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Abstract

This study investigated the relative contributions of vowels and consonants in recognizing

isolated Mandarin words. Nineteen normal-hearing native speakers of Mandarin were

recruited and were asked to recognize isolated Mandarin words with different proportions of

consonant or vowel segment preserved. The accuracy in recognizing the isolated Mandarin

words, phonemes, and tones were scored. It is found that there is a greater contribution of

vowels than consonants to isolated word recognition in Mandarin, which is different from

previous outcomes in English. Possible reasons for this language difference in isolated word

recognition were discussed.  Contribution of consonant-vowel transitional boundary to isolated

word recognition in Mandarin was also examined. It is found that the word recognition

performance improves with increased amount of consonant-vowel boundary information

presented.
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Introduction

Vowels and consonants are two traditional categories of speech sounds, which are used

to produce words in languages throughout the world (Ladefoged & Disner, 2012). Vowels are

produced with a more open vocal tract and their duration is longer. In contrast, production of

consonants involves constriction of vocal tract and their duration is shorter (Abercrombie, 1967;

Wright, 2004). Due to the differences in the manner of production, vowels and consonants

carry different acoustic information (Kent & Read, 2002). Formant frequencies are the

acoustic cues that are important for identifying vowels. For consonants, the acoustic cue

differs in terms of place and manner of articulation. In general, spectral pattern is the acoustic

cue for the manner of articulation, whereas burst (including energy level and spectral center of

gravity and variance) and formant transition are the acoustic cues for the place of articulation

(Pickett, 1999).

Many researchers suggested that vowels and consonants have different roles in speech

perception. For example, Nespor, Pena, and Mehler (2003) and Toro, Nespor, Mehler and

Bonatti (2008) suggested that vowels contain information about prosody which is used to

interpret the syntactic structure whereas consonants’ higher distinctive power within a word

provides more cues for lexical identification than vowels. There were a number of studies

investigating the relative contributions of vowels and consonants to speech (word and sentence)

intelligibility (Chen, Wong & Wong, 2013; Cole, Yan, Mak, Fanty & Bailey, 1996; Fogerty &

Humes, 2010; Fogerty & Humes, 2012; Kewley-Port, Burkle & Lee, 2007; Owren & Cardillo,



VOWELS AND CONSONANTS IN MANDARIN WORD RECOGNITION 3

2006).

The study of Cole, Yan, Mak, Fanty and Bailey (1996) showed a two-to-one advantage of

vowels over consonants in word recognition at sentence level using the noise-replaced stimuli

(i.e., vowel-only sentences with consonants replaced by noise, and vice versa). Similar results

were also found in the studies of Kewley-Port, Burkle and Lee (2007) and Forgerty and Humes

(2012). Arrecent study concerning the segmental contribution to sentence intelligibility in

Mandarin revealed a three-to-one advantage for perception of vowel-only sentences over

perception of consonant-only sentences (Chen, Wong & Wong, 2013). This ratio was found to

be higher than that in English, suggesting that vowels may play a more important role in sentence

intelligibility for Mandarin.

Speech perception of sentences is different from that of isolated words in two aspects.

One is the presence of linguistic context in sentences, and the other is the change in acoustic

features in sentences. The linguistic context in sentences provides semantic and syntactic

information, which allows listeners to predict the words by a top-down processing in addition to

the acoustic cues. On the other hand, perception of isolated words is lack of context for

prediction of words, and listeners mainly recognize isolated words by their acoustic features

using a bottom-up processing (Denes & Pinson, 1993; Kewley-Port, Burkle & Lee, 2007). In

terms of change in acoustic feature, there are prosodic changes in sentences (Shattuck-Hufnagel

& Tuck, 1996). Since vowels are found to be the main carrier of prosodic information and

convey information about syntax (Nespor, Pena & Mehler, 2003), the vowel advantage in word
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recognition at sentence level may be related to the syntactic content itself. Second, the acoustic

information of phonemes spreads out to their adjacent words in sentences, which means that

adjacent words also contain acoustic cues for word recognition in sentences (Janse & Ernestus,

2011). Due to the above-mentioned factors, the relative contributions of vowels and

consonants to sentence intelligibility may not be the same as those to isolated word intelligibility.

