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1. Background and the research question

(1) Speech production varies a lot. (see Figures 1 & 2)
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Figure 1. Frequency of second formant versus frequency of first

formant for ten vowels by 76 speakers (Peterson and Barney, 1952), Figure 2. Production tone balloons for Cantonese (Peng, 2006).



(2) Speech perception.

The exemplar-based model (¢.g., Goldinger, 1996; Johnson, 1997a; 1997b; Pierrehumbert, 2001)
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Figure 3. Summary of the exemplar-based model, exemplified for a system of three tones.



(3) Research question

What cognitive mechanisms are used to represent and perceive
phonological categories.
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2. Methods

2.1 Participants
(1) The experimental group

* 35 native Mandarin speakers (17F; North China; Undergraduate and graduate
students; no musical training; with limited experience of Cantonese )

* 17 for Group L (large variability) and 18 for Group S (small variability)

(2) The control group

12 native Hong Kong Cantonese speakers (undergraduate students; no musical
training)



2.2 Stimuli

(1) Recording:
Ten native Cantonese speakers (5F) x 36 syllables x 10 repetitions
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Table 1. Six base syllables having valid lexical items for each of the six long tones in Hong Kong Cantonese. Both the written
forms and the Jyutping transcriptions are shown.



(2) Speech stimuli used in the experiment

(a) Training materials of large variability
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Figure 4. The tone chart for all the speech utterances
used as training materials of large variability.

(b) Training materials of small variability
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Figure 5. The tone chart for all the speech utterances
used as training materials of small variability.

(c) The test stimuli
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Figure 6. The tone chart for all the speech utterances
used as test stimuli.



2.3 Procedures
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* Perception: Cantonese tone identification task



(1) Training sessions:

* Subject Group L - Training materials of
LARGE variability
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* Speech shadowing: Repeating the model
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(2) Experimental sessions: Cantonese tone 1dentification task

* To identify the tone category of each syllable

ij fixation: 500ms
; ------- N --------- = audio stimulus; pressing button
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Figure 6. The tone chart for all the speech _ _ _ _ .
utterances used as test stimuli. Figure 7. The illustration of the trail procedure in the Cantonese

tone 1dentification task.



3. Results
3.1 The accuracy analysis of tone 1dentification task (a three-way ANOVA)

(Between-subject factor:
* Group (Ps > 0.05)
dWithin-subject factors:
* Experimental session:

S10.623 <52 0.685 = 53 0.686

e Jone:
T21(0.952)>T55(0.899) > T33 (0.635) = T23 (0.634) = T25 (0.588) >T22 (0.279)

* Base syllable:
11 (0.707) = fu (0.702) > s1 (0.675) = fan (0.664) > se (0.62) = jan (0.619)
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3.2 Confusion matrixes analysis

(a) Mandarin Participants

Real 21 Real 22 Real 23 Real 25 Real 55
Target 55 0% 1% 0% 2% 90
Target 33 1% 9% 1% 1% 64% ‘
Target 25 1% 0% 39% 59% 0% 1%
Target 23 1% 1% 64% _30% | % 1%
Target 22 1% 28% 2% 1% 12%
Target 21 95% 2% 1% 1% 1% 0%

(b) Cantonese Participants

Real 21 Real 22 Real 23 Real 25 Real 33 Real 55
Target 55 0% 0% 0% 1% 1% 98%

Target_33 1% m 2% 1% 82% 1%
Target 25 1% % (2% ) 76% 1% 1%

Target 23 2% 1% 79% l 17% I 1% 0%
Target 22 1% 49% 1% 1% m 1%

Target 21 98% 1% 2% 0% 0% 0%

Table 2. Confusion matrix of tone identification for (a) Mandarin and (b) Cantonese
participants.

 Tones of the similar slope are easily

confused with each other.

T25/T23; T55/T33/T22

(J Mandarin speakers show different

confusion patterns from Cantonese
speakers, especially for the two level
tones that are not in Mandarin.

Can. (T332 T22; T22-> T33)
Man. (T33-> T55; T22-> T33/T55)
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4. Discussion

4.1 the cognitive representation and perception of phonological categories

Large variability Small variability
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* Group Large = Group Small

* Exemplar-based model (<): not a simple match between the income signals and the
exemplars stored mentally



4.1 the cognitive representation and perception of phonological categories

The abstract model (e.g., Gerstman, The hybrid model (e.g., Goldinger, 2007)
1968; Syrdal & Gopal, 1986)
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Figure 9. Summary of the hybrid model, exemplified

Figure 8. Summary of the abstract model, exemplified
for a system of three tones.

for a system of three tones.

* A cognitive process 1in which the talker-specific variation is filtered out or gradually
decays must occur.
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4.2 The influence of L1 (i.e., Mandarin) background on learning Cantonese tones

(a) Cantonese Participants
Real 21 (Real_22w Real 23  Real 25  Real 33 Real 55 (1) The nonnative SpeeCh Slgnal 1s not

. 1dentified directly but modulated by the
native Mandarin phonological system first.
* Can. : T33 as T22 (acoustically closer)

, . Man. : T33 as T55 (existing in the
(b) Mandarin Participants Man darin)

Real 21 Real 22 Real 23 Real 25 Real 33 ( Real 55 W o

Target 33 1% U 14% ) 2% 1% 82% 1%

the Perceptual Assimilation Model (So
Target 33 1% 9% 1% 1% 64%  \_ 24% | &Best, 2010: 2014)




4.2 The influence of L1 (i.e., Mandarin) background on learning Cantonese tones

(a) Mandarin Participants

Real 21 Real 22 Real 23 Real 25 Real 33 Real 55
Target 55 7%
Target 33 24%
Target 25
Target 23
Target 22 56%
Target 21
(b) Cantonese Participants
Real 21 Real 22 Real 23 Real 25 Real 33 Real 55
Target 55
Target 33 14%
Target 25
Target 23
Target 22 47%
Target 21

(2) Mandarin speakers might be more

sensitive to the change of the pitch

direction than the change of the pitch
height.

* Tones with similar slope (i.e. three level
tones and two rising tones) are more
easily confused with each other.
the language-specific weighting on
pitch height and pitch slope (Gandour,
1983)
the Mandarin tonal system (T55, T35,

T214 & T51: different pitch slopes)
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4.2 The influence of L1 (i.e., Mandarin) background on learning Cantonese tones

(3) The acquisition of the tonal system in L2 1s also affected by the segmental
components.

e i (0.707) = fu (0.702) > si (0.675) = fan (0.664) > se (0.62) = jan (0.619)

* Mandarin &Cantonese: j1 /j1/ & fu /fu/
Cantonese: s1/s1/, fan /fen/, se /se/ & jan /jen/

* Cognitive resource
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5. Conclusion

(1) The original exemplars of a phonological category we encountered might undergo
some changes and finally form the mental representations.

(2) The formation of a new tonal system 1s affected by the L1 phonological system from
the suprasegmental to the segmental level.
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