to fall two standard deviations below the English monolinguals'

mean (mean=6.41).

One Mandarin monolingual and 4 Mandarin-English bilinguals (2 BiMH, 2

BiML) obtained a rating for Mandarin lajl that fell within two standard deviations

of the English monolinguals' mean rating for English laj/. For Mandarin lau/, 1

Mandarin monolingual and 3 Mandarin-English bilinguals (1 BiMH, 2 BiML) met
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the nativeness criterion as discussed above. For Mandarin loul and lui, no

Mandarin speakers met the nativeness criterion.

For Mandarin lei, however, as many as 3 Mandarin monolinguals and 10

Mandarin-English bilinguals (2 BifVIH, 8 BifVIL) received a rating that fell within two

standard deviations of the English monolinguals' mean rating for English lei.

Since Mandarin monolinguals (23%) and Mandarin-English bilinguals (30%) were

comparable in the percentage of speakers whose production of Mandarin lei was

perceived as authentic English lei, the evidence is not adequate to conclude that

more Mandarin-English bilinguals than Mandarin monolinguals produced

Mandarin lei as authentic English lei. In general, one group of speakers (e.g.,

BiML) did not outnumber the other group of speakers (e.g., BifVIH) in being

judged as native (e.g., lajl and lau/).

Correlation

The data for the Mandarin-English bilinguals who were judged as

accented by Mandarin listeners and those who were judged as native by English

listeners are summarized in Table 3-4.
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Table 3-4: # of Mandarin-English bilinguals being jUdged as accented
by Mandarin listeners (n=16) and those being jUdged as native by
English listeners (n=16)

Mandarin Number of speakers Number of speakers

Vowel jUdged as accented judged as native Correlation
by Mandarin Listeners by Enqlish Listeners

Ia! 4 (2 H, 2 L) -,--- no
lajl 1 4 (2 H, 2 L) yes
laul 1 3 (1 H, 2 L) yes
lei 2 (2 H) 10 (2 H, 8 L) no
Iii 4 (2 H, 2 L) ---- no
loul 5 (2 H, 3 L) none no
lui 1 none no
Iyl 13 (6 H, 7 L) ---- nla

Note. A dash indicates the value was not available. Hand L stand for "speakers of high L1 use"
and "speakers of low L1 use", respectively.

An examination of the individual differences provided evidence that the

ratings assigned to lajl and laul by Mandarin listeners and those assigned to the

same vowels by English listeners were negatively correlated. For example, the

rating assigned to the speaker who was judged as accented by Mandarin

listeners was 2.38. English listeners gave the same speaker a rating as high as

5.38. Similarly, the ratings assigned to the 3 speakers who were judged as native

by English listeners were 6.06, 6.00, 5.94, and 6.31, respectively. Mandarin

listeners gave them a rating of 4.13, 4.38, 4.88 and 4.50, respectively. The same

pattern emerges in the rating scores assigned to Mandarin-English bilinguals in

the production of lau/. For example, while Mandarin listeners judged a Mandarin-

English bilingual as accented (rating=2.13) in the production of lau/, English

listeners gave the same speaker a rating as high as 5.06. Similarly, while English

listeners gave 3 speakers (all of whom were judged having native-like production
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of lau/) a rating of 5.38, 5.63, and 5.50, respectively, Mandarin listeners assigned

the same speakers a low rating of 4.31, 3.33 and 3.81.

With regard to the rating scores assigned to Mandarin-English bilinguals in

the production of the remaining vowels (lei, loul, lui), no negative correlation was

found. When speakers were judged as accented and were assigned low scores

by Mandarin listeners, they were assigned low scores by English listeners as well.

Conversely, when speakers were judged as native and were assigned high

scores by English listeners, they were also assigned high scores by Mandarin

listeners.

Summary

Consistent with the group differences, as many as 13 Mandarin-English

bilinguals were judged as accented by Mandarin listeners in the production of

Mandarin Iy/. Despite the non-significant group difference in rating scores

between Mandarin-English bilinguals and MonoM in laI, laul, laj/, lei, Iii, loul and

lui, some individual Mandarin-English bilinguals were judged as accented by

Mandarin listeners. Similarly, English listeners judged some individual Mandarin

English bilinguals as native, even though they were actually judging Mandarin

vowels. In general, there was no evidence indicating that BiML outnumbered

BiMH in being judged as accented by Mandarin listeners and as native by

English listeners. In the analysis of individual differences in the ratings of lajl and

laul, a negative correlation was found between the ratings assigned by Mandarin

listeners and the ratings assigned by English listeners. No negative correlation
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was observed between the ratings assigned by Mandarin listeners and those

assigned by English listeners in lei, loul and luI.

Individual differences and acoustic data

As can be seen above, some Mandarin-English bilinguals were judged

either as accented by Mandarin listeners or as native by English listeners, or both.

An obvious question to ask is what acoustic properties are inherent in these

speakers' vowel productions that led to them being judged as accented by

Mandarin listeners and as native by English listeners. The following section

attempts to explore this issue by relating the individual differences in ratings to

acoustic data such as duration, formant frequencies, formant movement and

fundamental frequencies. The possible acoustic properties contributing to

individual Mandarin-English bilinguals' accent are summarized in Table 3-5.

Table 3-5: Possible acoustic properties attributing to Mandarin-English
bilinguals' accentedness

Mandarin
Number of speakers

Possible acoustic
Number of speakers Possible

Vowel
judged as accented by

properties
judged as native by acoustic

Mandarin Listeners EnQlish Listeners properties
Iyl 13 (6 H, 7 L) Lower F1 ---- ----
loul 5 (2 H, 3 L) tone deviation, none ----

exaggerated
duration

Ia! 4 (2 H, 2 L) tone deviation ---- ----
Iii 4 (2 H, 2 L) tone deviation ---- ----
lei 2 (2, H) tone deviation, 10 (2 H, 8 L) ----

short duration
lajl 1 Larger upward 4 (2 H, 2 L) larger

,1.F2 upward
,1.F2

laul 1 tone deviation 3 (1 H, 2 L) larger
downward
,1.F2

lui 1 Larger downward none ----
,1.F1

Note. Dash indicates the value was not available. Hand L stand for "speakers of high L1 use"
and "speakers of low L1 use", respectively.
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Ratings assigned by Mandarin listeners and acoustic data

Iyl

This is the only Mandarin vowel in which a significant group difference in

rating scores was observed. A comparison was made between the acoustic data

of the 13 Mandarin-English bilinguals who were judged as accented (poor

speakers) and those of the 13 Mandarin-English bilinguals who were judged as

native (good speakers). The 13 good speakers were those who received good

ratings in a descending order among the 33 Mandarin-English bilinguals. The 13

MonoM were also included in the statistical analysis. Nine one-way ANOVAs

(one for each acoustic dimension: duration, F1 a, F2a, F3a, L1F1, L1F2, FO peak,

FO valley, L1F0 15
), with speaker group as a between-subjects factor (poor

speakers, good speakers, MonoM) as a between-subjects factor, were

conducted. The analysis revealed a significant group difference in F1 a only, [F (2,

36) = 3.895, P < .05]. A Post Hoc Tukey HSD analysis revealed that the poor

speakers, but not the good speakers, had significantly lower F1 a than MonoM (M

= 3.87 Bark), p < .05, indicating that, compared with MonoM, the poor speakers

produced a signi'ficantly higher Mandarin Iy/.

loul

A comparison similar to the analysis of Iyl was made between the acoustic

data of the 5 Mandarin-English bilinguals who were judged as accented (poor

15 Fa peak was the highest Fa value on the Fa contour, and Fa valley was the lowest Fa value.
~Fa (Fa range) was the difference between Fa peak and Fa valley.

83



speakers) and those of the 5 Mandarin-English bilinguals who were judged as

native (good speakers). Nine separate one-way ANOVAs (one for each of the

nine acoustic dimensions as mentioned in Iy/) were conducted. No significant

group difference was revealed in any of the nine acoustic dimensions. A closer

look at each speaker's acoustic data revealed that the acoustic cues that might

have led to these speakers being judged as accented varied from speaker to

speaker. For example, speaker 213 produced Tone 4 instead of Tone 1. The

difference between her FO peak (228 Hz) and FO valley (213 Hz) was as small as

9 Hz. Speaker 226 was had an exaggerated duration of 457 ms, which was much

longer than both Mandarin monolinguals' mean (mean=256, 5.0=58) and

Mandarin-English bilinguals' mean (mean=220, 5.0=60). An examination of

speaker 216, 224 and 229's acoustic data did not show anything unusual. The

acoustic parameters contributing to these speakers' accent were not identified.

tal

For the vowel lal, there were 4 Mandarin-English bilinguals who were

judged as accented. Since the number of speakers was too small, no attempt

was made to do a statistical analysis. Instead, each speaker's production of lal

was examined separately.

Speakers 232 and 218 produced Tone 4 Ipal like Tone 1 Ipal. An

examination of the pitch track in Praat showed that their pitch contours were flat.

For speaker 232, the difference between the FO peak (207 Hz) and the FO valley

(199 Hz) was only 8 Hz. For speaker 218, the difference between the FO peak
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(116 Hz) and the FO valley (110Hz) was as small as 4Hz. An examination of

speaker 227 and 233's acoustic data did not show a significant difference

between these 2 speakers and the remaining 31 speakers. It is not known why

they were assigned such a low rating score.

