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Abstract—Unlike  Indo-European  languages,

Mandarin  relies  heavily  on  lexical  tones  to  distinguish
word identity. Using the intermodal preferential looking
paradigm,  this  study  examined  3-year-old  Mandarin-
speakers’  ability  to  use  Mandarin  lexical  tones  in
learning new words. Results showed that when children
were presented with Tone 2 (rising) and Tone 4 (falling)
pairs,  children  successfully  learned  both  words.
However,  when  children  were  presented  with  Tone  2
and  Tone  3  (dipping)  pairs,  they  learned  the  Tone  2
word  but  not  the  Tone  3  one.  Children  were  then
divided  into  two  groups  based  on  their  learning
performance on the Tone 3 word. Successful learning of
Tone 3 words was observed in the high performers but
not  in  the  low  performers,  who  consistently  misused
Tone  3  as  Tone  2.  This  study  showed  that  Mandarin-
speaking  3-year-olds  could  use  lexical  tones  to  learn
words  under  experimental  conditions,  and  that  the
difficulty  of  Tone  3  acquisition  may  be  related  to  its
lower  level  of  perceptual  distinctiveness  compared with
other tones.

Index  Terms—Lexical  tone,  Mandarin,  word-
learning. 

1.   Introduction
Unlike most Indo-European languages, tone languages rely

heavily  on  suprasegmental  information  such  as  lexical  tones
(thereafter,  tones)  to  distinguish  word  identity.  For  example,
Mandarin,  the  most  widely  spoken  tone  language,  uses  four
tones to define word identity. Therefore, ma1 with a high-level

tone means mother; ma2  with a rising tone means hemp; ma3
with a dipping tone means horse;  and ma4  with a falling tone
means to curse. Although several acoustic characteristics, such
as  vowel  duration[1],  syllable  amplitude[2],  and  voice  quality[2],
may  change  with  fundamental  frequency,  none  of  them  were
necessary  for  tone  perception.  The  primary  cue  to  tone
perception  is  the  fundamental  frequency  contour,  namely  the
tone  contour[3].  The  acquisition  of  tone  languages  requires
knowledge  of  the  function  of  tones  and  an  ability  to  use
them to distinguish word identity. However, despite the fact
that  approximately  70%  of  the  world’s  languages  are  tone
languages, tone acquisition still remains understudied[4]. The
present  study  examines  3-year-old  Mandarin  speakers’
ability to use tones in word learning.

Tone  discrimination  and  categorization  emerges  early  in
infancy[5].  A  recent  study  revealed  tone  discrimination  in
Mandarin- and Cantonese-reared infants as young as 4 months
of  age[6].  The  first  study  to  examine  the  emergence  of  tone
categorization was conducted by Mattock and Burnham[7]. They
found  that  9-month-old  Mandarin-reared  infants  could
discriminate pairs of Thai lexical tones, whereas their English-
reared  counterparts  failed  to  show  such  discrimination,
suggesting  that  tone  perception  is  shaped  by  language
exposure.

Hence,  an  important  question  arises:  How  do  Mandarin-
learning  children  acquire  tones?  Research  has  shown  that
Mandarin-English  bilingual  infants  start  to  distinguish
Mandarin  words  using  tones  at  11  months  of  age[8].  This
finding, however, leaves open the possibility that children’s
bilingual exposure might have enhanced their sensitivity to
the  function  of  tones  in  Mandarin.  Wong,  Schwartz,  and
Jenkin[9]  also  tested  tone  perception  in  Mandarin-speaking  3-
year-olds, who were presented with minimal pairs that differed
only  in  tones  (e.g.,  tang1  [soup]  vs.  tang2  [candy])  on  a
picture-naming task. Children’s accuracy rate was as low as
69%  when  Tone  3  (T3)  was  tested  though  they  reliably
perceived other tones (90% for Tone 1 (T1), 87% for Tone
2  (T2),  and  89%  for  Tone  4  (T4)).  The  later  age  of
acquisition (AoA) of T3 might be related to the fact  that  it
was perceptually less distinctive than other tones[10].

