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The three-way contrast of Korean stops

* One of the difficulties that first-time non-
heritage Korean learners most often face
is the three-way contrast of stops, 7, =,
= (lax) vs. M, tc, vy (tense) vs. =, E, &
(aspirated).



How do native speakers of
Korean make the three-way
contrast of stops?



1. Voice Onset Time (VOT)

= Lax
ﬁ, C, =

F

{ Aspirated
— -, 5,

07—

be Tense
7_1, CC, I:ll:l4




2. Pitch perturbation of the following vowel

0l (approx 230Hz)
N
Low T

00000000

= Lax
L C dg
J J
iT Aspirated
—_—I, E, a1
Hd

Tense
1'1, CC, I:ll:l5



Summary

Lax Tense Aspirated
ﬁ,C,CI W'I,CC,I:JI:J ;,E,_E
VOT (medium) | Short Long
Long
Pitch of the |Low High High

following
vowels




Goals

« To examine how non-heritage learners of Korean

make the three-way contrast.

— How do their language backgrounds affect their learning
of the Korean consonant type?

— Tone language speakers are more sensitive to pitch even

in foreign languages. Do tone language speakers make
the three-way contrast of Korean consonants in different

ways from non-tone language speakers (e.g. using the
pitch cue)?
* To investigate a possibly better way of teaching
Korean consonant pronunciation.



Experiment design



l. Production Recording

Il. Perception Listening and Identifying
1. Initial diagnosis
2. Training (Learning)
3. Final test

I1l. Production Recording
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Recording

 Read 5 sets of Jt, Jt, 2, Ct, W, EF, At bt
I} written on index cards (3'x5’), randomly
shuffled.

* Subjects were asked to maintain the
intonation of each token consistent.

11



. Production

Il. Perception

I1l. Production

Recording

Listening and Identifying
1. Initial diagnosis

2. Training (Learning)

3. Final test

Recording

12



. Production

Il. Perception

I1l. Production

Recording

Listening and Identifying
1. Initial diagnosis

2. Training (Learning)

3. Final test

Recording

13



. Production

Il. Perception

I1l. Production

Recording

Listening and Identifying
1. Initial diagnosis

2. Training (Learning)

3. Final test

Recording

14



. Production

Il. Perception

I1l. Production

Recording

Listening and Identifying
1. Initial diagnosis

2. Training (Learning)

3. Final test

Recording

15



. Production

Il. Perception

I1l. Production

Recording

Listening and Identifying
1. Initial diagnosis

2. Training (Learning)

3. Final test

Recording

16



Stimuli in Perception Experiment
1. Initial diagnosis

(a) Unaltered tokens

(b) 1. Spliced tokens
1. Edited tokens
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Stimuli in Perception Experiment
1. Initial diagnosis

(a) Unaltered tokens

(b) i. Spliced tokens
. Edited tokens
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Stimuli in Perception Experiment
1. Initial diagnosis

(a) Unaltered tokens

(b) 1. Spliced tokens
. Edited tokens
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Stimuli in Perception Experiment
1. Initial diagnosis

(a) Unaltered tokens

— One male and one female native speakers
of Korean recorded “J| Lk, 1L VKO,
Bl CrH, THCH, BHCE Gl L B CH THCF in
a carrier sentence “O| Al HCANR

(b) 1. Spliced tokens
i. Edited tokens
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Stimuli in Perception Experiment
1. Initial diagnosis

(a) Unaltered tokens

(b) i. Spliced tokens
. Edited tokens
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Stimuli in Perception Experiment
1. Initial diagnosis

(a) Unaltered tokens

(b) 1. Spliced tokens
. Edited tokens
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675

.263

VOT of Hl: increased 5 steps in 10 ms interval

Pitch of Hll: increased 5 steps in 15 Hz interval

a1

0.321995
Tim e (s)

VOT of Ill: decreased 5 steps in 10 ms interval

Pitch of IIi: decreased 5 steps in 15 Hz interval
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Original H|

Uy |

Original IH

q{l

Edited tokens

10ms T [20ms T & [30ms T ¢ |40ms T ¢ |50ms T
15Hz 1  |30Hz T  |45Hz T ¢ |60Hz T ¢ |75Hz T ¢
10ms | ¢ |[20ms |  |30ms | ¢ [40ms | ¢ |50ms | ¢
15Hz | ¢ |30Hz |  [45Hz | ¢ |60Hz | ¢ |75Hz | ¢
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Stimuli in Perception Experiment
2. Training (Learning)

* Only unaltered tokens were used in
training session.

