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ABSTRACT

This study examined the effect of inter-talker
variations on the perceptual confusion of
Cantonese tones. We found that: (1) identification
accuracy of six unchecked tones in Cantonese was
influenced by inter-talker variations in a way that
high tones like T1 and T2 were identified more
accurately in high voices whereas low falling tone
T4 were identified more accurately in low voices;
(2) across the board, inter-talker variations had a
relatively limited effect on the identification of low
rising tone T5 and low level tone T6; (3) the
confusion patterns across these six tones revealed
that inter-talker variations resulted in perceptual
confusion among tones with a similar FO contour,
but not those with different FO contours. Findings
of this study imply that inter-talker variations

could be a driving force for Cantonese tone merger.
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1. INTRODUCTION

This study investigates the effect of inter-talker
variations on the tone identification in Hong Kong
Cantonese. Specifically speaking, this study aims
to examine (1) whether inter-talker variations
which introduce acoustic overlapping in
fundamental frequency (FO) between tones would
consequently result in perceptual confusion; (2)
whether inter-talker variations are a possible
driving force for the tone merger in Cantonese.
Cantonese contrasts six unchecked tones, e.g.
T(one) 1 /i/55 & “doctor’, T2 /i/25 & “to lean’, T3
/i/33 % ‘meaning’, T4 /i/21 5 ‘son’, T5 /i/23 H-
‘ear’, and T6 /i/22 — ‘two’ [1]. T1, T3 and T6 are
described as level tones which are mainly
distinctive from each other in FO height. Two
rising tones, T2 and T5 share a similar FO onset
and differ only in the magnitude of slope. Due to
inter-talker variations, T3 produced by one speaker
could be overlapping in FO with T1 or T6 produced
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by another speaker. Similarly, T2 produced by a
speaker could be overlapping with T5 produced by
another. Therefore, it is likely that inter-talker
variations result in confusion in tone perception.

Exploring the mechanism of perceptual
confusion has important implications for
understanding the tone merger in Cantonese. It has
been widely reported that several Cantonese tones
are undergoing the merging process, for example,
T3 and T6, and T2 and T5 [1, 10]. Given that inter-
talker variations may give rise to perceptual
confusion of tones, it is possible that inter-talker
variations serve as a driving or accelerating force
for the tone merger in Cantonese.

Many previous studies address the issue of
individual variations from the production point of
view (cf. [1, 7, 8]). For those studies investigating
tones from perceptual perspective (cf. [3]), few of
them incorporated inter-talker variations into the
design. Wong and Diehl [9] studied the effect of
inter-talker variations on the identification of
Cantonese level tones via a comparison of mixed-
talker design (more than one talker in a block) and
blocked-talker design (only one talker in a block).
They found significantly higher identification
accuracy in the blocked-talker design than the
mixed-talker design. It implicitly demonstrated
that the unexpected inter-talker variations within a
block resulted in perceptual confusion, and
therefore, lowered the identification accuracy. But
this study did not report FO ranges of talkers tested
in the experiment, making it difficult to evaluate
how different these voices were from each other.
Moreover, only male voices were used.

The present study aims to complement previous
perceptual studies by explicitly examining the
effect of inter-talker variations on perceptual
confusion through a controlled and balanced
design of talker’s variations.

2. METHODOLOGY

16 native speakers of Hong Kong Cantonese (8 M,
8 F; mean age = 20.4 yr, s.d. = 0.78) were recruited.
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2.1.

25 pitch stimuli were designed in terms of Chao’s
tone letters [2]. As there is no concave or convex
tone in Cantonese, we only used pitch stimuli that
can be described by two tone letters. Allowing
both tone letters to be any of the five levels that
Chao proposed gives rise to a total combination of
25 stimuli (5 x5 =25), i.e., 11, 12, 13, 14, 15, 21,
22, ...51,52, 53, 54 and 55. As shown in Figure 1,
FO contour of each stimulus is a 500 ms linear

Stimuli

ramp, with FO kept constant within the first 200 ms.

