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Generational changes in the acoustic properties of
word-initial stops in the North Gyeongsang dialect
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Abstract

Changes in the acoustic properties of Korean word-initial stops have been studied primarily in the Seoul dialect. However,
some studies have revealed that similar changes are also occurring in the Gyeongsang dialect. Specifically, as in the Seoul
dialect, younger speakers tend to exhibit a smaller voice onset time (VOT) difference between lenis and aspirated stops,
while the FO difference depending on the type of stop tends to increase. Nevertheless, the specific process of this change
has not yet been sufficiently examined. This study aims to investigate how the acoustic properties of word-initial stops in
the North Gyeongsang dialect have changed across generations by analyzing speakers from successive generations born
between the 1950s and the 2000s. The results show that VOT values for lenis stops increase in younger generations,
leading to a gradual convergence between the VOT of lenis and aspirated stops. In addition, younger speakers exhibit
lower FO values for lenis stops, and the differences in FO across tonal categories are also reduced. Furthermore, this study
identified the period when these changes in VOT and FO began, and examined the specific process through which the
acoustic properties of word-initial stops in the North Gyeongsang dialect have progressed.
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oA AFENNE S FHS VOTY W Fo, F52 1
VOT$} =& FO, Bo-2 &2 VOT9 52 FO= 54X o5tk
(Abramson & Lisker, 1972; Han & Weitzman, 1970; Lisker &
Abramson, 1964).

2539 20001 T o] - of 2] A-Eel 9 al] A& e of
252 voTel Wshrh vehd Zlo] ghs] Sl thByun, 2016;
Kang, 2014; Kang & Guion, 2008; Kim, 2021; Silva, 2002, 2006a,
2006b). A3 AG-=2] FE 8-S AR, 1960 th g o] 5
o Aldi-E 8 5-2] VOTE AolA| Al 28-29] VOTE FrokA=
HSF7F Lreh, F2 Aol = 53 A5 voT7t 37+
o] VOTS] ¥’ 7]'s0] ofste] Av; 2ae 1o % Warenh ik
W FO 712 7shE o], B53 2452 g-Ho] F2 Foell o8
o] o] 7 th= Zlo]th. Byun(2016)> #3574 2] W s}
el Fo7 i A 2 F2-8] whEE o] A 3E7} Al
e QAThaL skef FO7F VOT] Wisks Fdhal Q= 210 % B
plis

52 5% 549 Hlol= WA 27 Q= Ao W
a h:]- Holhday & Kong(2011)ol] wh2 1 A= WA A &= A&
H Jé—%i} A5 VOT7} é%ﬁ}‘—:‘ E‘iﬁ‘fﬂ Hel
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Rty 39 thHolliday & Kong, 2011; Jo & Shin, 2003; Kan;
2013).
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7] FEE BolANE A5 VOT= 414 W3h dolut
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AZFEe AT RY, d Al A= HH, HL, LH(L), LHH) 3 o] S2F A9 4 5 Bl A& H:H, HY, HL, LHL) % 22 4 =& f3o] &
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2.1. A 7R AR A7)

Aol AE A o F A2 F] S8 54 o] ojm gt
g o] WskE AX=AE 8H8] 7] 218ke] 19501 T 45 2000
W A7HA] &8 AUE tiid oz whs) A3 skl
w3l A3 7SS B oA 2 A Rl Blojur &}
& A5 W o4 Bof giAtolt). AY AE oo w &
438t ol Mg W(Kang, 2014; Oh, 2011) B 5 W<l
(Hwang et al., 2019)°14 FAd Bt} oJ A o AlM W37} F= %]
Al #zE A, o] ®fghe] ol A W Bt o Ado] MskE A
L3k ko] Qs H(Labov, 19902 112 8ko] W 312 okt
< B FEEHA B 5 oS AR odatel 7] witoeltt
Al A3 Skx} = 3R 100 A A S

