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Abstract
This study examined how Vietnamese learners of Mandarin
who varied in their learning experience perceived synthesized
Mandarin  tones.  We  aimed  to  assess  whether  and  how
learners’ sensitivity to tonal correlates is commensurate with
their  knowledge  and  experience  in  the  target  language.  60
Vietnamese  learners  of  Mandarin  in  Hanoi,  and  native
speakers  of  Mandarin,  were  recruited  to  participate  in  tone
identification  tasks.  As  expected,  Mandarin  speakers  scored
the  highest  among  all  groups  of  listeners.  More  advanced
Vietnamese listeners performed better than inexperienced ones
and  the  response  patterns  were  resemble  to  the  native
Mandarin  speakers.  Results  also  suggest  that  experience  in
Mandarin interacted significantly with certain tonal correlate.

Index Terms:  Mandarin  tone,  Vietnamese,  tone  perception,
development

Introduction

Tone languages vary in the number and the  nature of tones.
Speakers  of  these  languages are thus tuned  to  be  more
sensitive to phonetic cues significant for native tone contrasts.
When learning a new tone system where tonal contrasts are
realized  along  different  dimensions,  or  with  different
distinctions along the same phonetic dimension, speakers will
need  develop  sensitivity  to  new dimensions  or  to  re-attune
their sensitivity along existing dimensions. 

Previous studies has reported that tone language speakers find
certain  non-native  tones  difficult  to  distinguish  even  when
similar tonal contours are present in both their native language
and the non-native one. For example, Vietnamese speakers had
trouble perceiving the distinction between Mandarin high level
tone and high falling tone (Wu & Hu, 2004; Yang & Dushi,
2008).  Literature  also shows that  second language learners’
perceptual  sensitivity  may  be  commensurate  with  their
experience of the target language (Flege, Bohn & Jang, 1997).
It is then validate to ask if the lack of sensitivity to Mandarin
tones observed in Vietnamese learners is due to the lack of
experience  in  L2,  and  if  their  sensitivity  to  Mandarin  tone
contrasts is malleable.

Tones in Mandarin and Vietnamese differ in the number, pitch,
and  voice  quality.  Figure  1  shows  f0  contours  of  tones  in
Northern  Vietnamese,  redrawn  based  on  the  findings  from
Brunelle (2009).  Figure 2 presents f0 contours of Mandarin
tones,  redrawn  based  on  data  from Ladefoged  &  Johnson,
(2011)  and  Ladefoged  (2005).  As  shown  in  the  figures,
Northern Vietnamese has 6 tones that contrast in pitch contour
and voice quality (Brunelle, 2009): high level (ngang tone) is a
little higher than the mid-range and has a modal voice quality;
high rising (shi tone) also  has modal voice quality, but it starts
at  mid-range  and  rises  rapidly;  low falling  (huy  f  tone)  is
either modal or breathy, and it starts relatively low and falls
smoothly; glottalized low falling (nlow tone) is also falling,
but is shorter than the other tones and ends on a glottal stop or

at a strong glottalization; glottalized falling rising (ngã tone)
starts on a fall tone, but is interrupted by a glottalization that
can range from a strong laryngealization to a full glottal stop
and ends on a rise; laryngealized falling rising (hfa tone) falls
dramatically  until  it  reaches  a  turning  point  where  it  is
accompanied by a slight laryngealization (breathy voice). In
addition to the six tones, the two short tones marked “s” in
Fig.1 are thought to be variants of the tones in syllables closed
by stops. Traditionally, they are treated as positional variants
of the tones with the same names, and some authors analyze
them as distinct phonological categories. Mandarin contains 4
tones:  high  level,  high  rising,  low  falling-rising,  and  high
falling. The Mandarin high level and high falling are the focus
of this study.  

As described above, both level and falling tones are present in
the Northern Vietnamese system. Vietnamese speakers should
not find such contrast of the pitch contours entirely new, or in
other words, they should be to certain extent familiar with the
distinction  between  level  tones  and  contour  tones.  On  the
other hand, however, Vietnamese falling tones are associated
certain  feature  of  voice  production,  such  as  breathiness  or
glottalization (Thompson, 1987), and the two falling tones are
both lower falling ones compared to the high falling contours
in Mandarin Chinese. Moreover, the high level tone contains
phonetically a slight falling, but is regarded phonemically as a
level  one  that  is  not  as  high  as  the  Mandarin  level  tone
(Edmondson & Nguyen, 1997). Voice quality as well as pitch
onset and change play a role in tone identification by Northern
Vietnamese  speakers,  who  have  been  reported  to  show  a
stronger preference to voice quality than pitch itself as a cue to
Vietnamese tone identification (Brunelle,  2009).  In  contrast,
Mandarin tones are less influenced by the voice quality. 

Study design

The current study aims to examine how Northern Vietnamese
speakers perceive the distinction between Mandarin high-level
tone (T1) and high-falling tone (T4), and also the relationship
between  their  language  experience  and  their  perceptual
sensitivity to the phonetic measures underlying the non-native
distinction. Two phonetic correlates of tones were examined:
pitch onset and pitch slope, which are the major dimensions
that  Mandarin  tones  contrast  along.  A  continuum  of
synthesized  pitches  varying  along  the  two  dimensions  was
presented to Vietnamese speaker who were asked to identify
them as being level or falling. 