« Same stimuli recorded by one male and
one female native speakers of Korean
(different from the initial diagnosis session).

* Edited and presented in the same way as
the initial diagnosis session.

* Feedbacks were given after each
response, whether the subject’s response
IS correct or incorrect, and what is the
correct choice in case of incorrect. 2



. Production

Il. Perception

I1l. Production

Recording

Listening and Identifying
1. Initial diagnosis

2. Training (Learning)

3. Final test

Recording
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Stimuli in Perception Experiment
3. Final test

* Final test was same as Iinitial diagnosis in
every aspect, except that different
speakers from the previous session
recorded the stimuli for the unaltered

tokens.
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l. Production Recording

Il. Perception Listening and Identifying
1. Initial diagnosis
2. Training (Learning)
3. Final test

I1l. Production Recording
Same as previous recording
31



Subjects

* Seven female and four male non-heritage
students enrolled in UCB elementary
Korean course for non-heritage learners.

» Participated in the study after
approximately 25 weeks of learning
Korean in class.
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Subjects’ language backgrounds

Sex

First
Mandarin

Mostly used
English

Other
Spanish

Cantonese

Mandarin

English

English

Mandarin

Mandarin, English

Taiwanese, Japanese, French

Cantonese

Cantonese, English

French, Mandarin

Taishanese
English

English
English

Spanish, Mandarin, Cantonese
Arabic, Spanish, Latin

English

English

Spanish

English

English

English

English

English

English




Results: Production



Did subjects make the three-way contrast?

Before training After training Improved?
Contrast | Using Contrast | Using
T1 No No Yes
T2 Yes VOT, pitch ' Yes VOT, pitch ' No change
T3 Yes VOT Yes VOT No change
T4 No No Yes
TS Yes VOT, pitch | No No
T6 No No No change
N1 No No Yes
N2 Yes VOT Yes VOT No change
N3 No Yes VOT Yes
N4 No Yes VOT Yes
NS Yes VOT Yes VOT Yes
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Did subjects make the three-way contrast?

Before training After training Improved?
Contrast | Using Contrast | Using
T1 No No Yes
T2 Yes VOT, pitch | Yes VOT, pitch | No change
T3 Yes VOT Yes VOT No change
T4 No No Yes
TS Yes VOT, pitch | No No
T6 No No No change
N1 No No Yes
N2 Yes VOT Yes VOT No change
N3 No Yes VOT Yes
N4 No Yes VOT Yes
NS Yes VOT Yes VOT Yes
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Did subjects make contrast?

Before training

After training

1 VYyS 1M -1 ys /3 T ys /3 1 ysS M -1 ys /3 m ys /3
CVySC |EVSE |(CYSE |EVySt |EVSE |[Cys E
HySHd |5HVYSII |HHyYyS I |5 ysHl | ysIT |ddys IT
T1 Y:V N Y:V Y:V Y.V Y:V
T2 Y:P Y:V,P |Y:V Y:P Y:V,P |Y:V
T3 Y:V,P |Y:V,P |Y:V Y:V,P |Y:V,P |Y:V
T4 Y:V N Y:V Y:V N Y:V,P
T5 N Y:P Y:V N Y:P N
T6 Y:P Y:P N Y:P Y:P N
N1 N Y:V Y:V N Y:V,P |Y:V,P
N2 Y:V Y:V Y:V Y:V Y:V Y:V
N3 Y:V N Y:V Y:V Y:V Y:V
N4 N N N Y:V Y:V Y:V
NS Y:V Y:V Y:V Y.V Y:V,P [Y:V 37




Did subjects make contrast?

