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Incomplete neutralization of Korean stop codas:
Acoustic, aerodynamic and perceptual evidence
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Abstract

Coda neutralization is a representative phonological phenomenon in Korean, where the three-way laryngeal
contrast among lenis, aspirated, and fortis stops is neutralized into unreleased stops in coda position. However,
whether this neutralization is phonetically complete remains controversial. The present study examined this issue
by analyzing Korean stop coda neutralization from acoustic, aerodynamic, and perceptual perspectives. In the
acoustic experiment, 16 native Korean speakers performed question-and-answer (Q&A) and reading tasks. Four
temporal parameters were measured: preceding vowel duration, coda duration, voice termination time (VTT), and
acoustic silent duration. In the aerodynamic experiment, oral airflow and intraoral pressure were measured from 6
speakers to detect physiological traces of underlying forms. In the perception experiment, 36 native Korean
listeners participated in a two-alternative forced choice (2AFC) task, and lenis response rates were analyzed. The
results revealed a dissociation between production and perception. While significant sub-phonemic differences
were observed in VTT, coda duration, and intraoral pressure depending on place of articulation and task type in
production, listeners failed to distinguish between lenis and aspirated or fortis stops. These findings suggest that
Korean stop coda neutralization corresponds to the concept of incomplete neutralization and can be interpreted
within the frameworks of H&H Theory and Viability Theory.

Keywords: Korean stops, coda neutralization, incomplete neutralization, production-perception mismatch, acoustic-aero-
dynamic-perceptual analysis, viability theory
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g FIRIA BaAs FERIAo gk =27F Stk
(Blumstein, 1991; Dinnsen, 1985). ©]2]3} i=2]= F2 5o, &
Aloto], Eetto] Udgt=o], 7hed-Rro] El7]o] 5 o ¢l
oof|A T4 119 74 ool /333K Devoicing) == &
e T 7 o]FoA] gTHCharles-Luce, 1985; Dinnsen &
Charles-Luce, 1984; Fourakis & Iverson, 1984; Jassem & Richter,
1989; Kharlamov, 2014, 2015; Kopkalli-Yavuz, 1993; Piroth &
Janker, 2004; Port & O’Dell, 1985; Slowiaczek & Dinnsen, 1985;
Warner et al., 2004).

M ATl ME, D dofel N A Fabl, o
dofelr= = 37 B E ek sk S35 Kol
T ez E7lojsl odF Edto]l A qlrk
Kopkalli-Yavuz(1993)l] w2, €]7]0] 3452 53} 87 ol A
= A5 A B Ao, #7147 Aol #H4
T Ao, 712 73 Aol 5 B 5% wiidelA #4895
I35 3 APl 7k AR 0w, A 2E A F (G iRt A3A] A
two-alternative forced choice, 2AFC)°A = f-4 =3 T4 b
AHE zol7F vEREA] kol ddg FEE Rl
Jassem & Richter(1989)2] ZH=0] AT A = 9td S, w3
shago] Aa w8 o], Ag o], 3 T3k Lolel 4 §
u] g 2ol 7} hehbA] ghgkort, A7k AHeIHE $AS
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S A58k A go] YebT
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A}, GH- spAtol| A ME 25 Zo] B w7 Aol
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>4, 15 ms) ] F-J |8t 2fo] & Ks)gi o, |7}k A
S 2AFC)OIM = AREO] 59%E, 99 F35(50%) B o= 3k
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T gEH npdEE FA e, rhERelA = A% B
ZAol(fs/</z/, 10 ms)oll A, -l A= w4 7+l 749 73
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© T4 dole] Aol7t B2 Gt Slowiaczek & Dinnsen(1985)
o] ZA=0] oA += Jassem & Richter(1989) 2} 2] A5,
nhEE gl A A8 B 7o) 9] Aol 7k yEb o, o
T -Soll A= wll A 1E ol 573 R dolo A Aol 7t
= 2Tk Warner et al.(2004)9] U & E0] ATollA & LS v/
ob/d/2] A8 g ol ok FRg A ollA T 31 ool A
2po] 7k ekt om, A7} A FQAFC)ol M= AL ¢4
o Fow F SAaE WEEITh dole -, Braver(2011,
2014)= B ARolollA S-S /9 /d/7} ¥ S (Flapping) O
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SHH, F3} -2 sl BAlol| whet = A veld 5 Tk
Fourakis & Iverson(1984)2 5 o] Aol &St o2 TAF &8
A& ARE-EE 112 128} P A (elicitation task) 2k 9171 THAE W]
Wkt 7 A, 1 8} A M = v gk xfo] 7} vl
LA ekgkont e7]ell = A shatellA] A3 Bg ol gl H)
A 7 Aololl A freju| gt 2pol7F B EH Q) o] 52 o] ¢ gt
AIE 97] FAAlh= 1917 A B oA A7 A B
9] &S wrol vpeRd 249 W (hypercorrection) O3 341 51
t}. Kharlamov(2014, 2015)%] #{A]ofo] ATl &= -5 2pA| 2}
871 A E v 23T T Aol A mhES- ] whak 17E o]
(>3, 8-13 ms)ell A &fo| 7} e oM, 3 Foll A
= HH RAel(FEe> 15, Tms) 9k A 3 Aol
>34, 56 ms)ollA ztol7F BEE QI ¢17] Aol =
Ao A% AGF(FAA < S, 1.9-3.8 cycles) oA = -2 w8t
Zpo] 7} A Tk 2| 2F AFQAFC)eIM = F3 B304 #
Alo} Rof FApEo] G539 vhEs S 9 W, 8=
SHEO] oF 02.4%44%E e TS S-S o HEshe
Z3gFo] FR1E Gl o] ¥ gt A= T3k ] dATtellA] wE)
IA 9] FA7F 5 23S AAFETH

