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ABSTRACT
Fourteen adult native speakers of Mandarin identified synthesized
English /hid/-/hId/ and /hud/-/hUd/ continua that differed in 6
equal spectral and temporal steps. Pretests were followed by short
training sessions (using the extreme tokens of the same two
continua) which were followed immediately by posttests. A
comparison group of 14 native speakers of English also
participated and took the pretests only. The results showed that
the majority of the Mandarin listeners relied heavily and
consistently on the duration cues for the / i/-/I/ but not the /u/-/U/
distinction in the pretests. In the posttests, the Mandarin listenersÕ
perceptual performance on both continua was comparable to that
of the English speakers, indicating that training effectively shifted
the Mandarin listenersÕ attention from the duration differences to
the spectral differences.

1. INTRODUCTION
Previous studies indicate that non-native vowel perception and
production are often influenced by the listenersÕ L1 vowel system
[1, 2]. However, studies have also shown that Mandarin and
Spanish speakers rely heavily on durational cues for the English
/i/-/I/ contrast, even though neither the Spanish nor the Mandarin
system uses vowel duration contrastively [3]. In a more recent
study, Wang [4] found that Mandarin speakers greatly
exaggerated the durational differences in their production of the
English /i/-/I/ but not the /E/-/Q/, nor /u/-/U/ tense-lax pairs. These
findings suggest that the Mandarin speakers did not generalize
the use of temporal cues for all English tense-lax vowel
distinctions. This study was carried out to examine Mandarin
listenersÕ perceptions of /i/-/I/ and /u /-/U/ to explore whether
Mandarin listenersÕ perceptual patterns would be similar to those
used in the production of these vowel pairs. In addition, brief
training sessions were conducted in an attempt to shift the
listenerÕs attention to the spectral properties of the stimuli.

2. PROCEDURE
The listeners were 14 adult native speakers of Mandarin (6 men,
8 women),  who were born and raised in northern China. All had
high proficiency in English and were enrolled as graduate
students at a Canadian university. Fourteen native speakers of
Canadian English participated as a comparison group. The two-
dimensional English /hid/-/hId/ and /hud/-/hUd/ continua were
generated using a Klatt synthesizer. The steady state F1-F3 values
for /i/ were 310, 2100 and 2960 Hz respectively, and for /I/, the
values were 410, 1850, and 2660 Hz. For the /hud/-/hUd/
continua, vowel steady state values of F1-F3 were 300, 900, and
2200 Hz respectively for /u/ and 450, 1150, and 2400 for /U/. The

intermediate values were calculated in linear steps. Both the front
and back vowel continua were synthesized with six temporal and
six spectral steps generating 36 tokens per continuum. For the
temporal steps, the six longest vowels were 250ms and the six
shortest were 125ms with 25ms difference per step. The /hid/-
/hId/ and /hud/-/hUd/ tokens (36 each) were randomly presented
in separate front and back vowel blocks with 3 repetitions of each
token.

For the Mandarin participants, the experiment consisted of a
pretest, a training session, and a post test. The stimuli used for the
pretest and the posttest were identical. The native English
subjects completed the pretest only. Individual listening tests
were held in a sound-treated room. The stimuli were presented
binaurally via a computer through headphones. The labels
appearing on the computer screen were ÔheedÕ and ÔhidÕ for the
front vowel continuum, and ÔwhoÕdÕ and ÔhoodÕ for the back
vowels. The order of the tasks was counterbalanced.

The stimuli for the training sessions consisted of the first and
last temporal steps of six tokens of each continuum (the six
longest and shortest tokens that differ in six spectral steps). They
were randomly presented four times with a total of 24 tokens in
each block. Immediate feedback was provided. Training sessions
were held for each listener repeatedly until a criterion of 95%
correct identification was reached (i.e. a maximum of one
mistake for each training block of 24 tokens). If a subject met the
standard after only one training session, then no further training
was necessary for that listener. No more training would be
provided if a subject still could not meet the criteria after the first
four training sessions. The post test was held immediately after
the training sessions.