IiI

Like in Ipa/, Speaker 232's production of Tone 4 Ipil sounded like Tone 1

Ipi/. The difference between her FO peak (220 Hz) and FO valley (215 Hz) was as

small as 5 Hz. An examination of speaker 224, 227 and 229's acoustic data did

not identify the acoustic properties that caused them to be perceived as accented.

leI

Speaker 231 produced Tone 4/pel as Tone 1 Ipel. There was a difference

of 22 Hz between her FO peak (222 Hz) and her FO valley (201 Hz). As well, the

duration of her lei was as short as 158 ms, the second shortest among the 33

Mandarin-English bilinguals. Speaker 227 was found to have produced a Ipel as

short as 162 ms, which was the third shortest among the Mandarin-English

bilinguals.

laj/, laul and luI

laj/, laul and lui each had 1 speaker being judged as accented. Speaker

229's accentedness was probably due to his large upward F2 movement in the

production of lajl. His F2 movement in lajl was 3.2 bark, the second largest

movement among all 33 Mandarin-English bilinguals. Like her production of lej/,
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speaker 231 's production of Tone 4 Ipaul was actually Tone 1 Ipau/. The

difference between her Fa peak (196 Hz) and Fa valley (188 Hz) was 8 Hz only.

An examination of speaker 21 a's acoustic data in the production of luI showed

that his F2 movement of luI was -1.21 bark, the second largest among all

Mandarin-English bilinguals.

Ratings assigned by English listeners and acoustic data

lajl

A closer look at the acoustic data of the 4 Mandarin-English bilinguals

whose productions of Mandarin laj/ were judged as native productions of English

lajl showed that the 4 speakers had substantially larger upward F2 movement

(4.95 bark, 3.64 bark, 3.61 bark, and 2.74 bark, respectively) than the Mandarin

English bilinguals (mean=1.98, 5.0=.86) and the Mandarin monolinguals (mean

=1.51, 5.0=.46).

laul

An examination of the acoustic data of the 3 Mandarin-English bilinguals

whose productions of Mandarin laul were heard as native productions of English

laul revealed that speakers 229, 206 and 210 had F2 movement of -5.79 bark, 

2.84 bark and -1.55 bark, respectively. Speakers 229 and 210 ranked the first

and second in F2 movement among all 33 Mandarin-English bilinguals. Speaker

210 ranked seventh. In general, these 3 speakers' F2 movement was much
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larger than the mean F2 movement of all Mandarin-English bilinguals (mean=-

1.19, S.D=1.05) and of Mandarin monolinguals (mean=-.80, S.D=.40).

lei

Since there was no evidence in the data that more Mandarin-English

bilinguals than Mandarin monolinguals produced Mandarin lei like an authentic

English lei, no attempt was made to relate the individual Mandarin-English

bilinguals' ratings to their acoustic data.

Summary

Compared with MonoM, the Mandarin-English bilinguals who were judged

as accented by Mandarin listeners produced a significantly higher Iy/. For vowels

lal, laj/, laul, lei, /iI, loul and lui, the acoustic dimensions that might have

contributed to some speakers being judged as accented by Mandarin listeners

varied from speaker to speaker. These acoustic dimensions include tone,

duration, and F2 movement. However, the acoustic dimensions that were

associated with the other Mandarin-English bilinguals being judged as accented

by Mandarin listeners were not identifiable. For lajl and laul, the Mandarin-

English bilinguals who were judged as native by English listeners had a much

larger F2 movement than those who were judged as accented.

3.1.3. Discussion

This section responds to the issues raised in research question 2, which

was: Do the Mandarin-English bilinguals have an accent in their L1 vowel

production? If so, what acoustic properties are associated with this accent? Are
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the Mandarin-English bilinguals of high L1 use and those of low L1 use equally

judged as accented?

Discussion, along with responses to question 2, is provided below.

3.1.3.1. Mandarin-English bilinguals' accent and L1 vowel modification

In this study, many Mandarin-English bilinguals have an accent in their L1

vowel production (e.g., Iy/). However, not all cases of accent in all vowels

indicate L1 vowel modification. L1 vowel modification is revealed in the

Mandarin-English bilinguals' accent in Iy/, laul and laj/, but not in lal, lei, iii, loul

and lui.

A clear pattern of accentedness was observed for many Mandarin-English

bilinguals in the production of Iy/. This result is surprising, given that Mandarin Iyl

does not have an English counterpart. According to Flege's principle of

equivalence classification (1987, 1991, 1992, 1995), only an L1 sound that is

similar to its L2 counterpart is predicted to undergo reorganization. A possible

interpretation is that the crowded vowel space in the vicinity of Iyl of the bilingual

speakers triggered the raising of Iyl to allow for sufficient contrast. As can be

recalled in 2.2.2, the Mandarin-English bilinguals did not differ from English

monolinguals either in F1, F2 or duration. They differed from English

monolinguals only in the formant movements of English hi. Although their

production of English hi was not as native as English monolinguals, it might be

safe to say that they probably have established a category for English hi. The

addition of this new vowel category makes the high, front portion of the vowel
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space more crowded. To maintain the contrast between L1 and L2 phonetic

categories existing in a common phonological space, bilinguals have to adjust

their L1 and L2 phonetic categories (Flege, 1995, 2003). It is probably due to the

crowded nature of the vowel space that the Mandarin-English bilinguals raised

their Iyl to keep it perceptually distinct from its surrounding vowels16. The

Mandarin-English bilinguals' raising of L1 Iyl suggests that an L1 sound that does

not have an L2 counterpart and is therefore not "similar" to an L2 sound may also

be adjusted to maintain perceptual contrast in the shared L1 and L2 vowel space.

The second Mandarin vowel that showed L1 vowel modification was lau/.

While tone deviation17 possibly contributed to one Mandarin-English bilingual's

accentedness as judged by Mandarin listeners, a larger downward F2 movement

was probably responsible for 3 Mandarin-English bilinguals' nativeness as judged

by English listeners. The Mandarin-English bilinguals' larger downward F2

movement in Mandarin vowel production suggests the carry-over effect of

English laul due to the effect of Flege's equivalence classification. In other words,

the Mandarin-English bilinguals' L1 laul might have been "coloured" by English

laul and is therefore considered native-like.

The third Mandarin vowel in which L1 vowel modification occurs is laj/.

Some accented Mandarin-English bilinguals' larger upward F2 movement in

Mandarin lajl suggests the influence of English laj/. Assuming that Flege's

16 According to Stevens (1999), although lip rounding lowers F2 and F3 of high vowels (this effect
was not observed within the data of the present study), it does not lower F1. Therefore, lip
rounding is probably not a factor contributing to the raised Iy/.

17 It is not known if tone deviation affects vowel quality.
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principle of equivalence classification was at work, these Mandarin-English

bilinguals assimilated L2 English lajl with their L1 Mandarin laj/, a result of which

was that some characteristics of L2 laj/, such as larger upward F2 movement,

was carried over to the corresponding L1 vowel that, consequently, was modified.

With regard to la/, no indication of L1 vowel modi'fication is available due

to the tone deviation observed in two of the four accented Mandarin-English

bilinguals18. It is not known if tone deviation affects vowel quality.

As many as 10 Mandarin-English bilinguals were judged native by English

listeners in the production of Mandarin lei. At the same time, 2 Mandarin-English

bilinguals were judged accented by Mandarin listeners. It is tempting to conclude

that these Mandarin-English bilinguals may have modified Mandarin lei. However,

there is a reason to doubt it. The Mandarin monolinguals and the Mandarin

English bilinguals are comparable in the percentage being judged as native by

English listeners (23% vs. 30%). It is possible that English listeners might have

attended to some common acoustic feature in the production of Mandarin lei by

the Mandarin monolinguals and the Mandarin-English bilinguals. Further

evidence to support this account is the lack of a negative correlation between the

ratings assigned to lei by Mandarin listeners and those assigned to the same

vowel by English listeners. In many cases, the Mandarin-English bilinguals whom

Mandarin listeners judged as poor speakers were also judged as poor speakers

by English listeners. Similarly, Mandarin-English bilinguals whom Mandarin

18 Acoustic properties contributing to two other speakers' accentedness were not identified.
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listeners judged as good speakers of Mandarin lei were judged as good speakers

of English lei by English listeners as well. The identical acoustic properties of

Mandarin and English lei probably contributed to many Mandarin speakers being

judged native by English listeners. The 2 Mandarin-English bilinguals who were

judged accented by Mandarin listeners had tone deviation and short duration,

respectively, which, as discussed earlier, may not necessarily affect vowel quality.

In sum, there is no obvious indication that the Mandarin-English bilinguals had

reorganized Mandarin lei in the shared L1 and L2 phonetic space.

There is also no evidence indicating a reorganization of Mandarin /iI, loul

and lui. As discussed above, tone and duration deviation observed in some

Mandarin-English bilinguals may not be related to vowel modification. The fact

that no Mandarin-English bilinguals were judged as native by English listeners

and that no negative correlation existed between the ratings assigned to loul by

Mandarin listeners and those assigned to the same vowel by English listeners

further supported the idea that the Mandarin-English bilinguals probably have not

modified their Mandarin loul category. For Mandarin lui, a conclusion as to

whether it has been modified is not possible due to the small number of accented

Mandarin-English speakers (1 accented judged by Mandarin listeners and a

native judged by English listeners).

3.1.3.2. Acoustic properties contributing to Mandarin-English bilinguals' accent

Lower F2 probably contributed to some Mandarin speakers' accented

production of Iyl as judged by Mandarin listeners. As discussed in 3.1.3.1, the
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raising of /y/ may be due to the enhancement of perceptual contrast in the

crowed vowel space. The acoustic properties that might have been responsible

for some Mandarin-English bilinguals being judged as accented by Mandarin

listeners and as native by English listeners in the production of the remaining

vowels varied from speaker to speaker and from vowel to vowel.