Figure 1: FO trajectories of the pitch stimuli.
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Four voice ranges (2M, 2F) were defined based
on a Cantonese speech database [5]. First, we
obtained average FO ranges for both male and
female talkers in the database. Then we defined
two marginal voice ranges, a higher-than-average
female voice and a lower-than-average male voice
(difference between average and marginal voices is
2 s.d.). Here is the FO range for each voice: Female
High voice (FH), 240 ~ 350 Hz; Female Average
voice (FA): 200 ~ 290 Hz; Male Average voice
(MA): 110 ~ 160 Hz; Male Low voice (ML): 85 ~
125 Hz. FO range of each voice covers around 0.54
Octave. Four voices form a continuum from high
to low FO, with some overlap between two voices
of the same gender.

Four talkers compatible with the above ranges
were selected from the database. FO range of each
talker was equally divided into five levels in log
scale (1-5), with the upper range aligned to tone
letter 5 and lower range to 1. Then 25 pitch stimuli
were generated for each voice range according to
the FO contours shown in Figure 1. For each talker,
one sample of syllable /i/ was selected and pitch
stimuli were superimposed on it. Intensity profile
was kept constant across these four voices.

2.2. Task

Pitch stimuli from each voice range were presented
in separated blocks (blocked-talker design). Within
each block, all 25 pitch stimuli (serving as a sub-
block) were randomized and repeated nine times.
Each stimulus was presented in isolation; after the
stimulus was presented, the subject had 3 seconds

to freely identify the heard stimulus as any of the
six words (8¢ T1, f& T2, & T3, 5 T4, H T5, —
T6) by pressing labeled buttons on a keyboard.
Subjects were instructed to respond as quickly and
accurately as possible. A practice block containing
a voice not occurring in the test blocks was
presented first. The order of four test blocks was
counterbalanced across the subjects.

3. RESULTS

The purpose of this study being to examine the
effect of inter-talker variations on perceptual
confusion, we only report the identification of six
pitch stimuli that correspond to prototypical
Cantonese tones. Based on tone descriptions in [1],
the following six stimuli, /i/55 (T1), /i/25 (T2),
1i133 (T3), /i/21 (T4), /i/23 (T5), /i/22 (T6) were
defined as prototypical stimuli in this study.

3.1

Table 1 shows the mean accuracy and reaction
time of six Cantonese tones. Accuracy (ACC) was
calculated as the percentage that a pitch stimulus
was correctly identified as its corresponding tone.
Reaction time (RT) was obtained from correct
identification only. RT of incorrect responses is
not shown here due to space limit.

Table 1: Accuracy (ACC) and reaction time (RT) of
identification of six Cantonese tones. ACCs higher
than 0.5 were marked with italic and boldface.

Identification results

ACC T1 T2 T3 T4 T5 T6

FH 0.72 0.62 0.54 0.37 0.63 0.67
FA 0.71 0.52 0.35 0.31 0.74 0.83
MA 0.38 0.39 0.43 0.43 0.61 0.68
ML 0.18 0.35 0.22 0.55 0.63 0.56
Mean 0.50 0.47 0.38 0.41 0.65 0.68
RT T1 T2 T3 T4 T5 T6

FH 14243 | 1499.4 | 1445.0 | 1666.1 | 1506.2 | 1381.7
FA 1560.5 | 1532.3 | 1384.8 | 1716.3 | 1496.5 | 1327.2
MA 1566.0 | 1568.1 | 1471.1 | 1649.1 | 1600.1 | 1531.1
ML 1391.3 | 1576.2 | 1447.6 | 1482.1 | 1672.4 | 1326.9
Mean | 1485.5 | 1544.0 | 1437.1 | 1628.4 | 1568.8 | 1391.7
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A tone xvoice repeated measures ANOVA was
conducted on ACC and RT separately. For ACC,
the statistical analysis revealed significant main
effects of tone, (F(1, 3)=13.154, p<0.001) and
voice (F(1, 2.818)=5.682, p=0.003), and a
significant interaction of tone by wvoice (F(1,
6.382)=7.909, p<0.001). It means that ACC
differed among these tones, and was influenced by
inter-talker variations. The interaction of tone and
voice suggests that ACC of different tones varied
as a function of talker’s voices. High tones such as
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high level tone T1 and high rising tone T2 were
identified more accurately in high voices (FH &
FA) than low voices (MA & ML), whereas low
falling tone T4 was identified more accurately in
the low voices (see Table 1).