ol#]st Ag AT A¥E v Dinnsen(1985) AHE7}
Azt Aatel| whet T3k vl 7HA FE o2 ERsklth A,
¥ 52 T 3N(standard neutralization)= A& 3} X2} T Fof| A 2}
ol7b YAl ¢h= Agelth &4, A S 3K(limited
neutralization) = AFEol| A& A $E 2po| 7} EA) S| TE A] 2}
Ao HEEA g 9otk AR, ¥ 3K(non-neutralization)
= Ak A 7F B apo] 7 U= 7otk YA, B s gt
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ol Ak xpo] 7} tpepLl= o)tk T8y o] 32 AFA S
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g ]ofof H& AJALEITE

Gl T4 SIXlelA S35} d2do] vehdth gh=of
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TSk, kN K/ SR, 2 g el vkt B, A4S, 7
Fo® JEHE ol HASS F4 YA wet vzt
(unreleased) = A& =] 212} [p], [¢], [K]= F3HHTHCha &
Sock, 2025; Kim, 1979; Kim-Renaud, 1986; Lee, 2016; Martin,
1951). ol & =°1, *} /ip/ 3 <8l /iph/ 2 4 Sl A B [ip
O AdE o] $AA 0 R HE ] A=t
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Freju] st 2tol 7} g E Qo gl7]olM = &34 Ha 73
Aol Zo| 7} Yebskth 2eiu) X 7F AHQRAFC) oA = 3
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TFEoNA = BE LRollA F4 Hol, VIT, 534 &5 7
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o] gk ZFOW FAE A olel gt A= o] LS F

3 TEF 2 SR oF B3 S weh v A e AAF
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71E Aree B 7 SAIE Adeh 3, o] A
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al., 2002; Choi & Choi, 2014; Dart, 1987; Kim, 1965), 77 &
71(" 5, exhalation) 71732 Ag°] 7P =11, Aol 7
W& A0 72 1} E S THCho et al., 2002; Choi & Choi, 2014;
Dart, 1987). 12Jut T4 535 E3 04 o]2f g 371218k b
o7} yeht=Alell gk AE A HESE o]FoAA] sk
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o Z3 AN T FE3 AES oldlEt] HlEiA
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2021 11E5H 2023\ 3€7b4] TS AESHARE g}
o SAE-FHE-Ao)gr A A (Université de Strasbourg,
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AelA A& . A F7AR= Mg i vl A58k

8 A Fhe Sgatelon, o) B 398 Ak
T OIS g FIHE AFI) AT 2 B v
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E19% A% 2R AT 55 289X BE FAE A oA
Table 1. List of target stimuli in acoustic experiment: Minimal pairs of
stops by place of articulation

5 A B A 7B
oFrm0. ]] /ip/ <l /iph/
e A freip/ 2 freiph/
P 2 /nat/ 2 /nath/
vk /pat-/ 1k /path/

AT Y} /nak/ - /nak’-/
B} /pak/ vt /pak’/

2% A T A A Pk R A Qaa 3t
A2, Sho] A3} 18 A S A8 B} sl ol
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= A S AR
A% 23393, $A-) FHo] G B¢ FAHE A4S

2] VOT(voice onset time) A& A|-A7FAE 44 Hol=2 F74
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ol mE vEA

