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Fostering learner autonomy in English pronunciation:
A convergent, interdisciplinary phonetics approach®

Minjung Son™*

Department of Applied English Content, Hannam University, Daejeon, Korea

Abstract

This study adopts a technology-supported, phonetics-based instructional approach to enhance learners’ English
pronunciation. The course was designed as an integrated curriculum that combines phonetics, phonology, intonation
(ToBI), pronunciation training, and pronunciation assessment within a unified framework. Learners engaged in systematic
pronunciation practice, conducted acoustic analyses using Praat, recorded speech samples, and participated in two rounds
of multiple-forced-choice pronunciation assessment experiments. In addition, they implemented Al-based automatic
speech recognition (ASR) using Python code and evaluated their pronunciation through the Word Error Rate (WER). This
course was developed from a convergent, integrative, and experimental perspective and intended to promote learner
autonomy. Survey responses indicated that approximately 70% of learners perceived overall improvement in their
pronunciation skills. A mixed-effects model analysis revealed that short-term exposure to automated ASR-WER feedback
was insufficient to systematically alter participants’ rating behaviors and had only limited influence on their sensitivity to
specific evaluation dimensions.

Keywords: phonetics, phonology, ToBI, multiple forced choice, rating English pronunciation, ASR, WER, Python
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Table 3. ANOVA results from linear mixed-effects models
-2*Log
(9)

npar | AIC BIC | logLik Chisq | Df | Pr(>|t])

m basic | 13 |5,167.6 | 5,238.8 [-2,570.8 | 5,141.6

16332 | 2 |00002841

m_adv 15 | 5,155.3 |5,237.4 |-2,562.6| 5,125.3

"p<.05, ""p<.001

o Thsh N8 Hel 4P EFES BY BHS FPA ] Ao BE
FoIPl FHA7IA egtom, AP Ak Aol thsh P4 HHTS
=, 2Q) =2515; o3I, p(2) 3378 FEE, Q) =1647; BEE, £Q)

%A A}TQ} A}xaoﬂ zto] 7t Bolx] FQItHAEE, 5--0.084, SE=0.517; °]3| =, £-0.304,
p>.05].
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Table 4. Fixed effects estimates from linear mixed-effects models

Estimate Std.Error df t-value Pr(>|t)
(Intercept) | 3.647¢+00 | 4.206e-01 | 2.540e+01 | 8.671 | 4.59¢-09""
experiment_pre | —=1.654e-01 | 4.569¢-01 | 2.284e+01 | —0.362 0.7208
response_comp | 1.105¢-01 | 9.745e-02 | 1.732e+03 1.133 0.2572
response fl | =9.2663-02 | 9.636e-02 | 1.730e+03 | —0.962 0.3364
response_in | 4.487¢-01 | 9.935¢-02 | 1.731e+03 | 4.516 | 6.73e-06""
repetition_rep2 | 4.723e¢-04 | 5.753e-02 | 1.730e+03 | 0.008 0.9935
repetition_rep3 | —2.294e-02 | 5.805e-02 | 1.731e+03 | —0.395 0.6928
experi-
ment_pre: | 3.455¢-01 | 1.354e-01 | 1.732¢+03 | 2.552 0.0108"
response_comp
CXpEIMENLPIe |y 4350 01 | 1.3576-01 | 1.732¢ 03 | 1.058 0.2903
:response_fl -
CXPEMIMENLPIC |y 3700402 | 1.358e-01 | 1.733¢+03 | 0.098 | 0.9220
response_in

p<.05, " p<.01, " p<.001

®5. 4% EtaAny FHE S AR
Table 5. Random effects variance components from linear mixed-effects models

Groups Name Variance Std.Dev Corr
stimuli (Intercept) 0.95127 0.99753
subject (Intercept) 0.67970 0.8244
experiment pre 0.07752 0.2784 -0.21
Residual 0.98677 0.9934
Number of obs: 1765 groups: stimuli, 20 subject, 9

X644 EFEARY HHE A%
Table 6. Model fit indices for linear mixed-effects models

Conditional R’ Marginal R’
0.628 0.017

4284 =9

2 ATE 25T, ST, 2220 E, 38 A
A ol el Fuste] St ol Wee Ao
PRSI AAT O AN 5 ot B 158 AR
S9¢ st Sk dlolal wals) v doln w11
O Aol E £ HLE 2| o] 27 WAel 2A5to] 2T
2 oA ABA 07 od|ata, AFA1] WHalE 1§ A uhy
< 5ol ARk, FRA =l Zgket A7) FEA ws- 3
9 198 AR o BelA] e A S A%
bl b8 9} 2ok U, St A48 w3l dlol el 83
08 ARE FEIHE ADE Eo] 847 29 Fold
21wl FRle] FASNAG. BA, SgeAe T3k £ A
FE este] RSl ol WakE S - 44 B

oz
)