Regarding the relative contributions of vowels and consonants to the perception of

isolated word, there were a few studies conducted in English (Forgerty & Humes, 2010; Owren

& Cardillo, 2006). Owren and Cardillo (2006) showed that listeners discriminated talker

identity better when they were presented with vowel-only isolated words, and discriminated

word meaning better when they were presented with consonant-only isolated words using a

forced-choice judgment task. Forgerty and Humes (2010) used a word identification task to

investigate the segmental contribution to recognize isolated English words.  Although no

significant difference was found between consonant-only and vowel-only words in word

recognition performance, the performance with consonant-only words was more influenced by

lexical difficulty than the performance with vowel-only words, suggesting that consonant has a

more important role in lexical access. The possible reasons for greater contribution of

consonants to lexical access include larger number of consonants and more distinctive nature of

consonants compared to vowels in English (Forgerty & Humes, 2010).

Although there are studies concerning the segmental contribution to isolated word

intelligibility in English, to date there is no study investigating the relative contributions of
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vowels and consonants to recognize isolated Mandarin words. Mandarin phonology is
different from English. Mandarin is a tonal language which consists of four lexical tones (i.e.,
high level, rising, falling and rising, and falling) while English is not a tonal language (Howie,
1976). Moreover, Mandarin has a simpler syllable structure than English. Consonant cluster
can appear in onset and coda positions for English syllables (McMahon, 2002) but not for
Mandarin syllables. The number of vowels and consonants in Mandarin is also different from
that in English. There are 35 vowels and 21 consonants in Mandarin (Chen, Wong & Wong,
2013). The number of vowels is greater than the number of consonants in Mandarin. In
contrast, there are 20 vowels and 24 consonants in English according to the classification in
English Pronouncing Dictionary (Jones, 2006). The number of vowels is fewer than the
number of consonants in English. Therefore, the segmental contribution to isolated word
intelligibility in English may be different from that in Mandarin.

Apart from the segmental contribution to isolated word intelligibility, it is also
demonstrated that increasing the amount of consonant-vowel (C-V) boundary transitional
information improved the isolated word intelligibility in English (Fogerty & Humes, 2010).
Similar findings were also discovered in the study of Mandarin sentences (Chen, Wong & Wong,
2013). Itis believed that C-V boundary consists of co-articulatory information which helps the
identification of adjacent phonemes (Kent & Minifie, 1977; Recasens, 1999). No study has

investigated the contribution of transitional boundary to isolated word intelligibility in Mandarin

yet.
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The purpose of the present study is (a) to determine the relative contributions of vowels

and consonants in recognizing isolated Mandarin words; (b) to compare the relative

contributions of vowels and consonants in isolated word recognition in Mandarin and that in

English; and (c) to determine the contribution of C-V transitional boundary in recognizing

isolated Mandarin words. In order to find out possible reasons for the relative contributions of

vowels and consonants in recognizing isolated Mandarin words, the relative contributions of

vowels and consonants in identification of consonants, vowels, and tones were also examined.

It was hypothesized that there would be a greater contribution of vowels in recognizing

isolated words in Mandarin than that in English. And it was predicted that increasing C-V

transitional boundary information would improve the isolated word recognition performance in

Mandarin.

Method

Participants

Nineteen normal-hearing native speakers of Mandarin were recruited from the

University of Hong Kong, including eight males and 11 females. The age range of the

participants was 18 to 27 (mean age = 20.84). All of them were undergraduates or

postgraduates studying at the University of Hong Kong and came from Mainland China. They

all passed the hearing screening and their bilateral pure tone thresholds were all below 20 dB HL

at octave intervals from 250 to 8000 Hz (ANSI, 1996).
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Materials

The isolated Mandarin words used in the test were taken from a corpus of 1128 isolated

Mandarin (monosyllabic) words, covering almost all daily-used words in Mandarin Chinese.

