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~ b s t r a c t  
B 

It is generally agreed that adult second language- (12)  speech 
* -  - 

' learning is strongly influedced by the learners' first language (Ll) .  This 

study examines the effect of the L1 vowel system on native Mandarin 

speakers' production and perception of English voyels. 

'Fifteen native Mandarin speakers from Beijing who had been 
I 

living in Canada between 0.5 and 6 years partioipated as speakers and 

: listeners, and 15 native speakers of Canadian English participated as a ( 

I 

comparison group for the production test. The isolated English vowels [i I 

er E ze u u ou D A], produced 'in a carrier senfence by both groups, were 

identified by four native English listeners. The results showed that, in 
s 

w 

general, the Mandarin speakers' productions of the vowels that have 
t 

Mgndarin counterparts -were ' as intelligible as the native English* ,- 
-f 

speakers' productions and were significantly more intelligible thane*the 
C vowels lacking obvious Mandarin counterparts. 

1 I 
In a perception task, the Mandarin speakers identified the five 

front English vowels, [i I el e ie], p~oduced by 10 native English speakers 
- 0 

'in /bVt/ utterances. The results of the pereption test were not - *  

completely consistent with those of the production test,. indicatipg that 
+ 

L2 production may not always' be related to perception in a 

straightforward way and that the relationship between perception and 

production i s  a complex issue. . 
4 .  

A third experiment compared the temporal and speftral P,F _ 
" I i  

& 
properties of the Mandarin vowels and the ~aGdarin-accented English 

vowels with those of the English vowels. The results revealed phonetic 
3 

differences between Mandarin [el u ou a] and English [el u oy D A ]  in 



P 

general. Most " ~ a n d d i n ~ a c c e n t e d  - . English vowels deviated frome the 4 

native English norms in terms of,  spectral values. The deviations in 

.acoustic properties from the seemed to be the major ~ a u d  

of the low intelligibility scores for the Mandarin-accented vowels. In -. 

addition, the Spectral overlap in the vowel pairs [~F[J and [e l - [z]  
I 

apparently ' caused intelligibility problems. The results suggested that 
E 

, the dense distribution of L2 vowels in the- area of the vowel space - 

where the L1 vowel system is less crowded may have caused some of 
e .  J' 

the difficulties the L2 learners experienced in producing and perceiving 

these vowels. 
I 

This study also examined the usefulness of two hypotheses in 
B 

predicting problems faced by Mandarin speakers learning the English- 

vowel system: the",~oritrastive Analysis Hypothesis add the Speech 
d 

Learning Model. The data do not fully support either of 'the hypotheses. 

rb 
- , 
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Adults who learn a second langua generally do not produce the 

phones of the second language (L2) in a perfectly native-like manner. This 

problem remains one of the most enduring and chalrenging research topics 

in the field of speech perception and production in foreign language 

learning. Researchers have examined this issue from various perspectives. 

This chapter will discuss some of the important factors that 
*' 

influence foreignlsecond language' speech learning, including tj.4 *- the effect 

of age and first language interference. In addition, some common 

theoretical approaches to second language speech learning will be 

discussed along with previous empirical studies. The concepts=.and 

.hypotheses that will be reviewed lare the dritical Period Hypothesis, the 

Contrastive ~nkrys i s  Hypothesis, Flege's Speech Learning Model, Best's ' 

Perceptual Assimilation Model, and Bohn's Linguistic '~esensitization 

1.1. THE EFFECT OF AGE: THE CRITICAL PERIOD HYPOTHESIS 

It is widely believed that secondlforeign language learning, 
w 

especially in the area of phonology or speech learning, is strongly * a  - 
influenced by a learner's age. Tbis effect of age is best expressed by the 

Critical Period Hypothesis (CPH). The concept of critical age in language 

learning rwas introduGed by Lenneberg who stated that "foreign accent 
3 

cannot be overcome easily after puberty" (Lenneberg, 1967, p. 176). . 
a 

According to the CPH, the sounds of an L2 cannot be learned perfectly 



L 
Q 

once a neurologically-based critical period has been passed (Lenneberg, . 
1967 Patkowski, 1990, Long, 1990). 

&' 

The exact age of learning a ~econd'la6~uage at which a speaker's'. . 
r 

.* 

accent will be detected has  been found to b q  inconsistent in previous 

research. For example, when ~ a t k o k s k i  (1 990). re-examined his * 1980 

study with 67, subjects, he found that thea a 'e of 15 was the turning 
- 

B 
point' at which learners' accents became clearly. detectable. In a study 

by Thompson (1991), Russian immigrants who had arrived in the U.S. 

before 10 years of age were perceived to have an accent. Fleg6 (1988) - 
found, that native Mandarin speakers whose age of arrival in the U.S. 

I 

was 7.6 were judged to be significantly less authentic (accented) in 

pronunciation than a group of native English speakers. Tahta, Woodr & 

Loewenthal found in their study (1981) that subjects who began - 

learning English at the age of eight or earlier rarely produced a foreign . 

& k t .  However, those who began learning English between 'the age of 9 

and 11 were not accent free. In Long's (1990) summary of Studies 
C 

addressing the effect of age on second language phonological learning, 

he concluded that a native-like pronunciation is impassible fpr many , e 
3 

individuals if their first expdsure is not before the age of six and for the 

remainder by about the age of 12. 

However, some researchers Chavk been less quick to conclude that 

these findings are best captured in terms of a Critical Period. Flege -- 
argued that "although this may be true, .such a conclusion fails to 

provide insight into how L2 learning differs from L1 acquisition, or 

what actually causes foreign accent". (Flege, 1995; p. 234). While all 

agree that age of learning is an important factof in foreign accent, some 

researchers believe that there is no clear cutting line or 'critical period'. 

In the study by Flege, Mmro and Mackay (1995), the experimenters ' 
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C 

4 -  

~. 

assessed tlie degrqe of perceivgd foreign accent in a se 
i r 

'sentenceJ I pioduced Gy native Italian (NI) subjecis wh 

age d q a r n i n g  English. These NI Speakers, who had lived in ~ a f i a d a  for 
- 5 J  k - * 

years on average, 'began+ to *learn English between the ages of 3 ' 

Native English listeners used a .quasi-continuous scale to rate 
, 

- ,  

English sentences for degree of accent. i 'hi ratings. revealed that there' 

was a linear relation between the NI subjects' age of learning (AOL) and - "  
1 

their degree of perceived foreign accent. In general, the later, in life the a 

\ 

NI- subjects began to learn English, the stronger their English sentences 

w e r e ~ j u d ~ e d  to be accented. However, there was no abrupt decline in 

perceived accent around a particular ,age group. In another study 

conducted by Munro, Flege and Mackay (1996), 11 English vowels were 

produced by the same Italian - subjects. Their English vowel productions - -  

were rated for degree of foreign accent by 10 natlve English-speaking 

listeners. A parallel finding of a relationship between. the age of drrival 
%$ - 

and the degree of accentedness was observed. The later the speakers 
-a. 

began to learn ~ n ~ l l s h ,  the stronger I S  -tPfeir degreb' of accentedriess was 

judged to be on almost every. vowel. Another important discovery was 

that the AOL at which an accent first became detectable varied 
- ,  

considerably across both li ners- and, vowels. (Munro et al., 1996). Both 
f . 

studies confirmed that there' is'no sharp "cutting line" due to age. "If a 19 
\ 

critical period exists, it. apparently,-does not result in a sharp 

discontinuity in L2 pronunciation ability" (Flege, 1995, p. 234). - 

To summarize, researchers generally agree that age influence L2 

speech learning. Yet, no consensus has been reached on whether the 

critical period is, in fact, "critical." 



.. 1.2. THE EFFECT OF LANGUAGE TRANSFER 

5 Another widely-recognized factor in the learning of a second 

b language is the- influence of the speikers' native language. Such an 1 

. influence is especially noticeable in the -area -of phonetics and 
.1 

phonology. Nonetheless, there appears to be some disagreement on the 

degree and nature of this factor. Odlin (1989) pointed out that transfer 

can take, place at -both the phonemic' and phonetic levels in L2 speech 

learning, Typology, or cross-linguistic *frequencies of certain segments, 
Y 

common phonological rules, and syllable .structure differences between ' 
4 

the native and target languages are other factors that can affect the 
@ 

level of-difficulty in learning the sounds of the L2. In this section, some' 

different theoretical approaches towards language transfer will be 

discussed. 

1.2.1. The Contrastive Analysis Hypothesis 

Perhaps the strongest claim about %the influence of first language 

on the learning of a second language is the Contrastive Analysis '- 

~ ~ i o t h e s i ?  (CAH). Lado, (1957) 'was the fiist to propose the CAH. He 

believed that learners tefid ;to transfer both the forms and the meanings 

of their native language to the. target language. Therefore., he considered 

it important to compare the structures of the native language' and the 

target language in order to- predict the learners' difficulties. The cross- 

linguistic differences in the CAH approach cover all aspects of language 

as well as culture. This discussion will focus only on segments. 

According to the CAH, the areas of difficulty in L2 phonemes are mainly 

+ caused by the differences -between the phonological systems of the L'1 . 
and L2..*For example, a segment is predicted to be difficult to learn if it 

i 



a exists in the ~2 but not in the L1. A learner will'have trouble perceiving 

and pro$ucing the new segment. As a result, he will substitute same 

other phoneme from. his native sound systein. (Lado, 1957). This model 
. P  

accounts for -some of the comrhon problems with certain L2 'learners. For 

= example, the problem with Japanese speakers in learning the English I 

segments /.I/ and I11 is commonly believed to be caused by the lack of 

the /.I/ and 111 contrast in the Japanese 'sound system. In fact, several 

studies have shown that Japanese speakers have difficulty perceiving .z - 

this distinction (Sheldon & Strange, 1982, Flege, Naoyuki & Mann, 1995, 
- 

among others). In his study, Cebrian (1996) found that the CAH was 

useful in isolating the potential possibility of transferring L l  
- 

phonological rules by Catalan speakers when learning English. However, 

the CAH has been criticized for not being able to account for the degree 9 
A 

of difficulty corresponding to typological markedness in the prediction 

of problems that L2 learners face (Eckman, 1977, Odlin, 1989). It also 

fails to explain {he individual differences among learners who have less 
a 

difficulty with particular sound segments that are predicted to be a . 

problem because of their absence in L1.- For example, Munro, Flege, 

Mackay (1996) found that there were important individual differences 

in native Italian speakers' English vowel productions. The present s<dy 
9 

involving Mandarin speakers will further test the CAH by examining 

their success in learning to produce sounds that are missing from their 

LJ phonological inventory. 
i 

1.2.2. Perceptual Assimilation Hypothesis 
9 

Direct transfer of Ll speech sounds into the L2 does not explain - 
I 

all the problems encountered in L2 speech learning ' ( ~ d l i n ,  1989, Bohn, 

1995). For instance, the effect of native language experience on the 



perception of non-native language phones has been treated in terms of 

developmental changes (Werker & Polka, * 1993, Best, 1994). In 
3 

summarizing previous studies on the ability of infants and adults to 
- b 

discriminate non-native sounds, Werker and Polk% stated that a infants 

have perceptual abilities to aiscriminate phonetic contrasts on a broad, 

language-universal basis. Hoyever, language specific experience has 

proven to have anAeffect on the perception of non-native speech by the 

knd of the first year in life. ' Adults generally have shown decreased 

ability to discriminate nh-native phonetic contrasts in order to 

+ facilitate or enhance the perception of native phonetic contrasts 
#- 

(Werker & Polka, 1993). 

One explanation of such an effect is that L2 learners or bilingual 

speakers tend to perceive the sounds -of the L2 in terms of L1 

phonology. (Best, 1994, Flege, 1995). For the adult listeners, the 

influence of the native phonological sistem causes 'perceptual 

- assimilation of non-native phonemes to native phoneme categories - 
apparently on the basis of articulatory similarities and discrepancies 

(Best, 1994). During the acquisition of the first language, speech J 

0 

perception becomes functional or 'attuned to' the contrastive phonemes 

of the L1 sounds, either because phonetically distinct sounds are 

"assimilated" by a single functional category, or because the L1 

phonology filters out features (or properties) that are different 

phonetically but not phonologically. According to Best, the nature of the 

effect of language experience on the perception of .  non-native segments 
Y 

is 'an adjustment of selective attention'. It is important to point out that 

athe effect of the native language on the perception of non-native 

segmental contrasts is neither 'absolute nor permanent' (Best, 1994). It  

is worth noting that Werker and Polka (1993) have also reported that 



i , 
adults can discriminate some non-native phonetic distinctions without 

O training. 

~ l t h o u ~ h  the Perceptual Assimilation Hypothesis will not be 

directly tested in this study, it does provide some insight into the issues 

that will be reviewed here. 

1.2.3. The speech Learning Model 

Flege examined the influence of the i l  on L2 speech learning 

from a different perspective-. The differences between native and non- 

native speech sounds are classified quantitatively by comparing the 

phonetic differences between related L1 and L2 segments. Over the 

years, Flege ( 1987, 199 1 a, 1995) has developed. the Speech Learning li 

Model (SLM) to account for the L1 factors he h'as noticed in his studies. - 

The SLM predicts that success in L2 production depends on the 

establishment of new phonetic categories for the segments that exist in 
8 

r 

the L2 but not in the L1. According to the model's first hypothesis (Hl), 

"sounds in L1 and L2 are related perceptually to one another at a 

position-sensitive allophonic level rather than at a more abstract 

phonemic level" (Flege, 1995, p. .239). This suggests that L2 learners will 

relate an \L2 sound to thenearest allophones of an L l  phoneme, not 

simply to a phoneme. The cross-language phonetic differences are not 

necessarily- fijtered out or assimilated to the L1 phonological system, 
' 6  

but may be perceived by bilinguals. 

If learners can perceive the phonetic differences between the L1 

and L2 phones, it is possible that they will establish a new category for 

the L2 phone. The SLM's swosd hypothesis (H2) predicts that "a new 

phonetic category can be established for an L2 sound that differs 
r-' 

phonetically from the closdst L1 sound if bilinguals discern at least 

e 



,I. 

some the phonetic difference between the L l  and L2." (Flege, 1995, p. 

239). Eventually, learners will also be able to produce the sound when 
- 

its phonetic category is established. .As predicted by Flege in his 
- * 

Hypothesis 7 (H7) of SLM, "the production of a sound eventually 

corresponds to the properties represented in its perceptual phonetic 

category representation." (Flege, 1995, p. 239). 

The SLM also states that success or failure in establishing a new 
I 

phonetic gategory depends largely on the phonetic distance between the 
/ 

L1 and L2 sounds. The chances of cross-language phonetic differences 

being distinguished increase with the degree of cross-language phonetic 

differences. In his earlier studies, Flege used less quantitative terms 

such as "new" and "similar" phones to describe the phonetic differences 

between L1 and L2 sounds. According to his earlier predictions, phones 

from the L2 that are "new" have no counterparts in the L l .  "Similar" L2 

phones, on the other hand, differ systematically from an easily 

identifiable counterpart in the L1. (Flege, 1987). For example, the 

French Iyl is a "new" phone for English learners of -French while the 

French it1 and lul are both considered to be "similar"   hones despite 

the fact that they differ considerably from' the ~ n ~ l i s h  counterparts in 

terms of the VOT value for It1 and the F2 value for Iul. According to 
Q 

this hypothesis, L2 learners will have difficulty in producing 

authentically L2 phones that differ acoustically from phones in L1 

(similar phones) unless they establish a phonetic category for the L2 

phones. The phenomenon referred to as 'equivalence classification' will 

block adult L2 learners from establishing a' phonetic category for the 

"similar" but not for the "new" L2 phones-. 

In one of his studies, Flege (1987) tested groups of monolingual 

French and English speakers as well as native French and English 



speakers who differed in experience in  each others' language. The study, 
9 

examined the productions oT the "similar" phones It/ and Iul, and the 
6 b new:? phone Iyl for the English subjects. The results showed tha t  

native English subjects whp were experienced in French did not differ ' 

much from French monolinguals in producing the French Iyl. However, 

the French and English subjects produced lul in their L2 with .the F2 
I ' values differing significantly from those of the native speakers. They all . 

producedi It1 in their L2 with mean VOT values that either closely 
, Y 

resembled the ~ l . ' s '  phonetic norms or fell between the phonetic norms 

of L1 and L2. Flege concluded that equivalence classification prevented 

experienced L2 learners from producing "similar" L2 phones, but not 

"new" L2 phones, authentkally. (Flege, 1987). In other words, there was 

an upper limit on the extent to which L2 learners approximate the 

phonetic norms of the L2 for similar but not new phones. 

However, a number of problems have arisen for this early version 

of the Speech Learning Model. One of the problems lies in the 

classification of "new" and "similar" phohes. when comparing native and 

non-native phones. Generally, there is a lack of a concretw standard for 
b 

cross-language grouping. Blankenship ( 199 1 ) questioned the standard 

for the term "similar" in her study of vowels. She noted the difficulty in 

determining how close together the vowels must' be in order to be 

categor ed as "similar". Also it was not cleai whether the similarity /Z - 
* betydn vowels should be characterized exclusively in ;.i e&1 terms. , 8  

, Later, this "new" versus "similar" distinction of phones was modified to 

a more general term of cross-language phonetic 'differences. "The 

greater the perceived phonetic dissimilarity betyeen an L2 sound and 

4 the closest LI sound, .-the more likely it is that the phonetic difference 

between the sounds will' be discerned." (Flege, 1995, p. 239). This 



difference can be interpreted as more quantitative in, nature. If related 

phones in the L? and L2 are placed on a continuum, then, the greater or 

smaller distance in phonetic similarity will fall at different points along 

the scale rather than at the two extreme ends identified as- 

"similar". This revised version of the SLM still needs furt 
' 

Another prpblem with the SLM is that it cannot acgun t  for the 
f 

results generated in other empirical studies. If cross-language' phonetic 

differences are really the basis for either the success or.  failure in 

speech perception and production in second language learning, then the 

"strange" new sounds in the L2 that have the greatest differences from 

L1 sounds should not be problematic for the learners. However, a more 

comp'licated phenomenon is found in the results from o%er empirical 

studies. For example, Munro, Flege and Mackay (1996) studied the 
6 -% 

English vowel productions of native Italian speakers grouped according 

to their age of learning (AOL). The subjects4 productions of the vowels 

were presented to native speakers of English for both identification and 

accent ratings. The results indicated that the absence of a particular 

vowel from the L1 vowel system did not seem to be a kritical fqctor for 

accent. For example, neither I=/ nor Is/ occurs in Italian, yet these 

vowels were' reported to be the second best and worst produced 8 

respectively. Vowel guality differences, in terms of simple acoustic 
% 

(first two formant values) distance, between the English and Italian 

vowels did not seem to account for the results observed. Therefore, the 

hypothesis that English vowels which are acoustically "close" to Italian 

vowels should be less well produced than vowel! that are more distant 

was not confirmed. Some aspects of the Speech Learning, Model will be 

teeed in the mesent studv. 
1 



- . . 1.3. NON-NATIVE LANGUAGE TRANSFER FACTORS 
B 

This section will discuss only the phonologically relevant problems 

in L2 sound perception and> production that are not directly caused by 

L1 transfer. 
re 

1.3.1. ~ i n ~ u i s t i c  Desensitization Hypothesis - .77 7 a 

=& - 
Flege and Bohn (1989) reported that native Spanish speakers used - 4. 

, , 

duration cues to identify the synthetic [i]-[I] vowel continua that % 

differed in linearly kqual steps in formant frequencies and in. duration. . 
Spanish has no duration contrast and has only one vowel /i/ in the 

vowel space where English has two. Therefore, their use of the duration 

cues to distinguish the foreign vowel contrast cannot be due to a 

perceptual strategy transierred from the L l .  The result seems to 

support the hypothesis proposed by Bohn and Flege (1990) which states 

that whenever L2 speakers cannot discriminate L2 vowel contrasts on 

the basis of spectral cues, they will rely on duration cues. This 

hypothesis was referred to as 'linguistic desensitization' or 'language- 

independent, perceptual principle.' Bohn - (1995) provided further 

evidence for this hypothesis in a later discussion that involved more LI' . 
I 

speaker agroups. 

In Bohn's 1995 study, a number of experiments were conducted 

to test native German, Spanish and ~ a n d a r i n  speakers' English vowel 

perception using synthesized tokens. The German speakers identified a 

bet to bat continuum while the Spanish and Mandarin speakers 

identifiedD a beat to bit continuum. A group of native English speakers , 

also participated as comparison group. The results showed that English 
?s 

listeners 'identified both beat to bit and bet to bat continua almost 



exclusively on the basis of spectral cues. Differences in duration had 

little effect on the native English speakers' responses. The ~ d r m a n ,  

Spanish, and Mandarin listeners relied heavily or exclusively on the 

duration cue. in identifying vowels from the English vowel pairs that do 
h 

not exist in their first languages. (Both Spanish: and* Mandarin have only 

one category /i/ in the acoustic area where English has two, /i/ and / I / .  