Thus,  Mandarin-speaking  children  can  use  most
Mandarin  tones  to  distinguish  word  identity  at  3  years  of
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age,  and  T3  is  acquired  later  than  other  tones.  However,
these  studies  used  familiar  words,  making  it  almost
impossible  to  evaluate  children’s  ability  to  use  tones  to
distinguish  word  identity  independent  of  their  lexical
knowledge  of  Mandarin  words.  In  addition,  the  findings
were possibly influenced by confounding variables on word
processing tasks, such as AoA[11], imageability[12],[13], and input
frequency[14]  of  the  tested  words.  The  present  study
overcomes these problems by examining whether tones are
reliable  cues  to  word  identity  in  Mandarin-speaking
children’s learning of new words.

To the best of our knowledge, there are only two studies
to  date  investigating  Mandarin-speaking  children’s  use  of
tones  in  learning  new  words,  neither  of  which  focuses  on
tone  acquisition  per  se.  Using  the  intermodal  preferential
looking  paradigm  (IPLP)[15],  Singh,  Hui,  Chan,  and
Golinkoff [16]  recruited  18-  and  24-month-old  Mandarin-
English  bilingual  children,  exposed  to  primarily  Mandarin
language input. Children were first familiarized with two novel
objects,  each  paired  with  a  made-up  label  (e.g.,  It  is  a  leng2!
[The  speech  stimuli  were  presented  in  Mandarin]).  The  two
objects were then presented side-by-side in split screen displays
accompanied by speech stimuli directing children to look at one
of the objects. The target word was either correctly pronounced
(CP)  (CP:  leng2)  or  mispronounced  (MP)  with  tone  change
(MP-tone:  leng4)  or  vowel  change  (MP-vowel:  ling2).  In  this
Mispronunciation  Paradigm,  sensitivity  to  tone  and  vowel
change  was  indicated  by  a  significant  reduction  in  visual
fixation  on  target  images  on  MP  trials  compared  to  CP
trials[17]-[20].  Results  showed  that  both  age  groups  found  the
target images on CP trials but not on either MP-tone or MP-
vowel  trials.  However,  it  is  unclear  whether  the  18-  to  24-
month-olds’ failure to map tone change to target images on
MP-tone trials was due to their knowledge of the function of
tones  in  Mandarin,  or  their  overall  difficulty  in  mapping
tone  distinctions  to  labels,  since  Mandarin-speaking
children had difficulty in mapping T2 and T4 to words until
3 years of age[9].

Using  an  experimental  design  similar  to  Singh  et  al.’s
study[16],  a  recent  study examined the influence of  tone and
vowel change on monolingual Mandarin-speaking 2- and 3-
year-olds’ learning of new words[21]. The 3-year-old children
found  the  target  images  when  the  target  word  was  either
correctly  pronounced  or  mispronounced  with  tone  change
(but not with vowel change). Thus, it appears that tones may
not be reliable cues to word identity for Mandarin-speaking
3-year-olds’ learning of novel words. However, the finding
is  inconsistent  with  the  fact  that  Mandarin  acquisition
requires  the  use  of  tones  as  a  distinctive  feature,  and  that
Mandarin-speaking  3-year-olds,  based  on  parental  reports,
have minimal pairs of words differing only in tones in their
vocabularies[22]  as  well  as  the  fact  that  they  can  map tones  to
familiar words under experimental conditions[9].

These  inconsistencies  invited  us  to  ask:  Why  did  the
children  not  use  tones  to  learn  novel  words  in  Ma  et  al.’s
study[21]?  There  are  two  possible  explanations.  First,  the
finding  may be  related  to  the  experimental  procedure—the
mispronunciation  paradigm—which  tested  tone  knowledge
on  the  MP  trial  where  neither  of  the  two  images  children
saw matched the mispronounced word precisely. Thus, this
design,  a  two-alternative  forced  choice  task,  might  have
encouraged  children  to  map  the  tone  change  to  the  image
that was more likely to be the target. This choice, however,
did  not  necessarily  mean  that  children  did  not  understand
the function of tones in Mandarin. Second, presumably due
to the diversity of the functions of pitch (or tone) variations
(e.g.,  affect  and  emphatic  stress[23];  cues  to  talker  identity[24];
question/statement  distinction[25]),  tones  have  a  less  than
transparent  relation  to  word  identity  even  in  tone  languages.
Thus,  learners  may need additional  assistance to map tones to
new  words,  for  example,  an  exposure  to  the  use  of  tones  in
distinguishing minimal pairs of words.