2 wHshe o3 Asich A, 3

[}
e HEHE 25 SR w2

%
o Kl
o |~
oy [

o
2 x

Y
rlr
l
r_{

N
v 2
o

&
o g

o I
[o R

d
C 3% (o

it 4o

2y 2 m X
BN
%

Mo o oX
o
R g

_O‘L
ot to I
O =
oo e
o
i
2 e

2

o
g o i«
re
SR
-4
(s
-0,
o ol
N

offt
)
%

.
)

L

T
)
S

> e
=2
X
il

e o
0 m

T T
o =
" o
oo
dlo
=|

TR

ox 1
W >
o
ox

oH—L’I
P

)
>
>
10
o
X
i)
12
i)
tlo

of o
ofo
_O‘L
2

BB o

i

i)
dlo

N
)
X

AR, Aol 7

o -y

N
il
X

>
>
oP

?_‘l
&
o
X
ol
32
o
M o
2
i)
dlo

ol
o
N

oo

e
sk i%

1o

oft o Ho
E?L' r—>11-4
M
N
=~
1o

i
2
o
R
-+
N
o
= o2
2 o

o RU

o

z
N

’O

£l

ki
>

2

Y

N

fd

NN

2
DAL
[o |o de
HH ox 2

T

[o

re

oy

o

i)
ul

o%
o
FO(I
k)
N
N
¥o
o

SFCK(Kim, 2023; Liakin et al.,
, s} =5 A o
3

V]
S
)
S
2
o
N
N
ok
o 1>
o
o
N g
> 2o
ot

ofy
ol
2
2
ju)
o
2
i)
ot
N
)
> o

7ol stAte] vk s e 9 A +9
oAek. 919 g Aue) S AP AEAE

re
re
-
=2
>
s
>
w2
=
5
e
ofo
e
dlo
o,
N
NS
o,
oot
o
off [‘_NA.,
oft
2

ARG o ERANE LSt
w) Gk By g sl oistel 24t
GR-ARR)el e AAE B 45 Fe 5
SH9FEl o) AR whe AP ¥
o= e BYS AR WA 7el
Tk Zolek. et ol st F el et
@59 45488 ASR - WER 24 537} 2
7} AL AEH oz Jge uE 5 gk
Foleh A - H7hA PGl 2 ), ASR -
2% 7o) Ao AAH B WEE o]
o

=

32

o
>,

o %
i)
N

N e
2
Ho2

ofj
Mz J
_O‘L
o 2w i

ue
>,
o
olfl
2
— 2
)
o,
N oo N oge 2 XN oo 9

P
o ©
ro
>

5
5 ML o
= oo
o [

°
S
o de

o,
NS
R
rj(—)‘
=2
=
o
=
N
ol I_‘“
(it
I
s
rlr
i‘_‘-ﬂ
kit
o [ff
o
oI
N
ofr
o
r

ng ot L
1o
1%

o
i
I

o T
N, X
re

%

ol

re

_ﬁ
S

oo M
ozl
2 to

o
2

=2
o
o%
o
T
T
Ir

z
dlo
i)
)
N
- A
k=)
>
o 1l
|o
i
v
ful
3L

&
=
3
=

f
T

w1 of X

2
b
fiy
T
v

oo o X
T
1
[o
i)
)
e

oy
o

>
> 20 o
%’
[0}
o

% o mlo
z 4
> 0
o
SO
kg F

m\I rlr
v
dlo
3
N
lo

= o oo

pe oo o Ho X O do no

i)
=2
)
dlo
',
NS
&
qr
1o o
J
|o
U
rrone
~

N
s

e
=z o
N~
)
=
EJ =
O {
12 et
N 01:0
% o
— of
e N
fo &
m I
5T
[0 &
o

re
O

ol
)
B
=

Y
N
N

N ooy O o o W oox

o>
»n

[
e
N
ot
oo
i3
dlo
ot
A
ot
offt
2
2]
H
s
o,
H 2
b
iy

e~
dlo
o8
N
N
2
&y
N

T
o

Minjung Son / Phonetics and Speech Sciences Vol.17 No.4 (2025) 55-65 61



3 6% %7

5

= sto] of

hyA
ar

sAgolt ]