German has /E/ in the area where English has /E/ and /?el.). Bohn stated 

that German listeners' use of duration cues in non-native vowel pair 

identification can be partly explained by the transferring of a native 

perceptual strategy. The German vowel system uses both spectral and 

duration to contrast vowel pairs. The Spanish and ~ a n h a r i n  listeners' 

reliance on duration cues cannot be attributed to the use of an L1 
0. 

strategy for identifying non-native vowel pairs. Neither Spanish nor 

Mandarin uses duration cues to differentiate vowel contrasts in their 

vowel systems. Bohn concluded that "the use of the duration cue does 
, 

not indicate reliance on a native perceptual strategy but reflects a 

general speech perception strategy that takes over whenever 

ipformation conveyed by spectral differences is insufficient'?. ( B O ~ ,  

1995, p. 300). I 

B 

Based on the data from these studies and some earlier ones, Bohn 

pfoposed the 'Desensitization Hypothesis' which states that "whenever 

spectral differences are insufficient to differentiate vowel contrasts 

because previous linguistic experience, did not sensitize listeners to 

I these spectral differences, duration differences will be used to 

differentiate the non-native vowel contrast." (Bohn, 1995, p. 294). In  

the above mentioned studies,. both the native Spanish and'  native 

Mandayin speakers may be.  said to be 'linguistically desensitized' to 

spectral differences between /i/ and / I /  due to the fact that both 



- 
languages have only one vowel category in the acoustic space where 

- 

English has two: The .native German spe2kers'-desensitization to the . - 

, . 

spectral cue for la1 may be explained by the same reason. The results 

confirmed the fact that some of the learners' problems in perception are 
#=- 

r 
not necessarily caused by transfer but by the lack of sensitization 

tcniirards'the L2 vowels. The present study will further test this 

hypothesis in both the production and perception. 

1.3.2. Second Language Experience 

The amount of L2 experience is another r,elevant factor in L2 

speech learning. *Early stage learners may differ from experienced 
\ 

learners in both their perception and p;oduction. Bohn and Flege (1990, 

1992) found that the more experienced group of native German English 

learners, not the less experienced, were more successful in the -, 

identifying and producing the English I=!. However, L2 experience a 

showed no effect on the perception and production of "similar" vowels' 
I 

Iil-/I/. In other words, the results suggest that L2 experience affetted 
\ 

P - some vowels but not all. 

In another study by Flege (1991b), groups of native Spanish 

speakers, experienced and inexperienced English L2 learners, and 
4 k 

monolingual Spanish speakers identified English front Gowels using 

Spanish vowel categories. L2 experience* was found to have an effect on 

the awareness of 111 (Spanish has only lil while ~ & l i s h  has /i/ and 111' 

in this area of vowel- space).' However, it had no effect on the perception 

of the English vowel /a/ for any of the groups. Experienced and 

inexperienced Englisb L2 learners, as well as the monolingual Spanish - 
speakers identified English /;el with Spanish /a/ most of the time. 

1 

;I 

(Spanish does not have the l a e l  category). 



I 
- 3 In a more recent study on adult Japanese learners' productions of 

English 111 and 111 conducted by Flege, Naoyuki & Mann (1 9&), 'it was - 

- found that experienced Japanese learners who had lived in the United - 
' States for an average of 21 years produced 1.11 anh Ill tokens tBat were 

as intelligible as those produced by native English spepkes. The 
I 

majority of the experienced adult Japanese learners' droductions of /.I/ 

and I11 also received ratings th'at fell within the range of the native 
%A 

English speakers, productions. In contrast, the productions of ~ n ~ f i s h  1.11 
f and Ill by Japanese speakers who lived in the united States for an 

average of 2 years were significantly less intelligible. In addition, their 

production was often judged to be strongly accented. The findings 

suggest that L2 experience and length of residence in the L l  

environment had an effect on the success of learning the new L2 

consonant contrast that does not exist in the L1. The significance of this 

study is the extreme difference in length of residence of the two 

Japanese groups (19 years apart). It seems that many years of exposure 

to t&e L1 environment really helped the Japanese speakers to produce 

the new consonant distinction that is not existent in their L1. 

, - 
* ,  0 

1.4. THE RELATIONSHIP BETWEEN PERCEPTION AND 

PRODUCTION - 

The effective learning of an L2 segment involves both perception 

and production. It .is often assumed that production has a perceptual 

basis and that good perception generally precedes good production. In 

first language acquisition, young children all go through the stage of 

perceiving the sounds of their L1 before they learn to produce them. In 

a foreign- language classroom, it is not uncommon for teachers to 



r 

4 

practise the discrimination of certain L2 sounds before they actually let 

. .the students try to produce them. Furthermore, even such common 

terms as 'imitating' and 'mimicking' all imply a perceptual basis for 

production. a 

Previous studies concerning L2 segmental perception have very 

seldom involved parallel production studies. In theory, Flege's Speech 

Learning Model strongly implies that production has a perceptual basis. 

According to the SLM, an L2 speaker's success in  perceiving at least 
i 

some dffferences between the L1 and L2 sounds is considered to be the 

basis for the establishment of new phonetic categories for the L2 

sounds. This success in perception will presumably lead to successful 

production of the L2 sounds but not vice versa. If a bilingual speaker is 

unable to discriminate an L2 vowel from either the neighboring L2 , 

vowels, or from the Ll  vowels that are different from the L2 vowel 1 

phonetically, the L2 vowel will be produced inaccurately (Flege, 1995). 

Therefore, L2 vowel production errors arise from. the failure to 

discriminate certain L2 vowels. Flege (1995) reported that native 

Korean subjects failed to discriminate the English front vowel pairs /i/- 

&- / I /  and /el-/ae/ in a perception test. The Korean subjects also had P , 

rn problems in producing these vowel pairs. The results showed that their 

productions of the intended /i/ and / I /  tokens fin bVt context) were 

often misidentified as each other, as were their / e l  and lael tokens. 

Some counter-evidence to the proposal that perception precedes 

production was found in a study by Sheldon & Strange (1982), who 

examined the production and perception of the English /J/ and 111 by 

native Japanese speakers. They found that Japanese learners were 

somewhat more successful in producing a contrast between /I/ and 111 

than in perceiving the distinction between the two sounds. They 



- 

- 

concluded that perceptual mastery of an L2 contrast does not* always - . 
/ 

precede the learners' ability to produce 'acceptable tokens' of 

contrasting phonemes. Blankenship (1991) also reported in her study 
'Q 

that although Spanish bilinguals were not always able to perceive 

differences in L2 vowels, they were able to all the necessary L2 

vowel contrasis in both a reading task and in an interview. These 

findings were in contrast to the common belief that perception precedes 

produeti& The present study will test whether production h,as a t 

perc~ptual basis using natural vowel tokens. 

1.5. MANDARIN CHINESE VOWELS 

Previous studies have indicated that for both theoretical and 
D 

empbical reasons, the relationship between the sounds of different 

languages cannot simply be evaluated by comparing the .phoneme * ;r 

inventories (Bohn & Flege, 1992). Since the sounds in two languages 
* *  & L - 

often show different acousticwand articulatory characteristics, a pQonetic 

description is necessary (Odlin, 1989). Mandarin Chinese, a term . - 
st 

familiar to the western world, is known as Standard Chinese, or - ; 

Putonghua  in Mainland China. The dialectal norm for Mandarin is the 
I 

speech of the capital city, Beijing. Mandarin Chinese has five vowel 

phonemes '  (Cheng, 1966, Svantesson, 1984). They are: 

' The mid vowel [a] with the retroflex coloring, or "er-hua" final, is used as a 
morphological ending which is heard only in the northern areas. Mandarin 
speakers in other areas usually are unable to produce it and, therefore, tend to * 

avoid it.  orma man, 1988). It is not under consideration in the present study. 



. In spite of the fact that the vowel form [o] occ;uiS-in the Pinyin k 
P 

system as in [ou], it is treated as an allophone of /el and occurs only in a 

specific environment (Cheng, 1966). In fact, the mid -vowel /el has 
a 

many "surface forms" that cover a range from the front to the back. In 

i 
- 

order to identify the- surface vowels in Mandarin, the allophones Q .*the 

five phonemes are given below: 5 

The high front, unrounded vowel /i/ has three surface forms: 
* 

---[uI] (high back, unrognded) occurs only after dental sibilants [ts] [ts.':] 

and [s] such as in [SUI] "silk.  

---[\I (high, central unrounded) ocdurs only after retroflex fricatives i n d  
& 

affricates [tg], [tg'], [s], and [J], e.g., [gi] "poem". 

--- [i] occurs elsewhere, e.g., [di] "drop" 5 , a 

f 

The first two allophones of /il are sometimes referred to as apical 

vowels (Dow, 1972, Karlegren, cited from Chao, 1968 & from Howie, 

1976, Shih, 1995). 

The mid vowel / e l  has the most allophones. They cover a widie 

range and have different descriptions. The following is a summary of 

the most common descri?pions of the surface forms of /el and their 

environments (Howie, 1976, Chao, 1968, Wu, 1994). 

---[el occurs before [i] as in [pei] "cup". 
1 

1 

---[el occurs after glide or medial [i] and [y], e.g., [ i ~ ]  "leaf' and [YE] . 

"moon". 

---[o] occurs before [u] as in /gou/[gou] "hook". r 



---[TI sometimes described as ['A] occurs in an open syllable ps a 

monophthong as i n  [ g ~ ]  "song". - 
---[a] occurs after the labial consonants in open syllables, e.g., [pa] 

"wave" and after [u] as in [gua] ''sayW. 

---[a] occurs in closed syllables before nasals as in [gan] "root". 

The low vowel phoneme /a/ also has several allophones. The exact t 

i 

number of surface.forms for this vowel, however,",,is controversial 'and 

b 
\ 

different descriptions are not uncommon. A summar8 of the common 

descriptions of the allophones of la/ and their envirbnments are listed 

---[a] occurs before [u] and [ g ]  as in [gau] "tall". \ 

---[a] occurs after [i] and before [n] as in [t ian] "sky". 

---[a] occurs before A11 other~occurrences of [n], as in [pan] "molk" and 

before [i] as in [gai] "should". 

--'-[A] occurs elsewhere in an open syllable as in [mA] "mother" and [iA] 

According to previous reports (Dow, . 1972,- Howie, 1976, Chao, * 

1968, Wu, 1994), the Mandarin /a/, has 'a  medium quality between the 

front [a] and the back [a]. It can also be represented by Chao's low, 

central [A] (Chao, 1968), which is not part of the IPA. It is [A] in syllable 

final position as in [iA] and [uA]. powever, i t  is more posterior before 

the back vowel [u] and is represented as / a d  [au]. Some linguists 

disregard [A] as an allophone and consider it to be [a] as in [ t ~ a ]  (Wu, 

- 1994), while others treat it as [a] as in [xa] (Howie, 1976). ~ c c o r d i n ~  to 
' 

some authors, /a/ has another allophone [ a ]  which occurs before [n] m d  

after [i] as in [ ian]  (Howie, 1976,' Wu,. 1994, Dow, 1972). There' are 

different explanations and interpretations for this allophone in  this tr 



t 
particular environment. Some consider it as [a] as in ha i l  and others as 

[E ]  as in /ian/, realized as [im], (Chao, 1968,* Li & Thompson, 1981). 

The descriptions of the surface vowel forms show that most .of the 

allophones *of the five vowel phonemes occur only in diphthongs an& 

closed syllables. Compared with the rich, stressed monophthongs in the 

English vowel system, Mandarin has only -/i/ and /u/ with counterparts 

in English. Mandarin /a/ does not seem to have an obvious English 

counterpart when it occurs as' a monophthong. ~ a n d a r i n  /el is realized 

a s p 1  when it occurs in an open syllable as ,a monophthong. The 

Mandarin diphthongs [el] and [ou] are comparable to the English 

counterparts, the so-called phonetic diphthongs [el] and [ou]. Other two 

diphthongs, laif and /au/ are also comparable to the English 

counterparts [a]] and [au] (sometimes t r a n s c h  [aj] and [awl). The 

latter two vowels are excluded from the present stud: because of the 
k 

complication 'of Canadian Raising which changes, the quality of these two 

English diphthongs. 

Since cross-language acoustic comparisons of English and 

Mandarin vowels have been rare, it is difficult to have a comprehensive 

review of the acoustic comparisons of the vowel qualities. The Canadian 

English low back vowel [ D ] ~  is more posterior than ihe central Mandarin 

[A] as the plionetic symbols suggest. Compared to >the English [u], the 

Mandarin [u] is both higher and more posterior (Narman, 1988). The 
'I 

average F2 value f6r Mandarin [u] was 620 Hz as measured in a study of 

one male speake-r by Howie (1976), and 761 Hz by Svantesson (1984). 

The F2 value of Canadian English [u] was measured as 1174 Hz, an 

.average df 10 speakers (five male and five female) in the study by 

' The symbol [D] is used in this study bo represent a phonemic merger of la-31 in 
Canadian English (Avis. 1 9 7 5 , h e d  in Assrnann et al. 1982). e - 

, 



Nearey and ~ s s m a n n  (1986). It  is important to point out that although [I 

E a: u] all occur as allophones,of /i e a u/ in diphthongs, they never occur 

as stressed, syllabic monophthongs. Dow (1972) pointed out that in the 
? * 

falling diphthongs, the second elements [i] and [u] only indicate tht? 

directions of the movement, not the maximum points reached. The lax 
\ 

vowel symbols [I] and [u] are usepd to indicate the movement. Compared 

with the English lax vowels, which all occur as stressed monophthongs, 

Mandarin lacks such counterparts in its vowel system. Strictly speaking, 
7 the Mandarin surface vowel forms [I] and [u] are the glides b ]  and [w] 

and only occur as bn-glide or off-glide. The controversial [ae], as stated 
* previously, occurs only before the nasal [n] and after the glide like [i] in 

Mandarin. The English lax vowels [ I  E z u] may, therefore, ___--- be treated as 
-I__- --- 

"new" phones for Mandarin speakers while /i el a u ou/ are "similar" 

phones that have English counterparts. 

The above description of Mandarin vowel phonemes and 

allophones will provide the basis for the comparisons of English and 

Mandarin vowels that i s  the part of this study. Previous studies have 

reached the agreement that the crass-linguistic comparisons of phones 

should be carried out at both phonemic and phonetic levels (Bohn & 

Flege, 1992, Odlin, 1989). 

In the present study, the acoustic properties of isolated Mandarin 

vowels [i u ou er a] produced in the falling tone (see Chapter 2 and 

Chapter 4 for description) by native Mandarin speakers will be 

measured and compared to the English counterparts in terms of 

and the first two. The acoustic measurements of these, vowels 

will be carried out with the intention of testing the phonetic differences 

between these vowel counterparts across languages. Mandarin vowels 

that have no corresponding English categories will not be considered. . 



The English lax vowels [I e a: u A] which have no' Mandarin counterparts 
- 

will be studied acoustically and serve as the basis for the intelligibility I. 
\ -  

test. . - - D 

f 

The purpose of cross-language acoustic ahalysis of the vowels is to 
B 

evaluate the phonetic basis for the Mandarin speakers' L2 vowel 
I 

- perception and production study rather than to depict the whole vowel 51 

system of both languages or to classify "new" and "similar" vowel 

categories." Instead of a broad classification of the vowel inventories of 

the Mandarin, the study will focus more on the acoustic or physical 

characteristics of 

1.6. RESEARCH 

the vowels. 

TOPICS L r 
, 

The purpose of this study is to explore the problems that native 

Mandarin speakers have with the perception and production of English t 
vowels. The main focus is to discover which English vowels are 

perceived and produced well by native Mandarin speakers and which 
k c 

ones are not. It will be considered whether success or failure in the 

production of English vowels is explicable in terms of sound 

correspondences between the native language (Mandarin) and the L2 

(English). With regard to foreign language speech learning theory, this 

study will test the Contrastive Analysis Hypothesis which predicts 

specific problems in L2 speech learning by comparing the inventories of 

the L1 and L2. Flege's Speech Learning Model will also be examined. 
' < %  

>- 

Furthermore, an attempt will be made to explore the individual speaker 

differences in L2 vowel, perception and production, a problem that is 

important but has received relatively little attention in  previous 
1 

studies. 



- 

Previous studies including those summarized above have all 

contributed to research in the area of foreign language speech learning. 
r 

Rowever, very limited studies have been conducted to investigate 

Mandarin speakers' problems while O learning to produce English vowels. 

Among those studies that did include native Mandarin speakers, such as 

Bohn (1995), only a small number of vowels were actually tested in the 

perceptual4 experiment. 

A careful examination of previous studies also reveals - 

complexities in the methodology of, studying L2 vowels. One problem is 

that vowels have often been identified or rated for accent in the context 

of the surrounding consonants, which could have an effect on the 

listeners' judgment of the vowels. However, the use of isolaed vowels 

in an intelligibility test is not ideal either because in real + 

communication, vowels are rarely produced or heard in isolation. A 

the 

test the 

second problem is the lack of a parallel production test in 

perception studies. This limitation has made it difficult to 

"rlationship between perception and production. I 

Another common problem with previous cross-lingu istic studies is 

the lack of dialectal control over the subjects. Dialectal differences may 

have an effect on both the subjects' perception and producti.on. The 

resulting individual differences in performance may make data 

inierpretation difficult. For example, in the study of Arabic speakers' 

accented English vowels, Munro had to take into consideration certain 

Arabic dialectal differences in long and short' vowel contrast while 

analyzing the duration effect on ~ n g h h  vowel productions (Munro, 

1993). The present study is designed to avoid the above mentioned 

problems. First, the L1 speakers' dialectal differences are controlled to a 

very strict region. All the subjects came from Beijing and spbke the 



same dialect. Second, the production data collected for the acoustic 

measurement and the identification test are isolated natural vowels. 

This limits* the influence ,of the consonant context which could have an 

effect when studying foreign accents. In addition, an attempt is made to 

explore the relationship between perception and production by 

comparing perception and production data for the front vowels. 
p 

1.6.1. Outline of the Present Study 

Three experiments will be conducted in this stbdy. Experiment 1 

is designed to evaluate the intelligibility of a group of Mandarin , 

speakers' English vowel productions. Ten English vowels /i r el E ae u u ou D 

A /  produced by both the Mandarin speakers and a comparison group of 

native English speakers will be submitted to an intelligibility test 

performed by another group of native English listeners. The purpose is 

to discover which vowels of the 10 produced by the Mandarin speakers 

are better identified than the others and' which ones are poorly ' 

identified. Experiment 2 will test native Mandarin speakers' perceptions 
I 

of native English speakers' productions of five English front vowels. An 

attempt will be made to examine how perception relates to production 

by comparing the results of the two experiments. Experiment 3 will 

examine and compare the acoustic properties (in terms of the first two 

formants and duration) of the relevant Mandarin vowels, English 

speakers' productions of English vowels, and Mandarin speakers' 

productions of English vowels. The results of the three experiments1 will 

be compared and discussed. 



" CHAPTER I1 
. - 

EXPERIMENT 1: INTELLIGIBILITY TEST ON MANDARIN 

In 

speakers' 

identified 

SPEAKERS' ENGLISH VOWEL PRODUCTION 
9 

this experiment, 15 native Mandarin and 15 native English 
i 

productions of 10 English vowels [i I eI E a: u u ou D A] will be 

by four native English listeners. The purpose of this 

experiment is to evaluate the success of the native Mandarin speakers 

in producing these vowels. The experiment is designed to address the 

following issues. First, it will indicate how intelligible the Mandarin 

accented vowels are to the native English listeners in comparison with 

the native English speakers' productions of the same 10 vowels. Second, 

it will establish whether some vowels produced by the Mandarin 

speakers are more intelligible than others, and if so, which ones. A third 

issue to be explored is whether, any differences in intelligibility are 

explicable in terms of differences between the vowel systems of the LI 

and L2. Furthefmore, this experiment will investigate the phe,nomenon 
h 

of individual sdyker  differences in L2 speech learning. 

Of the 10 English vowels under consideration, five of them, [I E a: u 

A], do not have obvious Mandarin analogs. The other five, [i el u ou D] 

have counterparts in Mandarin', at least according to commonly-used 

transcriptions. It is predicted that Mandarin speakers' productions of 

the vowels [i el u ou D ] will be more intelligible than their productions of 

[ I  E a: u A]. This is because, according to the Contrastive Analysis 

' The Mandarin /a/ does not have an obvious English counterpart when it is a 
rnonbphthong. (See Chapter 1 for more description.) The phonetic differences 
between Canadian English ID/ and Mandarin /a/  will be examined in Chapter 4. 