All the isolated words were produced by a female native Mandarin talker at a normal speaking

rate and with broadcaster’s voice quality. The fundamental frequency of recorded words

ranged from 130 to 330 Hz. The C-V boundaries, defined based on traditional segmental

boundaries, were labeled manually by an experienced phonetician, and later verified by another

experienced phonetician.  All final nasal consonants were counted as part of their preceding

vowels. The average duration of the words was 468 ms (consonants: 118 ms, and vowels: 350

ms). The words include 21 consonants (/b/, /d/, Ig/, Ipl, It/, IK/, Iz/, Icl, Izhl, Ichl, Ijl, [gl, If1, Is],

Ishl, Irl, Ix/, Ihl, NI, Iml, Inf), 35 vowels (/a/, /ol, Iel, lil, lul, [0, /ail, Ieil, laol, loul, lial, liel, liaol,

fiou/, lual, luo/, luail, lueil, luel, fan/, len/, lang/, leng/, /ong/, lian/, /in/, liang/, /ing/, /ion/, luan/,

/uen/, luang/, /ueng/, /Gan/, /in/), and four tones (high level, rising, falling and rising, and

falling).

Five types of stimuli were created. The first type was consonant-only (C-only) stimuli

in which only the consonant segment was preserved (i.e., vowel replaced by noise). The second

type was vowel-only (V-only) stimuli in which only the vowel segment was preserved (i.e.,

consonant replaced by noise). The third type preserved the consonant segment and some

proportion of vowel transition at onset (C + pV), and similarly the forth type preserved the

vowel segment and some proportion of consonant transition at offset (pC + V). The fifth type
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preserved some proportion of consonant and vowel transitions across C-V boundary (pC + pV).
The proportion factor p included three values of 0.1, 0.2, and 0.5, representing 10%, 20%, and
50% of the consonant/vowel segment centered at the C-V boundary to be retained. There were
a total of 11 speech processing conditions, as illustrated in Figure 1. Speech-shaped noise was
used to replace the vowel/consonant segment to create stimuli in the 11 conditions, with

signal-to-noise ratio -16 dB (Chen, Wong & Wong, 2013).

C +p¥V Conditions
povalue c | v Condition
o | oo
pC + ¥ Conditions N
povalue C | v Condition
' pC +pV Conditions
pvalue c | v Condition
o5 [ | o

Figure 1. Schematic of the 11 speech processing conditions created. Dashed line represents the C-V boundary.
Black bars represent the speech segments preserved. White bars represent the speech segments replaced by noise.
Procedure

The experiment was conducted in a sound-proof booth located at the Division of Speech
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and Hearing Sciences, the University of Hong Kong. Participants listened to the stimuli

through a circumaural headphone, and the stimuli were played at a comfortable listening level.

Each participant listened to all the 11 conditions in the experimental trials. The order of the

conditions was randomized to minimize the practice effect. For each condition, 40 words were

randomly taken from the word corpus for signal processing. Participants were allowed to listen

to each stimulus at most three times. They were asked to (a) repeat the recognized word after

listening to the stimulus presented, and (b) choose the corresponding HanYu PinYin (a standard

phonetic writing system in Mainland China) from a MATLAB interface showing the 21

consonants, 35 vowels, and four tones in Mandarin. Before the experimental trials, all

participants listened to 40 words in C + 0.4V condition, 40 words in 0.4C + V condition, and 40

words in 0.4C + 0.4V condition as practice trials in order to familiarize them with the

noise-replaced stimuli and experimental procedure, including the use of the MATLAB interface

for choosing the HanYu PinYin. Feedback was given in the practice trials. Their responses

were scored based on four aspects: words, consonants, vowels, and tones. A five-minute break

was given in every 30 minutes. The score for each condition was computed as the ratio

between the number of the correctly recognized words/phonemes/tones and the total number

(i.e., 40) of words/phonemes/tones contained in each condition.

Results

A. Contribution of Full Vowel versus Full Consonant

The scores of word recognition, consonant identification, vowel identification, and tone



VOWELS AND CONSONANTS IN MANDARIN WORD RECOGNITION 10

identification in the 11 conditions were converted into rational arcsine unit (RAU) for statistical

analysis. Figure 2 shows the mean scores (in percentage accuracy) of consonant identification,

vowel identification, tone identification, and word recognition in C-only condition and V-only

condition. The scores of word recognition, consonant identification, vowel identification, and

tone identification in C-only condition and V-only condition were compared using paired t-tests.

