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Japanese

English

Iverson and Kuhl (1995)
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Lexical tone? |

Non-tonal listeners

Tonal listeners

Gandour, 1983; Chandrasekaran et al. 2010



Incremental training

Training 1
(Most exaggerated)

Training 2
(Less exaggerated)
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Training 3
(No exaggeration)
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Is Incremental training

method effective on non-

tonal listeners?

Does Incremental group

differ from the baseline

(Fixed) group?
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Stlmuh Training Tests

level 44

/
\ //

falling-rising 425 /I

9 Syllables: /pa:/, ta:/, [ka:/, Ipi:/, iti:/, IKki:/, [pu:/, [tu:/, and /ku:/
Chao (1930)
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Exaggerated stimuli

Training 1

Training 2

Training 3

falling 41 Baseline (Training 3)

41 exaggerated 30Hz (Training 2)

41 exaggerated 60Hz (Training 1)
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ABX tasks

Training 1 Training 2 Training 3
Feedback Feedback Feedback
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Exaggeration 60Hz Exaggeration 30Hz Baseline
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Training 2

Pre-test = Training 1

F%k Feedback

= Training 3

=

Feedback Feedback

44 vs 425 41 vs 45
level vs. falling-rising high-falling vs high-rising

/ 4&4 /
\/
\/ \/

\\ \V4

Same as pre-test
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Participants

LY
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Incremental group: N=40 Fixed group: N=46

With exaggerated stimuli With baseline stimuli

Native English speakers without lexical tone experience.
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Data Analysis

* Accuracy data
* Reaction time data

* Separated Test & Training blocks
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Accuracy data

Logistic mixed-effect regression models

* Fixed effects: « Random effects:

* Group: Incremental & Fixed « Random intercepts: participant, syllable

* Test: Pre-test & Post-test » Block-by-participant random slope

 Training: Training1, Training2, & Training3
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100%:
Accuracy training blocks "
g 80% sohz 3oz
* Group: x2(1) = 9.54, p = .002 & /@
- Block: x2(2) = 10.56, p = .005 < paseline baseline
o/ | Group
- Group x Block: x2(2) = 20.10, p < .001 °0% — Fixed
== Incremental
50%:
Training1 Training2 Training3

Training blocks

glmer(accuracy ~ group * block + (1 + block | participant))
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100%
90%
% 80%
Accuracy test blocks 2
§ 70%
+ Block: x2(1) = 31.96, p < .001 - Group
60% — Fixed
- = |ncremental
50%
Pretest Posttest

Test blocks

glmer(accuracy ~ block + (1 + block | participant))
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Reaction time (RT) data

Linear mixed-effect regression models

« Same model structure as accuracy data
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1000
RT training blocks  _
g baseline _ baseline
= baseline o
o \ ______
§ -__r_g:_'
. * 500 e-=mmmmm=mm=m==" of -
* Numeric E 60Hz 30Hz baseline
©
©
. Block: p = .45 2
250- Group
o — Fixed
» Group: p = .71 -~ Incremental
. Block x Group: p = .37 0] | | |
Training1 Training2 Training3

Training blocks
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1000+
. 750
£
RT test blocks s
= 500
O
- Block: x2(1) = 53.80, p < .00 :
* 250- Group
— Fixed
- = Incremental
0.
Pretest Posttest

Imer(logreact ~ block + (1 + block | participant)) Test blocks
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Summary

* Exaggerated stimuli boosted discrimination (Training 1 & 2).
* The boosting effect did not sustain when exaggeration was removed (Training 3).

* Participants improved discrimination on the untrained tonal contrast ( Tests).

Two follow-ups

1. Reduced exaggeration

2. Trained Mandarin listeners
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100%:
Accuracy overview
G 60|.lz- ________ 3 .OHz
2 80%; i |
2 - *~._ baseline
* Pretest vs Training1 g S e
§ 70% o ," baseline
* Block: p = 74 < . h baseline
baseline
* Posttest vs Training3 S0%% Sroun
— Fixed
* Block: p = .50 xe
== Incremental
50%

Pretest Trairiing1 TrairiingZ Trairiing3 Posttest
Blocks



RT overview

Pretest vs Training1
Block: p = .11
Posttest vs Training3
Block: p <.001 *

1000

750

500

Reaction time (ms)

250

== Newcastle
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) baseline
baseline

’O
-
-
‘O
-

Group

— Fixed
- = |ncremental

Pretest

Training! Training2 Training3  Posttest
Blocks



Follow-up study results (Accuracy)

Accuracy rate %

100%

90%:

80%:

70%

60%:

50%:

30Hz 15Hz Baseline

Pretest  Trainingl Training2 Training3  Posttest
Block

— fixed English
Group language
- = incremental Mandarin



Follow-up study results (RT)
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8 500/
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Pretest Training1 Training2 Training3 Posttest
Block
— fixed English
Group language

- = incremental Mandarin
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Stimuli — Recording

2 female native Mandarin speakers. Recording done in Mandarin tones.
e E.g., “FRIE T €==/X", meaning ‘| read ‘/paal 35 three times”.