2.2. 37193 A9

22.1. A% A7kA

s7loet AgdelM = 5F Aol Foldt 16% T 68= Al
ato] AT 5522023 29 H 4 97| T A
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Ul FelE Sstdon, Wl = Al Hel 9= 28k
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& oF2ARFOI I Al b S5 Al e e Rk
td o SRl ol vhRE Aol A iAol FEE Ak
ko] $187de] A A S = 7] wtelr 5 W R
9] o= 519 HFH B FH 02 QIF 275 @A8H]

»

3 1.5-2 em 3FATHXiu, 2018). AHE TR ofl= ko o 1
ul2 A5 thetw Wy Ao A (Aix-Marseille Université,
Laboratoire Parole et Langage)oll4] 7§28t EVA 2(Evaluation
Vocale Assistée 2) A2~} Phonedit 4~ E ¢]|°{(Ghio et al.,
2012)E AT

2.2.2. 27|98 A A=

37198 AgelA= 17 FARE AAeich 53 A9
FUT 5 S ARl on, By SRl wE £ 7
A gl v S A T 230E Akl S8
Bl HE HT Hit 3.7 syllsec, WME &% 5.69
syll/sec®, W3} £ 5= 72 2J0] = 1.99 syll/sec ST

37198 AdelA e 37198 F4 ] viaa s 285t
ZFEllA 23217 BF TS AAE FAslof 5] Wil
A A7) v R e E aEste] B A 5 &3k o

of wet Hx A=S 1270014 6702 FA48HITHE 2). 74 &
EATE SF AR R R 103] HJ% wrskekoict. 74
7] 715 7800 68x1070(67) Hak A3tk 470 e A
10827 FE(RF St whE iE) 1,2007H, 77 A
A SNME 678 x 678 A=A HiE A=k 4] e 4

103327 HFE(RF FE} ME $E)=72071%, F 1,920
N A5 E FA AT
E2. 37198 A BR AT B2 25 AX GE I A

o % ’%L
Table 2. List of target stimuli in aerodynamic experiment: Minimal
pairs of stops by place of articulation

Z2 91X Hs A2/ 3%
S Q] fip/ <l /iph/
S I /nat/ g /nat/

AT } /nak/ - /nak-/
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(skewness) 3 T|WE 3 % (kurtosis) 8 P|HS A GF #¥0] 7]F 0
2 2AFJthKline, 2019). 3k, el Adgre] A RS &
TEAMIE ERIEGITE 7HE SNk Aloll= 2 wigks A 88
o] S WAt

ZA B4 R(R Core Team, 2025)% AFE3lsior,
Ime4(Bates et al., 2023) 2} ImerTest(Kuznetsova et al., 2017) ¥
714 2 T 53} B2 A5kt 1= ggplot2 371 4]
2 ZSTE fo FEE p<05E V|FoE g,

£p<.05, *%p<.01, ***p<.001 O Z T-H3}0] E7)3k3 T

3. 43}

A B o) 4 Ak 3 3004 Al =

dlo
d

Jinwoo Cha / Phonetics and Speech Sciences Vol.18 No.l (2026) 21-34 25



g 912, 3, el el mhE S o) el B, HE WAL 5 A

Table 3. Means, standard deviations, and statistical results of acoustic parameters by place of articulation, task, and speech rate