Hypothesis, segments "that do not have L1 counterwrts will be difficult 

k for L2 speakers to perceive and produce. Learners a ie  expected to * 

4 

substitute their Ll  vowels for the closest L2 vowels in both perception 

and production (Lado, 1957). The results of this experiment will further 
b 

test the predictions of the Contrastive Analysis Hypothesis. 
a , -L 

2.1. METHOD 

2.1.1. Participants 

Fifteen Mandarin speakers were recruited as paid subjects (seven 

males and eight females). They all came from Beijing and spoke 

Standard Mandarin Chinese as verified in an interview with the 

experimenter. Five of them were born in other cities in China but 

- moved to live in Beijing in early chiIdhood. The rest were born and 

raised in Beijing. They had a mean age of 32.3 years at the time of the. 

experiment with a range of 26 to 45 years. The Mandarin speakers had 

been living in Canada for an average of 4 years with a range of 0.5 to 6 
% 

years. Their mean age of arriyal in Canada was 28.5 years with a range 

of '  22 to 40 years. Most of them were graduate students at Simon Fraser 

University and the University of British Columbia, and all had high P 

proficiency in  English. According to self-report, all the participants had 

learned English in China before they came to Canada. Age of learning 

English as a foreign language (age at which English instruction began in 
t 

China) varied from 6 to 16 years with a mean of 1 1  years. On average 

their dai1.y use of English, according to self-report, was 5.3 (range: 3-8) 

on a scale of 1 to 9, with 1 representing "never" and 9 indicating "only" 

English. Background information for the individual Beijing Mandarin 

subjects is given in Table 2-1. 



Fifteen native speakers of English also participated as a . 

eomparison group. There were equal numbers of male and female 

speakers (seven males and eight females) in the two groups. The native 

English participants were d l  speakers of Canadian English who were 

born in and grew up in western Canada (from British Columbia to 

Ontario). They had a mean age of 30.4 years at the time of the 

experiment: Most of the native English speakers were graduate or 

undergraduate students of the Linguistics Department at Simon Fraser 

,University. Oth~r '  subjects either worked in the same department or 
4 

were students i t  the same university. Participants in both groups had 

normal hearing according to self-report.. 

; 

2.1.2. Recordings 

Individual recordings were made with a Genexxa 33-984D 

microphone connected to a JVC TD-W709 cassette recorder in a sound- 

treated room. The subjects first completed a Language Baekground Form 
I 

(see Appendix 3) giving general information about 'their language 

background. The experimenter then explained the' reading tasks to 

clarify any possible problems concerning the readinF lists to the subject. 

In each case, the subject was told to prepare the reading list 'by reading 

silently once before recording to reduce the 1ikeli.hood of reading errors 

pr  hesitations. During the recording phase, if a target word was 

mispronounced accidentally, the subject was asked to repeat the word 

with the entire sentence. , 

The native English participants read only the English list which 

consisted of 13 English ,vowels in /bVt/ or /bVW words, /bV/ 

combinations and isolated /V/ production. (See Appendix 1, English 



C 

list).'They were words or syllables containing the 13 English vowels: /i/, a 

& 

/ I / ,  /~I/,/E/, /~E/ , /u / ,  /u/, 1 6 ~ 1 ,  ID!, 131, / A / , / ~ I / ,  and / a d .  The words - .  

were written in standard orthography: beat, bit, bait, bet, bat, boot, 

buwt (same vowel as in 'book'), boat, bot, ,Bert, but, bits, and bout. In \ 
r;i 

instances where the desired tokens were not real words, for example, 
i 'bot', a "sounds-like" example 'pot' was given just beside the target 

"word". The real English word 'bought' was avoided for the intended 

vowel ID/ because d g l i s h  learners are sometimes confused by the 

many possible pronunciations of "ough" in ~ n ~ l i $ h  (e.g., though, through, 

cough, rough). The only word that ends with a /Id *@tead of it/, 'book7, 
? -  

was given as- a special precaution to elicit the coirect vowel lo/  just in 

case some speakers could not produce the 'word' buwt. In order to keep 

the target vowel. in their productions, the speakers were instructed . to  
e 

read the /bVt/ word that contained the target vowel first followed by 

the /bV/ and then by the isolated /V/. Both the /bVt/ words and /bV/ 

combinations, as well as the isolated /V/ were read in the carrier 

sentence ':Now I say - ". The speakgrs were told to read the list at 

normal speed. 

The Mandarin subjects were recorded reading the English list as 
" ;+a" 

well as a Chinese list that was used in Experiment 3. The Chinese list - . *  

consisted 'of 37 characters representing the 37 Mandarin Chinese * - i 

8 

rhymes with an initial consonant, and thirty-two characters of the same 

rhymes *without initials. (See Appendix 2, Chinese list). The characters - 
were read in the sentence frame "Wuo shuo - " Iwu:, p:,/ ( I  say -1. 

All the characters chosen for the target vowels in the list were in tone 

four (falling tone) to avoid any pitch variation that might make i t  

difficult to compare across vowels. The falling tone was chosen also 
& 

% 



because it resembled the English falling intonation in '  regular speech. It 

has been reported in previous studies that both tone and position of a 

word in a sentence frame can have an effect on the duration of syllable 

nuclei (Ho, 1976). Ho found that of the four tones in Mandarin Chi'nese, 

tone four of an isolated word had the shortest duration. Tone four 

remained the shortest in duration .when occurring sentence finally also. 

These 'observations will be taken into account in the analysis reported- 

in Chapter 4. 

2.1.3. Stimulus Preparation 

The isolated English and Mandarin vowels were carefully 

separated from the carrier sentence using a waveform editing program. 

They were digitized at 22.05 kHz with 16-bit resolution and saved in 

System 7 sound format on an Apple Macintosh computer. Only 10 of the 

13 English vowels by both the native English and Mandarin 

speakers were used in this experiment. They were the five front vowels 

f e 

[ i  i el E z]  and five back vowels [u u ou D A]. Isolated vowels were chosen 

for the test because they were to be measured and compared to 
. u 

~ a n d a r i n  vowel counterparts 'in Experiment 3. Because Mandarin 

phonotactics permits as codas only In /  and / r ~ /  and a morpheme suffix 

-er, and because no one consonant can be found as an onset 

accompanying all Chinese vowels, isolated vowels~of both languages 
*a@ 

would make the results of the acoustic measurement more comparable 

cross-linguistically. This issue will be addressed further in the following 

chapter.  



2.1.4. Listeners 

The listeners were four native speakers of Canadian English (one 
\ 

male and three females), one of whom was a trained phonetician (the 

male listener). The other three were all phonetically. trained and were 
t 

1C -familiar with the IPA symbols. They were graduate or undergraduate 

students in the Linguistics Department of Simon Fraser University and 

had completed an advanced level phonetics course. The listeners ranged 

in age from 24 to 39 years at the time o b h e  experiment with a mean of 
t.' 

28 years, and all had normal hearing according to self-report. Two of 

them were from British Columbia, .one was fromp Ontario, and one was 

from Alberta. 

2.1.5. Listening Test 

A total of 1500 vowel tokens (10 vowels x 30 speakers x 5 

randomizations) were used for the intelligibility test. They were biocked 

in separate sets of front and back vowels of 150 each for each listening 

session.- Individual listening sessions were held in a sound-treated 

room. Each Iisteher completed 10 self-paced sessions in approximately 

eight minutes per session. In most cases, the front and back vowel 

stimuli (five. sessions each) were identified in alternate sessions. The 

listeners performed the task on a computer using speech playback 

software (Munro, 1996). The stimuli were all presented at a comfortable 

. listening level through a speaker connected to the computer in  a sound- 

treated room. The listeners were permitted to hear each token only 

once. 
3 

8 li During the front vowel sessions, seven phonetic symbols I el E k D 
* 

A ]  were attached to the relevant keys on the keyboard. The two back 



vowels [D A] were also included among the labels for the front vowel- - 

task because they provided .possible choices for some potentially 

ambiguous front vowel tokens. During the back vowel sessions, eight 

phonetic symbols [u u ou D A ae E I] were used. The three front vowel 
% 

symbols (a: E I]  weres included for the back vowel sessions for similar 

reasons. Each listener was instructed to press the key labeled with the 

symbol corresponding to the vowel heard. Different stimulus 

randomizations n ,-were used for each session and for each listener. Begore 
--?.-, the liktening task, the experimenter explained the identification task to 

the listener carefully to make sure that he or she understood the task 

thoroughly. The identification data were cpllected automatically by the 
t 

computer and saved for subsequent analysis. 
* 

2.2. RESULTS ;% . 

Figure 2- 1 shows the mean percentage or correct* identifications 

(pooled over four listeners) of the 10 vowel productions by 15 native 

English and 15 native Mandarin sceakers. Overall, it can be readily seen 

that the native English speakers' vowels were much more intelligible 

than those of the Mandarin speakers. On average, the Mandarin 

speakers' English vowels had a correct identification rate of 69% as 

compared to 93% for those of native English speakers. 
% 

A two-way mixed design ANOVA was carried out on the listeners' 

responses with first language (native English vs. native Mandarin) as a 

between group factor and vowels (10 levels) as a within group factor. 

The effects of language [F(1, 28) = 60.2, p < 0.00011 and of vowel [ F ( l ,  

28) = 21.9, p < 0.0001] were significant, as was the interaction of these 



factors [F(9 ,  252) = 14.3, p < 0.0001]. Tests of simple main effects 

revealed @ < 0.005) that the Mandarin 'speakers' productions of [I e z u 

D] were significantly less well identified than the corresponding vowel 4 

productions by the native English speakers. However, the Mandarin 
e a 

speakers' productions of [i el u o u  A] were * about as intelligible as th&q of 

the native speakers. Figure 2-1 depicts an interesting pattern in the 

vowels that were produced with high intelligibility to native English 

listeners. In general, the Mandarin speakers' productions of English 

vowels that have Mandarin .counterpa-rts were significan.tly more 

intelligible than those t h  had no counterparts. However, the vowel [ A ]  
7 '  

was found to be inconsistent with this pattern. The correct identification , 

rate for this vowel was 76% for the native Mandarin speakers and 78% . b 

for the native English speakers. -No obvious explanation could be found 
* 

for this exception at this stage. It is important to pote that [A] wasd the 

second least well identified vowel for the native English speakers. It 

was the most well identified vowel category without an obvious 
* 

Mandarin counterpart for the native Mandarin speakers. 

Test of simple main effects also revealed that the effect of- vowel 

was significant in both speaker groups. To explore the vowel 
** 

identification data more carefully, two additional ANOVAs were carried 

out. First, a one-way repeated measures ANOVA on the vowel 

identification data for the Mandarin speakers only was carried out to 
B further explore the intelligibility across the 10 vowels within the 

Mandarin speaker group. A ~igni~ficant effect of vowel was3 observed 

[ F ( 9 ,  126) = 20.87, p' < 0.00011. A post hoc Tukey (HSD) test revealed 

that [I  E ~ E . U  D] were all significantly less well identified than [i er u ou A], 

(p < 0.05) Although there were some differences in the average correct 



identification scores f w  [I e a D], the differences proved to be non- 

significant as the pairwise comparisons indicated. Similarly, the 

differences in the correct rate of identifications for the [i el u ou A]  were \ 

+ 

not sig'nificant either. The pattern agaip was very clear for vowel 

categories with and without Mandarin counterparts within the 

Mandarin speaker group. In 'general, the native Mandarin speakers' 

4 productions o f  English vowels without Mandarin counterparts were less 

intelligible to native English listeners than, the vowels with Mandarin 

@ counterparts. Two important points about the generally less well 

identified vowel categories need to be examined in detail. First, the 

Mandarin speakers' [u] was significantly less well identified than ,all 

nine other vowels. This distinction was worth noting because unlike the 

majority of the poorly identified vowel categories [I E a D] which were 

not significantly less or better identified than one another as the 

statistic test showed, [u] was significantly less intelligible than [I  E ze D]. 

The other important discovery was that the identification score for [A],  

which does not have an obvious Mandarin counterpart, actually put it in 

3 
the group of better identified vowels which have Mandarin 

1 

counterparts. It wa(s the only lax vowel thAt was almost as intelligible as 
3 

. the native English speakers' productions. 

% TQ explore further the misidentified 'Mandarin speakers' vowels, a 

onfusion matrix was created (averaged over the four listeners) and is 

in Table 2-2. The data indicated that the majority of 

misidentified [I]S were heard as [i]s (37%), (the % correct ID for [ I ]  was 

only 46%). A considerable number of [I]S were also heard as [ells ( 1  1%). 

For the poorly identi [u], which had a correct rate of identification of 

only 15%, the most common misidentification was [u] (47%). A 



considerable number of [u]s were also heard as [ouls (34%). The 

confusion patterns for these two vowels suggested "that the nearest 

tense vowels of the L1 were substituted by the native Mandarin 

speakers for the L2 categories that they had not yet learned to produce 

successfully. The same pattern also applied to [D], whose misidentified 

tokens were heard as [ouls most of the time (28%). However, this 

substitution of the nearest vowel with L1 counterparts could not explain 

the Mandarin speakers' performance on the other poorly identified 

vowels. For example, for the misidentified [&IS, more [=Is were heard 

(19%) than [erls (13%). Furthermore, the incorrectly identified [=Is were 

almost all heard as [E]S (38%). Only 1% of [z]s were heard as [erls. The 
dP 

confusion data for [E] and [ z ]  indicated that to the native ear, the 

Mandarin speakers' [E]  and [ z ]  were mostly confused with each otherr - 
rather with than [el], the single category that exists in that area of vowel 

space in their L l  system. The majority of misidentified [A]S were heard 

as [ofs. The production confusion data will be explored further and 

compared with perception confusion data in Experiment 2. 

In order to explbre differences among"1isteners in the listening 

task, a two way mixed design ANOVA was carried out with listeners as 

a between group factor and speaker groups (two levels, native English 

and native Mandarin) as a within group fact d r. The effect of listener 

[F(3, 36) = 0.335, p > 0.051 and the interaction between listener and f i  
speaker [F(3, 36) = 0.059, p > 0.051 were non-significant indicating that 

the four listeners were fairly consistent- in identifying the vowel 

productions of both groups. The summary of percentage of correct 

identifications of each vowe 

are given in Table 2-3. 

1 by each 

3 3 

listener and standard deviations 



2.2.1. Individual Speaker Differences 

The Mandarin speakers' production data that have been ,discussed 

so far were all based on average identifications of 15 speakers by four 

listeners. In order to explore individual speaker differences, the correct 
s 

percentage of identifications of 10 vowels with standard deviations for 

every- Mandarin speaker are summarized in Table 2-4. The data 
I 

suggested that t h e ~ e  was very little individual variation in Mandarin , 

speakers' productions of [i el .u ou], vowels that have Mandarin 

,counterparts. 0f the 15 Mandarin participants, 14 speakers' [ils, 11 

speakers [ells, and nine speakers [u]s and [ouls were 100% correctly 

identified by the four listeners. The Mandarin speakers' productions of 

[u], which was least well identified among the 10 vowels, were also 

found to be fairly consistent. For 14 of the 15 speakers, [u] had a correct 

identification rate below 30%, including six speakers whose productions 

were totally unintelligible (0%). It is interesting to note, however, that - 
! one speaker produced this vowel with a high degree of intelligibility 

(90%). Considerable inter-speaker differences were found for [ I ]  as it 

covered a range from 0% to 90%. Three out of 15 speakers produced 

completely unintelligible tokens (0%); none of.  them produced a 

perfectly intelligible [I]. To have a clear view of each speaker's 

. production of these vowels, the correct percentages of identifications of 

[i  I er u u ou] were plotted in Figure 2-2. 

There were obvious individual differences in  the Mandarin 

speakers' productions of [XI. Three of the 15 speakers' [ a ] s  were 100% 

correctly identified by all the listeners while six speaker's productions 

of the same vowel had correct identification scores below 15%. Similar 

but less sharp individual differences were also found for [E]. Six out of * 



15 speakers' [&Is had a correct identification rate of above 90% (three 
-t 

were loo%), while five of them h a q  correct identification scores that , 
I 

were below 30%. The individual data for these two vowels indicated 

that some speakers Iiad perfectly intelligible productions of these two 
* 

vowels (100%) and others h a d  completely unintelligiBle productions 

Considerable speaker variation in vowel intelligibility was also 

reflected in each individual speaker's. total score on the 10 vowels. First, 

as indicated in Table 2-4, the best speaker had an average score of 88% 

as opposed to 51% by the worst speaker. A careful examination of the . 

score on each vowel revealed that the best speaker produced correctly 

identified vowels 85% of the time or better with the exception of [u], 

which was only 25% intelligible. The intelligibility of her production of 

[u]  was considerably lower than that of one speaker (90%). This low 

score on [u] indicated that even the "best" speaker did not master all 10 

vowels. The one speaker whose [u] was identified 90% correctly was 

found to be the second best with an overall intelligibility score of 83%. 

Five of her 10 vowels were produced perfectly in terms of intelligibility 

(100%). Her success on [u] suggested that she was the only person who 

mastered this vowel. However, her production scores for both [o] (35%) - 
and [I]  (40%) were lower than the average of the whole group (49%-and 

< 

46% respectively) indicating that she still had problems with these two 

vowels. On the other hand, the least successful speaker's productions of 

four vowels [el u ou A] were correctly identified 80% or more of the time, 

indicating that she did not have serious problems in producing these ' ~ 2  

vowels in terms of intelligibility. Her productions of the other four 

vowels [I E u D] were correctly identified 25% of the time or less. The 



\ 

speaker variation observed in the Mandarin speakers' productions of 10 

English vowels showed that not a single speaker was completely . 

successful or unsuccessful in producing all the 10 vowels being studied. 

To explore whether there was an effect of L2 experience in these 
i 

speakers' L2 vowel productions, the speakers' language background 

data collected in 

number of years 

foreign language 

school, and daily 

the questionnaires were examined. Factors such as the 

in Canada, the age at which learning English as a 

began, the number of years of learning English at 

use of English may affect their success in the 

production of L2 phones. 

As the exploration of the effect of L2 expqience on speakers' 

success in production was not =the focus of this study, the selection of 

the participants was not particularly controlled on L2 experience.' 

Nevertheless, it is still worth the exploration of such an effect in terms 

of above mentioned factors with the limited data available. 

The speaker whose vowel production score was the highest (88%) 

among the 15 was found to have the shortest length of &sidenc.e in 

Canada (only six months), considerably below the mean of three years. 

In contrast, the speaker whose overall intelligibility score was the 

lowest (51%) had seven years of residence in Canada, the longest among 

the 15 speakers. Furthermore, according to self-report, the "best" 

speaker's daily use of English was less (4) than that of the least 

successful speaker (8). (The scale' was from 1 to 9, with 1 representing 

'never' and 9 representing 'only'.) However, the age of learning 

- - - - - -- - 

The controlled data concerning L2 experience would involve at least two groups 
of L2 speakers (usually with the same Ll  background) with considerable 
difference in the length of residence in the L2 environment. (See p. 13 for more 
d e s c r i p t i o n s ) .  



(learning English as a foreign language in China, see also "English 

instruction began" at p. 25) for the best speaker was nine years, for the 

least successful speaker, 16 years. The length of time studying English 

was 19 years for the best speaker but three for the least successful 

speaker. Although age of learning and years spent studying English 

were both in favor of the best speaker, the length of residence in the 

English speaking environment and the daily use of English were 

apparently not important factors in this case. 