It is demonstrated that the score of word recognition in C-only condition was significantly lower

than that in V-only condition [t(18) =-14.17, p <.001]. Similarly, the scores in C-only

condition were significantly lower than those in V-only condition in identifying vowels [t(18) =

-27.17, p <.001] and tones [t(18) =-37.39, p <.001]. In contrast, the score of consonant

identification in C-only condition was significantly higher than that in V-only condition [t(18) =

7.82, p < .001].

100+
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Figure 2. Mean scores of consonant identification, vowel identification, tone identification, and word recognition in

consonant-only and vowel-only conditions. The error bars show the standard deviation of the mean.
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B. Contribution of Proportion Factor p

The contribution of proportion factor p to the scores of word recognition, consonant

identification, vowel identification, and tone identification were investigated. Figure 3 (a)

shows the mean recognition scores (in percentage accuracy) of words in C + pV conditions, pC +

V conditions, and pC + pV conditions. One-way repeated measure analysis of variance

(ANOVA) was used to investigate the effect of altering proportion factor p in different signal

processing conditions on word recognition.  Significant main effect was found for C + pV

conditions [F(3, 54) = 185.21, p <.001] and pC + pV conditions [F(2, 36) = 142.65, p < .001].

However, no significant main effect was found for pC + V conditions (p = .37). Pairwise

comparison adjusted by Bonferroni method was used to compare word recognition score in

C-only condition and word recognition score in C + 0.1V condition. It was found that the word

recognition score in C + 0.1V condition was significantly higher than that in C-only condition (p

<.001), that is, 16.7% versus 5.4%.

Figure 3 (b) shows the mean identification scores (in percentage accuracy) of consonants

in C + pV conditions, pC + V conditions, and pC + pV conditions. One-way repeated measure

ANOVA was used to investigate the effect of altering proportion factor p in different signal

processing conditions on consonant identification.  Significant main effect was found for C +

pV conditions [F(3, 54) = 37.00, p <.001] and pC + pV conditions [F(2, 36) = 66.49, p < .001].

However, no significant main effect was found for pC + V conditions (p = .45). Pairwise

comparison adjusted by Bonferroni method was used to compare consonant identification score
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in C-only condition and consonant identification score in C + 0.1V condition. It was found that

the consonant identification score in C + 0.1V condition was significantly higher than that in

C-only condition (p <.001), that is, 90.3% versus 70.0%.
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Figure 3. Mean scores in C + pV, pC + V, and pC + pV conditions in (a) word recognition, (b) consonant

identification, (c) vowel identification, and (d) tone identification. The error bars show the standard deviation of

the mean.

Figure 3 (c) shows the mean identification scores (in percentage accuracy) of vowels in C

+ pV conditions, pC + V conditions, and pC + pV conditions. One-way repeated measure

ANOVA was used to investigate the effect of altering proportion factor p in different signal

processing conditions on vowel identification. ~Significant main effect was found for C + pV

conditions [F(3, 54) = 123.03, p <.001] and pC + pV conditions [F(2, 36) = 211.75, p < .001].
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For pC + V conditions, Mauchly’s test indicated that the assumption of sphericity had been
violated, y* = 13.22, p = .022, therefore multivariate tests are reported (¢ = .67). The results
show that the vowel identification score was not significantly affected by pC + V conditions, V
=.047, F (3, 16) = .26, p = .85. Pairwise comparison adjusted by Bonferroni method was used
to compare vowel identification score in C-only condition and vowel identification score in C +
0.1V condition. It was found that the vowel identification score in C + 0.1V condition was
significantly higher than that in C-only condition (p = .001), that is, 31.3% versus 15.8%.
Figure 3 (d) shows the mean identification scores (in percentage accuracy) of tones in C
+ pV conditions, pC + V conditions, and pC + pV conditions. One-way repeated measure
ANOVA was used to investigate the effect of altering proportion factor p in different signal
processing conditions on tone identification. Significant main effect was found for C + pV
conditions [F(3, 54) = 232.54, p < .001] and pC + pV conditions [F(2, 36) = 161.27, p < .001].
However, no significant main effect was found for pC + V conditions (p = .22). Pairwise
comparison adjusted by Bonferroni method was used to compare tone identification score in
C-only condition and tone identification score in C + 0.1V condition. It was found that the tone
identification score in C + 0.1V condition was significantly higher than that in C-only condition
(p <.001), that is, 55.9% versus 30.7%.
C. Comparison between Tone Identification Scores of C + pV Conditions and pC + pV
Conditions