On several occasions, Tone 4 target Mandarin words were produced as

Tone 119
. A possible interpretation of this tone deviation is that some Mandarin-

English bilinguals' categories for Tone 1 and Tone 4 may have been modified

due to English acquisition, a result of which is tone error in production. It has

been reported that English listeners do not attend to pitch direction as much as

they do to pitch height (Gandour, 1983, 1984) and they perceive high tones

(Tone 1 and Tone 4) as stressed (White, 1981). As a result, they may have one

category for both Tone 1 and Tone 4, and confuse Tone 1 and Tone 4 (Wang,

Spence, Jongman & Sereno, 1999; Wang, Jongman & Sereno, 2003;

Miracle,1989). The Mandarin-English bilinguals who mispronounced Tone 4 as

Tone 1 probably behaved like the native English speakers who confused Tone 1

and Tone 4 in perception and made errors in production. Of course, the

hypothesis that the Mandarin-English bilinguals who mispronounced Tone 4 as

Tone 1 had modified their tone categories could not be verified unless a separate

perception test examining Tone 1 and Tone 4 were administered. Future

research should take this into consideration.

19 This is a flaw of the present study. An identification test should have been designed to exclude
such tokens from the rating experiments.
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Larger downward or upward F2 movement is another acoustic feature that

contributed to some Mandarin-English bilinguals being judged as accented by

Mandarin listeners and as native by English listeners (e.g., Mandarin laul and

laj/). As can be seen in 2.2.1, English laul and lajl had a larger downward and

upward F2 movement, respectively, than their Mandarin counterparts. For these

Mandarin-English bilinguals, the characteristics of English laul and lajl were

probably transferred to their production of Mandarin as a result of learning

English.

It must be noted, though, that the acoustic dimensions leading to a few

Mandarin-English bilinguals being judged as accented are not identifiable. It is

possible that other acoustic dimensions that were not measured in the present

study (e.g., voice quality) may have contributed to their accentedness.

3.1.3.3. Mandarin-English bilinguals' accent and amount of L1 use

Neither the group differences nor the individual differences showed an

effect of the amount of L1 use on the Mandarin-English bilinguals' accent. For

example, both BiMH and BiML were significantly lower than MonoM in the rating

of Mandarin Iy/. A similar scenario was revealed in the analysis of individual

differences, where, in most cases, there was a balanced number of BiMH and

BiML whose ratings fell two standard deviations below the Mandarin

monolinguals' mean and two standard deviations within the English

monolinguals' mean.
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This finding is inconsistent with McRobbie (2003) who found an effect of

the amount of L1 use. Hungarian immigrants who used less L1 diverged the least

from the monolingual Hungarian speakers in the production of Hungarian [0].

However, all of her speakers except two were adults when they immigrated to

Canada. The speakers in the present study were all children aged 9-13 when

they moved to Canada. The inconsistency between the finding of the present

study and that of her study is probably due to the different AOA of the two groups

of speakers.

The finding in the present study is consistent with Guion et al.'s (2000)

study of Quichua-Spanish bilinguals and Yeni-Komshian et al.'s (2000) study of

Korean-English bilinguals in that effect of L1 use was not observed. However,

there is a substantial difference between the findings of the present study and

those of Guion et aL (2000) and Yeni-Komshian et aL's (2000) study. While

neither the bilinguals of high L1 use nor those of low L1 use in Guion et aL (2000)

and Yeni-Komshian et al.'s (2000) study were judged accented by native

speakers, some Mandarin-English bilinguals in the present study, be it high L1

users or low L1 users, were judged as accented by native Mandarin listeners

(e.g., in the production of Mandarin /y/). The inconsistency between the finding of

the present study and those of the previous studies (Guion et aL, 2000; Yeni

Komshian et aL, 2000) is probably due to the different tasks being carried out by

listeners. In Guion et al. (2000) and Yeni-Komshian et al.'s (2000) study, the

listeners' task was to rate sentences for degree of foreign accent. In the present

study, listeners were asked to rate the goodness of vowels. In rating vowels,

94



listeners' attention focuses on vowels only. If there is some deviation from the

norm in the production of a vowel, native listeners may easily pick it up. However,

when rating sentences, listeners have far more information to attend to. With

regard to phonetic information, they have to attend to both segmental and

suprasegmental information. As well, they may also need to attend to syntactic

and semantic information. It is possible that a sentence may still be rated as a

good sentence of a native language even if there is some deviation in a certain

segment (e.g., vowel). The deviation of a segment may be ignored or not have

priority in determining the overall pronunciation of a sentence. Nevertheless, this

interpretation cannot be confirmed unless two separate perception tests, one on

vowels and the other on sentences containing the same vowels, are

administered. Future research should take care of this.

In sum, some Mandarin-English bilinguals did sound accented to

Mandarin listeners and sound native to English listeners, whether their amount of

L1 use was high or low. A possible interpretation is that an L2 will exert influence

on an L1 if a bilingual regularly uses and is exposed to L2. As can be recalled in

2.1.1, the BiMH's amount of L1 use ranged from 60% to 80% and the BiML's

amount o"f L1 use ranged from 20% to 40%. None of these bilinguals used

Mandarin exclusively in all situations. Even the speakers who had the highest

amount of L1 use still spoke English 20% of time. Besides, living in an English

speaking country, they may have had more exposure to English than Mandarin.

As can be seen in 2.1.1, when compared with Mandarin input, both BiMH and

BiML watched more English TV programs, saw more English movies, and
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listened to more English radio programs. The two groups did not differ

significantly from each other in the amount of English input received from TV,

movies, and radio. This could be expected in an English speaking country like

Canada where English media is more predominate than Mandarin media.

3.1.3.4. Summary

The analysis of group differences and individual differences in Experiment

1 indicates that some Mandarin-English bilinguals have an accent in their

production of Mandarin vowels. Despite this accent, only some L1 vowels have

been modified as a result of L2 learning. For example, while there is obvious

evidence of L1 vowel modification in Iyl, laul and laj/, there is no indication that

the remaining L1 vowels (lal, lei, iii, loul and lui) have been modified. In addition,

the acoustic properties possibly contributing to some Mandarin-English bilinguals'

accent include lower F1 (ly/) , larger upward (laj/) or downward F2 (lau/)

movement, tone deviation (lal, laul, lei, Iii, lou/) and extremely short (lei) or long

duration (lou/). Furthermore, the effect of the amount of L1 use is not revealed.

The Mandarin-English bilinguals of high L1 use and those of low L1 use are

equally judged as accented.

It must be noted that the goodness rating of vowels in this experiment may

not have a cause-effect relation due to confounding factors such as initial

consonants, tone, etc.
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3.2. Experiment 2

This experiment aims to answer research question 3, "Is there an inverse

correlation between the Mandarin-English bilinguals' English vowel pronunciation

proficiency and their Mandarin vowel pronunciation proficiency?" If the L1 and L2

phonetic systems coexist in a common phonological space in a bilingual's mind,

a stronger L2 system should correlate with a weaker L1 system, and vice versa.

It has been reported that there is an inverse relationship between a bilingual's L1

overall pronunciation pro'ficiency and his/her L2 overall pronunciation proficiency

(Yeni-Komshian et aI., 2000). In the same fashion, the higher English vowel

rating scores obtained by Mandarin-English bilinguals should correlate with their

lower Mandarin vowel rating scores, and vice versa. To test this hypothesis, the

Mandarin-English bilinguals' English vowel productions were presented to

phonetically trained native English listeners for goodness rating. Following this, a

correlation study was conducted to examine the relationship between the

Mandarin-English bilinguals' English vowel proficiency and their Mandarin vowel

proficiency.

3.2.1. Methodology

3.2.1.1. Listeners

Since the goodness rating test required listeners to focus their attention on

the vowel in each target word, 2 phonetically trained monolingual English

listeners in Linguistics Department of Simon Fraser University were recruited to

do the goodness rating test. Both reported normal hearing. The 2 listeners were

instructed to rate the goodness of the vowel in each CV word on a 5-point scale,
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with "1" indicating a bad and "5" a good exemplar of the target vowel. A 5-point

scale was deemed appropriate for evaluating vowel production in this experiment.

English monolinguals were on the "good" end and Mandarin-English bilinguals

would approximate or deviate from the "good" end.20

3.2.1.2. Stimuli

The second repetitions of the 12 English CV words (see 2.1.2.1) produced

by 33 Mandarin-English bilinguals and 4 English monolinguals in the production

test were selected as stimuli for the goodness rating test. The 4 English speakers

were randomly selected from among the 12 English monolinguals. Their inclusion

was for reference only. The average RMS intensity (loudness) of these English

words were normalized to -16dB in Sound Forge (Version 8.0). In total, 396

tokens (12 vowels x 33 Mandarin-English bilingual speakers) were analyzed.

3.2.1.3. Procedure

Stimuli were divided into 12 blocks, 1 for each of the 12 vowels. The

stimuli (CV words) were each presented once to listeners for goodness rating via

E-Prime (Version 2000) on a laptop computer (Compaq Presario V2000). Before

the experiment started, the listeners completed a consent form and a

questionnaire (Appendix 1). The listeners used headphones (Technics RP-

HT400) in the experiment. The experiment began with a practice session to

familiarize the listeners with the test procedure. The inter-trial interval was set to

20 A 7-point scale was used in Experiment 1, in which there were four groups of speakers, namely,
Mandarin monolinguals, English monolinguals, Mandarin-English bilinguals of high L1 use and
Mandarin-English bilinguals of low L1 use. To achieve a finer evaluation in Experiment 1, the 7
point scale was deemed appropriate.
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be indefinite to create a self-paced task. The listeners were instructed to focus

their attention on the goodness of the vowel. In the actual test, the presentation

of the 12 blocks was counter-balanced. There was a 5-minute break when the

listeners finished the first half of the test (6 blocks). When they finished the test,

they were asked to complete a debriefing questionnaire (Appendix 6).