Therefore,  two issues  still  remain  open.  First,  it  is  unclear
whether  the  Mandarin-speaking  3-year-olds  can  use  tones  to
distinguish  novel  words  under  experimental  conditions.
Second,  since  Ma  et  al.[21]  manipulated  only  T2  and  T4,  it  is
uncertain  whether  other  tone  pairs  differ  in  their  likelihood  to
be  used  by  Mandarin-speaking  children  as  cues  to  word
identity.  For  example,  is  T3  less  likely  than  other  tones  to  be
used  as  cues  to  word  identity  given  its  later  AoA  and  lower
level of perceptual distinctiveness relative to other tones[10]?

The  present  study  addresses  these  two  issues.  It
examines  whether  Mandarin-speaking  3-year-olds  can  map
tones  to  labels  when  a  context  indicating  the  function  of
Mandarin tones is provided, and when their tone knowledge
is tested with an image precisely matching the target word.
In addition, it examines whether T3 is more difficult to map
to  words  than  other  tones.  The  Mandarin-speaking  3-year-
olds  are  recruited  because  they  can  reliably  map  most
Mandarin  lexical  tones  to  familiar  words.  However,  their
representation of T3 is still developing, therefore, we make
them an ideal age group to examine children’s ability to use
tones  in  learning  novel  words  under  experimental
conditions[9].

2.   Method
2.1   Participants

Twenty-six  3-year-old  (M=37.89  months  and  range=31.45
months  to  41.78  months,  where  M  is  mean;  13  boys)
monolingual  Mandarin-speaking  children  participated.  All
children  were  healthy,  had  no  history  of  auditory  or  visual
impairment,  and did  not  hear  any language  on a  regular  basis
other  than Mandarin.  Three  additional  children were  excluded
from  the  final  sample  because  of  inattentiveness  (attention<
0.02)  during  the  test  session.  Participants  were  recruited  at
Beijing Language and Culture University Kindergarten.
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2.2   Apparatus and Stimuli
Apparatus:  The  experiment  was  conducted  in  a  quiet

testing  booth  in  the  kindergarten.  Children  sat  on  a  blindfold
female  research  assistant’s  lap  facing  a  39  in  LED  TV
monitor at  a distance of 1 m from the center of the screen.
The  visual  stimuli  were  showed  either  in  the  center  (e.g.,
during the training) or as left and right split-screen displays
(e.g.,  during  the  test)  at  children’s  eye  level;  the  auditory
stimuli  were  presented  through  the  television  monitor.  A
hidden  camera  recorded  children’s  visual  fixation  to  the
display for offline coding.

Visual stimuli:  Images of four novel objects were selected

from  the  Novel  Object  and  Unusual  Name  (NOUN)
Database[26].  For  the  training  phase,  the  novel  objects
were  animated  using  Macromedia  Director  Software
Package.  The  novel  object  first  appeared  in  the  center  of  the
screen,  then,  moved  away  and  toward  from  the  viewer,
turned  once  in  a  circle,  glided  to  the  right  and  turned  once
in  a  circle  there,  then,  moved  back  to  the  center,  then
performed  the  same  motions  in  the  left  side  of  the  screen,
then,  moved  back  to  the  center  and  moved  away  and  toward
from  the  viewer,  and  eventually  stayed  there  statically.
In  all  other  phases,  the  objects  were  static  (see  Table  1  for
stimuli).

Speech  stimuli:  A  female  native  speaker  of  Beijing
Mandarin  produced  the  speech  stimuli  in  a  sound-
attenuation recording chamber at Macquarie University. To
maintain  children’s  interest  in  the  task,  she  produced  the
speech  in  a  child-directed  manner[27]-[30].  The  novel  word
stimuli  were  /ʃɔ/  and  /tiu/,  which  were  used  because  they
were  non-words  in  Mandarin,  thus  controlling  for
participants’ prior exposure to the tested words. Each word
was  pronounced  in  three  versions  with  T2  (rising),  T3
(dipping), and T4 (falling), respectively.