Stimuli 

The preparation of the stimulus materials was based on those
used  in  Li  and  Zhang  (2010).  Our  stimuli  include  two
Mandarin tonal  prototypes and 36 pitches synthesized from
the  prototypes.  Two  meaningful  monosyllabic  Mandarin
words bā 八  “ eight” (T1) and bà  霸  “ a bully” (T4) were
recorded from an adult male native speaker of Mandarin. One
clear  utterance  of  T1  and  one  clear  utterance  of  T4  were
chosen as the exemplars of the two tones and the bases for
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stimuli preparation. The average pitch value of the speaker’s
T1 was 115 Hz, and the pitch range of his T4 was from 75 to
135 Hz. 

Figure 1: f0 contours of tones in Northern Vietnamese.

Figure 2: f0 contours of tones in Mandarin.

The base tones were modified in duration and pitch correlates
using Praat (Boersma & Weenink, 2011). First, the duration of
the  two  chosen  syllables  was  adjusted  to  500  ms.  The
duration-normalized tones were then used as the prototypical
T1 and T4. Secondly, the pitch value of T1 was modified in
both pitch height (F0 onset) and pitch slope (△F0), at three
points, i.e., onset (0 ms), 100 ms from onset, and at offset (500
ms). △F0 stands for pitch difference between 101 ms and 500
ms. F0 onset here refers to the average pitch of the first 100
ms from onset. Values were modified in steps of 6 Hz along
the dimensions of F0 and △F0. As illustrated in Fig. 3, when
F0=118 Hz (the one to the right), with △F0 of 0 Hz, 6 Hz, 12
Hz, 18 Hz, 24 Hz, and 30 Hz, 6 pitches were generated. Their
F0 onsets were all 118 Hz, but their offsets were 118 Hz, 112
Hz, 106 Hz, 100 Hz, 94 Hz, and 88 Hz respectively. Using this
method, 36 pitches were generated. Last, a low-pass filter was
applied to minimize lexical effects from the two prototypical
syllables and all the synthesized pitches

Figure 3. Illustration of pitch synthesis

Listeners  

Our listeners were 60 native speakers of northern Vietnamese
who were university students in Hanoi at the time of testing.
We also recruited native speakers of Mandarin as controls. 

Based on the length of their learning of Mandarin and their
majors, the Vietnamese listeners were divided into 4 groups
for  comparison.  Group  1  were  beginners  who  had  learned
Mandarin  for  less  than  1  month.  Group  2  were  advanced
beginners  who  had  learned  Mandarin  for  less  than  1  year.
Group  3  were  intermediate  learners  who  were  Mandarin
majors and had learned Mandarin for over 1 year. Group 4
were advanced Mandarin learners who were Mandarin majors
and  had  learned  Mandarin  for  2  years.  They  all  reported
normal hearing abilities. Their exposure to Mandarin outside
of their classrooms was comparable across groups.

Tasks  

Stimuli were presented in an ABX paradigm, where A and B
were the two prototypical tones: T1 and T4, and X the target
pitch.  The  X  sound  was  chosen  randomly  from  the  36
synthesized stimuli.  

Participants listened through headphones to stimuli played by
computers in a speech lab or a quiet classroom. They could
adjust the sound volume to a clear and comfortable level. In
each  trial,  they  heard  a  trio  of  sounds  with  500-ms  inter-
stimulus-intervals. They were instructed to decide whether X
is similar to A or B and then click the corresponding button. 

The experiment was self-paced, and participants were allowed
to listen to each trial as many times as they wanted to. Once
they  made  a  decision,  however,  they  could  not  replay  any
more. After 10 practice trials at the beginning of the test, each
participant  completed  two  test  sessions.  Each  session
contained 36 trials. All 36 synthesized stimuli were presented
in a randomized sequence in each session.  The presentation
order of T1 / T4 as A and B was consistent within one session,
but reversed in the other session. The overall sequence of the
T1  /  T4  or  T4  /  T1  orders  was  counterbalanced  across
participants.

Predictions  

As reviewed earlier, Northern Vietnamese speakers should be
familiar  with  high  level  tones.  They  may  find  most
synthesized  level  pitches  similar  to  their  native  tone,  and
therefore identify them as tokens of T1. Second, since there is
no typical high falling tone in Northern Vietnamese, speakers
may not be very sensitive to the change in pitch slopes and
therefore classify the pitches differently from how Mandarin
speakers would do. 

But on the other hand,  the absence of high falling tones in
their  native  system  may  also  be  at  Vietnamese  speakers’
advantage.  The  unfamiliarity  of  physically  different  pitches
from their native tones may attract their attention and therefore
differentiate themselves from those level ones.  Additionally,
they may also be sensitive to changes in the pitch height, since
there are multiple tone pairs that are differentiated by this cue
in Vietnamese. 