3.2.2. Results

An examination of the rating data in this experiment showed that the

majority of the Mandarin-English bilinguals received good rating scores in their

productions of English vowels Ii, e, ee, ti, ou, 0, A, aj, au/. Although lui was

previously found to be difficult to acquire for Mandarin speakers (Wang, 1997),

an examination of the rating data indicated little variation. A vast majority of the

Mandarin-English bilinguals (31 out of 33) received a score ranging from 4 to 5; 2

people were in the score range of 3 to 3.5; no one received a score that was less

than 2.5. Due to the lack of variation in the rating scores of Ii, e, ee, ti, ou, 0, A, aj,

au, ul, the rating scores of these English vowels were not included in this

correlation study. An examination of two other English vowels III and lEI, which

were previously found difficult for Mandarin speakers to acquire (Wang, 1997),

showed a full range of scores ranging from low to high. The rating scores of

these two English vowels were selected for this correlation study. It was decided

that the Mandarin-English bilinguals' English phonetic proficiency level could be

reasonably indexed by the rating scores of the English front vowel lEI and II/. If a

Mandarin speaker is good at producing these difficult vowels, helshe probably
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does not have much difficulty producing other English vowels correctly. Mandarin

Iyl was selected, because it was the only Mandarin vowel in which a significant

group difference was found and a large number of individuals (n=13) were judged

as accented by Mandarin listeners.

3.2.2.1. Inter-rater reliability

Inter-rater reliability estimates by vowel lEI and hi were computed for the

English evaluators by using Cronbach's o. For lEI, Cronbach's 0 was .853. For hi,

it was .826. This indicates that the two English evaluators had a high agreement

in their rating of these two English vowels. To recall (3.1.2.2), for Mandarin Iyl,

Mandarin listeners also reached an acceptable agreement (Cronbach's 0=.76).

3.2.2.2. Correlation coefficients

The ratings assigned by the Mandarin listeners to Mandarin-English

bilinguals' production of Mandarin /lyl and those assigned by the English

evaluators to Mandarin-English bilinguals,21 productions of English IpEtl and IpItl

are listed in Table 3-6.

An examination of the data showed significant departures from normality

in the rating scores of Mandarin Iyl (Shapiro-Wilks = .901, P < .01), English lEI

(Shapiro-Wilks = .772, P < .001) and English hi (Shapiro-Wilks = .746, P < .001).

Because of this, a nonparametric correlation test, namely, Spearman rank

correlation, was conducted. The Spearman correlation analysis revealed no

21 Mandarin-English bilinguals were not further divided into BiMH and BiML due to the balanced
number of "high L1 use" and "low L1 use" speakers being judged as accented in Mandarin /y/.
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significant correlation between the rating scores of any of the English vowels and

the rating scores of the Mandarin vowel. To be specific, the Mandarin-English

bilinguals' rating scores of English lEI were weakly correlated with the Mandarin

English bilinguals' rating scores of Mandarin Iyl [ rs = .009, P = .480]. Similarly, a

weak correlation was revealed between the Mandarin-English bilinguals' rating

scores of English hi and their rating scores of Mandarin Iyl [ rs = -.045, P = .401].

Summing up, the correlation study did not reveal an inverse correlation

between the ratings of English vowel lEI and hi and the ratings of Mandarin Iy/.

As can be seen in Table 3-6, the Mandarin-English bilinguals who were judged

by Mandarin listeners as accented in the production of Mandarin Iyl included

both good and bad speakers of English vowel lEI and hi.
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Table 3-6: Goodness ratings assigned by Mandarin listeners (n=16) to
Mandarin-English bilinguals' production of Mandarin /Iy/ and ratings
assigned by English evaluators (n=2) to Mandarin-English bilinguals'
production of English /pet/ and /plt/

Subject
Rating of Rating Rating

Mandarin /ly/ Of English /pet/ of English /pIt/
1 3.31* 3.5 5
2 3.75* 4.5 4.5
3 4.06* 2 4.5
4 4.44* 4 4.5
5 4.73* 5 4.5
6 4.8* 5 4.5
7 4.87* 2.5 2.5
8 4.88* 5 5
9 4.88* 5 3
10 4.88* 5 5
11 4.88* 5 4.5
12 4.88* 2 1
13 4.94* 3.5 3
14 5.06 3 4.5
15 5.06 3.5 5
16 5.25 5 2
17 5.38 5 5
18 5.38 4 5
19 5.38 5 1.5
20 5.44 4.5 4
21 5.5 1 4
22 5.53 4.5 4.5
23 5.56 5 4.5
24 5.56 2.5 4
25 5.56 5 5
26 5.56 5 4.5
27 5.56 5 5
28 5.63 1.5 5
29 5.81 1.5 4.5
30 5.87 5 5
31 5.88 4.5 3.5
32 6 5 5
33 6.06 5 5

Note. Numbers with asterisk indicate ratings that are two standard deviations below the Mandarin
monolinguals' group mean. Ratings of /pet/ and /prt/ were on a five-point scale whereas ratings of
/ly/ were on a seven-point scale.
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3.2.3. Discussion

The present study provided no evidence of an inverse correlation between

the Mandarin-English bilinguals' English vowel pronunciation proficiency and

their Mandarin vowel pronunciation proficiency. Good English vowel

pronunciation did not predict bad Mandarin vowel pronunciation, and vice versa.

The findings of the present study are not comparable to the findings of

Yeni-Komshian's study (2000). In that study, the researchers examined the

correlation between L1 pronunciation proficiency and L2 pronunciation

proficiency among three groups of Korean-English bilinguals differing in AOA.

The focus of the study was differences among groups. The group of speakers

with AOA ranging from 10-11 in Yeni-Komshian et al.'s study was comparable to

the group of speakers examined in the present study. However, the focus of

Yeni-Komshian et al.'s study was to compare the bilinguals' English

pronunciation scores with their Korean pronunciation scores to see if one is

better than the other. The present study does not aim to examine if the Mandarin

English bilinguals, as a group, have better pronunciation in Mandarin or better

pronunciation in English. Instead, it aims to determine whether the Mandarin

English bilinguals who were poor in Mandarin vowel pronunciation would be

those who were good in English vowel pronunciation.

The lack of an inverse correlation between the Mandarin-English

bilinguals' English vowel pronunciation proficiency and their Mandarin vowel

pronunciation proficiency among the Mandarin-English bilinguals in the present

study indicates that English vowel pronunciation proficiency may not be a crucial
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factor contributing to poor Mandarin vowel pronunciation. Factors, such as

quantity and quality of L1 and L2 input (Flege, 1987; Major, 1992, 1993), and

socia-linguistic factors such as intention to identify with the host culture (Major,

1993) may be more important.
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CHAPTER 4:
GENERAL DISCUSSION AND CONCLUSION

4.1. General discussion

4.1.1. L1 vowel modification and influence of L2 learning

The present study provided some limited supporting evidence for the claim

that L2 learning influences L1 vowel production (e.g., Flege, 1995, 2003). For

example, the less downward F1 movement in the production of Mandarin iii by

BiMH and BiML was probably due to the less downward F1 movement of English

Iii being carried over to the production of Mandarin iii. Similarly, the more upward

F2 movement in the production of Mandarin lajl by BiML might be the result of

the larger upward F2 movement of English lajl being carried over to the

production of Mandarin laj/. A similar carry-over effect was found in the

production of Mandarin lau/, in which some Mandarin-English bilinguals had

significantly larger downward F2 movement. The influence of L2 learning is

further revealed in the Mandarin-English bilinguals' production of Mandarin Iyl,

which was pushed upward possibly to achieve a perceptual contrast when a new

L2 vowel (hi) was established and the high, front portion of the vowel space got

crowded.

Taken together, these findings indicate that some Mandarin-English

bilinguals have modified their L1 vowels as a result of L2 learning. Similar

findings of L2 influence on L1 are found in Baker & Trofimovich (2005), Guion et
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al. (2000), Guion (2003), Flege et al. (2003), Harada (2003), Yeni-Komshian et al.

(2000), Peng (1993), Major(1992), Flege & Efting (1988) and Flege (1987). The

findings in the present study, along with the findings in the previous studies,

provide support for the two assumptions made in the SLM. First, the two phonetic

systems coexisting in a common phonological space interact in a bidirectional

way (Flege, 1995). That is, the L1 phonetic system exerts an influence on the L2

phonetic system, and vice versa. Second, the L1 phonetic categories established

in childhood do not remain static over the life span (Flege, 1995); instead, they

may undergo modification when similar L1 and L2 sounds interact in the process

of L2 learning.

It must be noted that not all the assumptions made in the SLM were

supported by the findings of the present study. Flege (2003) proposed the

mechanisms of "category assimilation" and "category dissimilation" to account for

the interaction of L1 and L2 phonetic categories. The findings in the present

study did not show the occurrence of "category dissimilation," even though the

category of an English vowel similar to its Mandarin counterpart was established

(e.g., /aj/). For example, BiML did not differ from MonoE in the production of

English /aj/ in any of the acoustic dimensions measured in the present study. It is

probably safe to say they have established a category for English /ajl. According

to "category dissimilation", Bil\llL were expected to produce Mandarin /aj/ less

similar to English /aj/ to maintain a phonetic contrast. However, BiML was found

to have significantly larger upward F2 movement than MonoM in the production
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of lajl, indicating their Mandarin lajl was similar to English lajl in F2 movement. In

fact, "category assimilation" occurred.

