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ABSTRACT

The experiment consists of one simple identification test 
and four selective adaptation tests on a synthesized 
/da2/-/da3/ continuum. Each selective adaptation test uses 
one of the four adaptors: tone2 /da/ (DA2), tone3 /da/ 
(DA3), tone2 /bi/ (BI2) and tone3 /bi/ (BI3). It shows that 
DA3 shifted the boundary of the continuum and DA2 
showed a uniform effect on each stimulus. They both had a 
selective adaptation effect on the continuum. BI2 and BI3, 
however, showed no selective adaptation effect on the 
/da2/-/da3/ continuum. This suggests that tone perception is 
not independent from segmental perception. On the other 
hand, DA3 shifted the boundary of the /da2/-/da3/ 
continuum but had no uniform effect on each stimulus. 
DA2 showed a uniform effect on each stimulus but did not 
shift the boundary. Therefore the selective adaptation on 
the tone2-tone3 continuum is produced in two dimensions: 
One is the boundary of the categories and the other is the 
center of each category. This suggests that the turning point 
position is only an acoustic parameter which is mapped into 
some abstract features at the phonetic/phonological level in 
the process of tone2 and tone3 perception. 

1. INTRODUCTION

There are four lexical tones in Mandarin Chinese. They are 
generally described as 55, 35, 214, and 51 in 5-point scale 
system [1]. Among the four tones tone2 and tone3 are the 
most likely to be confused. Previous studies on perceptual 
cues of tone2 and tone3 discrimination show unanimously 
that the position of the turning point and the range of the 
falling part of the F0 contour are most crucial and reliable 
[2,3].  How these acoustic cues contribute to tone2/tone3 
perception, however, has not to my knowledge been 
addressed in literature. One goal of this paper is to explore 
this issue. The other issue I am going to explore in this 
paper is whether vowel quality has an effect on tone2/tone3 
perception. Massaro et al. find that using the same synthetic 
Mandarin speech stimuli, F0 pattern influences vowel 
judgements but vowel quality appears to have no 
systematic effect on tone identification [4]. Yang, however, 
shows that although vowel quality has no effect on 
Mandarin tone1 and tone2 discrimination, it does affect 
tone2 and tone3 discrimination [5].

I will use selective adaptation tests to examine the nature of 
the turning point position cue and the effect of vowel 
quality on tone2 and tone3 perception. Selective adaptation 
effects are changes in the identification of speech sounds 
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ing the repeated presentation of a stimulus that has 
common acoustic or phonetic/phonological feature 
he identification stimuli [6]. For example, repeated 
tation of a /da/ syllable can shift the perceptual 
ary toward the /da/ category in identification of the 
a/ continuum. The repeated stimulus, such as /da/ in 
ample, is called the adaptor.   

2. METHODOLOGY

IMULI

stimuli included a /da2/-/da3/ continuum for 
fication and four adaptors. They were created using 
elta speech synthesis program [7] in the Cornell 
tics Laboratory. The /da2/-/da3/ continuum consisted 
en /da/ syllables, whose F0 values at the beginning, 
g and ending points were 110Hz, 90Hz, and 140Hz. 
uration of the syllables was fixed at 350ms. The only 
g parameter along the continuum was the position of 

rning point. The turning point of the first syllable was 
s from the beginning of the syllable and there was a 
step along the continuum. Figure 1 shows the F0 
rs of the seven syllables.

gure 1: F0 contours of the /da2/-/da3/ continuum

 were four adaptors. Each was used in one of the four 
ive adaptation tests. The first one (called DA2 
ter) was the first syllable of the /da2/-/da3/ 
uum. The second one (called DA3 hereafter) was the 
yllable of the continuum. The other two adaptors, 
 BI2 and BI3, had the same F0 contour as DA2 and 
espectively but were /bi/ syllables. 

OCEDURE

dentification test and four adaptation tests on the 
/da3/ continuum were carried out. Each adaptation 
ed one of the four adaptors: DA2, DA3, BI2 and BI3. 

dentification test consisted of six repetitions of the 



/da2/-/da3/ continuum. In each repetition, the stimuli were 
arranged in a random order. There was a two second  
interval between stimuli. The subjects were instructed to 
respond whether the syllables they heard were /da2/ (‘to 
answer’) or /da3/ (‘to fight’) by marking the corresponding 
Chinese characters on the sheets provided to them.

Each adaptation test consisted of six adaptation blocks. In 
each adaptation block, the adaptor was repeated 80 times 
with 300ms interadaptor interval prior to seven 
identification trials (a randomization of the /da2/-/da3/ 
continuum). There was a two second interval between the 
identification trials. The subjects were instructed to listen to 
the 80 repetitions of the adaptor in each adaptation block 
then respond whether the following seven syllables were 
/da2/ (‘to answer’) or /da3/ (‘to fight’), also by marking the 
corresponding Chinese characters on the sheets provided to 
them. 