S = A tHDong et al., 2018; Graves et al.,

[<)

A

[e)

22 A
2013; Hinton et al., 2012; Hochreiter & Schmidhuber, 1997; Rabiner,

=
o

o] Al
= |

i

3

Fol12)
71ake]

o

o

)

L
A=)
LN

o

i

VS
<l

B

[<)

o]

2
o 1
= T
A 0 7 Hl

g

871

=
0

el
BN

N

FL
pul

-

==
=

o AE7H e B Rt A

Aol Al 2}

Ea
=]

i

ke)
o

1.

ol
R |

3% ]

le;

L

]ﬂ_

3 A1

A) %k(threshold)

7 w5
el

(<3}
U= |
i3
=
H

A& I glof

S
o

T

AT T2, AR A A 810 50], AL ASR Al E] ol A
It} o] 9}

2 AA 5 2571 WER®

Q1 23 g 7ol A

o

%, 7

7} EEell
A 71

L

L

o

)

3

o

Huro.
FA A1

o

=715

=

FSTE Cook et al.(2002)= T+ Hek A}

0

7 @Al 4] ASR - WER E-&
oks}
AT Aol A

L

A=

J

<
+ A

AR

9-10% O & AFo] 7]

K|

ats,

3

71 A

0
el

S -2

3o] )

271

[e]

RN

= .
B8 AR A 8% dold o

o}o
T

Aol wEF AR o 771 A 7] e,

Hoju}x)

o e

[<)

7, AARE A

T

kel
=

olt}. o] ¢}

S|
=

U gl

T

-

9

]

T

N
=
o

o
™

N

34

]

g G879

o o]

]

fin

3

[<]
L

oy
)

A
Tl
A]

]

=

o sigate] TAY
AOYHEE

(=R |
+ MFC

jad

20

27
54 2H(Kim, 2023), A
A
re)

o

3L
=

off A8

37}

)

Hulo
=

=

A
o] 2ol 71249 A o] AHgo]

s

=

stttk dAlRlo] &)

A
=

A
(e}

=

5o

o

L

1

o

2P A
&1©](high-level computer language)

oo} 7}

[}

]

h=i
AL

D

H}
A
wro
A=

=
=]

7F719] AlE]

aho] A%

S

WA o w A

&8

ol
stgon, oF 2=
R

[e)

3L
sl
=
=

=

Minjung Son / Phonetics and Speech Sciences Vol. 17 No.4 (2025) 55-65

GMM-HMM(Gaussian mixture

7]

Whisper

7} A

=
=4

B

fUN

o] F=, ASR - WER), H7}
\=]

| Wt A

p

L

ok
o
3
s

]

9

& o
'IL—:%]\”
st
=

B71717}

]

)
AL

=

P
T

floF

A 715kt
model-hidden markov model) 7|9t A]A~ B¢l 4] DNN-HMM(deep

neural network-hidden markov model), RNN(LSTM), 1&]il

Transformer 7]{F I =%l = 1 9(OpenAl Whisper) %

71%k

25
,HAE =

=

=4

[e]

=

Thg 7 A 4 E)
A

OF X

2= 919tk 18U ASR 7149

Ao]t}. Kim(2023)2] 1

EVA

74} A1
134

62

(

=i
RUN



St AF T waaE A=Y ok Al wat ¢
8- olZul =87} 20238

- o

o
10732) SPYECIA = ZhAbe] S8 Ak B gL RE @

J

References

Ahn, T., & Nam, H. (2024). Fine-tuning-free English pronunciation
assessment system using multimodal large language models.
Studies in Foreign Language Education, 38(4), 25-38.

Best, C. T. (1990). Adult perception of nonnative contrasts differing
in assimilation to native phonological categories. The Journal of
the Acoustical Society of America, 88(S1), S177-S178.

Best, C. T., McRoberts, G. W., & Goodell, E. (2001).
Discrimination of non-native consonant contrasts varying in
perceptual assimilation to the listener’s native phonological
system. The Journal of the Acoustical Society of America,
109(2), 775-794.

Boersma, P., & Weenink, D. (2020). Praat: Doing phonetics by
computer (version 6.1.16, MacOS 64-bit). [Computer program].
Retreived from https://www.praat.org

Boersma, P., & Weenink, D. (2024). Praat: Doing phonetics by

64-bit).
program]. Retreived from https://www.praat.org

Browman, C. P., & Goldstein, L. M. (1989). Articulatory gestures
as phonological units. Phonology, 6, 201-251.