3. RESULTS
The % identification scores for ÔheedÕ and ÔwhoÕdÕ for the
Mandarin listeners (pre and post tests) and the English
comparison group are presented for each spectral step (pooled
over the six temporal steps) in Figure 1. Overall, the Mandarin
listeners did not respond strongly to spectral cues in the /i/-/I/ and

/u/-/U/ pairs in the pretest. In the post test, the number of ÔheedÕ
and ÔhoodÕ responses dropped sharply as the spectral quality
changed between step 3 and step 4. Obviously, the training
dramatically increased the Mandarin listenersÕ sensitivity to the
spectral cues for both the /i/-/I/ and /u/-/U/ contrasts.

To examine the effect of duration on the Mandarin listenersÕ
perceptions of the vowel pairs, the % ID scores for ÔheedÕ and
ÔwhoÕdÕ by duration steps (pooled over the six spectral steps) for
each test are presented in Figure 2. In general, the Mandarin
listeners relied heavily on the temporal cues for the contrast
between /i/ and /I/. However, they did not show much reliance on
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the duration cues for the /u/-/U/ contrast in the pretest. Training
effectively shifted the Mandarin listenersÕ attention from the

duration differences to the spectral differences for the /i/-/I/
contrast.

0

25

50

75

100

%
 '

H
ea

d'
 I

D

1 2 3 4 5 6

Spectral Steps

0

25

50

75

100

%
 '

W
ho

'd
' 

ID
1 2 3 4 5 6

Spectral Steps

Native English

Post Test

Pretest

Figure 1.  Identification scores by spectral steps.
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Figure 2. Identification scores by duration steps.

3.1. Individual Differences
Individual Mandarin listenersÕ % ID scores for ÔheedÕ and
ÔwhoÕdÕ by each spectral and duration step are presented in Table
3 and Table 4 respectively. Noteworthy individual differences
were seen in the data. For example, although most of the
Mandarin listeners did not make clear use of the spectral cues in
the pretest for the /i/ - /I/ contrast, three of the Mandarin listeners
showed a clear pattern of consistent reliance on the spectral
properties for contrasting ÔheedÕ and ÔhidÕ. One listener showed a
reversed pattern of spectral properties for the ÔheedÕ and ÔhidÕ
contrast as the typical spectral steps of ÔheedÕ (step 1 and 2) were
all labeled ÔhidÕ and vice versa. It was obvious that this particular
listener made use of the spectral properties to contrast this pair of
vowels but was apparently confused about the orthography of the
labels. Ignoring the confusion caused by the orthographic
problem in the labels, then, four of the 14 native Mandarin
listeners demonstrated a clear reliance on the spectral cues for
contrasting the /i/-/I/ pair. Eight relied heavily on the duration
cues. Two of the listeners did not show a clear pattern of relying

heavily on either spectral or duration cues, but showed a tendency
to use both. Five of the 14 Mandarin listeners showed a fairly
clear reliance on the spectral cues for the /u/-/U/ contrast. Four
listeners seemed to rely on the spectral cues for the back vowel
pair contrast but were confused with the labels. (Their % of
ÔwhoÕdÕ ID increased sharply from spectral step 4 through step 6
as the spectral quality changed from ÔwhoÕdÕ to ÔhoodÕ.) For the
remaining five listeners who did not show clear use of the
spectral cues in the task, all appeared to have made use of the
duration cues to some degree, but only two seemed to rely
heavily on the duration cues for the /u/-/U/ distinction.

3.2. Effect of Training
Training appears to have effectively shifted the Mandarin
subjectsÕ attention from temporal to spectral differences. A close
examination of the individual listener data showed that seven of
the eight Mandarin listeners who relied consistently on the
duration cues for the front vowel pair contrast quickly learned to
attend to the spectral cues after brief session(s) of training with
feedback. Only one listener still appeared to be confused by the
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duration cues after the maximum four training blocks but showed
some improvement in the post  test.