A one-way ANOVA was conducted to further
examine the main effects of voice and tone. For
voice, post-hoc Tukey test showed that the overall
tone identification was significantly more accurate
in FH and FA than in ML (p<0.01 in both cases).
Given these results, no conclusive remark about
voice typicality can be drawn (i.e. FA and MA are
supposedly more typical than FH and ML, but the
result does not show that accuracy in FA and MA
is significantly higher than FH and ML).

For tone, results suggested that low rising tone
T5 and low level tone T6 which were stably
recognized in all voices, were identified
significantly more accurately than the remaining
four tones (for all cases, p<0.01). Across the board,
the identification of T3 was the least accurate.

For RT, repeated measures ANOVA only found
a significant main effect of tone (F(1, 5)=4.589,
p=0.001), suggesting that the responding time is
different between these six tones. A one-way
ANOVA showed that T6 was identified
significantly faster than T4 and T5 (for both cases,
p<0.05). Moreover, T3 was identified significantly
faster than T4 (F(1, 5)=4.798, p=0.013).

Figure 2: Accuracy and reaction time of tone
identification.
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Figure 2 shows the average ACC and RT
collapsed across four voices. Examination of this
figure suggests a rough match between ACC and
RT except for T3, i.e., the higher the accuracy, the
faster the response. It possibly indicates that when
a listener is confident of his/her choice, he/she
tends to respond fast. T3 is exceptional in that it

was identified least accurately but its RT was short.

We note that when stimulus ‘33’ was misidentified
as tones other than T3, its RT was also short
(1419.2 ms). It might suggest a speed-accuracy
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tradeoff in the case of T3, i.e., fast response is
achieved at the expense of accuracy. If this is true,
it seems to suggest that different responding
strategies were adopted for different tones. More
research is needed to look into this issue.

3.2.

Table 2 shows the confusion patterns across six
tones. It reveals that inter-talker variations resulted
in perceptual confusion between tones with a
similar FO contour (e.g. T1 & T3), but not those
with different FO contours (e.g. T1 & T2).

Table 2: Confusion matrices of tone identification in
four voices ranges. Columns represent the pitch stimuli,
and rows refer to responses. ldentification rates higher
than 0.1 were marked with italic and boldface.

Confusion matrices

FH 55 25 33 21 23 22
T1(55) | 0.72 | 0.02 0 0.01 | 0.01 0
T2(25) [ 0.06 [0.62 [0.05 [0.03 [0.08 |0.03
T3(33) | 0.1 [0.02 [054 |0.04 |[0.15 |0.22
T4 (21) 0 0.01 | 0.05 [ 0.37 |0.01 |0.01
T5(23) [ 0.02 [ 0.28 |[0.03 |0.04 |0.63 |0.03
T6(22) [ 0.06 | 002 |[031 [ 047 | 008 | 067

FA 55 25 33 21 23 22
T1(55) | 0.71 0 0 0.01 0 0.01
T2(25) | 0.01 | 0.52 | 0.03 0 0.08 | 0.01
T3(33) [0.22 | 006 [035 [ 0.1 | 008 |0.08
T4 (21) | 0.01 0 0 0.31 0 0.01
T5(23) [ 001 [037 [005 [002 [0.74 | 0.04
T6(22) [0.01 [003 [054 [ 053 [0.06 |0.83

MA 55 25 33 21 23 22
T1(55) [0.38 [0.01 [001 [0.01 [0.01 [0.01
T2(25) [0.06 [039 [001 [0.02 [0.06 |0.03
T3(33) (041 [ 008 [043 [0.04 [0.17 |0.13
T4(21) [ 001 | 005 [0.02 | 043 | 002 | 0.04
T5(23) [ 0.06 [ 045 |[0.03 [0.05 |0.61 |0.04
T6 (22) | 0.05 0 044 | 042 | 01 | 0.68