An interesting finding in the present study is that an obvious pattern of

accentedness was observed in the Mandarin-English bilinguals' production of

Mandarin Iy/, a vowel nonexistent in English. To my knowledge, none of the

speech perception and production models, including the NLM, the PAM and the

SLM, predict what will happen to an L1 sound that does not have an L2

counterpart when the L1 phonetic system and the L2 phonetic system interact in

a bilingual's mind. The NLM and the PAM do not make predictions about the

status of L1 sounds when the L1 and the L2 phonetic systems interact. The SLM

only makes predictions about the status of an L1 sound that is similar to an L2

sound (e.g., Mandarin lajl and English laj/). The present study shows that some

Mandarin-English bilinguals modified their Mandarin Iy/, possibly due to the

addition of the English vowel hi in the common L1 and L2 vowel space. This

finding suggests that the study of the influence of the L2 phonetic system on the

L1 phonetic system must consider the whole phonetic space (Yue Wang,

personal communication, 2005) assuming that L1 and L2 share a common

phonetic space (Flege, 1995, 2003) and neighboring sounds influence each other.

In other words, a study of this nature must take into consideration all the phonetic

segments in the shared L1-L2 phonological space. It may not be sufficient just to

look at the interaction between an L1 phonetic segment and its L2 counterpart

(e.g., English iii versus Mandarin iii). As shown above, an L1 phonetic segment
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(e.g., Mandarin Iy/) that does not have an English counterpart may undergo

reorganization due to a neighboring phonetic segment (e.g., English hi).

4.1.2. L1 vowel modification and cross language similarity

The present study examined eight Mandarin vowels, seven of which had

English counterparts. However, not all seven Mandarin vowels showed the effect

of L2 influence. For example, only two vowels, lajl and lau/, revealed an obvious

pattern of L2 influence on the L1. This may be related to cross language

similarity. The examination of cross-linguistic vowel perceptual similarity in the

present study showed that Mandarin vowels' similarity to their English

counterparts descended in the order of /iI, lei, laj/, lui, lou/, lau/, la/. Mandarin lajl

and laul were neither the most nor the least similar to their English counterparts.

If a Mandarin vowel is identical to its English counterpart (e.g., /iI, lei), Mandarin

English bilinguals would probably use one category for both vowels and non

native production of the "identical" sound is not expected. This provides support

for Williams' claim (1980) that an effect of L2 learning on L1 can not be

demonstrated if an L1 phonetic segment and its L2 counterpart are not reliably

different in the first place. However, if an L1 phonetic segment and its L2

counterpart are too different, an effect of the L2 learning upon L1 vowel is

probably not expected either. In sum, the effect of L2 influence on L1 is mostly

likely to be observed in L1 sounds that are similar to, but at the same time

reliably different from, their L2 counterparts.
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4.1.3. L1 vowel modification and amount of L1 use

Consistent with previous studies (Flege, Frieda & Nozawa, 1997; Flege,

Schirru & MacKay, 2003; Piske & MacKay, 1999; Guion et aL, 2000; Yeni

Komshian et aL, 2000), the present study reveals that the amount of L1 use

played a role in the L1 influence on L2. For example, while the Mandarin-English

bilinguals of high L1 use differed from MonoE in F2 movement of English lajl and

F2 of English lui, those of low L1 use did not.

However, the amount of L1 use, in general, did not playa role in L2

influence on L1. For instance, both Mandarin-English bilinguals of high L1 use

and those of low L1 use were found to have modified some Mandarin vowels.

Despite the distinction between low and high L1 use, all of the Mandarin-English

bilinguals in the present study used and were exposed to English on a regular

basis. It seems that a bilingual's L1 is affected in one way or another as long as

he or she uses and is exposed to L2 on a regular basis. Previous studies of VOT

(Flege and Hillenbrand, 1984; Flege, 1987; Flege & Efting, 1987; Sancier and

Fowler, 1997), fricatives (Peng, 1993) and accent (Munro et aL, 1999) provide

supporting evidence for this claim.

It has to be admitted that determining the amount of L1 use may be

problematic. Following the practice of previous studies (Flege, Frieda & Nozawa,

1997; Piske & MaKcay, 1999; Guion et aL, 2000; Yeni-Komshian et aL, 2000),

the present study elicited information about L1 use by asking subjects to report

the amount of the current use of their L1. While the amount of L1 use is well

indexed by such a report, it fails to provide information regarding the amount of
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L1 use in the first few years of L2 exposure. If information about the amount of L1

use in the first few years of L2 acquisition is available, the amount of L1 use may

be better indexed. It is true that eliciting such information is difficult because

subjects may not be able to remember the amount of L1 use in the long past.

However, it is not impossible to manage. Future research should take this issue

into consideration.

4.1.4. L1 vowel modification and L2 vowel acquisition

The production test showed that both the Mandarin-English bilinguals of

high L1 use and those of low L1 use had acquired English /iI, which was

indicated by the finding that the Mandarin-English bilinguals did not differ

significantly from the English monolinguals in any of the acoustic dimensions

measured in the present study. As compared with the Mandarin monolinguals,

these Mandarin-English bilinguals produced Mandarin Iii with significantly less

downward movement, indicating the carry-over effect of the less downward F1

movement of English iii. Another finding the production test revealed was that

the Mandarin-English bilinguals of low L1 use had successfully acquired English

laj/. Their F2 movement in the production of English lajl did not differ significantly

'from the English monolinguals. The carry-over effect of a larger upward F2

movement was found in these speakers' production of Mandarin laj/. Compared

with the Mandarin monolinguals, the Mandarin-English bilinguals of low L1 use

produced Mandarin lajl with significantly larger upward F2 movement. These
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findings suggest that successful acquisition of an L2 vowel does indeed in'l'luence

the production of a corresponding L1 vowel.

It must be noted, however, that the effect of L2 vowel acquisition interacts

with cross-language similarity. If an L1 vowel is acoustically identical to its L2

counterpart, no change of vowel will occur. On the other hand, if an L1 vowel is

acoustically too dissimilar from its L2 counterpart, no change of vowel will occur

either.

4.1.5. Relationship between L1 and L2 pronunciation pro'ficiency

The correlation study did not reveal an inverse correlation between the

Mandarin-English bilinguals' English vowel pronunciation proficiency and their

Mandarin vowel pronunciation proficiency. This indicates that good English vowel

pronunciation does not necessarily index bad Mandarin pronunciation, and vice

versa. L2 vowel pronunciation proficiency may not be a crucial factor contributing

to poor Mandarin vowel pronunciation. Other factors, such as quantity and quality

of L1 and L2 input (Flege, 1987; Major, 1992, 1993), intention to identify with the

host culture (Major, 1993), etc., may be more important.

4.1.6. Relating production and perception

The acoustic analysis in 2.2.3 did not show a significant difference

between the Mandarin-English bilinguals and the Mandarin monolinguals in

duration, formant frequencies, formant movement and tone of Mandarin lal, lau/,

lei, lou/, lui and Iy/. A significant group difference in formant movement was

revealed in the production of iii and lajl only. In the production of Mandarin Iii,
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both BiMH and BiML had significantly less downward F1 movement than MonoM.

In the production of laj/, BiML had significantly more upward F2 movement than

MonoM.

The analysis of the rating scores assigned to Mandarin Iyl by Mandarin

listeners showed a significant group difference between the Mandarin-English

bilinguals and the Mandarin monolinguals. An examination of the rating scores

assigned to Mandarin laul by English listeners revealed a significant difference

between BiMH and MonoM, and a marginal difference between BiML and

MonoM. l\Jo significant difference between the Mandarin-English bilinguals and

the Mandarin monolinguals was revealed in the rating scores of the remaining

vowels.

If the results of the production test and those of the perception test are

compared, some inconsistencies arise. First, the perception test revealed a

significant group difference in the rating scores of Iyl whereas the production test

did not show a group difference in any of the acoustic dimensions that were

measured for the same vowel. Second, the production test revealed a significant

group difference in F1 movement in iii and F2 movement in laj/, even though the

perception test did not show a significant group difference in the rating scores of

the same vowel.

The first inconsistency is not surprising, because the non-significant

difference in the production test did not rule out the possibility that a certain

number of individual speakers acoustically deviated from the norm of a native
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vowel. Findings in the analysis of individual differences provided evidence for this

claim. When the 13 poor speakers and the same number of good speakers as

judged by Mandarin listeners were compared with MonoM in the acoustic

dimensions of Iyl, it was the 13 poor speakers, but not the 13 good speakers,

who were found to have a significantly higher Iyl than the MonoM. Similarly,

though the production test did not reveal a significant difference between the

Mandarin-English bilinguals and MonoM in the F2 movement of lau/, the analysis

of the individual differences in rating scores showed that the three Mandarin

English bilinguals who were judged as native by English listeners did have a

substantially larger downward F2 movement. Therefore, it is important to analyze

inter-speaker variability in both perception and production and then relate

perception results to production results.

A possible interpretation for the inconsistency in the case of Mandarin iii is

that the significant difference of F1 movement between the Mandarin-English

bilinguals and MonoM as revealed in the production test may not be salient in the

perception test. The difference of the F1 movement was probably unnoticeable to

the listeners who did the goodness-rating task. After all, Mandarin iii and English

iii were perceptually "identical" despite the acoustic difference in F1 movement.

Though some Mandarin-English bilinguals were judged as accented by Mandarin

listeners, F1 movement was not found to be an acoustic cue contributing to their

accentedness.