As discussed earlier, the data concerning L2 experience and length 2 

of residence were not systematically controlled for the purpose of 

examining the effect of these factors, no firm conclusion can be drawn 

from the findings here. More controlled studies are needed for the 

exploration of L2 experience as an effect on L2 vowel production. 
t 

2.2.2. Native English Vowel Differences 

A one-way repeated measures ANOVA on the vowel identification 

data for the native English speakers only was also carried out to explore 

the intelligibility across the 10 vowels. A significant effect was observed 

[F(9, 126) = 8.69, p < 0.00011. A post hoc Tukey (HSD) pairwise 

comparison test revealed that although there were some significant 

differences among vowels, the differences were much less dramatic 

than those seen in the productions of the Mandarin speakers. There was 

not a single vowel that was significmtly less well identified than all the 

other nine vowels. In fact, only two vowels, [D] and [A] ,  had significantly 

lower identification scores than some of the other V O W ~ ~ S .  No significant 

difference in  intelligibility was found between these two vowels. The 

individual speaker differences for the native English speakers were 



much smaller than those observed 

summary of the correct percentage 

English speakers" 0 vowels, along 

Table 2-5. The identificatibn scores 

in the Mandarin . speakers. A 

of identifications for $very native 

with standard deviations, is given in 

for the two less intelligible vowels 

produced by native English speakers were found to 'be similar to those 

reported in a study by Assmann, Nearey & ~ o ~ a ~  ( 1 9 8 2 )  which will be 

discussed in the next section. 
3 

2.3. DISCUSSION 

In general, the Mandarih speakers' productions of English [i el u ou 

' A ]  were as intelligible as those of the native English speakers. The 

success may be in part due to the fact that most of these vowels have 

Mandarin analogs (with the exception of [A]) and that the speakers may , 

have, to some extent, made use of L 1  vowel categories in their 

productions of L2 vowels. Conversely, the native Mandarin speakers' [ I  E 

a: u D] were found to be significantly less well identified than their 

productions of [i el u ou] and than the native English speakers' [ I  E ae u D] 

indicating that at Last some of them had not learned to produce the 

vowels without L l  counterparts .(excjept [D])  successfully. However, two 

important discoveries of exceptions need to be further explored. 
%% ~ 

First, among vowel categories that do not have obvious Mandarin 

counterparts, [ A ]  was not significantly less well identified than the 

vowels that have apparent L1 analogs. On the other hand, [ A ]  was not 

found to be significantly better identified than [D ae E], suggesting that 

there were still some diffetences in degrees of intelligibility between [ A ]  

and all the other well identified vowels. It is also important to note that 



the native English speakers' [A], which was significantly less well 

identified than six of the 10 vowels; had a correct rate of identification 

of 78% as compared to that of 76% for the Mandarin speakers. It 

appears that English listeners have some problems in identifying this 

vowel even when it is produced by native English speakers. As in the 

above mentioned study by Assmann et el. (1982), [A] proved to be the . 

least well identified among the same 10 English vowels that were 

identical to the ones being tested in the present study. In their study, 

the authors tested the intelligibility differences of ' 10 English vowels 

produced by Western Canadian English speakers fjEdmonton area) under 

different conditions such as consonant environment, isolated vowels, 

orthographic effect in labeling, speaker information, gated vowel tokens 

and ;so on. The results indicated that [A] had the highest error rate in 

identification under almost all conditions with the exception of gated 

vowels. For example, in the isolated vowel intelligibility test, a test 

condition that was similar to the one used in this study, the correct 

identification for [A] was 32%, which was dramatically lower than the 

average of 83% for the 10 vowels. The results of 'the poor identification 

for [A] observed in both studies may really indicate that native English 

listeners have difficulty in identifying this particular vowel. No reason 

for the po.or performance on [A] was given in their study. It is not clear 

as to what is the cause of the poor intelligibility for .both [A] and [o] 

produced by native English speakers observed in this study. However, it 

is interesting to note that these two vowels are most likely to be 

confused with each other. The v6wel [D] also had a relatively high error 

rate in the above mentioned study by Assmann et el. In the isolated 



vowel context, the % correct ID for [D] was only 73%, 10% lower thaq the 

average for the ten vowels being tested. 

A second important finding was that the Mandarin speakers' 
f 

w productions of [u] were significantly less well identified than not only 

the vowels that have L1 counterparts but also the ones that do  not have 

L1 counterparts. Why did the Mandarin speakers have particular 

difficulty with this vowel? Some possible answers may be revealed 

upon detailed examination of the confusion data. The confusion pattern 

for [u] showed that an overwhelming number of [u]s were heard as [u]s 
B 

and [ouls, the two adjacent vowels that have Mandarin analogs. A v 

parallel confusion pattern was found for the second least well identified 

vowel [I]. The majority of misidentified []Is were heard as [i]s and [ells, 

the two nearest vowels that have Mandarin analogs as well. The 

confusion patterns for these ttvo vowels were similar, although their 

absolute correct identification scores were different. Although the 

Mandarin speakers' problelms in producing these two vowels were 
@ J 

similar as the confusion data suggests, more speakers ,had trouble with 
n 

their production of .[u] t h a r  [I]. ,The results of Experiment 1 showed that 

there were apparently more speakers who produced totally 

unintelligible [u]s than [[Is. One possible reason for this difference may 

be due to the varying orthography representing the lax back vowel as 

compared to the relatively simple orthography which represents the 

front lax vowel. However, as special consideration was given to [u] in the 

English reading list used in this study, (see Section 2.1.2.) the 

. orthography problem should not be a factor for the poor intelligibility of 

[u]  obsetved. Another factor might be Mandarin speakers' trouble in 

keeplng the lax vowels in isolation in the reading task, assuming that [u] 



(could be more intelligible in the word 'book' than in  isolation produced 
r 

3 

# 

in a carrier sentence. The vowel [u] is relativeIy more restricted in 

distribution than [I) in English. For example, 'it' /rt/, and 'is' /IS/ are real 
* 

words but no words may begin with [u] in English. It may be relatively 

easier to produce an isolated [I] than an isolated [u]. Further studies are 

needed before any firm conclusions can be made about this discrepancy 

in identification scores. 

For the other poorly identified Mandarin speakers' back vowel [D], 

the confusion pattern showed that the majority of the misidentified [D]S 

were heard as [ouls (28%), an adjacent vowel in the Mandarin system. A 

considerable number of [D]S were also heard as [A]s, an adjacent vowel in 

English. The confusion pattern suggested that some of the native 

Mandarin speakers had avoided simply substituting [ou] for [o]. There is 

also an [a] or [A] (see Chapter 1) in the phonetic space in the Mandarin 

vowel system. It is possible that some Mandarin speakers produced a 

more [A]-like Engl.sh [D] that was misidentified as the English [A]. The 

phonetic distance between Mandarin [a] and English [A] anc! [D] will be 

examined in Experiment 3 .  

2.4. CONCLUSION 

The results .of this experiment showed'that, in general, the 15 P 

Mandarin speakers' productions 0.f ' ~ n ~ l i s h  vowels that have Mandarin , 

analogs werq significantly more intelligible to the native English 

listeners than the vowels that do not h,ave Mandarin analogs. The 
C 

Mandarin speakers' success in their productions of vowels with L1 

counterparts was remarkable because their percentage of correct 



identifications was comparable to that of the native English speakers' 

productions of these vowels. in  contrast, the Mandarin speakers' 

productions of the English vowels lacking Mandarin analogs were 
-. 

significantly less successful. The results suggested that there were 

strong effects of L1 on the production of L2 vowels for the Mandarin 

speakers. It is possible that some Mandarin speakers simply substituted 

their L1 ,vowels in their productions of English vowels. It is also possible 

- that some of them made a little adjustment in an effort to approximate 

the L2 vowels in their productions. These predictions will be tested in 

Experiment 3 when acousticFmeasurements are con'ducted. Effects of the 

L1 vowel system on the production of L2 have been reporte4 in 
~, 

previous cross-linguistic studies. Munro (1993) concluded from his 

study of native Arabic speakers' productions of 10 English vowels that 

there were 'pervasive' effects of Ll experience on the production L2 

vowels. 

The results of the intelligibility test seemed to partially support 

the contrastive' Analysis Hypothesis (CAH) which predicts that sounds 

that do not exist in the L1 will be more difficult to learn, as the 

v, Mandarin speakers did have problems with [ I  E a: u]. However, 'two 

important points involving the CAH need to be dispssed.  First, CAH - 
cannot explain the differences in level of difficulty the'  Mandarin 

speakers had in their production of vowels that do not have L1 

counterparts. For example, the Contrastive Analysis Hypothesis does not 

predict that [u] would be more difficult 
t, 

speakers to learn as the results of this 

CAH camrpt account for the individual 
i 

production of L2 sounds. For example, 
, 

than [ I  E a: A] for the Mandarin 

'study have shown. Secondly, the 

speaker variation in the 
tp" 

for the poorly identified 



a 

Mandarin accented vbwels [u] and  each vowel had one speaker whose 
F 

production was 90% correctly identified. Similarly, three speakers 

t produced a perfect lie*] while another speaker produced a completely 
i 0 

unidentifia6le [ie] '(0%). Therefore, it is i ~ p o r t a n t  to point out that while 

some vowels without L1 counterparts are more difficult for some or 
i ? ,  

even a majority- of L2 speakers to produce, they are not necessarily 

difficult for every L2 speaker. 

Individual speaker differences in L2 speech learning are an 
r 

important  factor that cannot be ignored in future studies. As discussed 

in Chapter 1, in a-study by Munro, Flege, and Mackay (1996) which 
/ 

involved the study of native Italian speakers' 11 English vowel 

productions, the results showed that individual differences in speakers' 
1 

success were found for most hf  the 11 vowels. They concluded that 

because of these individual variations, the between-vowel differences 
3 

in native-like achievement were 'somewha ,! overshadowed' (Munro et 

1 ,  1996). The present vowel production test with native Mandarin 

speakers demonstrated again that individual speaker variation is an 

important factor to take into consideration in future studies. - 
Whether the findings of Mandarin speakers' production of English 

vowels in th'is experime'nt have a perceptual basis will be studied in  

Experiment 2 in the following chapter. 
L 

2.5. LIMITATIONS 

This experiment on L2 vowel production entailed careful control 

over many factors including the speakers' L1 dialect, the number of 

male and female speakers, and the number of vowels being examined. 



The use of isolated vowels without %adjacent consonants was another 

advantage of the present study because consonants can sometimes be a 

source of accent. 

However, limitations of 

one token produced by each 

this study,must also be noted. First, only 

speaker representing each vowel was used 

for identification. Speakers can sometimes show considerable variation 
W 

in their productions of the same vowel even under same speaking 
I 

conditions. More tokens of the same vowel would offset the effect of 

such variation. It may therefore be 'desirable to include multiple tokens 

for each vowel segment produced by the same speaker in similar 

studies in the future. 

Another limitation. of this study was the speaking context. 

Although the use of vowels without surrounding coqsonants- in this 

study can be considered as one of the advantages, isolated vowels for 

identification are not ideal for an intetligibility test. A complete 

understanding of vowel production also requires test conditions such as 

vowels in context in addition to isolated vowels. This is of course 

because, in natural speech, vowels are rarely produced in isolation as 

they are in  this experiment. These limitations 

future studies. 

Y '  

t 

are to be avoi in 



TABLE 2-1 
J 

Background information for the 15 Beijing Mandarin speakers 
* 

Age of Age \ o Years in Use of 
Speaker Age Learning Arrival Canada English* 

Mean 32.5 11 28.5 4 5.3 

* The scale of 1 to 9 represents.the Mandarin speakers' estimation of their 
daily use of English with 1 representing 'never' and 9 'only'. 
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TABLE' 2-4 

Correct % of identifications of 15 Mandarin speakers' 
productions of 10 English vowels and standard deviations 

Mean 96 46 96 63 53 97 15 95 49 76 71 66 69 

F.M indicates the mean correct % of identifications for front vowels. 
B.M indicates the mean correct C/c  of identifications for back vowels. 
T .M indicates the mean correct O/c of identifications for all 10 vowels. 



TABLE 2-5 

Correct W of identifications of English speakerss 

productions of 10 English vowels and standard deviations. 

EOB 100 100 100 100 100 90 90 100 85 70 100 87 94 . - 

E09 100 95 100 95 100 100 95 100 80 70 98 89 94 

E l 0  100 100 100 100 100 100 95 100 45 90 100 86 93 

E l l  100 100 100 70 100 100 80 100 85 85 94 90 92. 

E l 2  95 95 90 95 100 100 100 100 90 80 95 94 95 

E l 3  100 70 100 95 100 100 55 100 45 95 93 79 86 

Mean 100 93 96 89 99 99 93 99 72 78 
-3 --" 

95 88 92 
&$ 

F . M  indicates the mean correct % of identifications for front vowels. 
a -. B . M  indicates the mean correct % of identifications for bqck vowels. .  

T .M indicates the mean correct % of identifications for al1"O vowels. 



FIGURE 2-1 

The mean % of correct identifications 
of each English vowel by four listeners 

Native! English 
Speakers' 
productions 

Native Mandarin 
Speakers' 
Productions 



FIGURE 2-2 

Individual consistences in Mandarin speakers' 
productions of different English vowels 

B 

Speakers 



CHAPTER I11 " 

* - 

EXPERIMENT 2: THE PERCEPTION OF ENGLISH FRONT VOWELS 

BY MANDARIN SPEAKERS 

The results of Experiment 1 indicated that, in general, the 15 

Mandarin speakers' productions of English vowels that have Mandarin 

analogs were significantly more telligible than those lacking obvious 

Mandarin counterparts. It is not how this pattern in production is 

related to the speakers' perception. This study will examine the 

relationship between production and perception of L2 vowels using 

natural vowel tokens. 

The same 15 Mandarin speakers who participated in Experiment 1 

will all 

English 

'English 

tied to 

success 

participate as listeners in Experiment 2. They will identify five 

front vowels [i I er E ie] in CV combinations produced by 10 native 

speakers. If their success or failure in L2 vowel production is 

their ability to perceive L l  vowels, it is expected that their 

or failure in identifying the five English front vowels should 

correspond to their production in Experiment 1. Given that their 

productions of [i  el] were significantly more intelligible to the native 

English listeners than the other vowel productions, it is expected that 

the Mandarin speakers will be more successful in identifying the 

English [i el] than [I E 21. , .  
It is gften assumed that good perception precedes good production 

and that failure to produce an L2 sound accurately tends to reflect the 

lack of a good perceptual representation for that sound. As discussed in 

Chapter I, Flege's Speech Learning Model posits that an accurate 

perceptual representation of a sound will eventually be realized in 



e 

production (Flege, 1995). Similarly, if a bilingual speaker is unable to 'r 

discriminate an L2 vowel from the neighboring L2 vowels, and from the 

L l  vowels that are different phonetically from the L2 vowels, then the 

, L2 vowel will be prbduced inaccurately. Therefore, L2 vowel production 

errors may be seen as arising from discriminative failures with ccrtain 
% .- 

L2 vowels. 

However, some possible counter-evidence tq this proposal was 

reported in a study by Sheldon & Strange (1982), who examined the 

production and perception of English 111 and I11 by native speakers-of 

Japanese. They found that Japanese learners were somewhat more 

successful in producing the contrast between 111 and Ill than in 

perceiving the distinction between these two sounds. This outcome led 

them to the conclusion that perceptual mastery of an L2. contrast does 

not always precede the production of the contrasting phonemes. A 

parallel result for vowels was found in a study by Blankenship (1991, 

see Chapter I). The perception test in this study will further explore the 

relationship between L2 vowel perception and production by adult 

learners. 

3.1. METHOD 

3.1.1. Participants 

The same 15 nqtive Beijing Mandarin speakers who participated 

in Experiment 1 as speakers all participated as listeners in this 

experiment. The listening task was carried out in a sound-treated room .. .r 
immediately after the Mandarin speakers finished the production task 

reported in Chapter 11. 



I 

3.1.2. Materials and Procedures t 

Recordings~collected in an earlier study (Munro & Derwiig, 1996) 

were used as listening material. Ten Western Canadian English speakers' 

productions of the words beat, bit, bait, bet and bat representing the 

five English front vowefs [i I el E ae] were all produced in a carrier 

sentence ("Now I say ") in sentence final position. They were 
8 

recorded in a sound treated room on a high quality cassette recorder - 

with a Sony ECM T140 microphone. The target words were carefully 
/ 

separated from the carrier sentences and were digitized at 22.05 kHz 

with 16-bit resolution on a Macintosh computer and saved as audio 

files. To prevent distracting effects due to differences in the way the 

final It/ was released, waveform @ting was used to remove the release 

of the final [t] at the point of complete constriction. 
i 

The tokens for listening identification were recorded on a cassette = 

tape in. random order. There were a total of 200 items (10 talkers x 5 

words x 4 randomizations). The words for identification were printed on 
i 

a multiple-choice response sheet with the final *( t )  in brackets in the  

order of bea(t), bi(t), bai(t), be(t) and ba(t) i n  a single line. There were 

two sections of 100 numbered-lines each, with a space after every five 

lines. Listeners were instructed to circle the word among the five given 

words they thought they heard for each item. A voice announced the 

number of the next item the listener was going to hear on the tape to 

minimize errors in circling. words. The rate at which the listeners heard 

these words was fixed, and they w&e not permitted to stop the tape 

once they started listening. The task: which lasted 20 minutes was 
Ps. 

,o performed in a sound-treated room through headphones -with .b<e 
3 t 



- 
s 

listener participating at a time. Five sample items were given to 

, familfarize the subjects with the procedure before the actual task began. 

A preliminary screening of tokens was carried out by two trained 

phoneticians (one male and one female) who were native speakers of 

Canadian English. The error rates for the two listeners were 2% and 5.5% 

respectively. The items that were misidentified more than once (N=4)' 

were omitted from any further consideration. 

'Cr 

3.2. RESULTS 

The overall percentage of correct identifications p f  the vowels by 

each of the -15 Mandarin listeners is given in Figure 3- 1. Across 
P 

listeners, on average,, a total of 73% of the Native English speakers' 

productions of beat, bit, bait, bet, and bat were correctly identified. 

However, there was considerable variation among listeners in the 
' .  

correct rate of identifications. The best listener had a correct 

identification rate of 87%, while the worst had a much lower rate of 

60%. The correct percentage of identification for *all five vowels by each 

individual, listener is given in Table 3-1: Obvious differences in the 

listeners' performance on the vowels can be seen here. 

To explore the between-vowel differences, a one-way repeated 

measures ANOVA with five levels of vowel as a within-group factor was 

carried out. A significant effect of vowel [F(4, 14) = 4.272, p <0.005] was 

observed, indicating that some vowels were better identified than 

others. In order to present a clear view of between-vowel differences 

indicated by the ANOVA test, the overall correct 

identifications of the five frdnt vo,wels is given in 

percentage of 

Figure 3-2. A post hoc 



Tukey (HSD) test revealed that [el] was s&nificantly less well identified 

than [i] and [=I-- by' the Mandarin listeners. No significant differences 

were found among [I E a] ,  the three front vowels that lack Mandarin 

analogs. Moreover, ti] was not significantly better identified than [I E ae] 
\ 

/ althdugh it was the most intelligible vowel to the Mandaiin listeners 

among the five. Contrary to prediction, [el] was the least weU identified 

vowel among the five. 9 Y 

I - - 
' ' 

To investigate whether there w e a  any consistent patterns in the . - 
perceptual erFors, a con'fusion matrix giving correct percentages of 

I -  . 
. . identification for each vowel was created and is given in   able 3-2. The 

majority of misidentified [i]s were heard as [I]S (14%), 111s as [€Is (22%), 

[ells as [i]s (23%); [&IS as [ a ] ~  (21%), and [a]s as [&Is (18%). In general, the 

confusions indicated a consistent pattern of misidentification of the 

tokens as "adjacent" vowels. The confusion patterns observed here will 

be compared with those of the same participants' productions in the 

next section. 

Between-vowel 'differences were also reflected in each individual 

listener's best or worst performances on the five vowels. As expected, 
L 

- on average, the best identified vowel was [i]. In fact, eight out of the 15 

listeners performed the best in identifying [i] among the five vowels. 

Only one listener performed the worst on [i]. In contrast, six out of the 

15 listeners performed the worst on [ e ~ ] ,  the most poorly identified 

vowel of the five. However, one listener's identification of [el] was 100% 

correct. The averzr'ge correct identification for [ z ]  was 79%, which ranked- 

it as the second best. Four out of the 15 listeners performed the best on 

[%I, including two listeners whose identification scores were 100% a 
t 

correct. However, two lisyeners' worst performance was on [z ] .  Even 



though the Mandarin speakers did not identify [I] significantly better or . f 

worse 'than any of the other four vowels, their production of [I] was the 

least intelligible among the five front vowels in Experiment 1. Two . 
-% 

listeners had their lowest identification scores on [I], while one listener 
2 

performed the best on [I]. Four listeners performed the best and two the 

worst on [E]. The individual listener's best and worst performances on 
+ 

each vowel are highlighted in Table 3-1. 

Considerable listener variation -was also observed in the overall 

perception scores.. For example, no single listener appeared to have 

performed the best on all five vowels. The listener whose average 

correct identification score was the highest among the 15 subjects heard 

[i] and [ a ]  correctly 100% of the time. Yet, at least two other listeners 

outperformed her on the remaining three vowels [I el E]. Similarly, the 

listener whose total identification score was the lowest did not perform 

the worst on every one of the five vowels. The individual differences in 
1 

perception will be compared with those in production in the next 

section. 

3.3. DISCUSSION 

Obviously, the perception data -failed to support the prediction 

that both [i] and [er] would be better identified than [I .E z ] .  Even though 

[i] was 'the best identified vowel on average, the picture was 

complicated by the fact that .[el] was significantly less well identified 

than [i] and [a ] ,  and was the least well identified vowel among the five. 