Six subjects from mainland China, three males and three 
females between the ages of 22 and 30, participated in this 
experiment. All speak fluent Mandarin Chinese and 
reported no history of hearing or speech disorder. The 
subjects were paid for their participation.

3. RESULTS

3.1 THE DATA

The identification results from the first five subjects are 
consistent with previous studies on Mandarin tone2 and 
tone3 perception [2,3]. The first syllable of the continuum, 
which has the most forward turning point, most likely to be 
heard as tone2; the last syllable of the continuum, which 
has the most backward turning point, most likely to be 
heard as tone3. The identification results from the last 
speaker, LZ, however, are contrary. Three of the six tokens 
of the first syllable were identified as tone3 but no tokens of 
the last syllable were identified as tone3 in LZ's 
identification test. The reason why the results from LZ are 
unusual is not clear to the author. As adaptation effect is 
estimated by a comparison between the identifications with 
and without an adaptor, the data from LZ will be excluded 
from the discussion below.  

3.2 COMPARISON BETWEEN THE EFFECTS OF 
DA2, DA3 AND THOSE OF BI2, BI3

Averaging the results of the five subjects, Table 1 below 
lists the percentage of  /da3/ responses at each stimulus (S1 
- S7) for each test.

 S1 S2 S3 S4 S5 S6 S7 
Iden. 0 0.17 0.40 0.73 0.77 0.87 0.93
DA2 0.13 0.37 0.50 0.77 0.93 0.97 1.00
DA3 0 0.03 0.07 0.27 0.70 0.83 0.90
BI2 0 0.07 0.30 0.70 0.83 0.93 1.00
BI3 0.03 0.13 0.17 0.53 0.83 0.90 1.00

Table 1: Percentage of  /da3/ responses at each stimulus.

To illustrate the differences of the effects of the four 
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fication test and each adaptation test in one figure 

tively as following:

Figure 2: Identification vs. DA2 adaptation

Figure 3: Identification vs. DA3 adaptation

Figure 4: Identification vs. BI2 adaptation

Figure 5: Identification vs. BI3 adaptation

s 2-5 show that DA2 increased the percentage of 
responses at each stimulus. DA3 decreased the 
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percentage of /da3/ responses at each stimulus. BI2 and BI3, 
however, did not show a uniform effect on each stimulus. 
BI2 increased the percentage of /da3/ responses at S5, S6 
and S7 but decreased it at S2, S3 and S4. BI3 decreased the 
percentage of /da3/ responses at S2, S3 and S4 but 
increased it at S1, S5, S6 and S7.

With the model in which tests (Iden, DA2, DA3, BI2, BI3), 
stimuli, subjects, the interaction between tests and subjects 
and the interaction between stimuli and subjects are 
considered factors (A pre-analysis shows that the 
interaction between tests and stimuli is not significant: 
sig.=0.506), General Linear Model Univariate analysis 
(Tukey post hoc test on tests) shows that both the difference 
between Iden. and DA2 (sig. = 0.008) and that between 
Iden. and DA3 (sig. = 0.000) are significant. The difference 
between Iden. and BI2 (sig. = 1.000) and that between Iden. 
and BI3 (sig. = 0.788), however, are not.

3.3 COMPARISON BETWEEN THE EFFECT OF 
DA2 AND THAT OF DA3 

Whether tone perception is categorical or not is not clear [8]. 
Figure 6 below shows the averaged percentage of tone3 
responses at each stimulus for the five subjects in the 
identification test. Clearly, it does not display a sharp 
category boundary between tone2 and tone3. However, we 
can conclude from this picture that roughly stimulus 1 and 
2 are in the tone2 category; stimulus 5, 6, and 7 are in the 
tone3 category; and stimulus 3 and 4 are in the boundary of 
the two categories. 

Figure 6: Averaged percentage of tone3 responses in the 
identification test.

From the discussion above, we know that both the results of 
DA2 and those of DA3 have statistically significant 
differences from the results of the identification test. A 
question is whether the difference between DA2 and the 
identification is the same as that between DA3 and the 
identification. 

Figure 2 and 3 above show the differences of the averaged 
tone3 percentages between the identification test and DA2 
and DA3 tests. We can see from the figures that the effects 
of DA2 are mainly on stimulus 1, 2 (tone2 category) and 5, 
6, 7 (tone3 category). The effects of DA3, however, are 
mainly on stimulus 3 and 4 (the boundary of the two 
categories).

3.4 SUMMARY 

DA2 and DA3 but not BI2 and BI3 are significantly 
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nt from the identification test. This suggests that the 
rs DA2 and DA3 showed selective adaptation effects 
 stimuli. BI2 and BI3, however, did not. 

ffect of DA2 is different from that of DA3: DA2 
y affects the center of each category whereas DA3 
y affects the boundary of the categories. 

