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Abstract—English vowel /1/ and /i:/ are different in both
durational and spectral dimensions. To investigate Chinese
listeners’ perceptual sensitivity to durational and spectral cues
for the English /1-i:/ contrast, and the effect from their L2
proficiency, two groups of native Chinese listeners with different
English levels participated in the current study. A word
recognition test with naturally produced /1-i:/ tokens was used
to examine listeners’ English levels. Four categorical perception
tests with synthesized /1-i:/ continua were carried out to
investigate listeners’ ability of utilizing durational and spectral
cues in /1-i:/ perception. The results showed no clear categorical
perception in the durational dimension for both groups, while in
the spectral dimension, the high English proficiency group
demonstrated a more categorical-like perception pattern. The
results also showed that the high English proficiency group had
better ability in utilizing spectral and durational cues for
English /1/ and /i:/ identification, indicating that listeners’ cue-
weighting strategies were influenced by their English levels.
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L.

Acquiring vowels in a second language (L2) is an
important aspect for adult L2 learners. Unlike consonants,
there is no clear boundary between the adjacent vowels.
Therefore, many learners have great difficulty in identifying
and discriminating L2 vowels [1]. Compared to other English
vowel contrasts, English /1/ and /i:/ are among the most
difficult contrasts for learners [2],[3],[4].

INTRODUCTION

Categorical Perception (CP) refers to the ability that
listeners perceive continuous acoustic signals as discrete
linguistic representations [5]. Related studies have been
mainly documented on the categorical perception of
consonants and vowels [6], [7]. Although the transitions
between vowel categories are continuous, [7] showed that
native listeners still exhibited categorical features in vowel
perception.

Some acoustic features, such as spectral (frequencies of
the first(F1) and the second(F2) formants) and durational
cues, are the most important cues in distinguishing and
identifying the phonetic category of /1/ and /i:/. For native
English listeners, they relied heavily on spectral cues with
vowel duration at a secondary place [8]. However, some
studies found that, unlike native English listeners, Japanese,
Chinese and Spanish listeners relied predominantly on vowel
duration to distinguish English /1/ and /i:/ [8-10], while adult
Korean listeners were able to employ both spectral and
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durational cues [11].

The cue-weighting strategies may conflict between the
first language (L1) and the second language. Learners
gradually use the strategies of cue weighting in L2 learning.
[12] showed that L2 learning might change learners’ cue-
weighting strategies, specifically, L2 learners reduced their
reliance on duration cues and improved their use of spectral
cues in identifying English vowels.

Furthermore, L2 proficiency has exerted a crucial
influence on categorical perception [13], [14]. For instance, a
significant group difference was found between the high
English proficiency group and the low English proficiency
group. The high English proficiency group tended to make
better use of acoustic cues to identify speech sounds.
Specifically, Korean listeners of English in the high English
proficiency group were more sensitive to FO and Voice Onset
Time (VOT) than listeners in the low English proficiency
group [13],[14].

To summarize, previous studies have suggested acoustic
cues of English vowel contrasts are important in vowel
perception. However, there is a lack of studies on the
relationship between acoustic cues and English proficiency,
especially among Chinese listeners. Therefore, the goal of the
current study is to investigate the perceptual ability and cue-
weighting strategies of English vowel contrasts /1/-/i:/ for
Chinese listeners with different proficiency of English. More
specifically, a word recognition test and four vowel
identification tests were used in this study. Synthesized vowel
continua based on original /1/ and /i:/ in vowel identification
tests were applied to examine the identification of English /1/
and /i:/ among Chinese listeners with different English levels.

II. METHODS

A. Listeners

A cohort of twenty native Chinese listeners (14 females
and 6 males) were recruited from Jiangsu University of
Science and Technology, China, with age ranging from 22 to
28 years (mean age = 23.75 years). All listeners started
learning English at school when they were 9 or 10 years old.
They were all originally from the Northern Mandarin dialect-
speaking region. None of them had reported history of speech
or hearing disorders and a residence history in English-
speaking countries. They all had passed the College English
Test Band 4 (CET-4) and had basic knowledge of the
International Phonetic Alphabet (IPA) for English. Listeners
were paid for their participation. Following the procedure in



[15], these listeners were divided into a low English
proficiency (LEP) group and a high English proficiency (HEP)
group by using the k-means clustering algorithm, according
to their word recognition scores (see section IIT A).