Given that the Mandarin speakers' productions of [i] and [el] were .both 

highly intelligible to the native English listeners in Experiment 1 ,  and 



'P * 2- - . . -  " ,  . d .- a -  C1 

a .  1 
r \ '- 

* .  

both have obvi6us. counteiparts -in Mandarin, it was 'surprising to see ' . . 
- .  < 

this dramatic- d i s ~ r e ' ~ a n c ~  in the handarin. listeners' p&rception *score& 

One possible explanation for such a discrepancy might have to do 

with the differences. in the L1 and .L2 vowdl inventories. While English 
0 

distinguishes fivb categories [i I ei E z ]  in the whole front area, ~ a n ~ i r i n  . 
* 

contrasts only ,two [i er]. The squeezing of three additional categories [ I  g 
P 

a:] into this area of the vowel space may have a dhtracting effect on the .. -- 

native Mandarin listeners' identification of [el]. It would probably be - U - I - 
much easier for the Mandarin listeners to discriminate only [i] and [er] in 

. 
0 i - the perception test. Such distraction seemed to have relatively .less - 

. '  
influence on the Mandarin listeners' identifications of [i].  hid i s  

probably because [i] is a periphpral v*bwel. 1t is interesting to note that - +. -! - 
. [=I,  the second best vgwel identified by listeners, is the 

other peripheral vowel. in this front *area. .. . 
/< - 

The perception data"a1so failed to support the prediction that the. - 

Mandarin listeners would have more, problems in identifying [I  E z ]  - 
because these vowels were less. succe~sfully produced in Experiment -1 

and because they do not have obvious Mandarin counterparts. As the 

results of the statistical tests indicated, although [i] was the best 

identified vowel of the five by the Mandarin listeners, it was not 

significantly different from [I  E E] in terms of correct rate of 
2 

identification. Moreover, in contrast to the results of the production test 

in Experiment 1,  the Mandarin listeners' perception of [ z ]  was 

significantly better than that of [el]. 

To conclude, data from this identification test failed to support the 

prediction that native Mandarin listeners would perform better in their 

identification of the English [i er] than [ I  E z ] .  A comparison with the 



. * 

- 
results of Experiment 1 revealed discrepancies between the Mandarin 

speakers' perception and production of the English-front vowels. These , - 

discrepahcies will be further analyzed along with the individual speaker 
- 

differences in the following section. 

3.4. COMPARISON OF EXPERIMENT 1 & EXPERIMENT 2 

* 

A!! discussed in  the above section, there were discrepancies 

between the Mandarin speakers' production and perception of the five , 

English front vowels, with or without Mandarin counterparts. In order 

to further explore the relationship of the Mandarin speakers' 

performance in production to their perception, a correlational analysis 

 was carried out. The means of the perception and production scores on 

the five front vowels by each speaker (N=15) were compared by 

computing a Pearson Correlation Coefficient. The correlation r(14) = 

0.49, p < 0.05 was just significant. While the result showed no strong 

correlation between perception and production, i t  did suggest that there 

was some relationship. 

Certain trends were found when the mean scores for both 

perception and the production of the five front vowels were examined. 
IB 

First, the Mandarin speakers seemed to perceive the "new" vowels [I  e 

much better than they produced them in terms of the absolute mean 
1 

scores. This tendency toward better perception than production was 

especially obvious with [ I  ae] and is clearly reflected in Figure 3-3. For 

the vowel [el, which also lacks an L1 counterpart, such a tendency was 

less obvious. On the other hand, t[i] and especially [el] showed the 

opposite tendency - better production than perception. 



The better performance in perception than in production ,observed 

for the "new" vowels [I e ae] has a fairly straightforward interpretation. 
t 

First, in learning to perceive the English vowels that do not contrast in 

the L1, Mandarin speakers must learn to discriminate the English 

categories [I E ae] from their Ll  categories [i] and [el]. In addition, they 

must discriminate the English vowels [E] and [;el (both are "new") from 
9 

each other for phonological contrast. In performing the task of 

identifying the five vowels, [i I el E ae], the Mandarin subjects had to 

a forced choice. To some extent, the Mandarin listeners did seem 

to perceive the differences between jhe three "new" vowels and the 
I I) - 

neighboring L1 vowels [i] and [el]. However, they were apparently not 

always able- to make full use of their perceptual knowledge when they 

produced the. same vowels. More evidence was found when the s- 

individual listeners'l~peakers' performance was analGzed. For example, 

some cases of total failure in the production of [I]  and [ae] were found for 

a ,  few Mandarin speakers (0% correctly identified by native English 

listeners). However, not a single Mandarin speaker was found to have 

scored 0% on the perception~of [I E re]. 

On the other hand, the observation of a reverse tendency in the 

relationship between production and perception for [i] and [el] is more 

difficult to account for. As discussed earlier, the crowding of the three 

"new" vowels [I  E ae] into the front vowel space may have caused some f t 

+ 

distraction for the Mandarin speakers in  the perception task. This may 

have influenced their performance on [i] and especially on [el]. Apart 

from this, no furthe; explanation can be offered at this time. , 

% 

The data presented here suggest that there were differences in 
a 

the perceptual representations of t$e vowel categories by the native 
P 



* 

English and native Mandarin speakers. To further explore this 

possibility, the confusion matrices for both the perception and 

production tests were examined. Fairly complex patterns of -confusion 

were found for gome of the vowels. First, when ?%e Mandarin listeners 

misident'ified the native English speakers' Ills, for the ,most part, they 

heard them as [&Is (22%) rather than as [i]s (2%) or [ells (2%). In contrast, 
C 

when the Mandarin speakers' productions of [ I]  were misidentified by 
.. 

the native English listeners, they were mostly heard as [i]s (37%) and 

[ells (1 1%) rather 'than as [&IS (6%). This confusion indicated that at least 

some Mandarin speakers had noticed some of the phonetic differences 

between [i] and [I]. Yet, their phonetic representation of [ I]  may not have 

been specified in the same way that native English [I]  is specified. As a 

result, the Mandarin speakers' productions of the English [I]  did not 
h 

meet with the native English speakers' phonetic standard and were 

heard as [i]. This may be due to their reliance on duration only when 

producing the [i] and [I]  distinction. S u e  a- reliance on duration may 

have 'been beneficial in the perception task if durational differences 

between [i] and [I] were available, but not in the production task, 

because native English listeners would probably not distinguish [i] from 

[ I ]  on the basis of duration. Results of pre"vous studies indicated that 

native speakers of English rely mainly on spectral cues in  distinguishing 
B 

the English - [i]-[I] pair (Bohn, 1995, Munro, 1993). . 
The confusion patterns for [el and [ae] were similar in both 

perception and production as they were mistaken for each other most of 
4 

the time. In spite of the different levels of success in the perception and 

production tests, the confusion patterns suggested that the Mandarin 

speakers did not simply substitute [el] for these two "new" categories [E] 



and- [ae]. 'Many of them were aware of the phonetic differehces between 

the L1 [el] and L2 [E] and [ a ]  but still had problems in distinguishing the 
w 

two close L2 vowels [E] and [a=]. 

Because much between-listener and between-speaker variation 

was observed in both the production and perception tests, a comparison 

of the individual speakedlistener's performances in both experiments 
9 

s 

was necessary. The production and perce@on scores ' to be compared 1 
were the average scores of the five front vowels. First, the vowel that 

had the widest discrepancy between perception and production ([el]) 

was examined. Of the six listeners who performed the worst in their 

perception of [el] in Experiment 2, dour of them had a perfect production 

(100%) score for this same vowel in Experiment 1. Of the four, one 

listener's Gerception score for [el] was only 22%. The remaihing two 

listeners' producticpns of [el] earned intelligibility scores of -95% and 75% 

respectively. In fact, most of the speakers' production and perception 

scores for [el] were 30% or more apart. The discrepancy between 

production and perception was indeed- enormous for these speakers. 

Comparing other vowels, three speakers produced totally 

unintelligible [I]S in Experiment 1 but their perception scores for the 

same vowel were 63%, 85%, and 78%. Two of the three speakers 

received gbove average (73%) perception scores for [I]. In contrast, the 
@ 

listener whose perception score for [I] was 93%, the highest of all the 

listeners, had a production score of .only 45% that was far below the 

average. As the examples showed, the discrepancy between the 

performance in perception and in production was not unusual. However, 

there were cases in which the speaker performed well or badly on both 

tasks. For example, four of the speakers' [I]S had very close perception 



and production scores that were no more than 5% apart. Two speakers 

had perfect scores for [a=] in both perception and production. Similarly, 

d * 

the speaker who per oimed the worst on [E] in production (25%) was 
+ 

also the worst in her perception of [E] However, the speaker 

whose perception was the best on [E] (91%) had a production score for [E] 

that was far below average (45%). For the vowel [i], while most speakers 

did well in both production and perception, the only speaker whose 

production of [i] was not 100% correctly identified (45%) was also found 
-? 

to be the ! d e  who had the lowest perception score for [i] (55%). To 

conclude, both discrepancies and consistencies were found between 

individual speakers' performances in their perception and production of 

the five front vowels. The implications of this finding will be discussed 

later. 
* 

- 3.5. CONCLUSION 9 

The results of the two experiments showed that there was 
L 

considerable inconsistency in success between Mandarin speakers' 

perception and production of the five ~ n a i s h  front vowels. The 

expectation that accurate production of L2 sounds has a clear perceptual 

basis was not fully supported by this study. The statistical analysis 

indicated a marginal correlation between perception and production of 

the five front vowels. For the English front vowels that lack Mandarin 
* 4% 

counterparts, [ I  E z ] ,  there was a tendency toward better perception than 
% 

production. For the two front vowels that have Mandarin counterparts, 

[i el], the opposite tendency, better production than perception, was 

observed. 



The comparison of the confusion -patterns in the two experiments 

suggested that some Mandarin speakers may have established phonetic 

categories for the "new" vowels [I E aef in their perception, even though 

they still could not produce them as successfully. This was clearly 

shown by the patterns of the misidentified [E] and [a] that were mostly 

confused with each other rather than with. [ e ~ ] ,  the only L l  vowel that is 

in this area of the vowel space. Similarly, the confusion pattern for [ I ]  

indicated that Mandarin listeners did not confuse this "new" vowel with 

the nearest [i] category in the perception task. Both [I]  and [ z ]  were 

mqch better perceived than produced by most Mandarin speakers, 

although occasional counterexamples were observed. Some speakers' 

productions of [ I]  and - [ e l  were totally unintelligible to the native English 

listeners. No listeners, however, had a perception score of 0% on any one 

of the five vowels tested. - . .  
V 

In contrast, the vowel [ei], which posed no problem for the 
I 

Mandarin speakers in their production proved io be extremely difficult 

in perception. This was consistently confirmed by the individual data. 

Not a single speaker had a perception score that was higher than his or 

her production score for [el]. At least, when an identification paradigm 

such as the one used here serves as the criterion, it cannot be concluded 

that accurate perception must precede accurate production. 

However, the conclusion that accurate production of an L2 vowel 

can precede a good perceptual representation of that vowel cannot be 

drawn simply based on the Mandarin speakers' performance with [er]. D 

No direct comparison of the present findings can be made with Sheldon 

andatrange 's  (1982) finding of Japanese gpeakers' better production 

than perception of the English /I/ and 111. Several arguments can be 



provided here. First, English [er] has never been reported as a problem 

in perception and production for Mandarin learners in any previous 

studies. Nor has it been described as a problem in any textbooks for 
3 

pedagogical purposes. In contrast, the English 111 and Ill distinction has - 
0 

usually been reported as a problem for Japanese learners of English 

(Sheldon & Strange, 1982, Flege et al, 1995). From a practical 

standpoint, Japanese speakers have to discriminate this pair of liquids 

for intelligibility in both perception and production. English [ei], 

however, is similar* to Mandarin [el], and substitution or approximation 

is not expected to cause serious intelligibility problems. Furthermore, 

the nature of the identifications of the present test was different from 

that of Sheldon and Strange's. Five alternatives were included in the 

identification task,\as opposed to only two in their study. As discussed 

earlier, this may have diverted the Mandarin listeners attention in their 
* * & .  

per*ceptual performance. Presumably, the . Mandarin speakers' 

performance on [er] might be significantly better if they were told to 

identify two vowels instead of five. More studies are needed for a 

better understanding of the discrepancies found with [ei] in the 

perception and production tests. 

In conclusion, it is important to point out the limitations of the 

two eqeriments reported so far. One problem is that there was a 

difference in the tokens used in  the two tests. In Experiment 1 ,  the , 

tokens for identification were in /bVt/ syllables with the final It/ 

removed, but in Experiment 2, isolated vowels were used. This 

difference makes the comparison of the results of the two experiments 

somewhat more difficult to interpret. " 



The relationship between perception and production is a .complex 

issue. The tendencies noted in Experiment 1 and Experiment 2 need 

further testing in Experiment 3 when the acoustic properties of the 

vowels are analyzed. The results of the acoustic analyses will shed light 

on some of the problems found in the production and perception tests. 
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TABLE 3-2 

Confusion Matrix (%) for ~ a n d a r i n  listeners' perceptions of English 

[i I el E ae] (The %.of correct identifications for each vowel is in bold face) 

Heard Target 



FIGURE 3- 1 

Individual Mandarin listeners' perception scores (%) for 
8 

English [i r er E i ~ ]  produced by 10 native English speakers. 

Listeners 



FIGURE 3-2 

Meaft correct identificatiDns (%) of English 
[i I el E E ]  in /bvt /by Mandarin listehers 

I >  e ~ ' ,  E 

Vowels 



FIGURE 3-3 

Mandarin speakers' perception and production 
scores (%) on five English front vowels 

Vowels 

2% * 

Perception i 

Production * 
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CHAPTER IV 

EXPERIMENT 3: ACOUSTIC MEASUREMENTS 

The purpose of this experiment *is  to investigate the similarities 

*; - and differences, in terms of acoustic properties, 'among English, 

- . . ~ a n d a r i n  and Mandarin-accented English vowels. There are several 
5 * 

reasons for following up the production and perception tests described 

in Chapter 2 and Chapter 3 with such an analysis. For example, an 
B acoustic analysis might help to determine the extent to which the 
P 

Mandarin speakers have established separate vowel categories for 
1 . English vowels, as opposed to simply substithing Mandarin vowels. The 

acoustic analysis also aims to explore whether Mandarin-accented 

vowels tend to be 'pulled' (in spectral- term) in the direction of the 

- native Mandarin vowels as a result of the effect of L1 on L2 and to what 

extent they tend to approximate the target English vowels. With regard 

to L2 speech learning theory, Flege'g Speech Learning Model (SLM) will 
L 

be examined. An early version of the SLM states that "Equivalence 

Classification" will prevent adult L2 learners from e'stablishing phonetic 
b B ,  

categories for "similar" but not "new" L2 phones. More recently, 

however, Flege has modified this proposal to include the notion of 
f 

"4 
'perceived phonetic dissimilarity' .D between an L2 sound and the closest 

* a  

L1 sound (Flege, 1995). According to the SLM, the greater the phonetic 

dissimilarity betw n the L1 and L2 sounds, the more likely it  is that ts 
,.. thk phonetic differences between the sounds will be discerned. If this is 

the case, it is expected that the Mandarin-accented vowels that lack 

obvious English counterparts (new phones with more phonetic 
C 

dissimilarity) will demonstrate more degree of approximation toward 



the native English targets. However, a fine-grained analysis wiJl not be. - 
possible here because the speakers' perceptions o f .  phonetic 

dissimilarity have not been assessed. The acoustic measujement data 
* 

will' be analyzed and compared with those of the two previous 

experiments in order to explore the relationship between acoustic 

properties of vdwels in terms of formant freque y values and 
1 

duration, and their degree of intelligibility. 

A number of previous studies have compared the phones of two 

languages in terms of a variety of acoustic properties. For instance, - 

Flege (1987) compared the VOT values of both French and English'ltl 

and F2 values of French and English /u/ by monolingual speakers of 

both languages. Measurements of the accented It/ and /u/ produced by 

non-native speakers of- the two languages were then compared with the 
tl 

native 'speakers7 *productions to determine how the nonnative speakers 

approximated the c2 phones in terms of VOT values for It/ and in 

terms of F2 values for /u/. The results indicated that the non-native 

French and English lul differed significantly in F2 values from' the 

natjve English or French /u/. Similarly, the non-native It/ either 

differed significantly from the native It/ or was intermediate between 

the values of the monolingual French or English It/ in VOT values. The 

study also included a new French vowel, f a r  the native English speakers: 

French /y/. The native ~ n g l i s h  speakers who were experienced in  

French did not differ significantly from French monolinguals in their 

production of /y/. Flege concluded that equivalence classification , 

limited their approximation of the native French and English similar 

phones /u/ and It/, but not of the new phone /y/. 



In another study, Munro'(1993) compared the acoustic properties 

of Arabic and ~ n ~ l i s h  vowels as well as Arabic-accented vowels in 
e 

'terms of duration, formant values and formant movement. The Arabic- 

accented English vowels were rated for degree of accentedness by 

native speakers of English. The results showed that some systematic 
> . '  

properties of Arabic-accented vowels, both temporal and spectral, could 

be explained by the properties of Arabic vowels. For example, the 

native Arabic speakers probably exaggerated the duration differences 

between the English tense and lax vowel pairs because their L1 

contrasts long and short vowels. In another study, Bohn and Flege 

(1992) compared the acoustic properties of four English front vowels [i I 

E ,z] with five German front. vowels [i I E E: a] in  terms of duration and 

formant frequencies. Two groups of native German speakers that 

differed in their experience in ~ n g f i s h  participated. Their productions i of 

the-four- English vowels were also tested for intelligibility by native 
a 

English listeners. The results of the intelligibility test and acoustic - z 

measurements were then,compared to see which acoustic properties the - 
German speakers "carried over" in their productions .of ~ n ~ l i s h  vowels. 

The results indicated that the amount of L2 experience did not affect - 

the learning of similar vowels, but to some extent, affected the learning 

of new vowels. - 
However, no acoustic study comparing Mandarin speakers' 

productions of English vowels with those of nat nglish speakers has 

yet been reported. In this study, the acoustic properties of Mandarin 

vowels and English vowels will be measured and compared in terms of 
w 

duration, and F1 and F2 frequencies. The comparisons will be made only 
-. 

with those segments that are c o m p a r a ~ e  to each other, i.e. 



-? 

corresponding -vowels in thee two systems will be compared. Therefore, 

only five Mandarin vowels [i el u oo a] prod&ed by the 15 native Beijing 

Mandarin kpeakers in Experiment 1 will be measured and compared to 

the English counterparts produced by the 15 native. English speakers in + 

that experiment. The results will then be used to determine the 

relationship in terms of quality (Fl-F2 values) and temporal differences 

between these vowels cross-linguistically. Although there are problems 

in classifying the vowels of two languages in terms of being' "identical", 

"similar" or "new" as discussed in Chapter 1, it is, nevertheless, 

convenient f e comparisons of those segments that exist in both 

languages to see how "similar" or close they really are in terms of' the 

acoustic dimensions mentioned above. It k also important to point out 

that the purpose of the comparisons of the vowels that have 
. >  

counterparts in both languages is to seek some possible explanations for a 

B the results of the previousa perception and production tests rather than 

to classify which English vowels are eithe'P '.similar" or "new" to 

Mandarin speakers. In simple terms, this comparison procedure serves 

only- as a method rather than a goal in itself. 

The productions of the 10 English vowels by both the native 

Mandarin and"-Eqglish talkers in Qperiment 1 will also be measured 
Q 

4 

and compared in terms of duration and F1 and F2 values. It is expected 
= a 

that an examination 'of the acoustic properties of the Mandarin Chinese 

vowels an3 the Mandarin-accented English vowels *will shed some light 

on some of the results observed in t h e  previous two experiments. 