4. DISCUSSION
In general, the data suggested that the majority of the Mandarin
subjects relied heavily on the duration cues for the /i/-/I/ but not

/u/-/U/ distinction in the pretest. These findings gave rise to the
question of why the Mandarin speakers reacted differently to the
same temporal and spectral information contained in the two

similar continua. This phenomenon needs further exploration as
neither /I/ nor /U/ exists in the Mandarin vowel system [4] and the
two pairs of vowels seem to differ along the same dimensions in
terms of duration and spectral differences. As seen in the results
of the present study, native English listenersÕ responses to the two
vowel continua were consistent. They used mainly the spectral
cues in contrasting both pairs. The influence of the temporal cues
was seen only in the case of insufficient spectral information in
the ambiguous stimuli.

Spec. Steps M01 M02 M03 M04 M05 M06 M07 M08 M09 M10 M11 M12 M13 M14

Spectral 1 100 58 100 67 42 67 58 58 75 58 0 83 50 92

Spectral 2 92 67 100 67 33 58 67 50 83 67 0 67 92 92

Spectral 3 75 42 83 58 50 58 67 50 75 67 25 33 83 0

Spectral 4 25 50 17 33 58 67 42 58 67 58 83 8 58 8

Spectral 5 8 50 0 42 58 67 58 42 58 50 92 0 50 8

Spectral 6 0 50 0 25 58 75 75 58 58 42 100 17 17 0

Spec. Steps M01 M02 M03 M04 M05 M06 M07 M08 M09 M10 M11 M12 M13 M14

Spectral 1 100 100 100 100 67 75 100 100 100 100 100 100 100 100

Spectral 2 100 100 100 100 75 83 83 100 100 100 92 83 100 75

Spectral 3 25 67 75 100 67 83 92 83 100 92 75 17 83 17

Spectral 4 0 17 8 75 42 33 17 33 25 83 25 0 33 8

Spectral 5 0 8 0 17 42 0 8 0 8 17 8 0 8 0

Spectral 6 0 0 0 0 33 0 8 8 0 8 0 0 0 0

Table 3. Percentage of ID of ÔheedÕ in the pretest (top) and posttest (bottom)

Interestingly, parallel results were found with Mandarin
speakersÕ productions of the two vowel pairs. Mandarin speakers
greatly exaggerated the duration differences between /i/-/I/ but

not between /u/-/U / in their productions [4]. The results of the

two studies suggest that the Mandarin speakers were inconsistent
in making use of the temporal cues in contrasting the English
tense-lax vowel pairs in perception and production.

Spec. Steps M01 M02 M03 M04 M05 M06 M07 M08 M09 M10 M11 M12 M13 M14

Spectral 1 100 8 58 75 100 100 50 50 92 8 33 0 17 100

Spectral 2 100 8 50 75 83 100 58 67 100 17 33 8 25 100

Spectral 3 100 17 50 50 42 75 58 67 92 25 58 17 0 75

Spectral 4 75 75 50 42 17 50 50 58 50 83 42 42 50 0

Spectral 5 25 100 50 42 8 17 25 58 0 100 50 92 67 0

Spectral 6 0 92 42 8 0 0 42 17 8 92 33 100 100 0

Spec. Steps M01 M02 M03 M04 M05 M06 M07 M08 M09 M10 M11 M12 M13 M14

Spectral 1 100 100 100 83 100 100 100 100 100 100 100 100 100 100

Spectral 2 100 100 100 92 100 100 92 100 100 100 100 100 100 100

Spectral 3 100 58 92 83 92 83 33 100 100 83 92 100 83 75

Spectral 4 58 25 25 33 0 58 25 50 25 33 50 67 50 8

Spectral 5 8 0 0 17 0 0 8 50 0 0 8 8 0 0

Spectral 6 0 0 8 0 0 0 42 0 0 0 0 0 0 0

Table 4. Percentage of ID of ÔwhoÕdÕ in the prestest (top) and posttest (bottom)
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In an attempt to account for the inconsistencies in the use of
the temporal cues observed here, a few explanations might be
considered. The first explanation is related to the difference in
functional load between the /i/-/I/ and /u/-/U/ distinction in
English. Although the front and back vowel pairs exhibit parallel