Browman, C. P., & Goldstein, L. M. (1992). Articulatory
phonology: An overview. Phonetica, 49(3-4), 155-180.

Browman, C. P., & Goldstein, L. M. (1995). Gestural syllable

position effects in American English. In Producing speech:

computer (version 6.4.21, Windows [Computer

contemporary issues (pp. 19-33). American Institute of Physics.

Browman, C. P., & Goldstein, L. M. (1986). Towards an
articulatory phonology. Phonology, 3, 219-252.

Brown, A. (1991). Pronunciation models. Singapore, Singapore:
NUS Press.

Candlin, C. N., & Mercer, N. (2007). Communicative language
teaching:  An  introduction. Cambridge, UK: Cambridge
University Press.

Celce-Murcia, M., Brinton, D. M., & Goodwin, J. M. (2010).
Teaching  pronunciation hardback with audio CDs (2).
Cambridge, UK: Cambridge University Press.

Cook, T. D., Campbell, D. T., & Shadish, W. (2002). Experimental
and quasi-experimental designs for generalized causal inference
(Vol. 1195). Boston, MA: Houghton Mifflin.

Dale, P., & Poms, L. (2005). English pronunciation made simple.
London, UK: Pearson Education.

Derwing, T. M., & Munro, M. J. (2005). Second language accent

and pronunciation teaching: A research-based approach. TESOL
Quarterly, 39(3), 379-397.

Dong, L., Xu, S., & Xu, B. (2018, April). Speech-transformer: A
no-recurrence  sequence-to-sequence  model  for  speech
recognition. 2018 IEEE International Conference on Acoustics,
Speech and Signal Processing (ICASSP) (pp. 5884-5888).
Calgary, AB, Canada.

Graves, A., Mohamed, A., & Hinton, G. (2013, May). Speech
recognition with deep recurrent neural networks. 2013 IEEE
International Conference on Acoustics, Speech and Signal
Processing (pp. 6645-6649). Vancouver, BC, Canada.

Hinton, G., Deng, L., Yu, D., Dahl, G. E., Mohamed, A., Jaitly,
N., Senior, A., ... Kingsbury, B. (2012). Deep neural networks
for acoustic modeling in speech recognition: The shared views
of four research groups. [EEE Signal Processing Magazine,
29(6), 82-97.

Hochreiter, S., & Schmidhuber, J. (1997). Long short-term memory.
Neural Computation, 9(8), 1735-1780.

Hong, Y., & Nam, H. (2021). Evaluating score reliability of
automatic  English  pronunciation assessment system for
education. Studies in Foreign Language Education, 35(1),
91-104.

Kim, J. E. (2018). An analysis of English pronunciation for
high-level proficiency adult learners. Phonetics and Speech
Sciences, 10(2), 39-44.

Kim, H., & Chung, H. (2023). Phonetic features influencing native
English speakers and Korean EFL teachers’ comprehensibility
and accentedness judgments. Studies in Foreign Language
Education, 37(4), 83-107.

Kim, M. (2020). A study of rhythm improvements and relevant
linguistic factors in the pronunciation of English learners.
Foreign Language Education Research, 34(1), 237-261.

Kim, M. (2023). Digital enhancement of pronunciation assessment:
Automated speech recognition and human raters. Phonetics and
Speech Sciences, 15(2), 13-20.

Kim, M. (2024). Efficacy of explicit pronunciation training:
Persepctives of pre-service English teachers. Studies in Foreign
Language Education, 38(4), 1-24.

S. V., Winters, S. J, & Pisoni, D. B. (2007).

Speaker-independent factors affecting the perception of foreign

Levi,

accent in a second language. The Journal of the Acoustical
Society of America, 121(4), 2327-2338.

Liakin, D., Cardoso, W., & Liakina, N. (2015). Learning L2
pronunciation with a mobile speech recognizer: French/y/.
CALICO Journal, 32(1), 1-25.

Morley, J. (1991). The pronunciation component in teaching
English to speakers of other languages. TESOL Quarterly, 25(3),
481-520.

Minjung Son / Phonetics and Speech Sciences Vol. 17 No.4 (2025) 55-65 63


https://www.degruyterbrill.com/journal/key/phon/49/3-4/html

Morris, S. B., & DeShon, R. P. (2002). Combining effect size

estimates in meta-analysis
independent-groups  designs.
105-125.

with repeated measures and
Psychological Methods, 7(1),

Munro, M. J., & Derwing, T. M. (2015). Intelligibility in research
and practice: Teaching priorities. In M. Reed, & J. M. Levis
(Eds.), The handbook of English pronunciation (pp. 375-396).
Hoboken, NJ: John Wiley & Sons.