Before training

After training

1 ysS M -1 \VysS /43 m ys /3 —1ysSs N -1 ysS /4 m ys /3
CVSIC |[CVSE |[(CYSE |Cyst |[CysE |[Cys E
&= VS ud B VS 1L HH VS IT &= VS ud H VS L HH VS 1L
T1 Y:V N Y:V Y:V Y:V Y:V
T2 Y:P Y:V.P |Y:V  Y:P Y:V.P |Y:V
T3 Y:V,P [Y:v,P [v:V  Y:V,P [Y:V,P |Y:V
T4 Y: V N Y:V YV N Y:V, P
T5 N Y:P AR Y:P N
T6 Y: P Y:P N Y:P Y:P N
N1 N Y.V |Y:v N Y:V,P |Y:V,P
N2 Y:V Y:V Y:V Y:V Y:V Y:V
N3 Y:V N Y:V Y:V Y:V Y:V
N4 N N N Y:v  |y:v o |y:v
N5 y:v  |y:v [v:v [yiv [y:vp ViV s




Did subjects make contrast?

Before training After training
1 yYyS M -1 ysS /43 m ys /3 1 ysSs M -1 ysS /4 m ys /3
CVYSIC |[EVSE |[[CYVSE |EVSC |[CVSE [Cys E
B ysSHl |5 VYSII |HHYS I | ySHd | & ys I |bHyS IT
T1 Y:V N Y:V Y:V Y.V Y:V
T2 Y:P Y:V,P |Y:V Y:P Y:V,P |Y:V
T3 Y:V,P |Y:V,P |Y:V Y:V,P |Y:V,P Y.V
T4 Y:V N Y:V Y:V N Y:V,P
T5 N Y:P Y:V N Y:P N
16 Y:P Y:P N Y:P Y:P N
N1 N Y:V Y:V N
N2 Y:V Y:V Y:V -Y: V Y:V Y:V
N3 Y:V N Y:V Y:V Y:V Y:V
N4

NS




Conclusion: production

* Pronunciation of both groups improved
after training.

* Tone language speakers tend to use the
pitch of the following vowels as a cue to
consonant types more than non-tone
language speakers do.

* Non-tone language speakers tend to
mainly rely on VOT to make the contrast.
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Results: Perception



Responses for unaltered tokens

B/ AT

o= N W M W ® N © © O

Overall results

1

1

tone

nontone

I
O Before training

After training



—
o

Responses for unaltered tokens
Results by consonant type

S -~ M w » v > W »® ©

o

‘ Tonespeafs Non+one speakers

1.0
-1 - - 91
il ! 1 | 8
- 1 | T
(51
51
I
41 B | o Lax
3
2 Tense
A I
0.0 0 Aspirated

Bef.or e NEer Bef-or e AfEer



Responses 1or unaltered tokens

Results by subject

Overall

Lax

Tense

Aspirated

Before

After

Better?

Better?

2
Q

Better?

Better?

T1

89%

83%

T2

92%

94%

T3

94%

94%

T4

72%

89%

15

56%

75%

16

53%

56%

N1

56%

64 %

N2

67%

2%

N3

47%

53%

N4

25%

81%

NS

50%

50%

z | <|<|<|<|[<|<[<|z|<]|z

Z-<ZZZZZZZZZ(CC_?.

<|<|zZz|zZz|zZz|<|Z|<|<|Z]|<

Z |1 Z2|1Z2|Z2|Z2|Z2|Z2|Z2|Z2|2Z2|Z2

<|<|<|<|<|zZz|<|<|z|z|Zz

Z-<ZZ-<Z-<ZZZZ%).

Z | << ZZ2|Z2|<|Z2|Z2|<X|Z

Z-<ZZZZZZZZZ%).

N
n




Responses for unaltered tokens
Results by subject

Overall

Tense

Aspirated

Before

After

Better?

Better?

2
Q

Better?