To  validate  our  stimuli,  15  adult  native  speakers  of
Mandarin were administered an auditory perception task, in

which  they  were  asked  to  identify  the  tone  of  the  words
presented in pairs and then to judge the perceptual similarity
between  the  pair  of  words  based  on  the  following
instruction presented in Mandarin, “Please listen to the pair
of  words  carefully  and  mark  which  Mandarin  tone  each
word  carries,  then  judge  whether  the  pair  of  words  sound
similar  to  each  other  based  on  a  Likert  measure  (1=not
similar,  4=somewhat  similar,  and  7=highly  similar).  All
participants  identified  the  words  as  T2,  T3,  and  T4,
respectively,  thus,  verifying  the  tone  assignment  of  the
auditory stimuli used in this study. Since adults’ ratings did
not  differ  between  /ʃɔ/  and  /tiu/,  ratings  were  collapsed

Table 1: Example of trial sequences for the visual and speech stimuli

Left side Center Right side Example of speech stimuli (tone change)

Salience or No audio

Training = Animations of objects (4
trials: 24 s each. The 2 trials repeat.)

Look! This is a ʃɔ2. There is a ʃɔ2. Look! This is a ʃɔ2. Look
at ʃɔ2 moving. This ʃɔ2 is moving over here. ʃɔ2, it is called
ʃɔ2. This is a ʃɔ2.

Look! This is a ʃɔ4. There is a ʃɔ4. Look! This is a ʃɔ4. Look
at ʃɔ4 moving. This ʃɔ4 is moving over here. ʃɔ4, it is called
ʃɔ4. This is a ʃɔ4.

Test (4 trials: 7 s each. The 2 trials
repeat. The four trials were separated
by reminder trials)

Trial 1: ʃɔ2! Look quickly at ʃɔ2. Look, which one is ʃɔ2?
Look quickly at ʃɔ2.

Trial 2: ʃɔ4! Look quickly at ʃɔ4. Look, which one is ʃɔ4?
Look quickly at ʃɔ4.

Reminder (2 trials: 7 s each.)

ʃɔ2, it is called ʃɔ2. This is a ʃɔ2.

ʃɔ4, it is called ʃɔ4. This is a ʃɔ4.

Note: The speech stimuli were presented in Mandarin. The T2/3 block followed the same procedure except that another pair of novel objects and target words (/tiu2/,
/tiu3/) were used. Words were randomly assigned to appear in the T2/4 or T2/3 blocks.
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between  words.  Then,  a  paired  sample  t  test  showed  that
participants  gave  a  higher  similarity  rating  to  T2  and  T3
(M=5.89, SD=1.12, where SD is standard deviation) than to T2
and  T4  (M=3.54,  SD=1.98,  t(14)=2.65,  p<0.05,  Cohen’s
d=0.68),  consistent  with  the  finding  that  T2  and  T4  were
perceptually more distinctive than other tone pairs[10].

2.3   Procedure
This experiment used the IPLP[15]. An experimental session

consisted of a T2/4 block (a T2 word and a T4 word) and a T2/3
block  (a  T2  word  and  a  T3  word).  The  order  of  presentation
of the test blocks was counterbalanced. Each block consisted of
four phases.  Before each trial,  children saw an attention getter
in  the  center  of  the  screen.  Four  attention  getters  (i.e.,  a
giggling boy,  a  tittering bird,  a  croaking frog,  and a  meowing
cat)  were  repeated  in  such  an  order  through  an  experimental
session. During the salience phase (one trial), participants were
shown  two  novel  objects  side-by-side  without  animation  or
accompanying auditory stimuli. During the training phase (four
trials, 24 s each), participants were presented with the animated
videos of the same two novel objects as in the salience phase,
each paired with one of the two training sentences, twice each
in  alternating  order  (e.g.,  /ʃɔ2/-/ʃɔ4/  in  the  T2/4  block;  /tiu2/-
/tiu3/  in  the  T2/3  block).  Words  were  randomly  assigned  to
appear in the T2/4 block or the T2/3 block. The pairing of the
image  and  labels  was  counterbalanced.  During  the  test  phase,
participants  were  presented  with  the  static  version  of  the  two
novel objects side-by-side and were directed to look at  one of
them. In each test block, there were four test trials, two for each
word. There were two T2 and two T4 trials in the T2/4 block,
and two T2 and two T3 trials in the T2/3 block. The left-right
position  of  the  two  objects  was  consistent  across  the  salience
and test phases within a participant but counterbalanced across
participants. The four tests trials were separated by a reminder
phase  (two  trials)  that  allowed  participants  additional
opportunity  to  learn  the  pairings  of  the  novel  objects  and
words. During each trial,  participants were presented with one
of  the  novel  objects  and  the  correspondingreminder  phase
passage.  The  order  of  the  two  reminder  trials  was
counterbalanced  across  participants.  An  experimental  session
lasted approximately 5.6 minutes (Table 1).