4.1. METHODS 

The same 300 isolated ~ng l i sh  vowel tokens [i I el e at u u oo D A] 

produced by 1'5 native English and 15 native Mandarin speakers that 

were examined for intelligibility in 'Experiment 1 were used *as tokens 

for measurement (see Experiment 1 for more descriptions). Seventy- 

five isolated Mandarin vowel tokens [i eI u ou a] produced by the same 

15 -native Mandarin speakers were zlso measured. The vowel* tokens 

were all measured for .duration and F1 and F2 values on an Appk . 
e 

- t 
Macintosh computer using Signalyze software. These were all 'isolated 

vowels (except ~ a n d a r i n  [el] -%which was produced in /pel/ due to the 

lack of isolated /el/ in Mandarin) digitized earlier -for the intelligibility 

test (see descriptions in Experiment 1). Vowel duration was measured 

to the nearest 1 ms. on a waveform display by placing boundary cursors 
q 

at the beginking of the first pitch=period and the end of the last. For 

each duration measurement, a simultaneous wide-band spec.trogram t 

was displayed just below the 'waveform to help with judgment of the 

starting and end points of the vowel. The frequencies of F1 and F2 were 
a 

(obtained at approximately 30% and 70% of the distance into the vowel. 
4 

In most cases, FFT analyses was used to obtain the formant values. In 

general, the wide-band selection was used to measure male voices and 

the very-wide or extra-wide band selection was used for female voices 

to accommodate the differences in fundamental frequencies. In doubtful 

cases or when there was extreme difficulty in observing any candidates 

for the intended formants, especially with back vowels whose F1 and F2 

were close, -Wide Cone Kernel and 'LPC analysis were used as 
#- 

alternatives. The results of the two were then compared to determ 4 0 



the possible values. It was estimated that in about 5% of cases these 

alternatives were resorted to. All\\.the tokens were measure4 and 
\ 

checked at least twice and some four times before the final 
= 

results - were determined. - - 
* 

I 

4.2. RESULTS 

\ 
4.2.1. Mandarin vowels [i el u ou a] and they English 

counterpgrts 
\ 

4.2.1.1. Duration. a \ \ 
The mean durations by vowel (in msec.) for the t& groups are 

\ 
\ 

givefi in Table 4-1. There was a tendency for the ~ n ~ l i s h  vokels to be 
\ 

longer than' their Mandarin counterparts. To test the vowel dhration 
* 

differences between the Mandarin [i el u oo a] andBnglish> [i el u oo'ti], a 
' 

two-way mixed design ANOVA was carried out with language \ 

C 

(Mandarin or English) s a between group factor and vowel (5 levels) as 

a within group factor. The. results indicated the effect of language 

[F(1,28) = 5.8, p < 0.05 ] was significant, because the English vowels 

tended to be longer overall tgan the Maudarin ones. The effect of vowel , '\ 

[F(4,112) = 1.8 1, p > 0.101 and interaction of language and vowel . 

[F(4,112) = 1.17, p > 0.301 were non-significant, suggesting that the 

patterns of duration differences among the five vowels in the two 
t 

language groups were not significantly different. 

4.2.1.2. Spectral data 

To compare the average formant frequency values between 

speaker groups, it is important to control for variability caused by 



1 
/ 

gender 

a n d -  ,F2 

differences. To- compensate for the gender 

values were normalized using a log mean 

differences, the F l  
* 

transformation, a 

method developed by Nearey, (see g g .  Hindle, -1978). Close attention 

must be paid ti5 the procedures of vowel frequency normalization for 

cross language study. In this experimeni, two separate normalization 

'protedures were' applied for the native English vowels. First, to compare 
a 

the differences between English and Mandarin-accented vowels, both 

the native English and Mandarin-accented vowels were normalized 
Q 

using a log mean trahsformation on the basis of an equal number of 10 7 

vowels.   or the purpose of comparing the English and Mandarin vowels, 

however, a different normalization procedure was used to normalize the 

native English vowels based only on the five vowels4 that were to be 
Z 

compared with the five relevant" Mandarin vowels. This was because the 

vowel systems of, the two languages differ in distribution and overall 
a 

number of vowels. A normalization procedure based on the total 
B 

number of vowels in English (10) being studied in this experiment and 
I 

five Mandarin vowels would result in "over normalization"' 

A series of two-tailed t-tests were then carried out on the log 

mean transformed F1 and ,F2 values of both English and Mandarin 

V O W ~ ~ S  to examine the differences between them. For the vowels [ 3 u  a], 

the values of measurement (a) (the measurement made at about 30% of 

the distance into the vowel) were compared. For th\e two diphthongs, 
?* 

B ' Disner (1986) 'explained this point using the example of French and Italian vowel 
systems. French h s  twice as many front vowels as Italian does, but the back 
vowels are comparable. Normalizations based on the means of French and Italian 
vowels would not be comparable with each other because the overall formant 
means would pull the French front vowels back in the phonetic space. In order to 
avoid such a distortion in this comparison, a special precaution was taken to 
normalize .the native English vowels differently for the two comparisons. 



[a ou], both measurements (a) and (b) (the measurements made at about 
- 

30% and 70% of the distances into the vowel) were compared, because 

d\, these vowels show noticeable movement and therefor ca not be 

characterized by a single. measurement. 

The results of the tests, along with the means and standard 
' "2 

deviations are summarized in Table 4-2. No significant spectral 
i 

differences were found between the Mandarin and English vowel [i]. For 

[er], the results showed that the Mandarin [el] was significantly lower 

[t(28)= 2.48, p < 0.051 -and more posterior than the English counterpart 

[t(28)= 3.04, p < 0.011 at measurement (a) but the difference was not 

significant at measurement (b). The Mandarin [ou] proved to be 

significantly lower at both measurement, (a) [t(28)= 2.48, p < 0.051 and 

(b) [t(28)= 2.50, p < 0.051 but more posterior than the English 

counterpart at only measurement (b) [t(28)= 2.65, p < 0.051. For [u], no 

significant differences were found in F1 across languages. However, 

there was a large difference in F2 values, [t(28)= 8.79, p < 0.00011, 

indicating that Mandarin [u] was indeed significantly more posterior 

than the English counterpart. For the Canadian English [D] and Mandarin " 

[a], significant differences were revealed in both F1 [t(28)= 4.07, p < 
\ 

0.0011 and F2 [t(28)= 5-85, p < 0.0011. The Mandarin [a] was lower and 

more anterior than the Canadian English [D]. 

In Experiment 1, the results of the intelligibility test showed that 
b 

the rate of correct identification for the native Mandarin speakers' 

productions of English [D] was significantly lower than that for their 

productions of [A]. Additionally, the confusion matrix for [o] showed that 

a considerable number of intended [D]S were heard as [A]s. These factors 

prompted the comparison between formant values of English [A] and 
A 



Mandarin [a]. It had never occurred to the experimenter to relate this 

pair as possible counterparts before, partly because of the use of 

different! phonetic symbols for them. When the t-tests were performed 

on these two vowels, .the results also showed significant differences in 

F1 [t(28) = 3, p < 0.011, and in F2 [t(28) = 2.82, p < 0.011 between the 

English [A] and Mandarin [a]. However, although the Mandarin [a] was 

significantly different from both English [D] and '[A], the difference 

between [a] and [a] was less extreme, particularly in terms of F2. 

Data from this study showed that in fact, the Mandarin [a] is 

acoustically closer to the Canadian English [A] than to [D] in terms of 

spectral properties. To test for a vowel duration difference between the 

Mandarin [a] and English [A], a one way ANOVA was carried out. No 

effect of language on duration was revealed [F(1,28)= 1.89, p > 0.11. The 

result of the duration test between these two vowels is also given in 

Table 4-1. The Mandarin [a] was longer than the English [A] but the 

difference was non-significant. Therefore, instead of [D], the English [A] 

could be considered as somewhat 'similar' to Mandarin [a]. The mean Fl 

and F2 (normalized values) of English [i er ou u D A] and Mandarin [ i a  el ou u 

a ]  are plotted in Figure 4-1. 

i 

4.2.1.3. Discussion 

The comparisons of the durations of English [i er u ou D A] and 
-=-- -- 

Mandarin [i t~ u o u  a] indicated that all the English vowels were longer 

thafithe Mandarin counterparts with the exception of [A], which is non- 

significantly shorter than the Mandarin [a]. While there was a tendency 

for- English voflels to be longer than their Mandarin counterparts, it is 

important to note that the Mandarin vowels in this study were all 

8 0  2 



produced in sentence final position in the fourth tone (falling tpne), the 

environment and tone that are associated with the shortest vowel 

durations as demonstrated in earlier studiqs (Ho, 1976). It is possible , , 
that the environment and tone could be a determining factor iq the 

s h o ~ t  vowel durations that were obtained in this study. 

The cross-language spectral comparisons indicated that there 

were no differences between the English and Mandarin [i]. Thes$ two 

vowels are almost identical spectrally as reflected in Figure 4-I., 
* 

Spectral similarity was found between the English and Mandarin [u] in 

vowel height, but the English [u] was considerably more anterior than 

the Mandarin counterpart. Although the Mandarin [u] has often been 

described as noticeably higher and more posterior than English [u] 
b 

(Norman, 1988), the difference in vowel height was not confirmed by 

the data in this study. There were also noticeable spectral differences 

between the two diphthongs [er ou] cross-linguistically. B,oth Mandarin [el ' 

ou] were lower and more posterior than their English counterparts. 

Therefore, the Mandarin [u el ou] can be considered to be similar but not 

identical to the English counterparts. The comparisons of English [D] and - _  - 
[A]. with the Mandarin [a] showed spectral differences between both 

pairs. Strictly speaking, Mandarin [a] has no clear counterpart in English 

as it was foupd to be significantl; different from Z both the English [o] . 

and [A]. .Yet, the results indicated that Mandarin [a] was closer to English 

[A]  in terms of spectral proFrties. In fact, the Canadian English [o] is 

more toward the back of the vowel space than the Mandarin [a], which 

is realized as a low central vowel [A] syllable finally. 



4.2.2. Comparison of native English and Mandarin-accented - 

vowels [i I el E ae u u ou D A] . 
L 

4.2.2.1. Duration 

Table 4-3 shows the mean durations and standard deviations for 
I 

the 10 English vowels [i I el E a: u u ou D A] prodbced by the 15 naiive 

speakers of English and 15 native speakers of Mandarin. A two-way, 

ANOVA test revealed no effect of first language [F(28) = 0.1 14, p > 0.73). 

There was an effect of vowel [F(9) = 25.15, p < 0.0001] and an 

interaction of first language and vowel [F(9) = 2.924, p < 0.011.   ow ever, 
tests of simple main *effects showed that only the Mandarin-accented [i] 

was significantly longer than the native English [i]. For the remaining 
- 

nine vowels, duration differences were nan-significant. 

The two groups showed different durational patterns in their 

productions of both the front and back vowels. For the Engiish speakers, 
i 

the front vowels showed the pattern of el > i > a > E >. I while the 

Mandarin-accented vowels had the pattern of i > el > ae > E > I .  The only 

difference was in the ordering of [i] and [er] because the Mandarin 

speakers produced a very long [i]. For the back vowels, the native 

English speakers showed a pattern of u > ou > D > u > A and the Mandarin 
4 

speakers showed the pattern of ou > u > u > D > A. To test for within group 

differences in vowel duration, a one-way repeated measures ANOVA 

was carried out for both groups. The results revealed an -effect of vowel 

for both the native English speakers [F(90 = 22.95, p < 0.00011 and for . 
h 

the Mandarin speakers [ F ( 9 )  = 11.99, p < 0.00011. Post-hoc Tukey HSD 

tests revealed' the. native English .group's productions [el i u ou a: o] were- 
\ 

. significantly longer than their [u E A I]. The results indicated that the - 0 



. I -- * 
.3 

native English- speakers showed a' tendency to produce longer tense 

vowels than lax vowels. However, these results differ somewhat from 

the expected pattern of longer low vowels than high vowels. deturning 

to the Mandarin speakers' vowel duration differences, the post-hoc - 

Tukey HSD test showed a different pattern from that of the native 

English group. The Mapdarin speakers' [o] was significantly shorter than 

their [i el u ou]; their [;el and [o] were not significantly shorter than the 

tense vowels [el u ou]; and their [i] was !anger than all the vowels except 

[er u ou]. 

The duration ratios from the two groups on the 3 pairs of tense 

and lax vowels [i]-[I], [el]-[E], and [u]-[u] were calculated and compared to 

see if the native and non-native speakers applied a different strategy in 

their productions of these vowel pairs. The tense and lax vowel duration 

ratios for the Mandarin-accented vowel pairs were 2 for [i]-[I]; 1.6 for 

[el]-[E]; and 1.3 Ju]-[u]. For the native English vowel pairs, the raties were 

1.5, 1.4, and 1.3 respectively. The Mandarin group seemed to have 

exaggerated the [i]-[I] difference. Because the Mandarin speakers 

lproduced- a much longer [i] than the English speakers, and their [I]  was 
i 

shorter, the duration ratio of [ i ]  and [I]  was considerably larger for the 
3 

Mandarin speakers than for the native English speakers. ' 

4.2.2.2. Spectral - Data 
,. 

A series of twb-failed t-tests were carried out on the log mean 
* 

transformed F1 and F2 valuesof  the English and Mandarin-accented 

vowels to examine the spectral differences between them. For the 

vowels [i I E i ~ 1  u u D A 1, the values based an measurement (a) (the 

measurement made at a b o 4  30% of the distance into the vowel) were 
% 

-- - 

' 8 3  % 



. 
. compared. For the two diphthongs, [el ob] both measurements (a) anxdb)  + - 

(the measurements made at about 30% and 70% of the distances into 

the vowel) were compared. The results of t-tests along with the table of 

means, and standard deviations are summarized in Table 4-4. 

Significant differences were revealed in F1 for [I] [t(28)= 2.36, p < 0.051; 

for [el] at measurement (a) [t(28)= 2.75, p < 0.051; for [o] [t(28)= 2.35, p < 

0.@5]; for [A] [t(28)= 2 .217 < 0.01), and for [ou] [t(28)= 2.89, p < 0.011 at 

measurement (a). In general, more dramatic differences were revealed 

in F2 than in F1. Differences jn F2 were found for [I] [t(28)= 3.73, p < 

0.0011; for [ z ]  [t(28)= 2.86, p < 0.011; for [u] [t(28)= 6.71, p < 0.0011; and 

for [u] [t(28)= 5.78, p < 0.0011. Less but still significant differences in F2 

between the two groups were also found for [D] [t(28)= 2.38, p < 0:05] 

and for [A] [t(28)= 2.19, p < 0.051. Only [i] and [el were found to have no 

significant differences in both vowel height and advancement. 

In order to provide a clear view of differences, in vowel qualities 

between the two groups, the average, log mean transformed Fl  and F2 

values of the English vowels, the Mandarin-accented vowels, and the 

Mandarin vowels were plotted in Figure 4-2. ,There was no evidence of 

spectral differences between the English, Mandarin-accented and 

Mandarin [i]. There was also unexpected spectral similarity between the 

English and Mandarin-accented [el. However, as s3en in Figure 4-2, 

there were observable phonetic distances between English, Mandarin- 

accented and Mandarin [ou], [el], [D] and [a]. Similarly, differences among 

English and Mandarin-accented [z ] ,  [A], and [D] (vowel height) were also 
. b 

obvious. Furthermore, Figure 4-2 depicts the dramatic distance, between 

the A English and Mandarin-accented [I]  and [u] in both vowel height and 

advancement as the reshts of the t-tests showed.   he Mandarin- 



the English [I], It lay between the pative English [i] and [I] and in fact 
, 

- was much closer to [i] than [I]. The Mandarin-accented [u] was higher ' 

and considerably more posterior than the English [u]. It fell between the 
- 

., 
English [u] and the Mandarin-accented [u.] in -the vowel space in Figure . 

. 4-2. The difference in F2 between the ~andarin-accented [ul the native 

English [u] was also dramatic. AS expected, the ~andarin-accented [u] a 

was more posterior than the English [upmuch  closer to the Mandarin [u] 

in F2. It fell, be tweh the English and Mandarin [u]. , 

The lack of spectral differences between the native English and - *  , .  

* 
Mandarin-accented [E]. was surprising, as !he accented [E] was 

. significantly less well identified than the [E] produced by the native 
-4 

English speakers in Experiment 1. There might be factors that affected 

the intelligibility scores for the front vowels that were not reflected by , 

the overall F1 and F2 values of the vowels themselves. For example, the - 

formant movement patterns could have played a role in the listeners' 

perceptions. In addition, between-group differences in vowel spacing or - 
, . 

distribution between the two neighboring vowels, [E]  and [z],  could also 

affect perception.. As formant movement information was not. included 

in the present study, no data were available for further analysis. In 

order to explore the other possible factor (i.e. differences in vowel 

distribution patterns for the front vowels between the two groups), tfie 

data from English and Mandarin-accented front vowels were all 

submitted to statistical tests. Separate one-way ANOVAs- were carried 
J 

r 

out to explore the differences in both F1 and F2 of the front vowels. For 7 P 
the English front vowels [i I eI E z ]  produced by the native English 

speakers only,, the redl ts  showed an effect of F1 [F(4) 210.74, p < - '  
. 

u 



0.00011, as well as an effect o f - ~ i  [F(4) ~= 158.72, p *< 0.0001). Post hoc .. 
Tukey (HSD) tests revealed that both F1 arid F2 valu& for the front . ,.- 

t' , 
vowels were significantly different from 'each other with the exception 

of [ e ~ ]  (measurement 'a' ) and [I]. The, results indicted that native English 
d 

front vowels were all significantly separated irt F1 and F2 except [er] (at 
4 m' 

U 

measurement 'a') and [I]. 
v 

-Parallel one-way separate ANOVAs were ' alsb carried out to 
. ' D  T ,  

exanline the. Mandarin-accented English front vowels. The results 
B 

showed an effect of both F1 [F(4) = 108.15, p < 0,00011 and F2 [ F ( 4 )  = - 

44.20. p < 0.0001] as well. For Fl  values, a post hoc Tukey test revealqd 
J. 

similar results to those for the native English vowels. However, the 
Y 

Tukey (HSD) tests for F2 values revealed a different result on ,the 
v, 

Mandarin-accented front vowels. No significant differences were found 
L 

between the- [re]-[el, and [I]-[i]  pairs in the front-b,ack dimension. These 

two pairs of front .vowels produced by the native Mandarin speakers . 

were frequently confused in the intelligibility test in Experiment 1. An 

Fl .  and F2 plot of the four fro-nt vowels [i i E ze] by Mandarin speakers 

, and 'by  native ~ i ~ l i s h ,  speakers is given in Figure 4-3. ([el] was not 

. included 'in !he plot because of formant movement). Obvious spectral . 

overlaps can be seen between [i] and [I], [el and [ a ]  produced. by the 
* * *  

native Mandarin speakers in <Figure 4-3. Much less spectral overlap was 
*. 

found for the vowel tokens Prdduced by thk native ~n~lish-.Speakers.  
d 

Similafly, as' seen in Figure 4-2, obvious distribution differences 

were found between .the English and Mandarin-accented [u]-[u], and [ou] - 
rn 

[D] pairs. Although the ~andqrin-accented coo] nd [D] were relatively 
r l B 

close to the corresponding native English '[ou] d [D] in both F1 and F2 P as seen in Figure 4-2, the accented [ou] and D] were crowded together, 



while the English [ou] and [o] were further apart, in F1. In fad,  the B 

Mandarin 'accented [ou] and [D] fell .exactly between the nat& English - 
[ou] and [D]. This difference in distribution h a y  well be the cause of'the 

Mandarin-accented [ou] and [D] confusion in the intelligibility test in 

Experiment 1. Furthermore, the native English [u] and [ou] showed much 

more separation in F2 than the accented [u] and [ou]. The F1 and F2 plots 
P 

of the back vowel pairs [u]-[u], and [oul-[D] produced by Mandarin 

speakers and by native English speakers are given in Figure 4-4 and 

Figure 4-5 respectively. While the English [D] and [A]? were closer in I' 

distribution than the Mandarin-accented [D] and [A] in terms of vowel 

height, the result was the reverse for their 'advancement. ThTe native 
i , 

English [D] and [A] were well separated in F2 as reflected :in Figure 4-2. 

4Q.2.3. Discussion 

The comparison of vowel durations of Mandarin-accented and 

native English vowels indicated that the Idandasin-accented [i] was 

C much lon r han the native English speakers' [i] and thus contributed , 

to a larger ]-[I] duration ratio for the [i]-[I]' tense-lax7 pair.- The fact that 

the Mandarin speakers exaggerated the duration differences in this 

tense-lax vowel pair, without\ apparently providing clear spectral 
9 

differences, was found to have a perceptual basis in past studies. I-n a 

perception test on the same ~ n ~ l i s h  front [i]-[I] tense-lax pair using 

synthesized vowels tokens, Bohn ( 1  995) reported that native Mandarin 

speakers relied exclusively on duration cues in differentiating Eiiglish 

vowel pair [i]-[I]. Bohn conclude'd thatpthe Mandarin speakers relied on 
I 

duration cues for the perception of this vowel pair because their , \ 
linguistic experience did not sensitize 'them to the spectral 

.I 

> 



"- 

differences. The listeney' L1 vowel system has only one vowel [i] in the ' 

vowel space where English has. both [i] and [I]. No parallel production % 

I 
test, was conducted in' that study. The production data in the present 

a .  