Better?
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89%

83%

T2

92%

94%

T3

94%

94%

T4

72%

89%

15

56%

75%

16

53%

56%

N1

56%

64 %

N2

67%

2%

N3

47%
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25%
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50%
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Z<ZZZZZZZZZ%?
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<|<|<|<|<|z|<|<|z|z]|Zz

Z-<ZZ-<Z-<ZZZZ%).

Z | << ZZ2|Z2|<|Z2|Z2|<X|Z

Z-<ZZZZZZZZZ%).

N
(@)




Responses for unaltered tokens
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Responses for unaltered tokens

Results by subject

Overall

Tense

Aspirated

Before

After

Better?

2
Q

Better?

2
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Responses for unaltered tokens
Results by subject

Overall

Lax

Tense

Aspirated

Before

After

Better?

Better?

2
Q

Better?

2
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Better?

T1

89%

83%

T2

92%

94%

T3

94%

94%

T4

2%

89%

15

56%
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16
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56%

N1

56%

64 %

N2
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2%
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47%
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Responses for unaltered tokens
Results by subject

Overall Lax Tense Aspirated

Before | After | Better? | Sig | Better? | Sig | Better? | Sig Better? Sig
T1 |89% |83% [N N |Y N [N N |N N
T2 |92% |94% |Y N [N N [N N |Y N
T3 |94% |94% |N N |Y N [N N |N N
T4 |72% |89% |Y N |Y N |Y N |N N
T5 |56% |75% |Y N [N N |y Iy v N
T6 |53% |56% |Y N Y N N N
N1 |56% [64% |Y N |N N N N
N2 |67% |72% |Y N [N N |Y N |N N
N3 |47% |53% |Y N [N N |Y N |Y N
N4 [25% |81% |Y Y |Y N
N5 [50% |50% |N N |Y N |Y N |N N

N
((o]




Responses for spliced tokens

Before training

= +1l| and =+H|

After training

Tone | Nontone
group group
Judged by 5/36 17/30
consonant | (13.9%) (56.7%)
burst
(i.e. VOT)
Judged by 31/36 13/30
vowel (86.1%) (43.3%)
portion
(i.e. pitch)

Tone | Nontone
group group
Judged by 1/36 15/30
consonant (2.8%) (50%)
burst
(i.e. VOT)
Judged by 35/36 15/30
vowel (97.2%) (50%)
portion

(i.e. pitch)
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Responses for spliced tokens

Before training

= +1l| and =+H|

After training

Tone | Nontone
group | 9droup
Judged by 5/36 17/30
consonant | (13.9%) (56.7%)
burst
(i.,e. VOT)
Judged by 31/36 13/30
vowel (86.1%) (43.3%)

portion
(i.e. pitch)

Tone | Nontone
group || group
Judged by 1/36 15/30
consonant | (2.8%) (50%)
burst
l.e. VOT

vowel
portion

35/36
(97.2%)

15/30
(50%)
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Responses for edited tokens (1):

Tone group

100 -

% responses for =

e

—e— before

—8— ofter

ABM SWQ| ppe ad
ABM SWQZ ppe ad
ABM SWQS ppe ad
ABM SWOY ppe ad

ABM'SW(QG ppe ad

100 -

% responses for =

NAT

—— before

—B— dfter

H oo

ABM SW(QL SS9 ayd

ABM SW(QZ SS9 ayd
ABM SWQOE ss9| ayd
ABM'SWOY SS9 ayd
ABM 'SW(OG ss9| ayd




Edited tokens

Original H|
¢

Original IH
4
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Responses for edited tokens (1):

Tone group

% responses for =

—e— before

—8— ofter

“ W '
80 |
60
40
2
n
© © © © ©
D D D D D
tl Im Im Im Im Im
Lo w2 | 2 2
IQ- IQ- IQ- IQ- IQ-
N N w E=N (@]
o o o o o
3 3 3 3 3
= = = = =
Q Q Q Q Q
< < < < <

