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subjects. Six regression analyses were performed, one each for beat- bead and 
bet-bed before. during, and after training. 

The multiple regression models were unable to account for a significant amount of 
variance in A ' scores for beal-head or bet-bed in the pre-training block (7% and 
8% respectively) [FO, 25) - 2.85; F(2.24) = 2.10, P > 1.0) . They were , however. 
able to account for a significant amount of variance for both beat-bead and bel-bed 
in the FB block (56% and 42% ,espectively) [F(4 , 22) - 9.28; F(2, 24) - 10.5, 
p < 0.05). Smaller, but still significant amounts of variance were accounted for in the 
posHraining blocks (33% and 27%, respectively) [F(2, 24) ""' 7.43; F(2, 24) = 5.75, 
p < 0.05]. As expected , the effect of Group was significant in the analyses examining 
the FB and post-training blocks , both for beat-bead and bet- bed (p < 0.05). 

The most important finding was that three factors which related directly to 
amount of L2 experience (years of instruction in English, length of residence in the 
U.S., percentage of daily use of English) were not identified as significant predictors 
of the A' scores . A fourth experiential factor, age of arrival in the U .S., was a 
significant predictor in the FB and post-training blocks for beat- bead, but not for 
bet-bed (p < 0.05) . Recall that the Cantonese subjects arrived at a significantly 
earlier average age in the U .S. than the Shanghainese subjects but not the Mandarin 
subjects. Thus the significant difference in A ' scores between the Cantonese and 
Mandarin subjects cannot be explained simply as the result of the confound of age 
of arrival and LI background . 

4. Discussion 

Aege (1989a) found that Chinese speakers of English closely resembled native 
speakers of English in identifying unedited tokens of It I and Idl in the final position 
of English words , whereas they perfonned much more poorly than English native 
speakers when altempting to identify stops from which voicing and release burst 
cues had been removed . The native languages (Lis) of the Chinese subjects tested 
all possess a contrast between It I and Idl in word-initial but not in word-final 
position , which suggested that the Chinese subjects' relatively poor identification of 
burstless Ill s and Idls derived from their attempt to use word-initial cues for 
word-final stops . 

The present study replicated the Aege (19890) study in showing that burstless It l s 
and Idl s were difficult for Chinese subjects to identify correctly , and in showing that 
their sensitivity to the It/-/dl contrast could be increased significantly by a small 
amount of feedback training. The native speakers of Mandarin , Shanghainese , and 
Cantonese in the present study were all able to identify edited Itls and Idls better 
after than before training. The rate of correct identifications increased by an average 
of 25%, which is larger than the approximately 10% increase obtained by Aege 
(l989a) using the same stimuli and training technique. The Mandarin subjects in the 
present study identified stops in the pre-training block at a slightly lower rate than 
Mandarin subjects examined in the earlier study (59% us. 64 % ) but at a higher rate 
after training (78% us. 69%). 

It is uncertain why a larger training effect was obtained here than in the Aege 
(1989a) study . One possibility is that more subjects in the present study than in the 
earlier study had a special aptitude for perceiving non-native phonetic contrasts (see 
Underbakke a/., 1988). The training effect obtained here was also Jarger than 
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those obtained in studies which have applied similar training techniques to other 
phonetic constrasts (e.g ., Jamieson & Morosan , 1986; Logan er al. 1989). Perhaps 
the effect of training was greater here than in other studies because the It/-Idl 
contrast was a familiar non~native contrast to the subjects in the sense that it existed 
in word~initial position in tbeir Lis. Another possibility is that voicing contrasts are 
relatively easy to learn-and train-because they are psychoacoustically "robust" 
(see , e.g. , Burnham, 1986). 

It appears that , as a result of the training, the Chinese subjects became better able 
to make use of acoustic cues that remained in the stimuli after the e10sure voicing 
and release burst cues were removed, such as preceding vowel duration and quality. 
One finding suggested that they also may have begun to use F) offset frequency as a 
cue to the word-final stop voicing distinction. The Chinese subjects showed 
significantly greater sensitivity to stops following leI than /i/ . A number of studies 
have shown that F I frequency is lower at the end of formant transitions leading into 
voiced than voieless English stops in word~final position, and that native speakers of 
English may use this acoustic difference as an acoustic cue to the voiced~voiceless 
distinction (Wolf, 1978; Revoile er aJ., 1982; Hillenbrand e/ al. , 1984; van Summers, 
1987, 1988). Hillenbrand e/ a1. (1984) provided acoustic evidence that the F, 
difference may be greater following mid than high vowels owing to differences in F, 
frequencies in the preceding vowels. For example , the F, offset frequency 
differences between words ending in /gl and / k/ were greater following lei than / i/ 
(181 Hz us. 15 Hz) ' 

It is uncertain exactly how the Chinese subjects' perception changed as the result 
of the feedback training administered in the present study. One possibility is that 
they began to allocate more attention to the end of the CVC stimuli. Psycholinguis~ 
tic research has shown that consonants at the beginning of syllables are processed 
differently, and may receive more attention, than consonants at the end of syllables 
(e.g. , Marslen~Wilson & Walsh , 1978; Siowiaczek er ai., 1987; Walley , 1987, 1988). 
Before training, the Chinese subjects may have focused less attention on the end of 
the CVC stimuli than native speakers of English , who must learn to pay more 
attention to the end of syllables because many words in their Ll are distinguished 
crucially by rapid spectral changes which accompany constriction for post-vocalic 
consonants. Chinese subjects, on the other hand, may allocate relatively little 
attention to syllable endings because relatively few Chinese words are so 
distinguished . 