2.4   Coding and Data Analysis
Using  SuperCoder[31],  participants’  eye  movements  were

coded  frame-by-frame  to  the  thirtieth  of  a  second  with  the
audio  turned  off  so  that  the  coder  was  blind  to  condition.
Recording of 20% of the subjects by another coder yielded
an inter-coder agreement of 99%. Trials with attention less
than  20%  were  excluded  from  data  analysis[17],  which
resulted  in  a  total  of  6  trials  being  excluded  across  all
participants. The final data sample contained 202 test trials.
Participants’  visual  fixation  on  a  test  trial  was  calculated
from  367  ms  after  the  onset  of  the  target  word  to  the  end
of  the  trial  based  on  the  procedure  used  in  previous
studies[18],[19].  The  target  word  was  presented  four  times
during  a  test  trial;  thus,  participants’  visual  fixation  was
calculated  until  the  end  of  the  trial  to  capture  all  four

repetitions  of  the  target  word.  Two  dependent  variables
were used.

1) Latency: Duration of the time, starting from 367 ms after
the  onset  of  the  target  word  to  the  time  when  participants
launched their initial fixation on the target image.

2) Proportion of total look to the target (target fixation):
Target  fixation  was  calculated  by  dividing  a  participant’s
looking time to target by looking time to the distractor and
target during a trial.

3.   Results
3.1   Latency

Each  block  had  four  test  trials,  two  for  each  word.  We
collapsed latencies across trials  to generate an average latency
for  each  word  within  a  block.  Separate  paired-samples  t  tests
demonstrated  that  in  the  T2/4  block,  latencies  did  not  differ
between  T2  (M=0.21  s,  SD=0.21)  and  T4  words  (M=0.37  s,
SD=0.38; p=0.12). However, in the T2/3 block, latencies were
shorter  for T2 words (M=0.24 s,  SD=0.41) than for T3 words
(M=1.18  s,  SD=0.82;  t(15)=4.15,  p=0.001,  Cohen’s  d=1.04).
Furthermore, both T2 (t(17)=3.94, p=0.0001, Cohen’s d=0.93)
and  T4  words  (t(17)=2.51,  p=0.02,  Cohen’s  d=0.59)  in  the
T2/4  block  had  a  shorter  latency  than  T3  words  in  the  T2/3
block. Thus, only T3 words were associated with a processing
cost  with  respect  to  latency.  Furthermore,  the  latency  of  T2
words  did  not  differ  between blocks  (p=0.48),  suggesting  that
training  that  highlighted  tone  contrasts  did  not  affect  the
efficiency of word recognition of T2 words (Fig. 1).

3.2   Target Fixation

η2
p

Did  children’s  target  fixation  differ  between  the  T2/4
and  T2/3  blocks?  Children’s  target  fixation  was  collapsed
across  all  four  test  trials  within  a  test  block  to  generate  an
average target  fixation for each test  block.  A 2 (test  block:
T2/4 vs. T2/3)×2 (gender)×2 (presentation order: T2/4 first
vs. T2/3 first) revealed a significant main effect of test block
(F(1,  25)=5.12,  p<0.05,  =0.17)  but  no  main  effects  or
interactions  with  presentation  order  or  gender,  which  were
therefore  excluded  from  data  analysis.  A  paired  sample  t  test
showed  that  the  target  fixation  of  the  T2/4  block  (M=0.62,
SD=0.12)  was  greater  than  that  of  the  T2/3  block  (M=0.57,
SD=0.07,  t(25)=2.27,  p<0.05,  Cohen’s  d=0.45),  suggesting
that children performed better in the T2/4 than the T2/3 blocks
(Fig. 2).