,study indicated that the ~ a n d a r i n  speakers ;eally did exaggeraJe the Y 

* duration 'differences between the [i] and [I]. Their reliance on* the . P 

duration cue appeared to be connected with their inabilfty to 

differentiate this vowel pair spec.trally. The strategy psed some 
9 

Mandarin speakers may have been to produce the L l  vowel [i] I 

spectralfyX and simply shorten it to make i t  the English [I] rather than- to 

establish a spectrally different vowel category in that area of the vowel - . . 
P 

space. .,:. : 4  . 
It is interesting to note that no significant duration differences 

were found hetween the Mandarin-accented tense-lax back vowel pair' 
.b 

@[b] and [u]. Mandarin speakers did not seem to use the same strategy, in 

differentiating this pair, but for the most part, simply substituted it 

with the neighboring [u] and [ou]. The different strategies the *Mandarin 

speakers empldyed in their productions of the tense and lax vowel pairs w 

indicated that their reliance on dura'tion cues seemed to be limited to 

the [i] and [I] pair only. 

The spectral comparisons between the English and' Mandarin: 

accented vowels inditated that the majority of the Mandarin-accented 
* 4 

vowels were significantly different from 'the native English ones when 

the absolute mean F1 and F2 values were compared. Of the 10 vowels, 
1 

only [i] and + I 3  were not significantly different spectrally. The data 

suggested that with the exception of [i], in general, the Mandarin 

speakers had not learned to produce most of the English vowels in a . . 

perfectly native-like way. Although some Mandarin-accented vowels, 



, including. [el .-&I were alnibst as intelligible es- those 
fl e t t 

produced by "the & 

4kzJ ' -  
h&e %n$is(; spi@Eks, they deyiaie'& significantly 

I s  m 

(a) from the native English ones. The Vndarin-accented [er ou] + 

approximated the, native English [el bu] to some extent as shown in 
d 4 

Figure 4-2. Yet, the differences between the native and Mandarin- 

accented and English [el ou] pmained  significant at measurement (a) in 
.L 

F1. This finding seeps tb s rt Flege's Speech Learning Model which 

. states that .equivalence classification will block LI speakers from , . a .  
establishing categories for some similar L2 phones. The same Gtuation 

also applied to the Mandarin-accented [u] which was spectrally different - 
- * y- the English [u] in F2. The Mandaiin-accented [u] was spectrally 

2 +- 
r I 

close to the Mandarin [u] but showed a tendency toward slight 
. . / +  

approximation to the native English [u]. 

Significant spectral differences were -found fo; both [A]  and for [D] 

in F2 across groups. As the Mandarin [a2 is relatively closer to the 

English [A] than to [D] spectrally, the presence of Mandarin [a] may affect 

Mandarin speakers' productions of the English vowel. [A]. This prediction 

was supported by the fact that a spectral overlap was found between 
e Mandarin [a] and ~andarin-accented [A]. It is likely that Mandarin 

9 
speakers made use of their Ll  [a] in their production of L2 [ A ] .  

On the other haid, the Mandarin speakers did not seem to have 

established new categories for the English v ~ w e l s  that do mot have " * *  

apparent L1 counterparts. The accented English [ae], [u], and [I]  all proved 

to be significantly different from the native English vowels spectrafly. 
J 

These findinks appear to contradict Flege's. Speech Learning Model in 

that the greater phonetic distance seen between the L1 and L y  vowels 
G' 

did 'not make if easier for these Mandarin speakers' to learn io produce 
. . 



- 
& * 

b 

= * , 
2%" 

@ these "new" vawels more success full^ than the similgr vowels that are ' - 
%. 

spectrally closer eb the L1 vowels.. ~ ? * e G i ,  = the influence of L1 vowels 

on the production of L2 vowels was obvious. F Q ~  example, the accented 

" [I] andS[u] were both "pulled" to la rd  the Mandarin [i] and [u], though 
*$ P 

both vowels showed sdme approximation ioward thb English [I] and [o] 
9 

in vowel height and advancement as seen in Figure 4-2: 
i * 

The averall spectral comparisons indeed showed differences 

between the native English and Mandarin-accented vowels -in general.' .. L 

In addition, there were obvious and consistent differences in vowel 
0 

distributions especially for front vowels between the two speaking 

groups. While- the native English front vbwels were well separated in 

both vowel 'hejght and advancement, the Mandarin-accented ones 

showed spectral overlap between [;el-[E], and [I]-[i] pairs in F2 values. 

These spectral overlaps between the vowels in an area that is already 
# 

inherently high in density may be the cause of the poor intelligibility 

test scores for some of the Mandarin-accented vowels. A good example 
, - 

is the front vowel [E]. The mean Fl and F2 values of this "owel for the 

two groups were almost identical, and the spectral similarity was 

obvious in the vowel figure. However, the Mandarin [E] and [ z ]  

overlapped so much in F2 that qhe two vowels had no front-back , 

differences. For the English [E] and [a] ,  no such F2 overlap was found. 

Similarly, distribution differences between the two groups were also 

- found for the back vowels [u]-[u], and [oul-[D]. All these 3ifferences in 

overlapping distributions of vowels affected the intelligibility of the 

Mandarin-accented vowels. The relationship between the acoustic 

properties and intelligibility will be discussed in the next chapter. 
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4.2.2.4. Individual Data 

The comparisons of acouslic measurements indicated that there 

were temporal, spectral, and vowel distribution differences between - the - 
English and Mandarin-accented vowels. To what extent did these 

differences'affect the intelligibility of the -Mandarin speakers' English - 

vowel productions ' that were tested in Experiment l ?  The average 
6 

correct identification scdres do reflect the acoustic differences revealed 

in Experiment 3. On average, [u] and ['I] were the least well identified 
. - 

back and front vowels respectively in Experiment 1. Similarly, both 
-f 

vowels deviated acoustically from the native norm as shown in 
t 

I 

Experiment 3. The correlation between the "poor identification and 

acoustic mismatch was obvious when the average numbers were 

compared. However, the use of average scores may sometimes conceal ' - 
t 

important differences in individual perferrmance. 
L 

To investigate this potential problem, the individual speakbrs' 

identification scores and the results of ihe acoustic measurements of [u] 

and [I], the two least intelligible vowels in Experiment 1, were examined 

in dettiil. First, all the individual speakers whose productions of [uj_aod 
* - 

a li 

[ I ]  were 0% correctly identified in Experiment 1 were selected for an " 
examihation of their acoustic properties. Three Mandarin speakers' [ I ]S 

and sii. ipeakers3 [u]s had 0% cbrrect identification scores. The F! and F2 

frequency values of 

compared first with 

accented [u] and [I]  

[I]. It was expected 

[u] and [I] produced by these speakers were 

the mean F1' and F2 values of the Mandarin- 

and then with the mean of the native English [u] and 

that those vowel' tokens would have F1 and F2 

frequency values that deviated considerably from the average values. It 

was also expected that the [I]S that were heard as [i]s would have below 



average* F l  a d above average F2 values that were Fore ti]-like in 
J 

acoustic terms. * 
, 

The expected differences in vo-we1 spectrum were all confirmed. 

- For example, all the misidentified [I]S produced by the three individual 

speakers were heard as [ils. Just as expected, all these targeted [I]S had 

[;]-like F1 values that were lower than not only the average of the 

native English spe$ker2 i l l s  but also the ~andarin-accented [I]s. All 
5 

their [r]s had above average F2 values. The deviant [I]S produced by 

these three speakers fell 'within ,the range of the English [i]s acoustically 

and were all heard as [ils. Similar results were also found for the 

misidentified [uls. The [u]s that had helow average F1 values were heard 

mostly as [uls. Those that had above average F l  values were heard as A 

d -  

, ..[p_o]s. The deviation of both ~ . 1  and *F2 values in the Mandarin-accented 
* # 

. I 
i 

[rvfs from the native EIfglish [u] could be found across the board. This 'was 

also expected because ihe average correct identification rate for [u] was 
- .  1 

only 15%. 

The correlation between the low identiJication scores and spectral 
Y 

- .deviations in [I]  and [u] demonstrates that the misidentification of these 

tokens had an acoustic basis that could be readily described in terms of 

.F1 and* F2 frequencies. The individual speaker differences observed in 

the intelligibility test and the acoustic measurement study proved to 
Q 

match. 

4.3. CONCLUSION @ 

The analysis of acousiic data presented here indicated that the 

majority of the Mandarin-accented vowels were sjgnificantly different 



from the native English ones in absolute mean F1 or F2 values. In 
" 

general, the Mandarin speakers in this study had not learned to produce 

most of the Bnglish vowels in a native-like mmner. The acoustic 

differences between the ~andarin-accented and native English vowels 
P 

are explicable in terms of similar ties and differences between' the 

Mandarin and English vowel systems. The majority of the Mandarin 

speakers did not seem to have established separate categories for the 
e I 

F English, .vowels in their productions. Rather, the results suggested that 
f = - 

3 
, some speakers substituted similar Mandarin vowels such as [i] and, [u) 

for the English counterparts in their productions. AS shown in Figure 4- . 

2, -the Mandarin-accented vowels tended to be "pulled" toward thei. 
-8 

- Mandarin vowels spectrally. However, most accented vowels, especially . 

fl 

the ones that lack Mandarin counterparts, showed some degree of 

- 
& approximation towards the native English vowel targets in terms of 

acoustic properties. Therefore, not every Mandarin speaker substituted 
4 

the new English vowels with the closest vowels in the native stock. 
. * ** 

The other findings from the comparison of acoustic properties 

were the obvious and consistent differences in vowel distributions, 
% 

especially for front v,o,wels, between the two speaking groups. The 

Mandarin-accepted tense-lax vowel pairs dernonstrat;d significant 

spectral overlap in F2, which caused confusion in  the identification task. 

The Mandarin speakers' reliance on duration cues for 

differentiation of the tense-lax vowel pairs was found to be related to [i] 

and [I]  only in production. This was  because the -Mandarin-accented [i] 

was much longer in duration than [I]. It is possible that some Mandarin 

speakers employed more than one strategy to disti~guish the English 



I, 

te&e and lax vowels. More :studies with carefully coptrolleti synthetic I 

vowel tokens -are needed to further explore the issue. 

:With regard to Flege'skSpeech Learning Model, the results a f  the 
+. 

9% 3 ,h 

present study supporte& the prediction that "equivalence claksification" c::.. -" . - 
. will prevent L2 tearners from establishing a-new category for "similar" 

f 

* .  
phones. In general, the Mandarin speakers did not produce thy English 

* .  

[er ou u] in terms of acoustic properties in a native-like way. The spectral 
a 

difference between the Mandarin-accented and native English [u] wss 
% 

especially clear. However, data from them acoustic analysis showed that 

the majority of "new" vowels were actdally less well produced in termso 
, 

of acoustic properties (formant frequency values). At least in the 

, present study, ac~us t ic  dissimilarity between L1 and L2 vowels did not , 

appear to facilitate the Mandarin speakers in their production of these 
# 

"new" vowels as the SLM would prsdict. It is impor ant to point out that 

thkre may be p difference between the experienced and inexperienced 
iz 

L2 speakers in the acquisition of "new" categories. The results of 

previous studies showed that experienced German' English learners, not 
. s 

the inexperiZnced, were more successful in identifying and producing ' 

- the English /=I, a "new" vowel for German speakers (Bohn & Flege, . 

1990, 1992). Further studies with more controlled L2 experience facfors 

are definitely needed. 



TABLE 4-1 

- 
% - Mean durations (msec) and standard deviations of isolated English vowels [i 

el u ou D A] and Mandarin v6wels [i er u oo a] e 

Vowel English Std. Mandarin SD 

* "-a- 
* bdicates that the differences between Mandarin and English 

B 

vowels were signifitant at p < 0.05 
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TABLE 4-3 

li . " 

Mean durations and standard deviations for English [i I el E az 
u u ou D  produced by English and Mandarin speakers 

. f 

C 
t 

* - 
Vowel English Std. M-accented SD 

* Indicates that the duration differences' between the English and M- 
. accented vowels were significant at p 4.05 
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FIGURE 41 

Mean F1 and F2 (normalized values) of English [i er u 
ou D A] produced by 15 English speakers and Mandarin 
[i eI u ou a] produced by 15 Mandarin speakers. 
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Mandarin 



FIGURE 4-2 
t. 

Mean F1 and F2 (normalized values) of English [i I er e 
ae u u ou o A] by ~ n ~ l i s h  and Mandarin speakers and 
Mandarin [i eI u ou a] by Mandarin speakers. 
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- FIGURE 4 
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F1 & F2 (normalized values) 
produced by 15 English and 15 Mandarin speakers 
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4 FIGURE 4-4 '- =+ 
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F1 & F2 (normalized values) plot of [u u] produced by 15 . 
English speakers (top) and by 15 Mandarin speakers (botf6m) 
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F1 & $2 (normalized values) of English [ou] at measerement 
(a) anh [TI] produced by English and Mandarin speakers 
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CHAPTER V 

GENERAL DISCUSSION 

In this chapter, the relatio-nship between the three experiments 
P 

regarding the perception and production of ~ n ~ l i s h  vowels, and the 

acoustic properties of English, Mandarin, and Mandarin-accented vowels 

will be .examined. A key issue to be explored is whether the acoustic 

properties can account for the success or failure of the Mandarin 

speikers' performance in their production and perception of the English 

vowels. 

The general tendency observed in Experiment 1 was that 

Mandarin speakers' productions of English vowels having Mandarin 

counterparts were significantly more intelligible than those lacking 

Mandarin analogs. This appeared to have an acoustic basis as indicated ' 

by the results of Experiment 3. Even though ihe majority of Mandarin 

speakers had not learned to produce the English vowels in a native-like 

manner, in terms of acoustic properties- as shown in Experiment 3, their 

productions of "similar" vowels were almost as intelligible as the native 

English ones. (See   able 2-4 and Table 2-5.) This was because, in 4 

general, the Mandarin vowels that have English counterparts were 

acoustically similar -to the corresponding English vowels and the 
r- 

Mandarin-accented vowels, to some degree, approximated the English 

vowel targets. r 

'The close spectral resemblance among the English, Mandarin, and 

Vandarin-accented [i]s was especially obvious as reflected in Figure 4-2. 

In fact, the ~ a n d a r i n  accented [i] was correctly identified 96% of the 

time by the native English listeners. The success in the production of 



+is almost "identical" vowel can be explained by the fact that not much, 

any, learning of [i] was necessary. Yet, it is interesting to note that the 
iB 

ndarin-accented [i] was significantly,longer than the native English - 
- ". 

even though the native Mandarin [i] was significantly shorter than 

r the English [i] fn this study. The Mandarin speakers' exaggeration of the 

~ n ~ \ i s h  [i] in duration was apparently a strategy used to differentiate 

the ~ n ~ l i s h  [i]-[I] pair. The speakers seemed to have 

the two .vowels spectrally. 

The unexpected complete spectral overlap of 

English [A] and Mandarin [a] obskrved in Experiment 

dicficulty separating 

Mandarin-accented 

3 provides an 

explanation for the high identification scores for the Mandarin-accented 

[A] (76%). It is possible that some Mandarin speakers simply substituted 

the Ll  [a] in their production of the English [A]. Unlike [i], which is 

spectrally. identical to the English [i], the Mandarin [a] and English [A] 

were not identical spectrally. However, the cross-language comparison 

showed that the phonetic distance between Mandarin [a] and English [A] -" 
was smaller than the distance between the commonly assumed [a]  and 

[D] counterparts. 

Similarly,. although Mandarin, Mandarin-accented, and English [el] 

and [ou] were not identical, they were- close spectrally. The corract 
# 

identification score for the Mandarin-accented [el] ,was identical to that 

for the native English [el]. (96% vs. 96%) and for [ou] it was very close (95 

% vs. 99%). 

The Mandarin speakers' success in their 

vowels [i el ou A] in terms of intelligibility did 

from that of the native English speakers. The 

production of the English C a - 

not differ significantly 
f- 

I . f  

consistency between the ; 

acoustic properties and high intelligibility scores of Mandarin-accented . .- 



vpwels sdggested that the Mandarin speakers had either made use of 

their L1 vowels in their production of these English counterparts (like [i] 
s 

and [a]) or approximatbd the target ~ n ~ & - h  - F vowels (like [el] and [ou]). 

~ i s c r e ~ a n c i e s  between the intelligibility scores and the acoustic 

properties of the Mandarin-accented vowels were also observed. A good 
# f 

example was the case of [u]. The highly intelligible Mandarin-accented 

[u] which had a correct identification rate of 97% was.dramatically 

different from the pative English speakers' [u] in F2. The results of the 
3s ' 

cross-language aCoustic comparison indicated that the Mandarin- 
L 2' ? 

accented [u] was I R U C ~  '&ore posterior than the native English [u]. Even 

though they are analogous vo;kels, represented by the same phonetic 
' g: i g b  ' 

symbol, the data indicated that the Canadian English [u] tends to be 

much less posterior (mean F2 = 1156 Hz) than a typical high back 
**' -; ,d 

unded Mandarin [u] (mean F2 = 754 Hz) as indicated by the data in 

this study. Similar acoustic properties for the Canadian English [u] (mean 

F2 = 1174 Hz) were found in a study of 10 native Canadian English 
X 

speakers (five.male and five female) by Nearey and Assmann (1986). 

The spectral differences characterizing Mandarin-accented English [u] 
4 - did not affect its intelligibility in Experiment 1. The high rate of correct 

, i,dentification for the Mandarin-accented English [u] can basically be 

explained by the English vowel system. Since [u] is,the highest back - 
vowel in English, anything that is higher or more posterior and is [u]- 

like in this area of the vowel space is likely to be identified as [u] in an 

identification test like this. Therefore, the Mandarin accented [u] that 

was similar in vowel height but further back than the Canadian English 

[u ]  was consistently identified as [u]. That the phonetic distance between 
, 

the native and accented [u] did not affect the native English listeners' 



identification scores is perhaps a 

An accent-rating task might yield 

was obviously influenced by the 

special case for the identification task. 

a different result. The accented [u] 

Mandarin [u] and was spectrally very 

close to the Mandarin [u]. The majority of individual speakers may have 

substituted the Mandarin [u] for the English counterpart. 

To summarize, the high identification scores for the Mandarin 

speakers' productions of English vowels that have English counterparts 
% 

had an acoustic basis. The phonetic resemblance (with the exception of 

[u]) seemed to be the main reason for the listeners' success in 

identifying these vowels. 
I 

The relationship) between the phonetic properties and 

intelligibility scores was more complicated for Mandarin-accentad 

vowels that do not have obvious Mandarin analogs. First, as expected, 

the deviation from the native norms in acoustic properties of the 

Mandarin-accented vowels appeared to be the major cause of the low 

identification scores. The Mandarin-accented [u] is a typical example. As 

can be seen in Figure 4-2, the Mandarin-accented [u] was both higher 

and more posterior than the English [u]. It lay between the English [u] 

and [ou], and was spectrally closer to the English [u] and [ou] than to [u]. 

Most of the misidentified Mandarin-accented [u]s were, therefore, heard 
, 

as [u]s and [ouls. Although [u] was the least intelligible of the ten vowels 

produced by the native Mandarin speakers, acoustically, it showed some 

approximation toward the target ' ~ n ~ l i s h  [u.] in both Fl and F2 values 

(See Figure 4-2). The approximation, however, did not appear to be 

sufficient to warrant a distinction between a clear i u ]  and [u] to the 

native English listeners; The intended [u]s that were higher and more . 

posterior would be heard naturally as [u]s and those that were lower 



and more posterior as [ouls. As analyzed earlier in 

for this particular vowel, there were obvious cases 

L1 [u] and [ou] for the L2 [u]. In fact, in this study, 

Mandarin speakers failed to produce an intelligible 

the individual data 

of substitution of the 
v -  

the majority of 

Another poorly-identified Mandarin-accented vowel was [I], ;which 
$ 

deviated significantly from the native English [II. The accented [I] was 

spectrally very close to the neighboring vowel [i] both in height and 

advancement. It fell between the English [i] and [I] and was closer to [i] 

than .to [I]. The attempted [[Is tended to be heard as [ils. In the preceding 

chapter, the totally unintelligible [I]S produced by three Mandarin 

speakers all proved to be more [i]-like spectrally. The tendency toward 

approximation of the English [I] was also obvious for some speakers, as 

shown in Figure 4-3. Three speakers' [I]S had a high intelligibility score 

of above 80%. These speakers appeared to have learned to produce this 

vowel successfully. 

Another factor affecting the intelligibility of the accented vowels 

was the difference in vowel distribution or spacing. As discussed in the . .9 

previous chapter, in terms of absolute average F1 and F2 values, no 

significant difference was discovered between the native English and . 

Mandarin-accented [E]. However, the spectral overlap between the 

Mandarin-accented [E]  and [z.] was obvious, as shown in Figure 4-3. No 

such overlap of F2 .was found between the native English pair [E] and [le]. 