The results of the production test and those of the perception test in

Mandarin lajl are, in fact, not completely inconsistent, because, as can be seen
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in the analysis of individual differences, some Mandarin-English bilinguals were

judged either as accented by Mandarin listeners or as native by English listeners,

and these speakers were all found to have substantially larger upward F2

movement. However, it is probably not reasonable to expect that all Mandarin

English bilinguals who had a larger upward F2 movement would be judged as

accented by Mandarin listeners and as native by English listeners, because, in

addition to F2 movement, many other acoustic cues are available when listeners

do a goodness-rating task. The goodness rating may not be based solely on one

acoustic cue. In addition, the weighting of the acoustic cues in goodness rating

may vary from case to case.

Taken together, the results in the present study show that it is of great

importance and necessity to include both production tests and perception tests in

a study of this nature.

4.1.7. Other issues

The present study examined the similarities between Mandarin and

English vowels in both a production test and a rating test. While the acoustic

analysis revealed an acoustic difference between a Mandarin vowel and its

English counterpart (e.g., F1 movement of Iii), the perception test showed the

vowel was "identical" cross-linguistically. The results in the present study provide

further evidence for the claim that it may be difficult to determine cross language

similarities solely on the basis of acoustic analysis (Flege, Bohn and Jang, 1997).
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The present study included both Mandarin and English monolingual

listeners in the perception test. An examination of the correlations between the

ratings of Mandarin listeners and those of English listeners revealed that both

listener groups could detect the English "colour" in some Mandarin-English

bilinguals' productions of some Mandarin vowels (e.g., lajl and lau/). The present

study provides proof for the effectiveness of including both L1 and L2 listeners in

the detection of bilinguals' accentedness in L1 production (Munro et aI., 1999).

4.2. Limitations

The present study has several limitations. First, it only examined bilinguals

of one language (Taiwanese Mandarin) in one location (Vancouver, Canada). To

draw a firm conclusion regarding L2 effects on L1 vowels, bilinguals of another

language (e.g., Italian) or bilinguals of the same language (Mandarin) in a

different location (e.g., Melbourne, Australia) should be investigated. Second, the

stimuli in the perception tests only included the second repetition of the vowel

productions. If all three repetitions of a vowel were included, Mandarin-English

bilinguals' performance in the three different repetitions could be observed. It is

possible that the Mandarin-English bilinguals may show different patterns in

different repetitions of a vowel. Third, following the practice of previous studies

(Flege, Frieda & l\Jozawa, 1997; Piske & MacKay, 1999; Guion et aI., 2000; Yeni

Komshian et aI., 2000), the present study determined the amount of L1 use by

subjects' self report of current L1 use. However, information regarding the

subjects' amount of L1 use in the first few years of L2 exposure may be more

important. Finally, when cross language similarities and differences were
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examined, the initial consonants of the Mandarin stimuli were Mandarin

consonants and those of the English stimuli were English consonants. The initial

consonants might have influenced listeners' judgement of cross-language

similarities and differences. In addition, tone and other acoustic features that are

not necessarily vowel features might have played a role in the judgement of

cross-language vowel similarities and differences. These limitations should be

taken into consideration in future research.

4.3. Conclusion

The present study confirms previous research that the L1 system

established in childhood does not remain static. Instead, it may undergo

modification when the L1 phonetic system and the L2 phonetic system interact in

a common phonological space. The modification of L1 segments is closely

related to cross-language similarity and acquisition of L2 segments. The L1

segments that are similar, but not identical, tend to undergo modification.

Successful acquisition of an L2 segment may also trigger the modification of a

corresponding L1 segment. However, it must be noted that an L1 segment that

does not have an L2 counterpart may also be reorganized as a result of L2

learning. Therefore, phonetic segments (e.g., vowels) must be examined in the

whole system in which all L1 segments reside (e.g., all vowels in a vowel space).

The amount of L1 use does not seem related to the modification of L1 segments.

It seems that a bilingual's L1 will undergo modification as long as he or she uses

and is exposed to an L2 on a regular basis. It is also found that L2 pronunciation

proficiency and L1 pronunciation pmficiency are not inversely correlated.
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Whether bilinguals have good or bad L2 pronunciation, it is possible for them to

have good L1 pronunciation.

Since cross-language similarity and acquisition of L2 segments are closely

related to L1 modi'fication, they deserve to be further explored. Future research

should focus on how cross-language similarity and acquisition nf L2 segments

correlate with L1 modification. Moreover, given the finding that an L1 segment

that is neither "identical" nor "similar" to an L2 segment may undergo modification,

subsequent research and theories should take into account both "similar" and

neighbouring dissimilar sounds. Furthermore, though L2 proficiency is not found

to be a factor predicting L1 proficiency, other factors, such as language input and

motivation to identify with the host culture, may correlate with L1 proficiency and

should be considered in future research.

In examining the effect of L2 phonetic learning on L1 vowels, the present

study contributes to the less well-studied field of L2 influence on L1. In particular,

it suggests the necessity to include dissimilar L1 segments in speech learning

theories.
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APPENDICES

Appendix 1: English monolinguals and Mandarin-English
bilinguals' background information

1. Name: (last), (First)

2. Sex: Male Female

3. Age: _

4. Age of arrival in Canada: ( If your first language is

English, please skip to Question 6)

5. Age at 'first exposure to English: _

6. Birthplace: (city/town, country)

7. Place(s) where you spent most of your childhood?

____________ (city/town, country)

8. Other places you lived more than six months:

Place 1 Age Duration _

Place 2 Age Duration _

Place 3 Age Duration _

9. First language: Mandarin, English

10. Please list language(s) you speak and rate your fluency level in speaking,

listening, reading and writing according to the criteria provided.

1. fluent 2. somewhat fluent 3. not fluent

Language 1 speaking_ listening_ reading_ writing_

Language 2 speaking_ Iistening_ reading_ writing_

Language 3 speaking_ Iistening_ reading_ writing_

Language 4 speaking_ listening_ reading_ writing_

6. Which language do you use the most

at home? _

at school?-----

at work? -----
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with friends? -----

7. What is the overall percentage of your use of English and Mandarin (in

spoken

form) in your day-to-day affairs? (If your first language is English, please

skip to Question 14)

English: % Mandarin %

8. What is the overall percentage of English TV programs and Mandarin TV

programs you watch? (If you don't watch TV, skip to Question 9)

English programs % Mandarin programs %

9. What is the overall percentage of movies in English and movies in

Mandarin you watch? (If you don't watch movies, skip to Question 10)

Movies in English % Movies in Mandarin %

10. What is the overall percentage of English radio programs and Mandarin

radio programs you listen to? (If you don't listen to radio, skip to Question

11 )

English programs % Mandarin programs %

11. How often do you go back to Taiwan? And how long is each visit?

12. Is your hearing normal? Yes; No (circle one)

13. Contact information:

Tel:

E-mail:

16. Would you like to be contacted for a subsequent experiment? Yes; No

(circle one)
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Appendix 2: Mandarin monolinguals' background information

F~9~~J6J~

1.

3. 4 m~"____ . ~7K. _

4. _____~ 5. tf:j 1:±fu: .~*(m

6. ____~*(m
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14.

15. ij~f,*1JA:

~~15:
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Appendix 3: Oral Instruction to Mandarin listeners in the
perception test

-~~~§~=~$*, ~~£~~$*, ~~*£~~~~~~-$*, m-$
*~*€, ~~5*#OO~~, ~~~*€, ~~~~~~~OO~=$*o

Trial 4 of 8

+

1 2 3 4

122

5 6 7



-1$l¥J1frff~~S¥ J!i -=¥m1-7 3f¢J~IJ IWf1$~ iiJ l¥J ~PJ l¥J~t t! , 1*7J' "-&" , 7*7J'

"ijf" 0 fJTiFll¥J " -&" :t~ l¥J~1$QJT ilJ l¥JiJij QJTJEQ*/f1~ -BJ:i~ r:p I¥J § t~i~J , eP't~
1$H& r:p l¥J-BJ:i~ § t~iq]1f** l¥J1Affl-& 0 ?JfiFll¥J "ijf" :t~1¥J~1tQjriUl¥JipJQJTJEQ*1~

~-BJ:*r:pl¥J§~~, ~~~1t~r:pl¥J-BJ:*§~~+*~~o

~~, ?Jf~l¥Jijf~1f~N~l¥J~~,?Jf~ftm~~1t.~~M~ml-7~r:pl¥JM

1f~-=¥o
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Appendix 4: Oral Instruction to English listeners in the
perception test

- You are about to hear English speech samples from three groups of speakers:

Mandarin speakers who knew little English; Mandarin speakers whose English

was quite good; and native English speakers

-In total, you will do three tests. The first test is a practice test. The second one is

the first part of the real test. After you are done with the first part of the real test,

you will have a 5-minute break. After the break, you will do the 2nd part of the real

test.

-In the tests, you will hear some audio sound files, each of which stands for one

of the following seven words: pea, Pooh, paw, dough, pay, pie, pow.

-Focus your attention on the cross and listen to the sounds. For example,

Trial 4 of B

+

-On each screen following the audio clip, you will be presented with the target

word that the sound represents. Also presented are numbers 1-7. For example,
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bad

1 2 3

pay

4 5 6

good

7

- Your task is to judge the goodness of the word you hear on a seven point scale.

1 stands for "bad" pronunciation, 7 for "good" pronunciation. By "bad", we mean

the word you hear is a bad exemplar of the native target word; in other words, it

does not sound like the native word at all. By "good", we mean it is a good

exemplar of the native target word; in other words, it sounds very much like the

native word.

As you can see, there are seven numbers on the badness to goodness

continuum; you are encouraged to use all of them.

-You must wait until the prompt screen appears before giving your responses!!!