ML 55 25 33 21 23 22
T1(55) | 0.18 0 001 (002 [001 [0.01
T2(25) [ 0.04 [ 035 [0.03 |[0.01 |[0.06 |0.03
T3(33) [0.65 [ 004 [0.22 |0.01 |0.06 |0.07
T4(21) [ 001 | 001 [002 [055 |005 |0.21
T5(23) [ 001 | 052 [0.03 |[0.03 | 063 |0.04
T6(22) [ 0.07 [003 [068 033 [0.13 | 056

Let us consider three level tones first. In FH,

pitch stimulus 55° whose intended tone category
is T1 was correctly identified as T1 for 72% of the
time (0.72). However, a small portion of this
stimulus (0.1) was misperceived as T3. From high
voices (FH, FA) to low voices (MA, ML), there
was a gradient shift in identification from T1 to T3
so that in the lowest voice (ML), stimulus ‘55” was
predominantly identified as T3 (0.65) instead of T1
(0.18). Similarly, for stimulus ‘33’, its dominant
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identification was shifted from T3 to T6 in ML.
However, stimulus ‘22> was identified relatively
stably as T6 in all 4 voices. Although the ratio that
‘22’ was identified as T6 varies among these 4
voices, there is no turnover in identification
dominance from T6 to other tones in any voice.

A similar pattern was found for two rising tones,
T2 and T5. Identification of stimulus ‘25 was
changed from T2 to T5 in ML, whereas stimulus
‘23’ was reliably identified as T5 across the voices.

Finally, the identification of pitch stimulus ‘21’
was unstable and tended to be confused with T6. A
possible reason is that T4 is traditionally described
as either low level or low falling tone. Therefore it
is likely to be confused with the low level tone T6.

To summarize, misperception of tones with a
similar FO contour took place when talker’s voices
changed. Moreover, inter-talker variations seem to
have an unequal influence on different tones. For
T5 and T6, which were recognized stably across
the voices, inter-talker variations may have a
limited effect. The remaining four tones, which
were often misperceived as other tones, are subject
to the influence of inter-talker variations.

4. DISCUSSION AND CONCLUSION

This study examined the effect of inter-talker
variations on the perceptual confusion of
Cantonese tones. We found that the identification
accuracy of Cantonese tones was influenced by
inter-talker variations in a way that high tones like
T1 and T2 were identified more accurately in high
voices whereas low falling tone T4 were identified
more accurately in low voices. Across the board,
T5 and T6, which were recognized stably across
the voices, were relatively resistant to the influence
of inter-talker variations. Moreover, the confusion
patterns across six tones revealed that inter-talker
variations resulted in perceptual confusion among
those tones with a similar FO contour.

To connect findings of this study to tone merger
in Cantonese, we hypothesize that inter-talker
variations which introduce perceptual confusion
among certain tones may give rise to a pool of
possible perceptual confusion patterns, (some of)
which are later selected in the phonological
merging process [4, 6]. Moreover, that inter-talker
variations have a relatively limited effect on T5
and T6 may hint on the possible direction of
merger, e.g. T2 being merged to T5, and T3 to T6.

Given that inter-talker variations give rise to
perceptual confusion of tones, it is possible that
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inter-talker variations serve as a driving or
accelerating force for the tone merger in Cantonese.
We suggest inter-talker variations as a driving
force, without denying the importance of other
factors, such as social, psychological, or linguistic
factors, which may contribute to the selection of
certain confusing tone pairs in the phonological
process. For instance, the confusion matrices
showed that T1 was misperceived as T3 in some
voices. However, such a confusion trend is not
attested in the reported tone mergers. It is also
likely that acoustic similarity may interact with
inter-talker variations in selecting the candidates
for merger. Previous phonetic studies showed that
T3 and T6 lie in close adjacency in the acoustic
space [1, 7], while both of them remain a distance
from T1. Therefore tones with wide acoustic
distance (T1 and T3) may be more resistant to
confusion-induced sound merging than those of
high acoustic similarity (T3 and T6). It is beyond
the scope of this study to investigate all factors that
contribute to the tone merger in Cantonese.
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