B. Stimuli

For the word recognition test, English tense-lax vowels
(/- /iz/) were put in /CVC/ frame and 10 real words were
used (bid, bead, fit, feat, did, deed, rid, read, fid, feed).
Another 10 real words (bet, bat, bed, bad, dead, dad, fed, fad,
fet, fat) were added as fillers. Six native British English
speakers (2 females, 4 males) were instructed to produce
these 20 words in a natural manner and to repeat them four
times.

For the vowel identification tests, stimuli were
synthesized based on the vowel parts (/1/-/i:/) extracted from
two real-word tokens (hid, heed), produced by another male
native British English speaker. The duration values of the
original /1/ and /i:/ were 103ms and 178ms, and the first and
second formant (F1, F2) values were 474Hz, 2089Hz and
343Hz, 2398Hz for /1/ and /i:/ respectively. Vowel continua
were constructed by using Vocal Toolkit for Praat [16] along
durational and spectral dimensions with the original /1/ as the
starting point respectively. The first continuum was
synthesized based on the original /1/ where vowel duration
was varied in 10 equal steps from 103ms to 178ms without
changing the formants (/t/ = /i:/ continuum). The second
continuum was synthesized based on the original /i:/ with the
duration reduced from 178ms to 103ms in 10 equal steps (/i:/
-> // continuum). Similarly, another two continua (/1/ = /i:/
and /i:/ = /1/) were synthesized from the original /1/ and /i:/
respectively, with F1 changing from 474Hz to 343Hz and F2
changing from 2089Hz to 2398Hz simultaneously in 10 equal
steps, without modifying the original vowel duration. Finally,
four sets of continua were constructed, each contained 11
stimuli (see sample stimuli in Fig. 1). The duration and
formant values for stimuli in the four continua are shown in
TABLE 1. Continua based on another two vowels (/e/-/a/)
were created in a similar way and served as fillers.

TABLE L DURATION AND F1 & F2 VALUES OF /// - /1:/ IN THE
CONTINUA
Step F1(Hz) F2(Hz) Duration (ms)
1 474 2089 103
2 461 2119 111
3 448 2150 118
4 435 2181 126
5 422 2212 133
6 409 2243 141
7 395 2274 148
8 382 2305 156
9 369 2336 163
10 356 2367 171
11 343 2398 178
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Fig. 1. Spectrograms of the endpoint stimuli in the four synthesized
continua. The top panel shows the durational /v/ = /i:/ continuum where the
vowel length was increased from the original /1/ to /i:/. The upper-middle
panel shows the durational /i:/ = /1/ continuum where the vowel length was
decreased from the original /i:/ to //. The lower-middle panel shows the
spectral /1/ > /i:/ continuum where the values of F1 and F2 were adjusted
from the original /1/ to /i:/. The bottom panel shows the spectral /i:/ > /i/
continuum where the values of F1 and F2 were adjusted from the original /i:/
to /v.

C. Procedures

All tests were conducted in a sound-treated audiology test
laboratory at Jiangsu University of Science and Technology.
Listeners were tested one by one. The presentation of stimuli
and the collection of responses were controlled by a tester
using a customized E-prime [17] program. Listeners finished
the English word recognition test first, followed by the vowel
identification tests with the two durational continua, and then
the vowel identification tests with the two spectral continua.

In the English word recognition test, listeners were asked
to classify the English vowel they heard in each CVC token
as an instance of one of the four vowel categories (/1/, /i:/, /e/,
/#/) by clicking the responding button on the computer screen.
Four English vowels (/1/, /i:/, /e/, //) were shown on buttons
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to represent the corresponding vowel category. The word
recognition test included 240 trials (10 words X 6 speakers x
4 tokens) and 240 fillers (10 English words x 6 speakers x 4
tokens) in a total of 480 stimuli. The order of the stimuli
presentation was random.

In the vowel identification tests, listeners were required to
assign the vowel they heard to their corresponding vowel
category. The interstimulus interval (ISI) was 500ms. There
were 1760 stimuli (20 repetitions x 11 stimuli x 4 continua +
fillers) in four identification tests, each test containing 440
stimuli (20 repetitions x 11 stimuli x 1 continuum + fillers).
The stimuli in each test were in a random order and listeners
should finish tests one by one.