The overlapping in distribution of the accdnted [E] and [le] pair in F2 
, d.4;  

could be the mijor cause for the misidentification of [E] for [a ] ,  and [ z ]  

for [E]. The similar overlapping distribution between 'the other accented 

front vowel pair [i] and [I]  showed a parallel tendency toward similar F2 

values for the two vowels. The Mandarin speakers' efforts in 



I 

approximating the target vowels [ I  E a] were noticeable. Yet, the density 

of the vowel category distribution in this *articular area may.require 

well-defined boundaries for intelligibility. The non-native speakers, 

whose L1 lacks these vowels in this area of the vowel space, were less * ' 
L 

sensitive to the spectral differences between these pairs. The density of 
1 

the vowel distribution in the L2 system increased the level of diffic&ty 

for the learners. They were not sensitive to the spectral differences 

between these "new" vowels because of their L1 experience. For 
- 

J 
example, M-andarb speakers will probably find it much easier to 

produce either [ E ]  or [ a e ]  than to produce both of 4them;- 
% 

The same situation may apply in the case of the back vowel [ D ]  

.. that' was mostly misidentified as the neighboring [ o u ]  and [ A ] .  The 

spectral overlap between the accented [ o u ]  and [ D ]  was clearly reflected 

in Figure 4-5.- Another reason for the misidentified [ D ]  could be that 

some Mandarin speakers, before they came to Canada, might have been 

exposed to Received Pronunciation, a dialect that distinguishes [ s ]  from 

[ a ] .  The effect could be driving the intended [ D ]  up to [a ]  which is closer 

to [ O U ]  in vowel height. The experimenter, who is herself a native 
C 

Mandarin speaker and has learned the RP accent in China, bad the 
*- 

imdression of hearing [ s ]  for some of the [ D ]  tokens which were 

analyzed. 

The- comparisons among the three experiments shed some light on 

many o f  the issues that were discussed in the previous chapters. The 
TI 

discrepancies between the Mandarin speakers' performance in the 

production and perception of the English vowel [ e l ]  remained unsolved 

when the acoustic properties of their [ e l ]  were examined in Experiment 

3. Spectrally, the Mandarin [ e l ]  was found to be lower and more 



posterior 

accented 

lower. If 

and near 

Mandarin 

speakers' 

complex 

than the English [er] at measurement (a). The Mandarin- 

[er] was closer to the English [el] in advancement but was also 

{here is a correlation between the high intelligibility scores 

native acoustic propetties of the vowel [el], then why did the 

speakers have difficulty in identifying native English 

productions? This naturally brings up the question about the 

relationship between perception - _ and 'production. ' 

Before exploring the correlation between perception and 
a 

production in terms of acoustic properties, it is important to point out 

the limitations of shch an attempt: First, the perception study conducted 

in Experiment 2 was limited to only the five front vowels. Second, as 
j 

mentioned earlier, the tokens used in the two studies were not exactly 

the same. In spite of these problems, it is still worthwhile to consider 
L 

some of the issues: 

The first question to be asked is. whether the Mandarin speakers' 

identifications of the five English front vowels were related to their own 
4 

productions of these vowels. For example, if a parti~ular Mandarin 

speaker had a problem in producing the distinction between the vowel 
B 

pair [i] and [I]  in Experiment 1, was there a parallel problem in the 

perception of this vowel pair? To answer this question, the individual 
, 

speaker's scores for [ I]  in Experiment 1 and Experiment 2 were 

compared. Three of the Mandarin speakers' pr~ductions of [ I]  were 0%- 

correctly. identified in Experiment 1. However, two of these speakers 

h a  perception scores that were above average for the Mandarin 

listeners in Experiment 2. The other listener had a perception score that 

was below average, but was not the lgwest among the 15 listeners. 

Similarly, the listener who had the highest perception score for [ I]  (93%) 

110 



' &-" 

among the 15 list ? ,  ners had produced this same vowel less successfully. 
14 

The intelligibility score for his production of [I] was below average 

(45%). In fact, as discussed in Chapter 3, the Mandarin speakers 

generally perforied better in th'eir perception of [I] than in their 

production. This implies that most speakers' perception appeared to 

precede production. The failure in the production of this vowel by some 
/- 

speakers indicated that it may take time to develop a perceptual 

representation for a certain sound. It is also possible that these '. 

speakers have actually established a perceptual category for the English 

[I], but that it differs from that of native English speakers. The Mandarin 

sfieakers may have simply relied on the duration cue to differentiate - - 
the Bgl ish  [I]  from the neighboring [i] as indicated in the results of 

Experiment 3. If the latter prediction is true, then it is likely that a 

Mandarin listeners may discriminate the English [I]  from the 

neighboring [i] on the basis of the temporal cues. On the other hand, the 
s 

intended [ I ]  produced by Mandarin speakers that was [i]-like spectrally 

would naturally be heard as "[i] by the native English listeners. The 

duration cues employed 'by the Mandarin speakers in their production 

would not make much difference to English speakers who rely mostly 

'on spectral cues in the [i]-[I] distinction. 

A different picture was fouhd for the other troublesome pair of 

front vowels, [E] and [ae]. A correlation between scores in both perception 
1 

and production was found for [ a ] .  For example, the three speakers who 

had perfect intelligibility scores on their productions of [ a ]  were the , 

same three who had .the highest perception scores for this vowel. The 

situation was different for [el. There was no such consistency in 

individual performance between perception and production. For 



i 
fl 

_ instance, the speaker who performed best in the perception of [ e l  (91%) 4 & --- S? + 
*-=- - 
=C -produced an [E] that received a below average scpre (45%). ~ e w e v e r ,  * - 

%-a .= 
@ +kven for [ae], a more careful com arison of the iadividual production 

-6' > ? 
%- scores with that of the neighboring [E] actually complicated the situation. 

In fact, as shown by the vowel distribution pattern test in the preceding 

chapter, the spectral overlapping of the accented [E]  and [a] affected the - 

intelligibility of these two vowels. The confusion patterns for -the 

misidentified [E]  and [a] confirmed the trouble Mandarin speakers had 

-==--s in differentiating this vowel pair. There was clear evidence of certain 

speakers' extreme differences in success in the productions of these two 
4 

vowels. For example, the speaker whose production score for [a] was 0% 

had a high production score of 95% for [E]. One third .of the Mandarin 

speakers were found to have extremely high scores on one of the 

vowels and lsw scores on the other in their production of [E]  and [ae] .  
I 

This suggested that the success in producing either [a] or [E]  should be 

treated witi, caution as it is likely that the success of one may mean the 
I 

I " failute of the other. 

No such extreme differences were ever found for even one of the 

15 Mandarin speakers in their perception of the same vowel pair [ E ]  and 

[ae]  produced by the native English speakers. It is possible that -some 

Mandarin speekers dad noticed the acoustic differences in this pair of 

vowels in their perception of the native English speakers' productions 

but had not yet learned how to produce a good and clearly separated [z ]  

and [ E ]  pair. If this is the case, then, it appears to be easier for the 
*A- .'Mandarin s p d e r s  to separate the vowels [a] and [E ]  in perception than . 

in production: 

112 



- 
= Very few Mandarin speakers demonstrated success in production 

and perception of both- [E] and [o]. In contrast, more speakers were 
- 

1 

* found to be successful in peizeiving or producing either [r] o r [ z ] .  It is 

L possible for L2 learners to be able to distinguish two non-native phones 

first before they learn to produce them. However, it is not clear whether 
- 

the ~ a n d a r i n  speakers used the same strategy for both their perception 
%-- 

' and producjion. Furthermore, it is not known whether their strategy 
- 

# was the same or different from that of the native' English ?speakers. As  

the Mandarin speakers did not produce a clear duration difference 

between thd [E] and [ o ]  pair as they did with [i] and [I], it is not likely 

that they relied on durational cues to produce the [E]  and [ z ]  contrast. 

More controlled perception studies with carefully designed synthetic 
4 

vowel tokens, are needed. 

Returning to the problem of [el], it is possible that the Mandarin 

speakers used strategies that are different from those of the native 

English speakers' in their perception and production of this vowel, just 

as they did with the other front vowel 111. However, their poor 

performance on [er] could. also be the result of other factors that should 

be investigated with care. As discussed in Chapter 3, the English [el] has 
.- 

never been reported as a problem for M,aMlarin learners of English 

either in previous studies or in textbooks for pedagogical purposes. 

Another factor could be the distraction caused by the nature of the 

forced-choice listening task. The squeezing of three additional categories . 

[ I  E ze] into the area of the vowel space where Mandarin contrasts only [i] 

and [el] may have affected the Mandarin listeners' identification of [el]. 

It would probably be much easier for them to identify only [i] and [el] in 

the perception test. Therefore, the problem found in this study cannot 



i 

simply be treated as a case of intelligible production of a certain L2 

vowel without an accurate perceptual basis. Obviously, more studies h e  
- f 

needed in order to have a better undbrstanding of the perceptual 
i. 

problem regarding [er] which was found in the present study. 

To summarize, in general, there is a relatimship between the 

Mandarin speakers' degree of success and failure in their production of - 

the 10 "English vowels and the acoustic properties of these vowels. To 

some extent, the English vowel system, especially the vowel distribution 

pattern, ekplahs some of the mismatches between the acoustic 

properties and the identification scores for some vowels. (e.g. the case of 

[u]). The relJionshiy between perception and production of the English 

front vowels is- not straightforward. There were obvious differences 

between the Mandarin speakers' performance in their perception and 
-- 

production of the fi4e ~ n g l i s h  front vowels. This was particularly 

evident for the front vowel [er]. Examples of better perception than 

production were found with [I]  and [ z ]  for many speakers. Furthermore, 

the evidence suggested that many Mandarin speakers were able to 
" .I+ 

differentiate the English [I]  from [i] in their perception, even though 

their production of this vowel was still problematic in terms of 

intelligibility. 



8 
CHAPTER VI 

* 
CONCLmION 

B 

Until now there have been very few studies of Mandarin 
I 

I speakers' production and perception of English vowels. In fact, 

.have been practically no acoustic studies of Mandarin-accented 

there 

English 
t 

- vowels produced by -a relatively large group of speakers. Furthermore, * 
no studies of Mandarin vowilb have compared them with English k 

vowels in terms of acoustic properties. This study provides important 
/ 

new data regarding these unexplored areas. 

As discussed in Chapter 1, few studies of L2 vowels have 
-4 

controlled the dialectal factor as carefully as the present study. Ignoring + -  . 
I 

this factor could distort the results observed in both perception and 

A production. Because the subdialects of Mandarin Chinese are widely 
4 

-different, the importance of such dialectal control cannot be'  over- 
* 

'*emphasized. 
1 

I' 
. - 

t 
of Blankenship (199-1) pointed out that most previous cross-language. 
' 3  > 

vowel studies have compared no more than four vowels. Her study of 

L2 vowel perception included five English front vowels which were 

perceived by native Spanish speakers.- Munro, Flege and MacKay-(1996) 

looked at most of the English vowels, but they did not obtain 
' 

measurements ofi native Italian vowels from the same speakers. The 

present study examined 10 English and Mandarin-accented vowels. - - 
These were included in both intelligibility tests and acoustic analyses. 

In addition, five Mandarin vowels produced by the same Mandarin 

speakers were included in the acoustic analyses. 



One of $he benefits of a study involving a large number of vowels 
% 

is the scope it ~ rov ides  for examining cross-linguistic difterences in 
, . 

vowel distributions and the effect on perception and production of L2 
r 

vowels. The results of the present study implied that it is more difficult 

to learn to perceive and produce a set of ~4 vowels in a high density 
5 

area of the vowel space. This is especially true for those learners whose 

L1 vowel system is relatively less crowded in this area. The results also 

show that non-native speakers who are 'desensitized' (See Bohn, 1995) - , 

to the densely distributed vowels in the whole area of the vowel space 

may sometimc!s successfully produce a certain vowel in this area, but 

m a y  not have learned how to distinguish the whole set of vowels 

successfully. In the case of the ~ n ~ l i s h  front vowels, the spectrally 

overlapping Mandarin-accented English front vowel'pairs [iJ-[I] and [&I- 

[ = ]  did not meet the dispersion requirement in F2 and were therefdre 

relatively poorly discriminated in the identification task. For instance, 

the ambiguous [E] and 1x1 tokens produced by the Mandarin speakers 

were proble'matic for the native ~ n ~ l i s h  listeners. It is important to 

out, hbwever, that the production test was conducted in an 

experimental setting wi'th isolated vowels, a situation that differs 

significantly from the rich context typical of daily communication. I I 

- 
,The production study -aimed at the most basic and important issue 

v 

of which vowels are problematic for Mandarin s'peakers in learning to 
1 

speak English. The results .indicated that Mandarin speakers' 

productions of English vowels that have Mandarin analogs were 

significantly more intelligible than those that lack Mandarin vowel 
I P 

counterparts. The acoustically deviant Mandarin-accented vowels had 
C 

low intelligibility scores because of the influence of the L1 vowel 



system. This was indicated by the acoustic measurements of the 

Mandarin vowels. The findings of the empirical studies can be 

understood in terms of the effect of L1 on L2 production. Complete 

transfer did not seem to happen to all the speakers or to all the vowels. 

Instead, the Mandarin speakers showed different degrees of 
0 

approximation toward the target L2 vowels in their productions. 

Previous studies concerning L2 vowel perception--have mostly - .  y 

been carried out without involving production test% *& vice versa. The 

present study avoided this drawback b y  including both perception and , 

production tests. With the limitation of 'five front vowel tokens in the 
k' 

perception test, only preliminary conclusions could be drawn. 

Neveitheless, certain tendencies weie observed through the a:.  

comparisons of data from the percepti%n and production tests. For the 

Engtish front vowels that lack Mandarin counterparts, [I E a ] ,  there was a 

tendency for better -perception than production. In contrast, for [i  el], 

vowels that have L1 analogs, the opposite tendency, better production 
F - * 

than perception, was observed. The discrepancy between perception 

and production of the English front vowels by Mandarin speakers * 

suggested that learners may have used different cues or strategies in  

their perception and production of the L2 vowels. Furthermore, the 

assumption that production had' a perceptual basis was not fully 

supported by the results of the present study. 
$ 

Sheldon & Strange ( 1  982) and Blankenship- ( 1  99 1 ) reported that 

learners- sometimes produced certain L2' consonants and vowels without 

being able to perceive them accurately. The results of those studies 

cannot be directly compared to Mandarin - 
production of the English [el] observed in 

speakers' perception and 

the present study. Both the 



conditions and tasks were different. The identifications of five vowel 
a 

categories, as opposed to two, may have complicated the situation by 

causing more distraction. No firm conclusion of possible accurate 

production without accurate perception of L2 segments can be drawn 

from the findpgs regarding [el] in the present study. The relationship 

between perception and production of L2 vowels, is a complex issue, and 

it is clear that further studies are needed. 

Another drawback of some of the previous studies has been the 

tendency to overlook speaker variation. Averaging data across a group 

of speakers may conceal extreme individual differences. By examining 

the individual speaker variations" in the results of each of the three 

experiments, such problems were avoided. As expected, the least 

intelligible vowels were found to be produced by those individual . 
0 

vowel productions deviated -- the most ffom the native 
- 

norms in terms of acoustic properties. 

With respect to second language segmental learning, two theories 

have been examined. The traditional Contrastive Analysis Hypothesis 

(CAH) predicted the difficulties in learning L2 segments by comparing 

the inventories of the first and second language sound system. The 

results of the production .study partially supported this theory. I n ,  

general, the better identified Mandarin-accented vowels were those 

that had Mandarin counterparts. Vowels that did not have Mandarin - 

analogs were significantly less intelligible to the native English listeners 
3 .  

and more difficult for the Mandarin speakers to produce. This 

confirmed the .fact that. missing categories appeared to cause problems 

for learners. 9 



t 

The CAH failed, however, to explain some of the more subtle 
1. problems encountered in the data. First, the theory cannot explain the 

0 

differences in the degrees of difficulty Mandarin speakers have in their 

production of vowels that lack L1 counterparts. Within the same group 

of 'missing categories', there are certain sounds that appear to be more 

difficult for certain L2 speakers. For example, the Contrastive Analysis 

Hypothesis does not predict that [u] would be more difficult than [I  E el 

for the Mandarin speakers to learn as this study showed. Second, by 

comparing only the individual vowel categories across languages and 

ignoring the differences in distributions of the vowel inventories 
0 

between the two systems, the CAH failed to predict the potential 

problems for L2 speakers to learn a set of densely distributed L2 

vowels in specific areas of the vowel space. For example, Mandarin 

speakers had difficult) in differentiating [ E ] - ( e l  and [i]-[I] pairs. Another 

problem with CAH i s  that it G h o t  account for individual speaker 

variation in the perception and production of L2 sounds. Learner 

differences are an important factor that cannot be ignored in spekch 

learning. The fact that certain L2 phones are often more difficult to 

learn for certain L2 speakers does not mean they are a problem for all 

or most speakers. 

This study also reviewed Flege's Speech Learning Model (SLM). 

According to the SLM hypothesis, whether -an L2 speaker will learn an 

L2 phone depends largely on the establishment of a phonetic category 

for that sound. An earlier version of the model stated that equivalence , 

classification will prevent adult L2 learners from establishing a 

category for "similar" but not "new" L2 phones. The 

the SLM modifies the concept of new versus similar 

newer version of 

phones to more 



general phonetic dissimilarities between the Ll  and L2 phones. The *. 
greater the differences between the L1 and L2 sounds, the easier it- will 

be for the speaker to perceive the differences and eventually to 

produce the LI sound. , 

The acoustic data of similar vowels in the present study suggest 

that equivalence classification did seem to prevent the Mandarin- 

speakers from producing spectrally native-like Lu ou el], despite the fact - 
that the Mandarin-accented [u ou el] were almost as intelligible as their 

native English vowel counterparts. The ~andHrin-accented "new" 

vbwels [I E a u] showed consistent deviation from the native norms in 

. terms of acoustic properties: and were significantly less intelligible than % 

their native English vowel counterparts. The results of the Mandarin 
t 

speakers' productions of [I  E a u] did not seem to support the SLM in that , 

* 

phonetic distance between L1 and L2 vowels did not at least facilitate 

the production of thcse L2 phones. 9 

Finally, the findings of this study about native Mandarin speakers' 

English vowel perception, production and their acoustic properties . 

suggested that the perception and production of L2 segments by adult 

learners is a highly complex issue. No single theory or hypothesis can 

fully account for the phenomena observed here. More systematic 

studies are needed to address the issues. 



Appendix 1 

English List 
'7- p, 

b e a t  1. Now I say beat b e a  e a  

b i  2. Now I say 'b i t  I b i t  

b a i t  
w 

3. Now I s a y  bait b a i a i 

4. Now I s a y  bet - A 

b e t  

5. Now I say bat b a t  

boo t  
i. 

6. Now I say boot 
t 

7. Now I say buwt (like book) 
-. 

b u w  u w  b u w t  

8. Now I say boat boa  o a  

/ 
b o  0 9.  Now I say bot (like pot) b o t  

10. Now I say but 
6 

1 1 .  Now I say Bert 

12. Now I say bite 

b u u 

b e r  e r 

b i  i 

b u t  

Ber t  

b i t e  

13. .Now I say bout 

14. Now I say book 

bou  o u  

boo  00 

b o u t  ' 

book  

b e a t  

b i t  

15. Now I say beat b e a  

16. Now I say bit 

-1 
17. Now I say bait ba i t  

- 
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Appendix 3 

Language Background Questionnaire 

(Note: All information will be kept confidential. Participant , - may choose not to 
provide all of, the information.) 

4. Date of birth: -- /- /- 
D M YR 

5- Birthplace: ............................ 
(city, province, country) 

The place you grew 'up: , 

6. Female - Male - 

7. Other places lived for more than six months (where and at what ages): 

8. Age on arrival in Canada: 
' - - - 

9. Years and months in Canada: --- 

10. Is your hearing normal? --- 

12. Other languages spoken fluently: 
age learned: 

----------------------- age learned: 
....................... age learned: 
....................... age learned: ---- 



13. Age at first exposure to English: 

14. Parents' native languages: ' 
5 Mother: ------------------ 

Father: ------------------ 

15. Languages currently spoken at home: 

16. In what countries and for how long have you studied English formally (i.e., 
in school)? **. 

........................... ---- yrs. 

........................... --- yrs. 

17. TOEFL score (optional): TSE score (optional): 

18. How would you rate your pronunciation? 

(native-like) - -  . (strong accent) 

19. How often do you use English in your day-to-day affairs? 

1 2 3 4 5  6 7 8 9 
(never) (use ONLY English) 

20. Additional Information: 
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