 

Fig. 1. Mean latency in seconds (+standard error) of the participants.
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Did  children  look  at  the  target  image  more  than  the
distractor? Target fixation was compared to chance (0.5) to
evaluate  children’s  word-learning  performance  within  each
test  block.  Successful  word  learning  was  indicated  by  the
target  fixation,  which  was  significantly  above  chance.
Separate  one-sample  t  tests  showed that  children’s  average
target  fixation  was  greater  than  chance  in  both  the  T2/4
(t(25)=5.50,  p<0.001,  Cohen’s  d=2.16)  and  T2/3  blocks
(t(25)=4.85,  p<0.001,  Cohen’s  d=1.90).  Children’s  target
fixation was further examined within each test block in the
following analyses.

3.3   T2/4 Block
How did children perform in the T2/4 block? Since target

fixation  did  not  differ  between  test  trials  for  one  particular
word, we collapsed the target fixation between trials to generate
average target fixations for the T2 and T4 tests, respectively. A
paired  sample  t  test  showed  that  target  fixation  did  not  differ
between  T2  (M=0.63,  SD=0.13)  and  T4  trials  (M=0.61,
SD=0.19,  t(25)=0.42,  p=0.68).  Furthermore,  target  fixation
significantly  differed  from  chance  on  both  T2  (t(25)=5.11,
p<0.001,  Cohen’s  d=2.00)  and T4 trials  (t(25)=2.95,  p<0.01,
Cohen’s d=1.16). Thus, the results showed that when children
were  presented  with  T3  and  T4  words,  they  successfully
learned  both  words,  and  their  word-learning  performance  did
not differ between words.

3.4   T2/3 Block
How  did  children  perform  in  the  T2/3  block?  Since

children’s  target  fixation  did  not  differ  between  test  trials
for  one  particular  word,  we  collapsed  the  target  fixation
between trials to generate average target fixations for the T2
and T3 tests respectively. A paired sample t test showed that
the target fixation of T2 trials (M=0.65, SD=0.15) was greater
than that of T3 trials (M=0.48, SD=0.12, t(25)=3.97, p<0.001,
Cohen’s d=0.78). Furthermore, one sample t tests showed that
target  fixation  significantly  differed  from  chance  on  T2  trials
(t(25)=5.32,  p<0.001,  Cohen’s  d=2.87)  but  not  on  T3  trials
(t(25)=  0.90,  p=0.38).  Thus,  when  children  were  presented
with T2 and T3 words, they learned the T2 word but failed
to  learn  the  T3  word.  Children’s  performance  on  the  T3
tests was further examined in the following analyses.

Did  children  look  at  the  target  image  and  the  distractor
randomly  on  the  T3  test  trials?  The  26  children  were  equally
divided  into  two  groups,  high  performers  (n=13)  and  low
performers, based on the median split of their target fixation on
the T3 tests (0.45). An independent sample t test revealed that
the high performers’ target fixation (M=0.57, SD=0.09) was
greater  than  the  low  performers’  (M=0.39,  SD=0.04,
t(24)=7.11,  p<0.001,  Cohen’s  d=2.58),  suggesting  that  the
high  performers’  word-learning  performance  was  better
than  the  low  performers’.  Separate  one  sample  t  tests
compared  target  fixation  to  chance  (0.5)  within  each  group.
The  high  performers  looked  at  the  target  image  significantly
more  than  the  distractor  (t(12)=3.08,  p<0.001,  Cohen’s
d=1.71).  Thus,  they  successfully  mapped  the  T3  label  to  the
target  image.  However,  the  low  performers  looked  at  the
distractor significantly more than the target image (t(12)=10.17,
p<0.001,  Cohen’s  d=5.64),  suggesting  that  they  consistently
mismapped the T3 label to the image of the T2 word (Fig. 3).