D. Data Analysis

By combining data from each listener’s proportion of /1/
responses to four synthesized continua, the mixed-effects
logistic regression models [18] were constructed to explore
the relationship between two acoustic cues and the proportion
of responses in two groups respectively. The dependent
variables were the proportion of English /1/ response. The
independent variables were two acoustic cues, duration and
spectrum. The model included random intercepts and slopes.
The estimated regression coefficients were measured to
evaluate the slope of the fitted logistic curves, which was an
indication of the sharpness of the categorical boundary and
the reliance on acoustic cues.

III.  RESULTS

A. Accuracies in the word recognition test

Following the procedure introduced in [15], listeners’
mean accuracy scores in the English word recognition test
were calculated individually and then submitted to a k-means
classifier. The 20 listeners were divided into a low English
proficiency (LEP) group and a high English proficiency (HEP)
group by the k-means classifier. The LEP group comprised 8
listeners with a low identification accuracy rate (M = 57.86%,
SD = 0.07), and the HEP group consisted of 12 listeners with
a relatively high identification accuracy rate (M = 79.68%,
SD = 0.06). The two groups were significantly different in
accuracy scores [#(18)=-7.761, p<0.001]. Fig. 2 demonstrates
the identification accuracies of the LEP group and the HEP
group for both /1/ and /i:/ tokens in the word identification test.
Statistical analysis showed that for /1/ tokens, no significant
difference was found between the LEP group (56.88%) and
the HEP group (73.68%) [#(18)= -1.838, p= 0.099>0.05],
however, for /i:/ tokens, the identification accuracy of the
LEP group (58.85%) was significantly lower than that of the
HEP group (85.69%) [#(18)= -4.02, p<0.05]. Further
statistical analysis shows that, there was no significant
difference of recognition accuracy between /1/ and /i:/ for the
LEP group [#(14)= -0.174, p=0.864>0.05], but a significant
difference for the HEP group [#(22)= -3.039, p<0.05]. This
result indicated that listeners in the HEP group had a
relatively better ability in identifying English /1/ and /i:/ than
the LEP group.
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Fig. 2. The mean identification accuracy of words with English /v/-/i:/
between the two groups

B. Perception of durational continua

HEP and LEP groups’ perception performances for the
two durational continua are shown in Fig. 3. The group-
averaged proportion of /1/ responses for each of the 11 stimuli
in the /1// = /i:/ and /i:/ = /1/ continuum are shown in the upper
and lower panels of Fig. 3 respectively. For the /i/ = /i:/
continuum (upper panel), neither the HEP group nor the LEP
group showed a clear “Z” shape categorical perception curve.
However, a general trend that with the increasing vowel
duration, listeners’ proportion of /1/ responses decreased can
still be observed for both groups. It can also be seen in the
upper panel of Fig. 3 that the HEP group had a relatively
steeper drop of the proportion of /1/ response than the LEP
group. The mixed-effects logistic regression models
confirmed that vowel duration had a significant effect on the
HEP group’s vowel identification ( £ugp= -0.239, p<0.001)
but not on the LEP group’s ( B1ep= -0.126, p=0.101>0.05),
indicating the HEP group might be more sensitive to the
durational cue for the English /1-i:/ contrast than the LEP
group.

For the /i:/ = /// continuum (lower panel of Fig. 3), both
the HEP and LEP groups had much lower /1/ responses, which
might be due to the fact that the /i:/ = // continuum was
synthesized based on vowel /i:/. Again although no
categorical perception curve can be observed, both groups’ /1/
response decreased as when the vowel duration increased.
Statistical analysis of the mixed-effects logistic regression
models showed that vowel duration had a significant effect
on the HEP group’s vowel identification ( £ ugp= -0.122,
p<0.05) but not on the LEP group’s ( B = -0.1,
p=0.17>0.05), indicating the HEP group might rely more on
the durational cue than the LEP group.
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Fig. 3. Perception of durational continua for HEP and LEP groups. The y-
axis shows the proportion of English /1/ responses to the 11 stimuli (x-axis)
in the /1/ = /i:/ (upper) and /i:/ = /1/ (lower) continua. Note that stimulus 1
always represents the stimulus with the same duration as original /v/ and
stimulus 11 is the stimulus with the same duration as original /i:/.