1 AE AE F7EK)
Table 1. Generation of speakers

1950s | 1960s | 1970s | 1980s | 1990s | 2000s | A

8 6 7 7 12 10 50

AEL 33)0) AA AAskaich A7 Ad2E 20179 2
2018'd el 1950 AR 1990t A7HA & T o 2 2 A8}
AL, A 332 20251 ¢l 20001 d A T o = A ARSI 4
g1, 291 AF30) AHE-R A E o] ] HEo] ohE), T 82
o} 2.2. A7 wofell A AA8] HIES FTp,

2.2. 4% who]

Kenstowicz & Park(2006), Jang(2012) 5ol =21 A4 1
T 22 & 23 Foe HHee 5 A W Ax &
o] HerA o7 Agato] At & AT S ol F HAS
3} g o3] Ao whE F0o] W3t 7 AHrE 37
el o] F 7HA @45 aEdte] TolE Al

AE go = o 5ol o HlAlS A 258 Tl = A3
o 22]ar o Fa sl oA 5 e B/ HE S
dsiel 254 o] F -3 o7t fle AelE 154
o] Hofl A} -o7bE HUbslo] 25 H R It e S 1Sl
th HellA 7Estelme] AdS & 33 Arletgist A1
Ad2ol= 7 {38 118 dol & AREl ©ole] F g9
AEANS 333 2 F33xo] 170)o] a1, A F3ell= 2 7+

H}

b

BN
o oft 2

G244 ] Wl AFEEl ol o] F A 18NS £
Bz 3R] 2loleh A3 A 13} P28 v
7] 918l wole] A4 HelA] AAlsgnh

AG13h RN A F Tl = 32, A 3o AHEE
of= 3 37} 2

2. 4919 220 AE ©o
Table 2. The words for experiment] and experoment2

o A -o-
iz o LEE
B+ 45 B+
. o} 2] o]
(germination) (fly) (bread)
et o] o]
HL (sea) (arm) (jail)
e . =
L (immediately) T (wave) (speed)
E3. 493943 2o
Table 3. The words for experiment3
H A o
it ae EE
e A B
wlo} ;jj‘—l E)] ul-_o)
L y
(germination) 3 (bread)
HH u}-o] o7} -
(green on-
(foot) ion) (clean)
e 20| o]
(sea) (arm) (jail)
HL 1) 25 -2
(pants) (bracelet) (quickly)
Hl &2 g =
(immediately) J},x:(wave) (speed)
LH - gtk
uhE o o)
(rightness) (blue) (laundry)
23. 5%
=52 OlympusAKTokyo, Japan)2] 'HE] E& 2]1o] PCM 2|

T 1LS-1003 AKGAKLos Angeles, CA, USA)2] C5 ZEIA 1}o]
AE AHEate] 288 AujeA o] FolRlnt. w3} A3 A
o] PYAEEZ AAstL oA sH= WS FAE oJoKlist
intonation) & ©F713}7] 4471 wFll(Sereno et al., 2016) B| A E &
&= Fatr] S8l AT el EetolER Ay dolE skt

3 B ATE Se0(2022)0l14 AAIE AE 1 LAY 29] glolEdl Ad 32] HolE & & F715F] W3FIAEH Seo(2022)9] A= oF2 EBE A ¢k
2 dlo]E| Y& ¥3]Erh B3 Se0(2022)0N A= & AT 8] Fogkel tiske] B E(quarter-tone) 0.2 M 33H= W O = H3tE HAAEHA
o, dlolE] FRe] Ao 2 Q18] A AW & Aot ThEA Yeitth o, AF 1 2 AF 29 A I A 39 AA] ol 2fo]
7} A, ZF spatui) g0 A8 AR AP, A2 A 108 AR, A3 AeE 15E BEAT