The tone identification scores in C + pV conditions and pC + pV conditions with



VOWELS AND CONSONANTS IN MANDARIN WORD RECOGNITION 14

proportion factor 0.1, 0.2, and 0.5 were compared using paired t-tests. The result in Figure 3 (d)

demonstrated that the tone identification score in C + 0.2V condition (M = 66.87, SE = 3.11) was

significantly higher than that in 0.2C + 0.2V condition (M = 60.39, SE = 3.17), t(18) = 2.737, p

=.014. The tone identification score in C + 0.1V condition (M = 55.60, SE = 1.91) was

marginally significantly higher than that in 0.1C + 0.1V condition (M = 49.06, SE = 3.00), t(18)

=2.10, p=.05. No significance difference was found in tone identification score between C +

0.5V condition (M =105.02, SE = 2.32) and 0.5C + 0.5V condition (M = 105.16, SE = 2.90), p

=.94.

D. Correlation between Consonant/VVowel/Tone/Word Scores and Duration

Note that the average duration of vowels and consonants were found to be 350 ms and

118 ms respectively in this study. The ratio of average duration of vowels to that of consonants

was around 3:1. The duration of presented speech segments was calculated using this ratio

(e.g., 25% for C-only condition; 32.5% for C + 0.1V condition).

The correlation between the duration of the stimuli and the scores of word recognition,

consonant identification, vowel identification, or tone identification was analyzed. Figure

4(a)-(d) are four scatter plots of the recognition/identification scores of words, consonants,

vowels, and tones against the duration of stimuli respectively. Correlational analysis

demonstrated that the duration of the presented speech segments was significantly correlated

with word recognition score, r = .71, consonant identification score, r = -.26, vowel

identification score, r = .93, and tone identification score, r = .88 (all ps <.001). Though the
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duration of the presented speech segments was significantly correlated with all four

recognition/identification scores, it is noted that its correlation with vowel and tone

identification scores were much larger than that with consonant identification score (i.e., .93

and .88 vs. -.26).
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Figure 4. Scatter plots of (a) word recognition scores, (b) consonant identification scores, (c) vowel identification

scores, and (d) tone identification scores against the duration of the speech segments presented. The error bars

show the standard deviation of the mean scores.

E. Correlation between Consonant/Vowel/Tone Scores and Word Scores

The correlation of word recognition scores with consonant identification scores, vowel

identification scores, and tone identification scores were analyzed. Figure 5(a)-(c) are three

scatter plots of word recognition scores against consonant identification scores, vowel
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identification scores, and tone identification scores respectively. Correlational analysis

demonstrated that word recognition score was significantly correlated with consonant

identification score, r =.22, p =.001. It was also significantly correlated with vowel

identification score, r = .73, and tone identification score, r =.78 (ps < .001). Though all are

significantly correlated with word recognition score, it is noted that the correlation coefficients

of vowel and tone identification scores are notably higher than that of consonant identification

score (.73 and .78 vs. .22).
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Figure 5. Scatter plot of word recognition score against (a) consonant identification score, (b) vowel identification

score, and (c) tone identification score. The error bars show the standard deviation of the mean scores.

Discussion

A. Relative Contribution of Consonants and Vowels in Isolated Word Recognition in

Mandarin

The present study reveals that there is a greater contribution of vowels than consonants in

recognizing isolated Mandarin word. First, the word recognition score in VV-only condition was

significantly higher than that in C-only condition (i.e., 38.7% vs. 5.4%). Second, result of

one-way repeated measure ANOVA showed a significant main effect of altering proportion
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factor p in word recognition for C + pV conditions but no significant main effect was shown for
pC + V conditions. It demonstrates that adding a proportion of vowel onset improves the
performance in word recognition relative to that in C-only condition, but adding a proportion of
consonant does not.  Third, the correlation between vowel identification score and word
recognition score was much greater than that between consonant identification score and word
recognition score (i.e., .73 vs. .22). These three findings together indicate that vowels
contribute more to isolated word recognition in Mandarin than consonants, which is similar to
the result found in Chen, Wong and Wong (2013) studying segmental contribution in Mandarin
sentence intelligibility.
B. Comparison of Relative Contribution of Vowels and Consonants to Isolated Word
Recognition between Mandarin and English