-You will have 4 second to respond before the next clip begins.

- Please respond to every prompt, but do not worry if you miss one. Just go on to

the next clip.
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Appendix 5: Debriefing questionnaire for Mandarin listeners in
the perception test

__ 5. 1-4 -:i:ff~

__ 6. ;It't: (BWiJQSJ3)
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Appendix 6: Debriefing questionnaire for English listeners in
the perception test

Debriefing Questionnaire

Question A: What did you attend to when you were listening to the words and did

the goodness rating? (please check)

__ 1. duration

2. tone--

__ 3. loudness

__ 4. voice quality

__ 5. all of the above

__6. other: (please

specify)

If you have checked more than two answers in Question A, please rank their

importance in your goodness rating? (put the rank numbers beside your check

mark)

Question B: What suggestions or comments do you have about the experiment?
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Appendix 7: Mean F1 a, F2a, F3a (Bark) and standard
deviations of Mandarin vowels la/, laj/, lau/, lei, Iii, loul, lui and
their English counterparts, 101, laj/, lau/, lei, Iii, loul, lui

Vowel F1a F2a F3a
MonoM MonE MonoM MonE MonoM MonE
8.37** 6.68** 10.97** 8.74** - -

lal (lD/) (.89) (.70) (.83) (.67)

8.20* 7.38* 11.53** 10.30** - -
lajl (.87) (.97) (.85) (1.07)

7.91 7.79 9.96** 10.94** 14.97 14.61
laul (.82) (.83) (.82) (.91 ) (.44) (.60)

5.52 5.06 13.53 13.72 --

lei (.82) (.71 ) (.49) (.62)

3.70 3.34 14.60 14.69 - -

iii (.61 ) (.51 ) (.79) (.73)

6.04* 5.53* 9.37** 10.27** 15.36** 14.57**
loul (.50) (.46) (.64) (.72) (.48) (.48)

4.17* 3.76* 7.60** 10.05** 14.74 14.49
lui (.37) (.38) (.73) (1.20) (.61 ) (.63)

Note. Values enclosed in parentheses represent standard deviations. Dashes indicate the value
was not available for unrounded vowels. *p <.05. **p <.01.
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Appendix 8: Mean ~F1 and ~F2 values (Bark) and standard
deviations of Mandarin vowels lal, laj/, laul, leI, IiI, loul, luI and
their English counterparts, Inl, laj/, laul, leI, IiI, loul, luI

Vowel ~F1 ~F2

MonoM MonE MonoM MonE
.02 .02 -.05 .03

lal (/0/) (.17) (.33) (.13) (.25)

-1.91 -2.20 1.51 ** 3.05**
laj/ (1.06) (.94) (.46) (.67)

-1.02 -1.75 -.80** -2.17**
laul (.68) (1.06) (.40) (.72)

-1.33 -1.06 .60 .54
leI (.49) (.55) (.25) (.18)

-.50** -.18** .06 .01
IiI (.31 ) (.25) (.15) (.14)

-.91 -1.06 -1.25** -2.16**
loul (.40) (.33) (.48) (.67)

luI -.40 -.36 -.74 -1.11
(.40) (.33) (.37) (.62)

Note. Values enclosed in parentheses represent standard deviations. **p <.01.
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Appendix 9: Mean F1 a, F2a, F3a (Bark) and standard
deviations of English vowel production by Mandarin-English
bilinguals of high L1 use{BiMH), Mandarin-English bilinguals of
low L1 use{BiML) and English monolinguals{MonoE)

Vowel F1a F2a F3a

BiMH BiML MonoE BiMH BiML MonoE BiMH BiML MonoE

lui 7.14 6.73 6.68 9.45 8.96 8.74 - - -
(1.10) (1 .15) (.70) (1.14) (1.08) (.67)

lajl
8.16 7.95 7.38 11.24 10.66 10.30 - - -

(1.11) (1.16) (.97) (1.11) (.95) (1.07)

laul 7.59 7.63 7.79 10.11 10.39 10.94 15.15 14.99 14.61
(1 .18) (1.03) (.83) (1.32) (1.02) (.91 ) (.58) (.67) (.60)

lei
4.69 4.98 5.06 14.21 13.96 13.71 - - -
(.46) (.73) (.71 ) (.82) (.73) (.62)

loul 5.61 5.60 5.53 9.67 9.55 10.27 15.19 14.99 14.57
(.43) (.81 ) (.46) (.95) (.85) (.72) (.63) (.99) (.48)

fAl 7.17 7.06 6.79 10.38 10.25 10.29 - - -
(.92) (.88) (.93) (.89) (.87) (1.04)

Iii
3.37 3.38 3.34 14.87 14.88 14.69 - - -
(.55) (.59) (.51 ) (1.02) (.96) (.73)

!II
4.92 5.02 5.15 13.30 13.38 13.31 - - -
(.53) (.70) (.64) (.96) (.90) (.54)

lui
3.92 3.93 3.76 8.88* 9.06 10.05 14.96 14.85 14.49
(.54) (.51 ) (.38) (1.40) (1.06) (1.20) (.66) (.74) (.63)

lui 4.95 5.32 5.57 10.62 10.12 10.27 15.22 15.16 14.95
(.60) (.75) (.90) (1.00) (.97) (1.15) (.68) (.75) (53)

I~I
8.23 8.18 7.84 12.47 12.16 12.05 - - -

(1 .10) (.96) (.91 ) (.79) (.77) (.60)

lei 7.13 6.99 6.93 12.79 12.48 12.67 - - -

(.84) (.79) (.92) (.78) (.79) (.55)

Note. Values enclosed in parentheses represent standard deviations. Dashes indicate the value
was not available for unrounded vowels. *p <.05.
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Appendix 10: Mean ~F1 and ~F2 values (Bark) and standard
deviations of English vowel production by Mandarin-English
bilinguals of high L1 use(BiMH), Mandarin-English bilinguals of
low L1 use(BiML) and English monolinguals(MonoE)

Vowel L1F1 L1F2
BiMH BiML MonoE BiMH BiML MonoE

Inl -.49 -.41 .02 -.29 -.28 .04
(.61 ) (.68) (.33) (.53) (.91 ) (.25)

lajl -3.04 -2.48 -2.20 2.37* 2.73 3.05
(1.11) (1.00) (.94) (.71 ) (.71 ) (.67)

laul -1.47 -1.42 -1.75 -1.18** -1.18** -2.17
(1.20) (.79) (1.06) (.81 ) (.81 ) (.72)

leI -.83 -.99 -1.06 .52 .60 .54
(.29) (.54) (.55) (.32) (.32) (.18)

loul -1.03 -1.24 -1.06 (.33) -1.49* -1.58* -2.16
(.52) (.57) (.63) (.53) (.67)

!AI -.48 -.46 -.52 -.06 .03 -.13
(.41 ) (.44) (.39) (.21 ) (.25) (.19)

Iii -.31 -.17 -.18 .06 .09 .01
(.40) (.25) (.25) (.14) (.18) (.14)

hI -.26** -.40** .22 -.09* -.04** -.24
(.27) (.47) (.30) (.11 ) (.12) (.19)

luI -.42 -.46 -.36 -.48* -.77 -1 .11
(.30) (.30) (.33) (.47) (.43) (.62)

luI -.11 -.28 .06 1.18 1.50 1.42
(.27) (.44) (.40) (.65) (.68) (.57)

/eel -.14 -.04 -.08 -.10 -.18 -.26
(.17) (.34) (.39) (.20) (30) (.36)

lEI -.41 -.57* -.12 -.02 -.01 -.18
(.43) (.50) (.34) (.22) (.14) (.26)

Note. Values enclosed in parentheses represent standard deviations. **p <.01. *p <.05.

131



Appendix 11: Mean F1 a, F2a, F3a (Bark) and standard
deviations of Mandarin vowel production by Mandarin-English
bilinguals of high L1 use(BiMH), Mandarin-English bilinguals of
low L1 use(BiML) and Mandarin monolinguals(MonoM)

Vowel F1a F2a F3a
BiMH BiML Mono BiMH BiML Mono BiMH BiML Mono

M M M
Ia! 8.32 8.18 8.37 10.99 10.65 10.97 - - -

(1.07) (.90) (.89) (1.03) (.89) (.83)

laj/ 8.12 8.14 8.20 11.75 11.39 11.53 - - -
(.97) (.85) (.87) (.88) (1.04) (.85)

laul 7.73 7.80 7.91 9.77 10.16 9.96 15.23 15.05 14.97
(.95) (.83) (.82) (.79) (.95) (.82) (.72) (.56) (.44)

lei 5.14 5.30 5.52 13.86 13.74 13.53 - - -

(.58) (.72) (.82) (.73) (.52) (.49)

Iii 3.41 3.37 3.70 14.82 14.75 14.60 - - -
(.63) (.55) (.61 ) (1.03) (.95) (.79)

loul 5.84 5.76 6.04 9.51 9.51 9.37 15.36 15.32 15.36
(.54) (.64) (.50) (.80) (.64) (.48) (.63) (.48)

lui 4.05 4.01 4.17 7.29 7.56 7.60 14.92 14.92 14.74
(.51 ) (.46) (.37) (.78) (.82) (.73) (.95) (.88) (.61 )

Iyl 3.54 3.58 3.87 13.32 13.34 13.35 14.88 14.92 14.82
(.65) (.50) (.54) (.55) (.69) (.51 ) (.73) (.73) (.41 )

Note. Values enclosed in parentheses represent standard deviations. Dashes indicate the value
was not available for unrounded vowels. *p <.05.
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Appendix 12: Mean ~F1 and ~F2 values (Bark) and standard
deviations of Mandarin vowel production by BiML (Mandarin
English bilinguals of low L1 use), BiML (Mandarin-English
bilinguals of high L1 use) and MonoM (Mandarin monolinguals)