It is also expected that Vietnamese learners’ sensitivity to tonal
contrasts  should  sharpen  as  their  experience  in  Mandarin
increases. Their perceptual patterns should grow to be more
similar as native speakers as well in pitch categorization. But
as  voice  quality  is  also  used  as  a  major  cue  to  tone
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classification, we would expect unpredicted patterns in modal
pitch contours.

Results and discussion 

Mean percentages of T4 responses in the T1/T4 identification
were  calculated  for  each  of  the  36  stimuli.   Table  1(a-e)
summarized  the  mean  percentage  of  T4  for  the  native
Mandarin speakers as well as the four groups of Vietnamese
learners.  As expected, native speakers of Mandarin showed a
distinct  pattern  in  classifying  the  synthesized  pitches.  The
responses  of  T4  were  above  60%  when  the  △F0  were  or
higher than 24 Hz in most cases. While the stimuli with less
than 24 Hz slope were more frequently recognized as T1. In
contrast,  Vietnamese listeners’ results presented trendies that
are  similar  across  learner  groups.  But  the  more  advanced
learners  showed a  stronger  tendency  to identify the  pitches
more alike that of the Mandarin listeners. As can be observed
from Table 1 (b-e), the chances of classifying the sounds into
T4 were quite low even with the steep pitch slope like 24 Hz
or 30 Hz for the group1, suggesting that the beginners were
less  sensitive  to  the  change  of  pitch  slope.  However,  the
proportions of T4 response were increased with the length of
the Mandarin learning experience.  The response patterns  of
Group 3 and Group 4 were more resemble to those of native
Mandarin speakers in that they also showed the preference of
T4 with the △F0 were higher than 24 Hz. 

  Table 1 a-e. Mean percentages of T4 responses in the T1/T4 
identification(only percentages above 40% were shown).
a. Native Mandarin speakers

b. Vietnamese learners-Group 1 

c. Vietnamese learners-Group 2

d. Vietnamese learners-Group 3

 
e. Vietnamese learners-Group 4 

 

Results were then entered for 3-way mix-design ANOVA with
experience  in  Mandarin,  indexed  by  years  of  learning  the
language  as  the  between-subject  factor  (4  levels:  the  4
groups), and pitch height (6 levels: 6 values of F0) and pitch
slope (6 levels: 6 values of △F0) as two within-subject factors.
The ANOVA analysis revealed main effects of F0 (F(3.847,
215.441)  =  30.369,  p  <  .0005,  p2  =  .352),  and  of   △F0
(F(2.997, 167.813 = 67.907, p < .0005, p2 = .548) in the
identification of synthesized pitch continuum. Statistics also
revealed significant interaction between language experience
and △F0 (F(8.990, 167.813) = 2.772, p < .005, p2 = .129),
and that between F0 and △F0 (F(16.182, 906.217) = 3.147, p
<  .0005,  p2  =  .053).  No  significant  interaction  between
language experience and F0 was found.  The mean percentage
of T4 response averaged across the onset F0 for the Mandarin
and Vietnamese groups were summarized in Figure 4. It was
clearly  shown that  the  response  patterns  of  more  advanced
Vietnamese  groups  were  more  similar  to  the  Mandarin
speakers.  Our analysis suggests that experience in Mandarin
interacted  significantly  with  pitch  slope,  but  not  with  pitch
onset.  The  finding  confirms  that  Vietnamese  learners’
sensitivity  to  pitch  slope  sharpens  as  their  experience  in
Mandarin increases.   

 

Figure 4: Mean response pattern averaged across with F0 by
Native Mandarin speakers and Vietnamese listeners.

Another finding is that for Northern Vietnamese speakers in
general, the lower the F0 onset is, the greater the △F0 must be
(the steeper  the pitch slope) for  a stimulus to be judged as
similar as Mandarin high-falling tone. The joint effect of F0
onset  and  △F0 may be  accounted  for  by  their  native  tonal
system. Northern Vietnamese contains 6 tones contrasting in
both pitch contours and voice quality: high level, high rising,
low falling, glottalized low falling, glottalized falling rising,
and  laryngealized  falling rising.  The  two falling  tones both
start at relatively low frequency. Pitch heights are an important
cue to distinguish tones, as tones in syllables with voiceless
onset  have  higher  pitch  values  compared  to  tones  with  a
voiced onset (Brunelle, 2009). So, Vietnamese speakers may
have a native sensitivity to both F0 onset and △F0, which is
confirmed by our results. 

Conclusion

Our  research  studies  the  relationship  between  language
experience  and  learners’ sensitivity  to  phonetic  dimensions
employed  in  L2  tonal  contrasts.  We  examined  the
identification of synthesized pitches by Vietnamese listeners in
order to find out if and how they make usage of pitch slope
and pitch onset as cues to level and falling contours. We found
a  combined  effect  of  the  two phonetic  cues,  the  former  of
which  seems  to  exert  more  robust  influence  on  pitch
categorization.  We  also  found  that  Vietnamese  speakers’
perceptual patterns showed a stronger resemblance to that of
Mandarin speakers as they become more experienced in the
language. The  enhanced  sensitivity  to  specific  phonetic
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dimension was also generalized to discrimination of Mandarin
level and falling tones.
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