% responses for =

—— before

—B— dfter

) :/\><7
v
o o o o o
> > > > >
— ) ) ) ) )
41 | | |
\v \v v v
7] 7] 7 7 7
%) w » » »
| | | |
—_ N w E-N (&) ]
o o o o o
3 3 3 3 3
w w [72] [72] [72]
= = = = =
Q Q ) ) [
< < < < <




Responses for edited tokens (2):

Non-tone group

100 ,

% responses for =

& o
W

—e— before

—8— ofter

ABM SW(Q| ppe ad
ABM SWQZ ppe ad
ABM SWQS ppe ad
ABM' SWQY ppe ed

“ppe~ad

ABM SW(QG ppe @

% responses for =

—e—before

—8— ofter

100
8
60 / \
40
0 \
0 Y
© © o © ©
iT o 3 3 3 3
AL I_ I_ I_ I_ I_
D (4] [ [ D
2] w w 7] w
w (2] (2] w (2]
I_\ ll\) l(,o I-b l(n
o o o o o
= 3 3 = 3
Z Z Z Z Z
= = = = =
[} Q Q [} Q
< < < < <




Edited tokens

Original Hil
¢

Original IH
4

10ms 1 @

15Hz 1 ©

10ms | &

15Hz | @

20ms 1 €

30Hz 1 ©

20ms | <

30Hz | «

30ms 1 @

45Hz T ©

30ms | @

45Hz | @

40ms 1 @

60Hz T @

40ms | &

60Hz | @

50ms T @

75Hz T &

50ms | ¥

75Hz | ¢
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Responses for edited tokens (3):

Tone group

100

% responses for =

\

—o— before

—8— ofter

|~

ABM ZYQ9 pp: od ../

ABM ZYG| pp ad
ABM ZYQS pp2 od
ABM ZYGH pp2 ed

ABM'ZYG) pp:2 od &

100 ,

% responses for =

)

</
//

—— before

—B—dfter

H =

ABM ZYG|~ SS9 Tayd

ABM ZYQg~ SS9 ayd

ABM ZUGH SS9l ayd
ABM ZYyQ9 SS9 ayd
ABM ZUG/ S$S9| ayd




Responses for edited tokens (4):
Non-tone group

% responses for =

S

% responses for =

/7

\ \

—e— before —o— before
& ofter —B— ofter
\. 40 — » ¢

Il

20
0

i) © © i) ©
o] o] ko) ko) o] — 0 0 0 0 0
® ® @ ® 1L > I
[ ) Q [ ) 5} ) D D
[oR [oX o [oR o w w
IQ_ lQ_ IQ_ IQ_ o lcn I(D
- w N » ~ - w N » ~
()] o (&) o (&) (&)} o (&) o (&3]
>0 >0 0 0 >0 =0 > > >0 >
N N N N N N
= = = = = = = = = =
Q Q Q Q Q Q
< < < < < <




Conclusion: perception

* Both groups improved in the perception of
the contrast after training.

* Tone-language speakers seemed to rely
on the pitch even before the training, and
this trend became clearer after training.

* Non-tone language speakers did not learn
that pitch is an important cue to the
contrast even after training, which
suggests that they mainly rely on VOT.
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Conclusion

» Both groups of subjects improved in both

production and perception after training.
— Long-term effect?

* Tone language speakers and non-tone
language speakers were different in the

sensitivity to pitch as a cue to consonant type.

— Tone language speaker were sensitive to pitch cue from
the beginning, and the training session seems to have
reinforced it.

— Non-tone language speakers were not sensitive to pitch
cue from the beginning, and the training session did not

help them much to recognize the pitch difference. N



Implication

« Relatively short simple training can help
students to learn the three-way contrast better.

— 72 tokens with correct/incorrect feedbacks, which
take approximately 5 minutes, made a significant
improvement at least for some learners in this study.

 Drawing learners’ attention to specific
characteristics of Korean sounds could help
students learning.

— Pitch of the following vowels as well as VOT (extra
amount of air)

 Learners’ various language backgrounds need
to be considered in teaching pronunciation.