4 4% o] T A2 /8 HL Tl Wh-ol(ail) = 23 257 ol 7} §10] Lee & Jongman(2019)E 3 Gk
ARSI AP 1ot Sh 548 A 7sha ol Aol AR~ e = ok A Y A AR AT Ol F-EE ol o] ojwle} A=
= fraol S¥ sk 24 dldell A uiAlsk T

ox J

ARG Y5-& FU3HAL

2ste] AT o o] g ek %ol
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A AL 58] A o] S o= Ad xofl Wt &nrt
A=, ou)o] S 9 18-S Akl AlAEITE 1
2|1 A3 kAL 35 shdol AlAlE who]E whslehd &
go| B dA b dol & A et WEkstEs sl o]
5} H]—}\T o= }«164 1:]-017} Uzl—_ﬂg ’1‘1?1 i_;_‘q.o]EE = 513% H]—
o}‘iigﬂi eﬁn 7 178 28 AIZES 10320014 208 %
3t ksl F & A} wpA ek sl S A 9] 5
HU HLé‘ru*oa?—i‘.— o2 sto] skx} & 507 o] Ha)st
o] 7= 1,620/ eh( A 137 A E 2: 3}A}F 40 x A F whol 97)x
g} 315 33]=1,08071, A3 3: g2 1078 x AE o] 187
3} 3= 33]=54071).

l'ﬂwo

2.4.VOT £} F0 & 574 2 A4 1274
FHE 24 A2 VOTS B-2-2] FO+= Praat(Version 5.3.19

A4S F7IE AAEITE 24
SPSS(Ver 30.0.0, SPSS Inc., Chicago, IL)& A}i’%}"ﬂt} A
Tl A I ek 21 G52 Zpo| 7} e u] §h A -g-oll=
78] zpoli= QUAIRE 1 Ao 7} FAIF o2 Fefv]EkA] ok
Folle =2 AHE 7|t e S gtk

% (linear mixed model)

3.8 A% 5l A 2R A%

3.1. VOT

VOT #kell tiste] AHelitabEAg A AIst Ao AlAshd
3% 49} Aok A EAREA] €] A3, AlT(F=100.039, p<.001), ©]
T ) HS(F=2,220.539, p<.001), A Z(F=11.847, p<.001)°] th3}
FEPL BT Foe Ao ekt A% g3 #eiA=
ATl o) % #H]2-3(F=55.987, p<.001), Athe} A 2=(F=2.105,

9! 6.4.47; Boersma & Weenink, 2021)5 AME-310 74310t & p=021), o5 H A2 A 2(F=2.797, p=025)2] A= 737}
A AZE FFo] tEA ek Aedddet e A 5 3 Ro R e o) Aldie) o F w2 2o dE A
& S0l A LI FATE S A ALl o2 747H§E o) 5}A] ¢k-o- A 0 7 VERHTHF=1.040, p=410).

=74 dido] ® o] ko] FATE 15467001 thF s} O30 Ay &3 78 249 47 9A| 14 &7l of

1 1,62071-57 Al 2] o 747).

VOT+= o4 38-& Fasto] H252) 3+ (release) 7B &
= 3 A =37HAE S8kl Fo= 38 3-8 F27}
WEletA ®ol7] Al&reh= A el S5kl S ¢ Fo #k
& A7) E(semi-tone) ©. = WG 3to] A1 3 3H= 2 o] URH
T 2 ATl A= AE 7 1 A Aol |
A7 7] wioll Z|Avlth Fogks 3538t Zscore® H

o] ARk

I ) S (F=2,546.300, p<.001), A3 3= -3 (F=12.909, p<.001), Al
O(F=11.073, p<.001)8] a7} BF -2 8k 71 S 2 vEpsht.
725l 3% aatel e, AR o Aol Fdst
Al At 2 o1 | 3)-3(F=84.823, p<.001), Al th £} Ad Z(F=3.803,
p<.001), 15 #3452} A 2 (F=2.848, p=.023)9] T A=
SlatAA L, Aeh gl o F S A0 As avh= frolet
X] B2 710 2 YEFGTHF=1.644, p=.052). ©]& 3t A2}= A

3l tHByun, 2016, Ito, 2017, Kim, 2021). A8 AHEAREA o] ATtel X ek A0, At NI}
=745 VOT 9 Fogtell tish SA] A2 A, o= AdlS & w83t o= AdtabEeoa] gl Fayel A%