(unit: ms)
aAws | ze A 4 KA R B SE | evalie | pevalue
M (SD) M (SD)
Q&A 50.8 (25.8) | 52.1(26.3) 1.16 1.9 0.61 543
dEs o171 HE |538(34.5) | 50.6 (34.2) -3.16 2.7 -1.19 236
W | 43.5(27.4) | 43.2(27.7) | -0.16 2.18 —0.07 941
Q&A 67.7(19.8) | 64.6(19.4) | -3.05 1.22 251 <.05 *
A8 B Aol A 22 o171 HE | 64(224) | 62(21.5) -2.03 1.37 -1.48 139
wE | 51.7(17.9) | 493 (17.6) | -2.38 1.1 .16 <.05 *
Q&A 60.7 (17.3) | 59.7(17) -1.04 1.16 —0.89 373
AL o1 BE | 581(18) |57.8(16.5) | -0.27 1.17 023 816
WS | 46.5(16.2) | 47.2 (14.7) 1.06 1.06 0.66 51
Q&A 209.4 (69.9) | 212.4 (64.3) 1.98 435 0.45 65
dEs o171 BE | 173(36.4) 1723 (42.7) -0.9 2.58 -0.35 726
WS 1132.6 (31.9) | 132(29.6) -0.56 1.77 —0.32 749
Q&A 219.1 (65) |217.3(65.6)| —2.06 3.11 —0.66 507
TA dol 2 25 o171 BE | 176 (31.5) | 173.5(35) -2.41 1.79 -1.35 178
W2 | 133.7 (22.8) | 134.9 (24.6) 12 1.3 0.92 356
Q&A 209.6 (78) | 199.4 (76) | -10.42 5.1 -2.04 <.05 *
AN 917 HE |150.6(57.9) |163.3(59.6)| 12.78 3.96 3.23 <.01 **
WS | 115.2(43.6) | 116.5 (46.1) 1.28 3.23 0.4 691
Q&A 26.8 (10) | 27.5(10.7) 0.64 0.68 0.93 352
T o171 HE | 273(114) | 282 (13.6) 1.08 0.83 1.29 .196
W= | 25509.7) | 25.6(9) -0.01 0.65 -0.01 996
Q&A 183 (6.8) | 18.6(7.4) 0.36 0.39 0.91 361
VTT e o17] HE | 17.7(6.8) | 18.7(6.4) 0.91 0.38 2.37 <.05 *
W | 17.9(7.3) | 18.7(8.9) 0.78 0.49 1.6 A11
Q&A 18 (7) 18.4 (7.1) 0.37 0.46 0.81 418
AN 917 HE | 18.1(84) | 18.8(8.8) 0.66 0.58 1.15 249
WS | 17.7(7.8) | 17.6(9) -0.17 0.59 029 769
Q&A 182.6 (69.6) | 184.9 (65.3) 1.34 435 0.31 758
Fee o171 HE 1457 (36.7) | 144.1 (43) -1.98 2.66 -0.74 457
W2 1072 (32.2) |106.4 (30.6) | -0.56 1.85 -0.3 764
Q&A 200.8 (63.8) | 198.7 (64.1) | —2.42 3.12 —0.78 438
%f?;ﬁ R o BE 1577 (344)|154.8 (35.4)| -2.81 1.84 -1.53 127
b V7] WS 115.7 (24.8) | 116 (26.6) 0.24 1.38 0.17 863
Q&A 191.6 (77.1) | 181(75.3) | -10.79 5.08 2.12 <.05 *
AGNE o171 B 132.5(33.4) | 144.5(59) 12.11 3.91 3.1 <.01 i
WS | 97.4(24.8) | 98.9 (46.5) 1.45 3.23 0.45 653

*p<.05, **p<.01.
M, mean; SD, standard deviation; VTT, voice termination time.

N

Joll whe} F3} o] 2 A velwth e Al SR 3.2 ms 7.4_913“%(/%—3 05, ==2.51, *p<.05), W= <
A5 A £33 BAGC] B Aol A9 ‘Qt‘& T2 9710 % 2.4 ms 2| m| g 2Fo] 7F -4 =] QI Tk f=—2.38,
ol 7 A3 Fo] eAT F3} FAS HATHp>.05). HHH, 2] =-2.16, *p<.05). o)== L3} £571 STle e s X 2S04
Zgol e Aol gt o] AT Q&AM B3 w7 E ZIAE Y EA40] FAHS A LH ).
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Figure 1. Comparison of preceding vowel duration for Korean alveolar stops
by task and speech rate

3.1.2. &*é o]

T4 Aol A= B} 5343t o do] A EICHE 3). W
=7 xu%% 2= AN FE5H A5
n)ate] eHASE Fslell 77k g BAAthp>.05). T A
< AFNSANA HERETH L 2). Q&A= HS k7T 7
S /K/ETF10.2 ms A O B=—10.42, 1=-2.04, ¥p<.05), B
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Figure 2. Comparison of coda duration for Korean velar stops by task and
speech rate

3.1.3. Voice termination time

VTTE] 24 A3 3), -2 A0 H33 457
o] fAket PO R AdE gk s AN B
A FelA T A 7 fojulsk Zfol7h A okorTh
(»>.05). A2 A Q&AL M- HEF Q7oA = Ak 7t
2}o] 7} ERIE X 9GO LK (p>.05), BE £5EZ Q)7 M= 3
S w9 VIT7 245 /5t 1 ms A Jel} EA4 08 &

SR THB=0.91, 1=2.37, *p<.05). TFEk, 1 msQ] zjo]&= =

YA O whg Ve @ S| 1 A v AsH o]
2 & 5= UTHLE 3).