— e.g. Tone language vs. non-tone language speakers
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Manipulated tokens (1):
Before trial

100 ,

% responses for =

A

——tore

—8— nontone

Il

ABM SWQL ppe ad

ABM SW(QZ ppe ad

ABM 'SWOE ppe ad

ABM SWQOY ppe ad

ABM 'SWOG ppe ad

100,

% responses for =

A

——tore

—— nontone

F

d
d
d
d
d

ABM SWQ]~SS8 8y

ABM SWQZ SS9 8y

ABM SWQE SS8| 8y

ABM SWOP SS8|” 8y

ABM SWQG SS8| 8y




Manipulated tokens (2):
Before training

100

% responses for =

EENNZN

—o—tone

—i— nontone

-

ABM ZYG| ppe” ad
ABM ZYQS ppe” ad
ABM ZYGHy ppe ad
ABM ZYQ9 ppe ad
ABM ZYyG) ppe” ad

% responses for =

——torne

—— nontone

o] =~ o} e} o]
-0 -0 -0 s 0
|CD |CD |CD |<.I> |CD
1L 5 ) ) ) >
w w (7] w w
w w w w w
| | | | |
_ w BN (o)) ~
[&)] o (&) o (&)]
0 0 0 0 0
N N N N N
= = = = =
QO QO QO Q QO
< < < < <




Manipulated tokens (3):
After training

% responses for = % responses for

—e—tone
—a—nontone

B | e B /—\/
8 lv / 0 W
m m
——tone
—8— nontone
0. 40
2 20
0
O pe) © pe) © ©
kS kS 3 2 3 — 3 > a > a
D D D D D
= |8 |3 |3 |g > A1 |6 |a |6 = Ic?
e < < . = |$ |c£ |$ @ |3
> S S S 3 > & 3 S 3
3 3 3 3 3 3 3 3 3 3
® @ ® » ® » % » % »
= = = = = = = = = =
QO QO Q Q QO Q QO Q Q Q
< < < < < < < <




Manipulated tokens (4):

After training

100 -

% responses for =

ABM ZYG| ppe ad

Aemzyog~ppe”ad </

ABM ZYQg ppe ad
ABM ZUGY ppe ad
Aem'zyg/ ppe od ¢

—o—tore

—&— nontone

% responses for =

——tore

—8— nontone

© o) © © o]
0 - 0 0 0
11 ° @ ® ® @
) ) ) ) )
w w w w w
—_ w ESN (o] ~
(&) ] (e] (&) ] (] (6]
0 0 0 0 0
N N N N N
= = = = =
Q Q Q Q Q
< < < < <




Responses for spliced tokens (1):
= +H| and = +1If

Before training

Tone
group

Lax

17/18
(94.4%)

Aspirated

16/18
(88.9%)

Nontone
group

6/15
(40%)

12/15
(80%)

After training

Tone
group

Lax

16/18
(88.9%)

Aspirated

16/18
(88.9%)

Nontone
group

14/15
(93.3%)
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Did subjects make contrast?

Before After

—1ysS M —1VySs /43 m ys /3 —1ys N -1 ys /4 m ys /3
T1 Y N Y Y Y Y
T2 Y Y Y Y Y Y
T3 Y Y Y Y Y Y
T4 Y N Y Y N Y
T5 N Y Y N Y N
T6 Y Y N Y Y N
N1 N Y Y N Y Y
N2 Y Y Y Y Y Y
N3 Y N Y Y Y Y
N4 N N N Y Y Y
NS Y Y Y Y Y Y
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Did subjects make contrast?

Before After

—1ysS M —1VySs /43 m ys /3 —1ys N -1 ys /4 m ys /3
T1 Y N Y Y Y Y
T2 Y Y Y Y Y Y
T3 Y Y Y Y Y Y
T4 Y N Y Y N Y
T5 N Y Y N Y N
T6 Y Y N Y Y N
N1 N Y Y N Y Y
N2 Y Y Y Y Y Y
N3 Y N Y Y Y Y
N4 N N N Y Y Y
NS Y Y Y Y Y Y
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Did subjects make contrast?