A second important finding of the study was that the native speakers of Cantonese 
were significantly more sensitive to the English word~final Itl - / dl contrast than the 
native speakers of Mandarin. They also showed a non-significant tendency to 
outperform native speakers of Shanghainese. Although subjects in the present study 
were not matched according to L2 experience, an examination of questionnaire data 
suggested that the differences between the Cantonese and Mandarin subjects were 
not due to differences in L2 experience . There were no significant differences 
between them in years of English~language instruction , length of residence in the 
U.S ., or percentage daily use of English. Of the variables examined in multiple 

• van Summers (1987) found that F, frc'lucncies wcrc also higher in the steady-state !'Onion of vowels 
preceding voiceless than voiced stops. In a later perceptual study using synthetic stimuli , van Summcrs 
(1988) showed that F, steady·state frequcncy had an effect on voicing judgments that was independent of 
the elrcet of F, frequency offset differences _ 
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regression analyses , only age of arrival in the U .S. proved 10 be a significant 
predictor of variance in A ' scores . The Cantonese aDd Mandarin subjects did not 
arrive at significantly different ages in the U.S . 

A more likely explanation for the difference between the Cantonese and 
Mandarin subjects (and the non·significant difference between the Cantonese and 
Shanghainese subjects) was the hypothesized syllable processing differences men
tioned above. Cantonese pennits unreleased fp , I, k/ in word-final position and 
Shanghainese has a glottal SlOp . Mandarin , on the other hand . permits no obstruents 
to occur in word-final position . The results support the hypothesis that the greater 
the number of word-final obstruents in the Ll , the easier it will be for non-natives to 
perceive a voicing contrast in the final position of L2 words (if no such contrast 
exists in their L1) . By hypothesis . the Cantonese subjects outperformed the 
Mandarin subjects because they attended more closely to the spectral changes that 
occurred near the constriction of the final It/s and Id/s. A1though there is no 
voiced-voiceless contrast in the final position of words in Cantonese . Cantonese 
speakers may need to focus attention on the end of syllables in order to distinguish 
the unreleased tokens of Ip, t, kl that occur at the end of Cantonese words . 

The present research leaves unanswered a number of important questions 
concerning the perception of non-native phonetic COntrasts . It is uncertain whether 
the improved identification of word-final tokens of I II and Id/ that can be obtained 
rather quickly Ihrough feedback training wiU persist , and if it will improve subjects' 
recognition of English words during conversation. One wonders if the feedback 
training would have been less successful had the subjects not been familiar with a 
It/-/dl contrast in the word-initial position of their LI. It would be interesting to 
compare the rate and the extent to which Chinese subjects and speakers of a 
language like Finnish (which has only a marginal contrast between voiced and 
voiceless SlOpS in allY position) would learn the It/- /dl contrast. 

Although there was no evidence that the between-group differences in sensitivity 
to the It/- /dl obtained in the present study could be accounted for by differences in 
prior L2 experience, it is nevertheless possible that some other , more fine-grained, 
measures of English-language experience might have led to a different conclusion . 
Six of the Cantonese subjects came from places (Malaysia, Hong Kong) where 
English is a major cultural force, so they may have received a greal deal of passive 
exposure to English prior to their arrival in the U .S. Since it is difficult to gauge 
amount and quality of L2 experience . it would be useful to replicate the results 
obtained here with Chinese subjects who had no previous English-language 
experience . This would make it possible to answer another important question : Do 
phonotactic constraints in the L1 influence the effectiveness of feedback training? 

Studies of language development have shown that children's prior knowledge may 
affect to some extent the effectiveness of training (Johnston . 1988). The same might 
be true for speech learning. The present study did not yield a significant 
Group x Block interaction . However , the Cantonese subjects may nevertheless have 
benefited more from training than the Mandarin subjects as the result of paying 
greater attention to the ends of the stimuli. The interaction may have been obscured 
by the ceiling effect which arose because the Cantonese subjects' sensitivity to the 
It/- /d/ contrast was nearly perfect after the training . 

In summary, the results obtained here suggest that L1 phonotactic constraints 
may affect how well listeners learn a familiar non-native contrast . Subjects whose Ll 
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(Cantonese) bas word-final obstruents perceived the (burstless) word-final Englisb 
It/-/dl contrast better than subjects whose L1 (Mandarin) permits no obstruents in 
word-final position. The subjects in all three Chinese groups examined benefited 
from training, which suggests that strategies of attentional aUocation learned during 
L1 acquisition can be modified by appropriate sensory stimulation_ Additional 
research is needed to determine whether the training effects obtained in short-term 
laboratory training experiments persist and generalize to the recognition of words in 
conversational speech. 

The research was supported by NfH grant NS20963. The authors thank Elizabeth James for 
help preparing the stimuli, Laurie Skelton rOf help with data analysis, and O-S. Bohn and two 
anonymous reviewers ror comments on a previous draft or the article. 
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