differences in terms of acoustic properties, the /i/-/I/ distinction
bears more functional load in English than does the back vowel
distinction. This is clearly reflected in the small number of
suitable minimal pairs possible for this type of experiment.
Hardly any commonly used vocabulary items are distinguished
by /u/-/U/ in English. Therefore, in real communication, the
confusion caused by the substitution of one by the other would
cause more problems for the front than the back vowel pair. The
greater need to contrast /i/-/I/ probably calls for more effort from
learners in finding the acoustic properties that signal the
difference between the vowels in order to understand and to be
understood in communication. From the standpoint of the
learners, if spectral differences did not seem to be sufficient to
cue the contrast, they would tend to attend to other acoustic
differences, especially temporal cues, for the contrast. For the /u/-

/U/ contrast, substitution of /u/ or /ou/ for /U/ was seen more often
in production [4].

Another explanation for the Mandarin speakersÕ
inconsistency in using the temporal cues in contrasting the
nonnative vowel pairs comes from the pedagogical perspective.
In debriefing, almost all of the Mandarin listeners reported that
the vowels in ÔheedÕ and ÔhidÕ were mainly different in duration.
while their description of the difference between ÔwhoÕdÕ and
ÔhoodÕ was much less clear. This strong belief in the long vs.
short nature of the front vowel distinction may have arisen during
instruction from foreign language teachers. Almost all the
Mandarin subjects in the present study reported that their English
teachers characterized the difference as long [i:] vs. short [i] in
their instruction. However, none of them reported that their
teachers described the difference in the back vowel pairs as long
[u:] vs. short [u]. The misdirection in pedagogy may well have

affected the Mandarin speakers in learning the /i/-/I/ distinction as
seen in both the present perception study and the previous
production study.

The findings reported here have a number of implications.
First, the Mandarin listenersÕ reliance on duration cues for two
English vowel distinctions was inconsistent. The findings of the
present study show that the use of duration differences in
contrasting nonnative vowels is more complicated than has
previously been supposed. Temporal cues do not kick in naturally
in the case of spectral insufficiency in vowel identification tasks.
Listeners do not automatically look for durational cues for
nonnative vowel distinctions even if these cues are systematically
present in the case of well-controlled synthesized vowel stimuli.
Therefore, the reliance on temporal cues for a nonnative vowel

contrast may be an acquired strategy. In the present study,
pedagogical misdirection in the case of the / i/-/I/ distinction may
well have played an important role in Mandarin speakersÕ heavy
reliance on the temporal cues in their perception and great
exaggeration in their production of /i/-/I/. Without the

pedagogical misdirection in the /u/-/U/ distinction in duration, the
Mandarin listeners tended to force themselves to rely more on the
spectral differences in the vowel continuum in the perception test
regardless of the orthographic problem. Similarly, as reported in
WangÕs production study [4], duration differences between /u/-/U/
were not exploited, even when the Mandarin speakers had serious
problems with their production of this vowel pair. Instead,
substitution appeared to be the major solution as both the
intelligibility test and the acoustic analysis showed that the
majority of Mandarin speakers substituted English /u/ and /ou/

for /U/ in their productions. More studies are needed to investigate
this issue. For example, pairs of tense-lax vowels similar to
English /i/-/I/ and /u/-/U/ existing in a language that is not familiar
to the learners may be used. In such instances, the use of duration
cues cannot be influenced by factors such as functional load and
pedagogical misdirection.

Another finding of the present study is the potentially useful
effect of training on the perceptual learning of nonnative vowel
contrasts. The present study confirmed that a short period of
training with feedback can be very effective in diverting the
listenersÕ attention from temporal properties to the more
important spectral properties in vowel perception tasks. Whether
such training can have long-term benefits for learners in terms of
perception and production remains to be explored.
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