C. Perception of spectral continua

Fig. 4 demonstrates the perception performances for the
two spectral continua from the HEP and LEP groups. The
upper panel of Fig. 4 shows the group-averaged proportion of
/1/ responses for each of the 11 stimuli in the /i/ > /i:/
continuum while the lower panel shows the /1/ responses in
the /i:/ = /1/ continuum. For the /1/ = /i:/ continuum (upper
panel), both HEP and LEP groups had very flat identification
curves, indicating both groups possibly were not quite
sensitive to the change of spectral cues. The mixed-effects
logistic regression models confirmed that spectral cues did
not have a significant effect on the HEP group’s ( S ugp= -
0.065, p>0.05) and the LEP group’s ( Brep= 0, p>0.05) vowel
identification.

For the /i:/ = /i/ continuum (lower panel of Fig. 4), a
similar flat identification curve can be seen for the LEP group,
and the statistical analysis of the mixed-effects logistic
regression model confirmed that spectral cues had no
significant effect on LEP groups’ vowel identification ( 8
Lep= 0, p>0.05). However, for the HEP group, a large drop of
/1/ response can be observed close to the endpoint of the
continuum (stimuli 10 and 11). Mixed-effects logistic
regression model also showed that spectral cues had a
significant effect on the HEP group’s vowel identification ( 8
nep= -0.016, p<0.05). This result suggested the HEP group
was more sensitive to spectral cues than the LEP group and
demonstrated a more categorical perception like behavior for
the /i:/ = /1/ continuum.
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Fig. 4. Perception of spectral continua for HEP and LEP groups. The y-axis
presents the proportion of English /1/ responses to the 11 stimuli (x-axis) in
the /v/ > /i:/ (upper) and /i:/ = /1/ (lower) continua.

IV. DISCUSSION

The current study investigated the utilizing of durational
and spectral cues in the perception of English tense-lax vowel
contrast /1-i:/ by native Chinese listeners. A word recognition
test with naturally produced stimuli and four vowel
identification tests with synthetic vowel continua were
conducted. A series of analyses demonstrated that listeners in
the HEP group were more sensitive to durational cues and
spectral cues than the LEP group. In other words, compared
to the LEP group, the HEP group relied more on durational
cues and spectral cues.

Previous studies demonstrated that the perception of
vowels was categorical [6],[7]. In this study, for the two
groups, no categorical perception curve could be seen in the
durational dimension, while the HEP group showed a more
categorical perception in the spectral dimension than the LEP
group. According to theoretical models in the field of the
second language (L2) sound acquisition, PAM [19], SLM [20]
and NLM [21] all claim that listeners tend to process L2
sound via their first language category. If a L2 sound is close
to a L1 category, listeners may ignore the subtle difference
between the two language sounds and regard it as a sound in
the L1 category. Therefore, in this study, results show that
Chinese listeners tend to confuse English /1/ and /i:/ with
Chinese /1/ and they still have many difficulties in identifying
English A/ and /i:/, in line with a more continuous
representation of vowels [22].

Listeners of English mainly identified /1/ and /i:/ in the
duration dimension [11]. In fact, this result was not surprising,
as the importance of duration in discriminating /1/ and /i:/ was
stressed in the process of L2 acquisition [4]. Therefore,
Chinese listeners tend to rely heavily on the durational cues
they are more familiar with to identify and discriminate the
English tense-lax vowel contrasts. However, an interesting
result found in the current study was that the LEP group had
no significant reliance on durational cues, which might be due
to the random responses of listeners with low proficiency,
while for the HEP group, durational cue plays a crucial role
in identifying English /v/ and /i:/ [8], [9], [10]. In line with
previous studies [13], [14], significant differences between
groups were found for native Chinese listeners. In the current
study, the result demonstrated that listeners with higher
English proficiency also attended to spectral cues more
sensitively than listeners with low English proficiency, which
means that the cue-weighting strategies changed in the two
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groups. Different from [12], English proficiency may shift L2
listeners’ cue-weighting strategies from less reliance on
spectral and durational cues to heavy reliance. It might be due
to different materials used in researches. In fact, duration
serves only as a secondary distinguishing feature for English
tense-lax contrasts, and sometimes it is not stable and reliable
[23]. Therefore, except for durational cue, listeners with high
English proficiency also focus more on other acoustic cues,
such as spectral cue, to perceive speech sounds.

V. CONCLUSION

In general, the current study investigated the influence of
L2 proficiency on the perception of English /1/ and /i:/ by
native Chinese listeners. A better acquisition of durational
cues and spectral cues to identify /1/ and /i:/ was found in the
HEP group than in the LEP group.
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