The result in present study is different from the findings in previous studies in English.
The study of Owren and Cardillo (2006) showed that listeners discriminated word meaning
better when they were presented with C-only isolated words than when they were presented
with V-only isolated words in English using a forced-choice judgment task. The study of
Forgerty and Humes (2010) found no significant difference between C-only and V-only words in
word recognition performance, but found that the performance with C-only words was more
influenced by lexical difficulty than the performance with V-only words, suggesting that
consonant has a more important role in lexical access. These two studies in English implied a

more important role of consonants than vowels in isolated word recognition in English. The
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difference between Mandarin and English suggests that the relative contributions of vowels and

consonants in isolated word recognition are language-specific, that is, vowels might carry more

perceptual contribution than consonants for recognizing isolated Mandarin words.

The difference in the relative contributions of vowels and consonants in isolated word

recognition between Mandarin and English may be explained by their different phonological

system. Mandarin words are monosyllabic whereas English words can be multisyllabic.

Moreover, there are no consonant clusters in Mandarin whereas consonant clusters exist in

English (McMahon, 2002; Kiparsky, 1981). The existence of consonant clusters is one possible

reason why there is a more important role of consonants in word recognition in English.

However, the syllabic structure is probably not the only reason to explain the difference between

Mandarin and English. It is because Forgerty and Humes (2010) only used monosyllabic

English words with consonant-vowel-consonant (CVVC) structure in their study. Although their

stimuli were not multisyllabic and did not contain consonant clusters, their finding was still

different from that in Mandarin. This suggests the existence of other possible reasons

accounting for the difference in the relative contributions of vowels and consonants between

Mandarin and English in addition to syllabic structure.

There is a difference in the numbers of consonants and vowels between Mandarin and

English. There are 35 vowels and 21 consonants in Mandarin, and the number of vowels is

greater than the number of consonants in Mandarin (Chen, Wong & Wong, 2013). In contrast,

there are 20 vowels and 24 consonants in English according to the classification in Cambridge
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English Pronouncing Dictionary (Jones, 2006), and the number of vowels is fewer than the

number of consonants in English.  The difference in the ratio of the number of vowels to the

number of consonants may partially interpret the finding that vowels had a greater contribution

to word recognition in Mandarin whereas consonants had a greater contribution to word

recognition in English.

Besides, the average durations of consonants and vowels in present study are different

from that in previous study in English. The average durations of vowels and consonants are

350 ms and 118 ms respectively in the present study, and the ratio of average duration of vowel

to that of consonant is around 3:1. The average durations of vowels and consonants are 200 ms

and 237 ms respectively in the study of Forgerty and Humes (2010). The ratio of average

duration of vowel to that of consonant is around 0.8:1. The average duration of vowels is

longer than that of consonants in the present study, whereas the average duration of vowels is

shorter than that of consonants in the study of Forgerty and Humes (2010). The difference in

average duration of vowels and consonants may explain why vowels contribute more than

consonants in isolated word recognition in the present study whereas consonants play a more

important role in lexical access in the study of Forgerty and Humes (2010). However, it should

be noted that Forgerty and Humes (2010) used only monosyllabic English words with CVC

structure in their study. Since English words can be multisyllabic, the ratio of average duration

of vowels to that of consonants in English may be different from the ratio used in Forgerty and

Humes (2010)’s study. Although Owren and Cardillo (2006) used English words with two to
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five syllables, they did not report the average durations of vowels and consonants in their study.

Therefore, whether this difference in average duration of vowels and consonants in isolated

words is also true for multisyllabic English words cannot be concluded.

C. Contribution of Consonant-Vowel Transition to Word Recognition

Contribution of CV transition to isolated word recognition was investigated in the

present study. Significant main effect was found for pC + pV conditions, indicating that

increasing CV transitional information leads to improvement in word recognition performance.