Nunan, D. (1991). Communicative language teaching: A critical
overview. TESOL Quarterly, 25(3), 367-375.

R Core Team. (2025). R: A language and environment for

statistical computing (version 4.5.2) [Computer software]. R

Foundation for Statistical Computing, Vienna, Austria. Retrieved

from https://www.R-project.org/

Rabiner, L. R. (2002). A tutorial on hidden Markov models and

selected applications in speech recognition. Proceedings of the

IEEE, 77(2), 257-286.

Riney, T. J., Takada, M., & Ota, M. (2000). Segmentals and global
foreign accent: The Japanese flap in EFL. TESOL Quarterly,

34(4), 711-737.

Silverman, K., Beckman, M., Pitrelli, J., Ostendorf, M., Wightman,

C., Price, P., Pierrechumbert,

J., & Hirschberg, J. (1992,

October). ToBI: A standard for labeling English prosody.

Proceedings of the International Conference on Speech
Language Processing (pp. 867-870). Banff, Canada.

Sung, E. (2010). Perspectives on an online English pronunciation

course and pronunciation error analysis. Studies in Foreign
Language Education, 24(1), 175-208.

Tsukada, K., Birdsong, D., Mack, M., Sung, H., Bialystok, E., &
Flege, J. (2005). Release bursts in English word-final voiceless

stops produced by native English and Korean adults and
children. Phonetica, 61(2-3), 67-83.

Veilleux, N., Shattuck-Hufnagel,

S., & Brugos, A. (2006).

Transcribing prosodic structure of spoken utterances with ToBIL.
MIT OpenCourseWare. Retrieved from https://ocw.mit.edu/

courses/6-911-transcribing-prosodic-structure-of-spoken-utterance

s-with-tobi-january-iap-2006/

9

Tel: 042-629-7342
Email: minjungson@hnu.kr

W ok S, SE

s WL,

64

1173 (Son, Minjung) ;1 4 2}
w8l Frl =8t w

&
o AgoIA] e S 70 B8t 218%

Minjung Son / Phonetics and Speech Sciences Vol. 17 No.4 (2025) 55-65



%%@Eaﬁio%
YRR R X %
PR m el R . oo
%ﬂo_uwzfﬁﬂﬂr =
R E NGt
Bz B o
o m@@o Evm,]no oo W
ﬂxwﬁiﬂlﬁoﬂﬂo# e
Gl g™
OE _ﬁﬂﬂ R _Uﬂ‘aﬂ‘_wﬁmn Lf A
7o g Jo RUNE - zr
ﬁ%?ﬂﬂ B oo o
Eﬂqﬁﬂ%%% 70
Ny A I g op
Mozlﬂ#_mo#eﬂ_l%ﬁiﬂ,_ E.m
= MR TTHER
e Rl
i FERRPLET
= Yo o Hp Pm mﬁﬁrwtﬂ dn
i g AREE LT
Do N g N
I PRS- EE
= o PErELiER ¢
=t o o X ol S 5T
4 oo ﬂ&gﬂ%ﬁwﬂ R o 4
ﬂAIE._ Wﬂw,@o . OﬁRﬂﬁ W = 2
‘.ﬂ Mﬁ%;oom_.ﬂﬂﬂﬂxr _@M oy -
Tol” o ;Uo oy F BE T dﬂ o ) 5o
iy ;ﬂi T % O ‘Nrﬂﬂ‘#W/o ay b -
e do 9P T go I N s 2o 4 W
o o uaumoAﬂHuT_Ll ~ s
W ﬂéxgﬁ B o X
M) & om A.Eﬂ, = Moﬂ%
TE K ﬂLEELﬂIO_M ™ _Jo Lo
Troopde Moo FE w2 o Up oo —
;&ﬂmﬁwﬂeWLMMHﬂ% N amn_wo
O R0 5 o o o T o
dh B E R He R k%
w]..,lLsz_ _ww_ B W Mo o wﬁ mﬁ N
Y X
i I A T R
Rl R A o AT
oo B ogg AR T o BT o e
N AF sy o~ % dln_L
N T_ o B ™~ ) d/ =
LI R el o
R R I R S5 3
By T X g ® < N9 3
i e S C RS I B S
I I
H = ox
B~ N

65

F10(2), 39—44.

_67‘
Minjung Son / Phonetics and Speech Sciences Vol. 17 No.4 (2025) 55-65

5