4. DISCUSSION

S THE TURNING POINT POSITION A 
ETIC/PHONOLOGICAL FEATURE OR JUST 

COUSTIC PARAMETER?

 experiment, the /da2/-/da3/ continuum varies along 
ne parameter: the turning point position. The two 
rs, DA2 and DA3, are the endpoint syllables of the 
uum. DA2 has the most forward turning point and 
as the most backward turning point. 

does the acoustic cue, the turning point position, 
bute to tone2/tone3 perception? Is the turning point 
on also a phonetic/phonological feature, like vowel 
? Or is it just an acoustic cue which is mapped into a 
tic/phonological feature at a certain level, like VOT 
±voice])? 

assume first that the turning point position is not just 
oustic parameter but also a phonetic/phonological 
e. Under this assumption, the /da2/-/da3/ continuum 
varies with the turning point position at both the 
tic level (in which the turning point position is 
uous) and the phonetic/phonological level (in which 
ning point position is discrete). Therefore the turning 
position is the only cue responsible for the selective 
tion, no matter whether the selective adaptation 
ns at the acoustic level, the phonetic/phonological 
or both. This is contradictory to the result that the 
ive adaptation effects of DA2 and DA3 are 

etrical: DA2 mainly affects the center of each 
ry whereas DA3 mainly affects the boundary of the 
ries.  

ifferent effects of DA2 and DA3 suggest that the 
g point position is not the only cue responsible for the 
ive adaptation. On the other hand, however, the 
g point position is the only varying acoustic 
eter along the continuum. To solve this dilemma, we 
assume that the turning point position is not a 
tic/phonological feature but only an acoustic 
eter which is mapped into some abstract features at 
onetic/phonological level in the process of tone2 and 

 perception.

has the most forward turning point position. This 
g point position is probably decoded as “rising” at the 
tic/phonological level. That is, the falling part of the 
gnored at this level. There are two pieces of evidence 
is hypothesis: First, tone2 is usually described as 
. Second, a falling part does not always occur in the 
ogram of practical tone2 syllables. It is the “rising” 
e of the adaptor DA2 that contributed to its selective 



adaptation effect on the center of each category.

DA3 affects the boundary of the two categories. This result 
parallels the selective adaptation tests on voicing of 
consonants [9,10], which use VOT as the varying 
parameter along a continuum. Selective adaptation on 
voicing has been demonstrated to produce an effect either 
at the level of phonetic/phonological features [11] or at the 
acoustic/auditory level [12]. Therefore, the effect of DA3 
could be generated through its acoustic cues or its 
phonological features or both. However, because the results 
of DA2 suggest that its adaptation effects are mainly 
produced at the phonetic/phonological level, it is 
reasonable to conclude that the effects of DA3 are also 
mainly produced at this level. DA3 has the most backward 
turning point position. This turning point position is 
probably decoded as “turning” (or “concave”) at the 
phonetic/phonological level. The “turning” feature of DA3 
contributed to its selective adaptation effect on the 
boundary of the two categories. 

In summary, the turning point position is only an acoustic 
cue but not a phonetic/phonological feature in tone2/tone3 
perception. The most forward turning point position in the 
experiment is probably mapped into a ‘rising’ feature and 
this feature contributes to DA2’s selective adaptation effect 
on the centers of tone2 and tone3. The most backward 
turning point position in the experiment, however, is 
probably mapped into a ‘turning’ feature and this feature 
contributes to DA3’s selective adaptation effect on the 
boundary of tone2 and tone3. 

4.2 DOES VOWEL QUALITY AFFECT TONE2 AND 
TONE3 PERCEPTION?

Both DA2 and DA3 had a selective adaptation effect on the 
/da2/-/da3/ continuum. BI2 and BI3, however, showed no 
adaptation effect on the continuum. As BI2 and BI3 had the 
same F0 contour as DA2 and DA3, the different effects 
between them can only come from the difference on their 
segmental quality, basically, vowel quality. 

We have concluded that the selective adaptation effects on 
the /da2/-/da3/ continuum are mainly produced at the 
phonetic/phonological level. Hence the different effects of 
the adaptors DA and BI are mainly from this level. That is, 
tone and segmental perception interact at the 
phonetic/phonological level. This is different from the 
interaction between the intrinsic F0 and the pitch of vowels, 
which happens only at the acoustic/auditory level.

5. FURTHER STUDY

Previous studies have shown that there are two acoustic 
dimensions contributing to the perception of Mandarin 
tone2 and tone3: the position of the turning point and the 
range of the falling part of the F0 contour. The stimuli used 
in the current study, however, only vary in the dimension of 
the turning point position. Further experiments should be 
conducted to investigate if the selective adaptation tests on 
the stimuli varying in the other dimension or in both 
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dition, further study is needed to explain why the 
e “rising” mainly affects the centers of the categories 
 and tone3 whereas the feature “turning” mainly 
s the boundary of the two categories. 
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