Was the low performers’ misuse of T3 as T2 driven by a
factor unrelated to their representation of T3? The high and
low  performers  did  not  differ  in  their  actual  age  (p=0.83),
visual  fixation  in  the  salience  phase  (p=0.56),  attention  in  the
training (p=0.87) or test (p=0.81) phases, or latency on the T3
tests (p=0.11) in the T2/3 block. In addition, in the T2/3 block,
the  low  performers  did  not  show  preference  for  a  particular
image in the salience phase (p=0.73) or for a particular label in
the training as indicated by the fact that their average attention
across  the  training  trials  (two  for  each  word)  did  not  differ
between  the  T2  and  T3  words  (p=0.43).  Furthermore,  their
latency of  the  T3 trials  (M=1.22 s,  SD=1.10)  was  longer  than
that  of  the  T2  trials  (M=1.22,  SD=1.10)  in  the  T2/3  block
(t(12)=2.57,  p<0.05,  Cohen’s  d=0.71),  suggesting  that  they
distinguished between the T2 and T3 words in the test.  A one
sample  t  test  examined  the  low  performers’  word  learning
performance  in  the  T2/4  block  and  found  that  their  target
fixation  was  significantly  above  chance  (M=0.62,  SD=0.13,
t(12)=3.32,  p<0.001,  Cohen’s  d=1.84)  and  an  independent
sample  t  test  showed  that  their  target  fixation  did  not  differ
from the high performers in the T2/4 block (M=0.63, SD=0.11,
p=0.77),  thus,  suggesting  that  the  low  performers  did  not
have  difficulty  with  the  experimental  paradigm  and  they

 

Fig.  2.  Mean  target  fixation  (proportion  of  total  looking  time)  to
correct pronunciation on each type of tests.

 

Fig. 3. High and low performers’ mean target fixation (proportion
of total looking time) to correct pronunciation on T3 test trials.
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were not weak word learners overall. Similar to the analysis
on the T3 test, we equally divided children into two groups
on each of the other tests, respectively, based on the median
splits  of  target  fixation  on  that  particular  test.  We  did  not
find  a  contrasting  pattern  of  word  learning  performance
between  groups  similar  to  the  T3  test  on  any  other  tests.
Thus, the low performers’ misuse of T3 as T2 on the T3 test
did  not  appear  to  be  driven  by  factors  unrelated  to  their
representation of T3.

4.   Discussions
This  study  examined  two  questions.  First,  can  Mandarin-

speaking  3-year-olds  use  tones  to  learn  novel  words?  Second,
does  T3  (dipping)  pose  more  difficulty  to  children  than  other
tones when used as a cue to word identity? Results showed that
children  could  map  the  tone  pair  of  T2  and  T4  to  labels;
however,  when  presented  with  the  tone  pair  of  T2  and  T3,
children  as  a  group  could  map  T2  but  not  T3  to  a  label.
Furthermore, children did not show a random pattern of visual
fixation  on  the  T3  trials.  The  high  performers  learned  the  T3
words,  but the low performers consistently misused T3 as T2.
In  addition,  children  found  the  target  image  least  efficiently
when learning T3 words relative to learning T2 and T4 words.
Thus,  Mandarin-speaking  3-year-olds  can  use  tones  to  learn
novel  words,  and  that  children  have  more  difficulty  using  T3
than  other  tones  as  a  cue  to  word  identity  on  a  novel  word
learning task.

The  high  and  low  performers  exhibited  a  contrasting
pattern  of  performance  when  learning  the  T3  word.  This
finding does not seem to be due to children’s preference for
a  particular  label  or  image.  Furthermore,  the  pairing  of
labels  and  images  was  randomized  and  the  assignment  of
left  and  right  positions  of  the  target  images  was
counterbalanced.  In  addition,  the  latency  data  showed  that
children  detected  the  acoustic  difference  between  the  T2
and  T3  words.  The  low  performers  did  not  have  difficulty
with  the  IPLP  experimental  paradigm  and  they  were  not
weak  learners  of  novel  words.  Together,  results  suggested
that the low performers’ misuse of T3 as T2 was related to
their representation of T3. It appeared that they did not form
an  association  between  the  T3  label  and  its  image  in  the
training, and in the test they misused T3 as T2 despite their
detection  of  the  tone  difference.  Thus,  consistent  with
previous research (e.g., Wong et al., 2005[9]), this study shows
that T3 is more difficult to acquire than other tones and that the
acquisition  of  T3  continues  beyond  3  years  of  age.  More
importantly,  this  study  shows  that  when  children  have  an
inaccurate  representation  of  T3,  they  tend  to  use  T3  as  T2  in
learning novel words.