THAZ TS SHATE VOT 2 F0 & T5HFE G A3y A vepdS RojE

e AFEAMEA (3way-ANOVA)S AA &8Itk 18] 31xh A AY At Fogt Ao Vel Fav 9 4s av

2 NRIAHE 2EEh] AEl A, o F #AAS S5, AZ 83 of tishe] Bonferroniol 28t AR & AAJEkSITE WA, F

S 1 aNE, AY AAE d aUE S AN EF R 539 A% 4d 4392w, Al 7ol 19509 th A8 2 1960

F 4. VOTLol T3 AhdiEaka4] At
Table 4. Result of 3way-ANOVA on VOT

AX A3 Al e AHE B AH F-%t o gE
FAH 2y 1,380,618.793" 53 26,049.411 126.236 <.001
=il 2,408,689.363 1 2,408,689.363 11,672.542 <.001
Al 103,217.643 5 20,643.529 100.039 <.001
o) #H & 916,439.520 2 458,219.760 2,220.539 <.001
Az 4,889.424 2 2,444.712 11.847 <.001
Al * o 7= 7 3 & 115,533.031 10 11,553.303 55.987 <.001
Al * 23z 4,343.383 10 434338 2.105 021
ofF FHH 5 * A% 2,308.428 4 577.107 2.797 .025
Al * o F w5 * P = 4,292,670 20 214.634 1.040 410
2= 306,643.773 1,486 206.355
A 4,835,584.042 1,540
28 A 1,687,262.566 1,539

*R2 Al = 818 (T4 © R2 Al = .812).
VOT, voice onset time.
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A Atel, 1970 th8 3 1980 TAY Alol, 1990 T A8 )
2000 th 8 Abelolli= frefu] gk 2ol 7} AN, =d 51950
Ay, 1960 th A3 S Z(1970 T A, 1980t AY), &S =
(1990%1‘41*3, 2000 T AY) Atolell= -2k 2ol 7L Sl A o®
LEFETH19505=19605 < 19705519805 < 19905=2000s). = A7}

HAETE VOT7F AR o2 Fovw|stA dojxka & 4= 9l
th th5 o R ofF HHSe] Fadel tigt A 1 A=
Ba<Ba<dTd =07 FosHA 11 A o= yEhgth A
Zeof thek FE 7] AR 3 A= HL 130 & F
Ho} o8k A VOT7} 22 A o2 vEbst ol HH9F LH *}01

o] zpol= frelm| k] ¢k HrHHL<HH=LH).

A% gbe] #stk AR AA UsiA e, Al 55 AL
8T GATL A 987 wiiol - W] AT et e

S W] el wet gERivkal 1] of ) whehA
W] A4S a3 Fos AHE FHOE 7 W 119 A3

Z-g-of tial] A RS §i)

AR E 2 AT7HVOTE] A elA 7Hd 5381l Sl Al

P o7 FfSefl WE VOT 574 A3 2 Al e} of 7 |2
=98] 45wl gt A5 A Ech AtiE 72 454
VOT 74 A= AAehd 3# 59 17 139} 2o,

M%H

X5 At o F H 2ol W2 vOoTe] H @ EZ2AH2K(EHS]:ms)
Table 5. VOT mean and standard deviation by generation and word-initial

stops

1950s | 1960s | 1970s | 1980s | 1990s | 2000s

mo | 1539 | 2868 | 4428 | 4836 | 6658 | 7134
°T | 214 | 1547 | (16.13) | (17.88) | (2087 | (18.13)
o | 6866 | 6782 | 754 | B39 | 8212 | 7626
O a3s0) | @271 | @65 | aasn | as27) | (8.13)
o | 754 | 803 | 944 | 779 | 1068 | 887
° | @04 | 390) | 4.02) | 3.02) | (5.82) | (5.17)

VOT, voice onset time.

100

TR

»
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= 40
@)
>
20
T 1 - T T
T T & T 1 i
0
50s 60s 70s 80s 90s 2000s
——S g 7S

VOT, voice onset time.