Before After

—1VYyS M -1 VysS /43 m ys /3 1 ysSs M 1 ysS /4 m ys /43
T1 Y N Y Y Y Y
T2 Y Y Y Y Y Y
T3 Y Y Y Y Y Y
T4 Y N Y Y N Y
T5 N Y Y N Y N
T6 Y Y N Y Y N
N1 N Y Y N Y Y
N2 Y Y Y Y Y Y
N3 Y N Y Y Y Y
N4 N N N Y Y Y
NS Y Y Y Y Y Y
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Did subjects make contrast?

Before After

—1VYyS M -1 VysS /43 m ys /3 1 ysSs M 1 ysS /4 m ys /43
T1 Y N Y Y Y Y
T2 Y Y Y Y Y Y
T3 Y Y Y Y Y Y
T4 Y N Y Y N Y
T5 N Y Y N Y N
T6 Y Y N Y Y N
N1 N Y Y N Y Y
N2 Y Y Y Y Y Y
N3 Y N Y Y Y Y
N4 N N N Y Y Y
NS Y Y Y Y Y Y
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Responses for unaltered tokens

Results by consonant type
Before training

Tone
group

Lax

—I,C’I:l

58/72

Tense

L CC’ u]a)

Aspirated

:q, EE’ ir

80.6%

Nontone
group

After training

Tone
group

Lax

—I,C’I:l

Tense

L CC’ u]a)

Aspirated

:q, EE’ ir

63/72

87.5%

Nontone
group




Did subjects make contrast?

Before training After training

1 yS 1 -1 ys /4 11 ys /3 1 yS 1 1 ys /4 T ys /43
T1 Y:V N Y:V Y:V Y:V Y:V
T2 Y:P Y:V,P |Y:V Y:P Y:V,P |Y:V
T3 Y:V,P |Y:V,P |Y:V Y:V,P |Y:V,P |Y:V
T4 Y:V N Y:V Y:V N Y:V,P
T5 N Y:P Y:V N Y:P N
T6 Y:P Y:P N Y:P Y:P N
N1 N Y:V Y:V N Y:V,P |Y:V,P
N2 Y:V Y:V Y:V Y:V Y:V Y:V
N3 Y:V N Y:V Y:V Y:V Y:V
N4 N N N Y:V Y:V Y:V
N5 Y:V Y:V Y:V Y:V Y:V,P |Y:V
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Did subjects make contrast?

Before training After training

1 yS 1 -1 ys /4 11 ys /3 1 yS 1 1 ys /4 T ys /43
T1 Y:V N Y:V Y:V Y:V Y:V
T2 Y:P Y:V,P |Y:V Y:P Y:V,P |Y:V
T3 Y:V,P |Y:V,P |Y:V Y:V,P |Y:V,P |Y:V
T4 Y:V N Y:V Y:V N Y:V,P
T5 N Y:P Y:V N Y:P N
T6 Y:P Y:P N Y:P Y:P N
N1 N Y:V Y:V N Y:V,P |Y:V,P
N2 Y:V Y:V Y:V Y:V Y:V Y:V
N3 Y:V N Y:V Y:V Y:V Y:V
N4 N N N Y:V Y:V Y:V
N5 Y:V Y:V Y:V Y:V Y:V,P |Y:V
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Responses 1or unaltered tokens
Results by consonant type

Lax Tense Aspirated
10 10
9 !
8 —T1— 8
N 0ol -
6 —— 6
- I
5 5
4 f 4 -
3 — 3 I
2 2 0 Before
1 ]
00 00 Ater

e onkone e roriore e ke



Responses for unaltered tokens

Results by subject

Overall

Lax

Tense

Aspirated

Before

After

Better?

2
Q

Better?

2
Q

Better?

Better?