FORT “pa” FIk. | AET URY Bk, | #ET “pa” FIK.
HET “pa” F=Kko | Bk T “M7 F =k, | #HIET “pa” F =Ko
&Ti-]z capén _':-}:-—:E—;ko I r1 _ILrE “ g\ "’:J’:_:'-:—fk I E .Ii-i "[ upé; ‘:}:—:'-:—)L\:

g
S
q_,\l
©
m\-
<
[
>
Er
-U:
e
<
|1
>
EF
O
m\-
<
|11
e



Conversion

* 1) convert the tones represented in Chao-digits into Hertz;

2) manipulate recordings based on the conversion.
 Formula: T=[(lgX-IgL)/LgH-LgL]*5

Pseudo-tone Speaker 1 Speaker 2
(Chao digits) (Hz) (Hz)
High-rising 45 297-375 294-335
High-falling 41 297-147 294-201
Level 44 297-297 294-294

Falling-rising 425  297-240-375  294-260-335
Table 1: FO values (Hz) of the four pseudo-tones.
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Wang et al. (2003)



168 Hz

Resynthesise

0 390406

d|
ses

| | | .HIHI\

0.1967

-0.2015
. Pitch ;mmzfp Ll
168.0 Hz»
75 Hz
Dmm:’onémms:’p N
(no points) '
25
0.390406 0.020
Visible part 0410813 seconds 0410813

Total duration 0.410813 seconds

Mandarin falling 51

032143/
opnd|0.1958
i P ses
-0.199
: ch“j.fz marip Bl
159 Hz :
T~e——147.0Hz
75 Hz
Di:r'nna;z manip
(no points) ‘
1
: 0.25
0.321437 0.021
0 Visible part 0.342875 seconds 0.342875
Total duration 0.342875 seconds

Pseudo-tone falling 41



Exaggerated stimuli
* Tone high-rising 45 & high-falling 41

Pseudo-tone (Chao  Speaker 1 Speaker 2

digits) by block (Hz) (Hz)
High-rising 43
Block 2 297-435 294-395
Block 3 297-4035 294-365
Block 4 (baseline) 297-375 294-335
High-falling 41
Block 2 297-87 294-141
Block 3 297-117 294-171
Block 4 (baseline) 297-147 294-201
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E t .
032143/ 0321437
! Sopmd|0.1958 -
Pifises : Soumd BEEEE
-0.199 -0.199
: 300 Hz ;
Pitch manip — Pitch manip 300 Hz
159 Hz § 5
~——1470 iz e
87.0 Hz
75Hz 75Hz
Dr:)'m‘ioén manip Dil‘f'ﬂfio:ji manip
(no points) | (no points) ;
1
: 0.25 ‘ 0.25
0.321437 0.021 0.321437 0.021
Visible part 0.342875 seconds 0.342875 Visible part 0.342875 seconds 0.342875
Total duration 0.342875 seconds Total duration 0.342875 seconds
Exaggeration 60Hz

Baseline



&5 R
=/ &/
Sound 1 Sound 2
This is Sound 1

ka ka

Speaker1 Speaker2

ABX tasks
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Sound 3

Press A for Sound 1.
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Sound 3

Is Sound 3 more like Sound 2 or Sound 1?

Press L for Sound 2.



Syllable type — Accuracy test blocks

Syllable: p = .16
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Study1

Accuracy rate %
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Syllable type — Accuracy training blocks

Syllable: p = .13
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Study1
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70%
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Accuracy rate
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70%:
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50%:-

-
-----------
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Trairiing1 Trairiingz Trairiing3 Trairiing1 Trairiingz Trairiing3

Block

Trairiing1 TrairiingZ Trairiing3

Group — Fixed --' Incremental
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Vowel type — Accuracy test blocks

a || i || u
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90% 1
°
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§ 80%
Vowel: p = .18 S 70%] p
S(J 'o "¢
60%
50%
Pretest Posttest Pretest Posttest Pretest Posttest
Block

Group — Fixed --' Incremental
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Vowel type — Accuracy training blocks Study’
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Accuracy rate %

70%:

o

60%:-

50%:

Trairiing1 TrairiingZ Trairiing3 Trairiing1 Traihingz Traiﬁing3 Trairiing1 TrairiingZ Trairiing3
Block

Group — Fixed --' Incremental

Vowel: p = .14



Duration:
Test: p =.002 *
Training: p=.05"

Tone duration— Accuracy

Accuracy rate %

Study1
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block: 1 [ block: 2 [

block: 3 ] | block: 4 | | block: 5
100% 1
90% .
80% o RS PR
700/0_. A Ay ':_______—-_——-' il A“ A a
60%] " - .
50% 1
150 200 150 200 150 200 150 200 150 200
Duration

Group — Fixed -+- Incremental



Syllable type — RT test blocks

Syllable: p = .33

1000
750
5001
2501

Reaction time (ms)

1000
750
500
250
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Syllable type — RT training blocks

Syllable: p=.05"
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Vowel: p=.01"

Vowel type — RT Training

1000
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500

Reaction time (ms)
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Training blocks

Group — Fixed --' Incremental



Reaction time (ms)
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Tone duration— RT
block: 1 [ block: 2 [ block: 3 [ | block: 4 [ | block: 5
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750{ 4 s e e : ..
. 5
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