Q&A 27| (28) 271 (HE)
:

" Ithf " Ithr L Ith)
VTT, voice termination time.
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Figure 3. Comparison of VTT for Korean alveolar stops by task and speech
rate
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Wk A b= AlS oA VERETH LR 4). Q&AM =
/k/ﬂ A F5 7 Hol7F A5 K/ BF10.6 ms A
1==2.12, *p<.05), BE HLZ ¢7|o]A= vt
= %‘% /ku =S¥ 55 77 o7t B ET 12 ms
Y A AAHJTHS=12.11, 1=3.1, **p<.01). A Zo] 9} v}
FHA 2 A o] whet 2po] o] Higko] A E = o] gy
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Figure 4. Comparison of acoustic silent duration for Korean velar stops by
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task and speech rate
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Table 4. Means, standard deviations, and statistical results of aecrodynamic parameters by place of articulation, task, and speech rate

3¢ | A8/3%
ulj 7] | = 5 91X A B SE t-value | p-value
M (SD) M (SD)
apgme 971 HE 0.056 (0.06) |0.063 (0.057) 0.01 0.01 0.82 412
w5 10.098 (0.076) | 0.101 (0.072) 0.01 0.01 0.245 .806
T2 7152 (dmls) Az o7 HEF ]0.156 (0.052) [0.173 (0.067) 0.02 0.01 1.88 .062
WS 0.179 (0.081) | 0.189 (0.084) 0.01 0.01 1.1 274
ATe o7 HEF  ]0.092(0.077) [0.098 (0.077) 0.01 0.01 0.546 .586
s {0.128 (0.108) | 0.14 (0.107) 0.01 0.01 0.919 .36
27 ) $F (ha) opgme o7 HEF  |8.678(3.325) [9.648 (4.027) 0.97 0.47 2.06 <.05 *
WS 10.079 (3.252)|11.604 (3.932) 1.52 0.5 3.07 <.01 HE
*p<.05, **p<.01.
3.2. 37198 A7 33. 47t A3
32.1. 7% 37 NNF% 331385 $HE
T 7] 715 A A 4), A o 53 7 w3 9 37|98 4] Aol A o] gk xfo| 7}
A I Fene Apol7t wEE A gkokrh s A A g, A AFelA = Adoldt At dERETHIH 6).
Mee 3l o] BARo] F Ako] fA FFo 2 AF BE 2 RN B33 A4S 3S S $9EY 49
wo] BAA FolgFe] Bk o}°ﬂE}(p> 05). A Z=5ol  w$k 2po] 7}t ER1E A okghtt. vhk, 50 A9, B /p/st
MeE BE S5 QoM p=0622 Fo5dl ZHIIFS AL ph BF 2 74%9] B HS SHES ol AAEe] F
U EBAA 07 fou)st o) o] 24 EEial wE SRR AT B p/E Azbehs As A ake] 215 1tk £=0.06,
7] % 2pol= vlu] B THp>.05). 0|23 A= P & SE=0.11, z=0.51, p=613). ©] &} Wi 2, 2= HS A/
7] 7)ol F3t 3 olA 7149 AfolE whdshA] g o} As it BT oF27%0] W WS SHES Hof As v
HojFErt wlak o 7 2] 7bA) ko] ERHTH B=—0.01, SE=0.11, z=—0.06,
=.954). AFNZANME B /7t 47.5%, 735 K/7F 51.7%
322. 77 %4 = 911 FEG0%)0 FRsk] A5 F AFE Ao
SO, T Ul b oA gt vhel o] Al 2 WHEEHH] 1S HoFUTHB0.17, SE=0.1, z=1.64,
o4& ot SAGUTHE 4). TUFAE, T4 57 7] p=102). T, A= GAlo)A] BEE S3FA T 7|8
T g Ao Hebdtl 29 5). B SRR QV1elA wAl 2bol7F A7 Al o A= R E A] Q= 310 % UpERsiTE
AL pve] 77 W FElo] B /p/ET}0.97 hPa A A HE]

2 ©.1(=0.97, 1=2.06, *p<.05), W-E T2 9] 7o A= 71 2}
©]7} 1525 hPa TS FE| Hth(B=1.52, 1=3.07, **p<.01).
ol 7 W sk o] T3t M & 714 P 9 2fe] & RIztE)
Al Bk A B 715 S AJAFS)

A1 (28) 2471 (#H5)

* ok

% L 243 (hPa)

;

39 5. 35 S50 02 Bo] o A T el vlm

Figure 5. Comparison of intraoral air pressure for Korean bilabial
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oM
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stops by speech rate
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Figure 6. Lenis response rate (%) for Korean stop codas by place of
articulation

4. =9

sl FA Aol &) F WAL LB SLEH =9
9] tj’do] = o gt} Kim & Jongman(1996)> 53F 2 =] 7} 2
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