T1

89%

83%

T2

92%

94%

T3

94%

94%

T4

72%

89%

15

56%

75%

16

53%

56%

N1

56%

64 %

N2

67%

2%

N3

47%

53%

<|<|<|<[<[<[z|<|=z

N4

25%

81%

NS

50%

50%

4

ZI<\Z2\Z2|Z2|Z2|1Z2|Z2|Z2|Z2|Z2

<|<lz|lz|z|<|z|<|<|z|<

Z |1 Z2|1Z2|Z2|Z2|Z2|Z2|Z2|Z2|2Z2|Z2

<|<|<|<|<|z|<[<|z|z|Zz

Z-<ZZ-<Z-<ZZZZ%).

Z | <[ X<|1ZZ2|Z2|X|Z2|Z2|<X|Z

Z-<ZZZZZZZZZ%).

oo
w




Responses for unaltered tokens

Results by subject

Overall

Lax

Tense

Aspirated

Before

After

Better?

2
Q

Better?

2
Q

Better?

2
Q

Better?

T1

89%

83%

T2

92%

94%

T3

94%

94%

T4

72%

89%

15

56%

75%

16

53%

56%

N1

56%

64 %

N2

67%

2%

N3

47%

53%

<|=<|<|<[<[<[zZ|<|Z

N4

25%

81%

NS

50%

50%

1

ZI<|IZ2|1Z2|Z2|Z2|Z2|Z2|Z2|Z2|Z2

<|<|Z|Zz|Zz|<|Z|<|<[Z]|<

Z|1Z2|1Z2|Z2|Z2|Z2|Z2|Z2|Z2|2|Z2

<|<|<|<|<[zZz|<|<|zZz|z|=z

Z | <1 Z|Z2|K<|Z2|<|Z|Z2[2|Z2

Z | <X |I<Z2[Z2|Z2|<X|Z2|Z2|X|Z2

Z-<ZZZZZZZZZ%?

o
B




Did subjects make contrast?

Before training After training

—1ysS M -1 ysS /43 m ys /3 —1ysSs N -1 ys /4 m ys /3
T1 Y N Y Y Y Y
T2 Y Y Y Y Y Y
T3 Y Y Y Y Y Y
T4 Y N Y Y N Y
15 N Y Y N Y N
16 Y Y N Y Y N
N1 N Y Y N Y Y
N2 Y Y Y Y Y Y
N3 Y N Y Y Y Y
N4 N N N Y Y Y
NS Y Y Y Y Y Y
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Did subjects make the three-way contrast?

Before training After training Improved?
Contrast | Using Contrast | Using
T1 No No Yes
T2 Yes VOT, pitch | Yes VOT, pitch | No change
T3 Yes VOT Yes VOT No change
T4 No No Yes
T5 Yes VOT, pitch | No No
T6 No No No change
N1 No No Yes
N2 Yes VOT Yes VOT No change
N3 No Yes VOT Yes
N4 No Yes VOT Yes
NS Yes VOT Yes VOT Yes
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Did subjects make the three-way contrast?

Before training After training Improved?
Contrast | Using Contrast | Using
T1 No No Yes
T2 Yes VOT, pitch | Yes VOT, pitch | No change
T3 Yes VOT Yes VOT No change
T4 No No Yes
T5 Yes VOT, pitch | No No
T6 No No No change
N1 No No Yes
N2 Yes VOT Yes VOT No change
N3 No Yes VOT Yes
N4 No Yes VOT Yes
NS Yes VOT Yes VOT Yes

87




The three-way contrast of Korean stops

* One of the difficulties that first-time non-
heritage Korean learners most often face
is the three-way contrast of stops, 7 vs =
VS M, &= VS E VS CC, &5 y§ II VS bH,

 How do non-heritage learners make the
contrast?

* Do their language backgrounds affect the
learning? If so, how?

« How can we teach this contrast better?
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Subjects’ language backgrounds

* Chinese (Mandarin, Cantonese)
— Tone language
— /pl, Ip"/ (unaspirated vs. aspirated)
* Indonesian
— Tone language
— /p/, /bl (unaspirated vs. voiced)
* English
— Non-tone language
— b/, /p/ (voiced vs. voiceless)
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