There are two possible explanations to the finding that the
low performers tend to use T3 as T2 but not vice versa. First,
perhaps  children  learned  the  T2  word  because  it  was  highly
distinctive  from  other  tones[10];  however,  the  perceptual
distinction between T2 and T3 was not salient enough to enable
the low performers to use T3 as a cue to word identity despite

their detection of the tone difference. Second, it may be related
to  the  Mandarin  tone  sandhi  effect.  In  Mandarin,  when  T3
words occur  in  combination,  the  first  T3 becomes rising-T2[4].
For  example,  /lao3/  /hu3/  (tiger)  was  pronounced  as  /lao2/
/hu3/.  However,  tone  modification  does  not  apply  to  the
combination  of  T2s.  Thus,  Mandarin-speaking  children’s
language  input  might  bias  them  towards  the  tone
modification  from  T3  to  T2  but  not  vice  versa.  The  two
explanations  may  not  be  mutually  exclusive  because  they
both  suggest  that  the  later  AoA of  T3  is  related  to  its  low
level  of  perceptual  distinctiveness,  which  makes  the
perception  and  production  of  T3  more  difficult  than  other
tones.

The finding that the low performers did not use T3s as cues
to  word  identity  implies  that  tones  might  not  necessarily  be
reliable  cues  to  word  identity  even  for  tone  speakers[32].  This
may  be  related  to  the  fact  that  for  both  tone  and  non-tone
speakers, pitch variations also convey information of affect and
emphatic  stress[23],[33],[34],  question/statement  distinction[25],
syntactic categories[35], and cues to talker identity[24]. Thus, tones
may have an ambiguous relation to word identity even for tone
speakers.

Lexical links between tones and meaning may be related to
the origin and evolution of speech and music. Charles Darwin
hypothesized that speech and music originated from a common
emotional  signalling  system  based  on  the  imitation  and
modification  of  sounds  in  nature[36].  This  hypothesis  is
supported  by  recent  evidence  that  speech  and  music  share
underlying  cognitive  and  neural  resources[37]  and  draw  on  a
common  code  of  prosodic  attributes  when  used  to
communicate  emotional  states[38].  Changes  in  frequency
spectrum, intensity, and tempo that evoke emotional responses
in  music  and  speech  also  trigger  emotions  when  perceived  in
nonlinguistic,  non-musical  environmental  sounds[39].  Therefore,
the  referential  function  of  tones  is  not  unique  to  language,
rendering the relation between tones and word perception less
than transparent[21].

Nevertheless,  children’s  failure  to  learn  the  T3  word
seems inconsistent with the fact that 1) Mandarin processing
and  acquisition  relies  heavily  on  tones  in  distinguishing
word  identity[9],  2)  Mandarin-speaking  3-year-olds  do  have
minimal pairs of words with T2 and T3 in their vocabularies[22],
and 3) Mandarin-speaking 3-year-olds could use T2 and T3 to
distinguish  familiar  words  with  an  accuracy  rate  of  69% on a
tone  perception  task[9].  Perhaps,  compared  with  other  tones,
mapping  T3  to  labels  requires  additional  exposure  to  the
association of a label and its referent. However, this is merely a
conjecture that requires further research.

5.   Conclusions
This study showed that when children were presented with

T2 (rising) and T4 (falling) pairs, they successfully learned the
T2  and  T4  words.  However,  when  children  were  presented
with T2 and T3 (dipping) pairs,  they could learn the T2 word
but not the T3 word. The high performers also learned the T3
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word,  but  the  low  performers  misused  T3  as  T2.  This  study
shows that Mandarin-speaking children can use lexical tones to
learn  novel  words  under  experimental  conditions.  In  addition,
the relative difficulty of using T3 as a cue to word identity may
be  related  to  its  lower  level  of  perceptual  distinctiveness
compared with other tones.
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