The finding is consistent with the English study of Fogerty and Humes (2010) and the study of

Chen, Wong and Wong (2013) which investigated Mandarin sentence intelligibility. It suggests

that CV boundary transitional information contributes to not only Mandarin speech (word and

sentence) recognition, but also English word recognition. A possible explanation for this

contribution is that CV transitional boundary consists of co-articulatory information which helps

the identification of adjacent phonemes (Kent & Minifie, 1977; Recasens, 1999).

D. Contribution of Vowels and Consonants to Tone Identification Performance

As Mandarin is a tonal language, tone identification also plays a role in the recognition of

isolated words in Mandarin. Correlational analysis demonstrates a great correlation between

tone identification score and word recognition score (r =.78). Since the perception of lexical

tone mainly depends on fundamental frequency, which is carried by the vowel segment (Howie,

1976), it is hypothesized that vowels contribute more to tone identification than consonants.

The present study shows that the tone identification score in V-only condition was significantly
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higher than that in C-only condition (i.e., 98.7% vs. 30.7%), supporting the above-mentioned

hypothesis. The greater contribution of vowels in tone identification than consonants in

Mandarin may also explain why vowels contribute more than consonants in isolated word

recognition in Mandarin, which is a tonal language.

In addition to the findings that vowels contribute more than consonants in tone

perception, whether consonants contribute to tone identification in Mandarin was also

investigated. The difference between C + pV and pC + pV conditions is the presence of whole

consonant versus the presence of a proportion of consonant. Except the comparison of tone

identification score between C + 0.2V and 0.2C + 0.2V conditions (i.e., 67.0% vs. 60.7%), there

is only marginal or no significant difference in tone identification score between C + pV and pC

+ pV conditions (i.e., 55.9% vs. 49.1%, and 95.3% vs. 94.7%). It implies that the role of full

consonants in tone identification may be limited.

E. Contribution of Segmental Duration to the Identification of Consonants, Vowels, and

Tones

Correlational analysis revealed that the correlations of segmental duration with vowel

and tone identification scores were greater than that with consonant identification score (i.e., .93

and .88 vs. -.26). It implies that segmental duration provides more acoustic cue for vowel and

tone identification than consonant identification.

Limitation

Only 19 participants were recruited in the present study. The sample size is not large,
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which limits the ability to generalize the findings of the study to the Mandarin speaking

population. Furthermore, there are a variety of dialects spoken in mainland China and people

from different districts may speak or listen to different dialects in addition to Mandarin in their

daily life. Different dialects may have different influences on the perception of Mandarin.

Due to time and resource constraint, the participants recruited in this study did not cover every

district or dialectal region in Mainland China. Therefore, the finding may not be generalized

to the whole Mandarin speaking population in China. A larger scaled study using

probabilistic sampling may yield findings that can be more representative of the population.

Future Direction

The present study only investigated the relative contributions of vowels and consonants

in Mandarin isolated word recognition in quiet environment. The relative contributions of

vowels and consonants in Mandarin isolated word recognition in noise can be further

investigated in order to find out the acoustic cues that are more resistant to the influence of

noise.

Since only normal hearing listeners were recruited in the present study, further study can

investigate the relative contributions of vowels and consonants in Mandarin isolated word

recognition in hearing impaired population to find out what kinds of acoustic cue are affected by

hearing impairment.

Finally, future work may be proposing a model of spoken word recognition in Mandarin

to predict word recognition performance by involving different identification tasks of
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consonants, vowels, and tones.

Conclusion

In summary, the present study shows that there is a greater contribution of vowels than

consonants in isolated word recognition in Mandarin, which is different from the findings in

English studies. Possible reasons for this language difference include differences in syllabic

structure, numbers of consonants and vowels, and average durations of consonants and vowels

between Mandarin and English. In addition, it is also found that there is a great correlation

between vowel/tone identification score and word recognition score. The finding that vowels

carry more tonal information than consonants may further explain the greater contribution of

vowels than consonants in Mandarin isolated word recognition. Increasing CV boundary

information improves word recognition performance in Mandarin, which is consistent with the

findings in English.
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