Vowel ~F1 ~F2

BiMH BiML MonoM BiMH BiML MonoM
Ia! -.08 -.01 .02 -.04 -.03 -.05

(.33) (.21 ) (.17) (.12) (.13) (.13)

laj/ -2.16 -2.38 -1.91 1.59 2.04* 1.51
(1.01 ) (0.79) (1.06) (.34) (.72) (.46)

laul -1.09 -1.15 -1.02 (.68) -.82 -1.06 -.80
(.55) (.55) (.44) (.65) (.40)

lei -1.07 -1.21 -1.33 (.49) .48 .67 .60
(.42) (.37) (.38) (.28) (.25)

iii -.18* -.18* -.50 -.04 -.05 -.06
(.22) (.38) (.31 ) (.10) (.11 ) (.15)

loul -78 -96 -91 -1.23 -1.35 -1.25(.48)
(.37) (.45) (.40) (.52) (.41 )

lui -33 -34 -.40 -.41 -60 -.74
(.37) (.27) (.40) (.39) (52) (.37)

Iyl -.26 -.20 -.37 .05 .11 .16
(.35) (.26) (.27) (.15) (.14) (.19)

Note. Values enclosed in parentheses represent standard deviations. *p <.05.
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Appendix 13: Goodness ratings assigned to Mandarin
monolinguals by Mandarin listeners

lal lajl laul lei Iii loul lui Iyl
speaker Rating

101 5.31 5.63 5.63 5.69 6.19 5.81 5.56 6.06
102 4.44 5.25 5.25 5.63 5.63 5.56 6 6

103 6.31 5.75 5.75 5.25 5.87 6.38 5 5.75

104 5.19 6 6 5.25 5 5.13 5.06 5.67

105 5.31 4.69 4.5 5.33

106 5.88 5 5 5.5 5.75 4.81 5.19 5.38

107 4.75 4.63 4.63 3.81 4.25 5.06

108 5.69 5.06 5.06 6.38 5.75 6.19 5.38 5.6

109 5.88 4 4 4.69 5 5.19 5.38 5.81

110 5.44 5.13 5.13 4.88 5.75 5.50 4.69 5.63

111 5.31 4.25 4.25 5.81 5.06 5.69 5.5 5.81

113 5.44 5.25 5.25 6 5.56 5.69 5.38 5.38

114 5.81 4.56 4.56 5.69 5.94 5.56 5.44 5.81

Mean 5.32 4.87 4.87 5.21 5.47 5.48 5.19 5.62
(S.O) (.68) (.86) (.86) (.89) (.52) (.50) (.46) (.32)

Note. l\Iumbers in shade and with asterisk are ratings that are two standard deviations below the
Mandarin monolinguals' group mean. "S. D" stands for "standard deviation".
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Appendix 14: Goodness ratings assigned to Mandarin-English
bilinguals by Mandarin listeners on a 7-point scale (1 = bad; 7=
good)

lal laj/ laul lei iii loul lui Iyl

speaker Ratinq
201 6.5 6.44 4.69 5.75 6.06 6.44 5.81
202 4.44 4.33 3.5 4.31 4.63 5.20 5
203 4.47 5.19 4.75 4.13 5 5.25 4.75
204 5.19 5.94 5.56 4.75 5.13 4.88 5.81
205 5.88 5.69 6.06 5.8 5.56 5.57 5.88
206 4.93 4.13 4.31 4.56 5.56 6.06 4.94

5.25
5.5

6

207 5.29 5.31 4.5 5.8 6.13 6.44 5.88 5.87
209 6.13 5.25 3.19 5.94 5.44 5.69 ~.56
210 4.63 3.88 3.33 4.88 5.19 4.94 iWi
211 6.06 5.06 5.63 5.88 6 5.69 5.75 5.56
212 6.31 6.07 5.81 6.19 5.94 6.50 5.81 5.63

'. ... !!lIi'C.d-r-----lr------;213 5.67 5.13 5.25 4.06 5.56!+;, 5.81 5.06
214 4.81 5.25 4.38 5.31 6 5.81 5.25 5.38
215 5.94 5.56 4.44 5.75 5.56 5.75 5.69 5.88
216 4.69 4.94 3.47 4.25 5.06 5 i1

217 5.38 5.19 4.31 4.13 5.27 4.57 4.33;14I~~Zi!

1-2- 1-8--;'_= 5.50 4.25 5.38 5.06 5.44 4.77~
219 5.75 4.38 3.44 5.06 4.88 5.75 4.64_
220 5.13 4.88 4.63 5.69 4.75 5.38 4.88 5.56
221 4.56 4.88 3.44 4.75 4.5 5.13 4.79 5.38
222 5.25 5.13 5.31 5.56 4.94 6.00 5.75 6.06
223 4.63 5.81 5.31 5.5 4.56 4.81~t--....;5~~""
224 5 5.63 4.38 5.19 l@h~i 1*'+ 4.8 5.06
225 5.94 4.88 6.13 5.63 5.38 5.81 5.06 5.56

~22=22"";"76_--1~""",:"4.75 4.31 33.88" ;;~*i8~~i;4.1$*'. 4.33 j ~*
~~4-~3.:.=2~5~~.~6~9~-=.~oo2"II~ 4.81 5.33

228 6.31 6.06 4.31 5.63 4.94 5.94 4.5 5.53
1-2-2-9--+--5-.-25-I--ZW-+--3.-8-1-+--4-.5-l-i-3""'.:9-4~-t-~-......,. 4.29~

230 4.31 4.88 5.69 5.38 5.25 5.73 5.75 5.56
231 5.25 4.63~ ~ 4.94 5.31 5 5.56

1-2_3_2__~ 4.31 3.6 5~I3.94* 5.50 5.5 <1 AA*
233 ~ 4.50 4.69 4 4.69 4.75 4.8 5.38
234 4.13 5.88 4.5 6.19 6.19 5.31 5.75 5.44
MonoM
Mean
(~m

5.32
(nA)

4.87
(Rn)

4.87 5.21
(Rn) (R~l

5.47 5.48 5.19 5.62
(!)2) (!)O) (4nl (1::»

Note. Numbers in shade and with asterisk indicate ratings that are two standard deviations below
the Mandarin monolinguals' group mean. "S. 0" stands for "standard deviation".

135



Appendix 15: Goodness ratings assigned to Mandarin
monolinguals by English listeners on a 7-point scale (1 = bad; 7=
good)

lajl laul lei loul lui

speaker

101 4.94 3.44 4.56 3.63 4.25

102 3.56 2.93 3.94 3.60 4.00

103 4.38 3.19 4.06 3.75 3.38

104 5.19 4.00 3.94 4.81

105 3.75 3.56 3.31 4.63

106 3.06 3.81 3.88 4.81

107 3.81 3.19 4.94 3.75 4.44

108 4.67 4.69 4.81 4.00 4.88

109 2.13 4.06 3.69 3.75

110 5.56 4.25 3.67 4.25

111 4.06 4.75 3.63 3.88

113 4.38 4.31 3.56 4.50

114 4.94 3.06 4.63

MonoEMean 6.41 6.1 6.41 6.28
(S.D) (.27) (.38) (.15) (.22)

Note. Numbers in shade and with asterisk are ratings that are within two standard deviations of
the English monolinguals' group mean. "S. 0" stands for "standard deviation".
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Appendix 16: Goodness ratings assigned to Mandarin-English
bilinguals by English listeners on a 7-point scale (1 = bad; 7=
good)

lajl laul lei loul lui

speaker Rating

201 5.69 4.63 .. 3.40 3.88
202 4.75 4.88 4.89 5.56
203 5.25 3.88 5.10 4.88
204 3.94 4.20 4.81 3.20 4.50
205

~
5.19 4.10 4.69

206 iii: .. 4.75 4.40 5.13
207 3.75 3.75 5.00 3.00 4.75
209 2.88 ...... 3.55 4.56
210 4.00 ii :I~I\\ 4.10 4.25
211 5.06 3.81 4.63 3.30 4.31
212 4.69 3.81 3.44 2.85 4.25
213 5.75 4.75 .. 3.80 3.63
214 4.06 4.94 3.70 3.88
215 5.50 4.57 4.88 3.80 3.69
216 5.31 3.94 4.94 4.80 5.25
217 5.00 4.81 4.69 2.85 4.75
218

ii';!!!,-
4.31

•
5.05 4.31

219 5.00 3.55 4.81
220 5.44 4.31 3.55 4.25
221 5.13 4.31 5.30 5.75
222 5.06 4.38 5.00 3.65 4.50
223 4.13 4.19 4.69 3.20 3.25
224 4.00 4.40 4.19 3.35 4.50
225 5.38 4.44

~
3.85 4.13

226 5.81 4.56 3.65 3.88
227 5.00 4.81

-=
4.80 4.88

228 4.69 2.94 iii';'; 3.37 4.88
229 5.38 .. 4.55 4.88
230 5]II1II 4.56 4.75 3.95 4.69
231 4.31 5.06 3.47 2.30 4.25
232 5.67 5.06 4.69 4.35 5.25
233 -,;; 5.00 4.13 4.70 5.56
234 4.38 2.13 4.47 2.65 3.81
MonoE
Mean 6.41 5.97 6.1 6.41 6.28
(s.m (,27) (.40) (.38) (.15) (.22)

Note. Numbers in shade and with asterisk indicate ratings that are within two standard deviations
of the English monolinguals' group mean. "S. 0" stands for "standard deviation".
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