29 1. AT o} A4 o) THE VOTS) B B LA}
Figure 1. VOT mean and standard error by generation and word-initial
stops

At VOT #ke] dellA 71 FE2A = 542 Atz
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6. Al g xoll W VOTS] B 2 FFA XK :ms)
Table 6. VOT mean and standard deviation by generation and tone

1950s 1960s 1970s 1980s 1990s 2000s
30.86 31.80 42.99 4491 56.54 54.34
HH (2844) | (2476) | (31.63) | (30.73) | (36.37) | (35.54)
30.23 31.61 39.40 40.61 49.59 49.11
HL (2949) | (2754 | (2786) | (2947) | (3022) | (32.30)
30.50 41.12 45.87 44.01 53.25 53.03
LH (2780) | (3284 | (3371) | (30.64) | (3454) | (3447

VOT, voice onset time.

VOT (ms)

l 7 J
20 J l J
50s 60s 70s 80s 90s 2000s
—t—HH HL LH

VOT, voice onset time.
I8 2. AhE gzl 2 voTe| H gl &3t
Figure 2. VOT mean and standard error by generation and tone
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Aoz A7t AS5= voT7 A o2 F-2v]siA l
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ol A= Al M SdE HelE AT 5 glo], =
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Table 7. VOT mean and standard deviation by tone and word-initial stops

HH HL LH
o 46.98 41.28 49.06
o (28.83) (24.06) (25.96)
Ao 74.85 70.49 76.06
mi=l
(18.59) (18.73) (17.75)
o 8.89 8.51 8.77
EEh=
(5.01) (3.64) (3.7

VOT, voice onset time.

VOT(ms)

T T

T S T

-4

HH HL LH
——33

A
ojo
oy
ojo

VOT, voice onset time.
39 3. A2 o F H gl W voTe| v 5l F A}
Figure 3. VOT mean and standard error by tone and word-initial stops
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A VOT7} &< <7
/\)\E}—»

gz vore] Ad st dste] Srl2e A2, voT7k 31 A
7 52 4 HLY VOT7} thE A% 959 voTrt
sAMew olulsl BA deiths Hold ol
Jang(2012)°] T el e] 117 = w452 V0T7} A3z 52
&) voTuh A YeRtvl, BAH 0= fejulat 2jol7)
Stk w1 whs) Sl 425 voTe] Al B
I OFE =9]+ Peng et al.(2009)1 A4 &= &1t 4= It} Peng et
al.(2009)-> thuke] dl7}o)(Hakka)S thAako &, A% 8o <
“(entering tone)d Wl T A Zo vl&) 7712 VOT7F #9

v|SHAl FA Al vt Ruskick 18] ofof sl S0l
grlo] xfoli= A FF 32 717 (tension of the vibrating
structure) 2] ZFoleof] 71Q18}17] wj )l VOT7}/d Z&] zfo]e & &k
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8. FOglol T AR AHEA A3
Table 8. Result of 3way-ANOVA on FO

e A3 Als AHTE 3 Al F-%t o gE
FHE Y 1,193.612° 53 22.521 79.617 <.001
Zabe) 3.157 1 3.157 11.160 <.001
Al 3.648 5 730 2.580 845
o H 2 696.278 2 348.139 1,230.757 <.001
Az 280.512 2 140.256 495.840 <.001
Al * o] 7 | 3 5 15.048 10 1.505 5.320 <.001
Al * 4z 38.185 10 3.818 13.499 <.001
offF HHf &A= 35.503 4 8.876 31.378 <.001
Al * o] F A3 * =2 7.306 20 365 1.292 174
22k 417.793 1,477 283
A 1,611.545 1,531
7€ g 1,611.405 1,530

R A F=818 (54 H R AlT=812).

R A
0] 5 21
A e AZE FERGVOTZF A AdE S Eelsiit) o=
AZ27F voTY Adef g3k vd 4 %‘\E]rf’— 743t Peng et
al.(2009)2] =25 F s Stk vk gz}
VOTS] Aol sl & 5 Sl =97} o] o Rt}
I H7] ok ko ® & v F7HAQ) el wRleh 4o
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“VL%N

3.2.F0
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o FaYY A9E B ofF H345(7=1,230.757, p<.001)Z}
7 Z(F=495.840, p<.001)°]l th&t Fa 7= /-2 5k 21 0 % Vel
A RE, Al Th(F=2.580, p=.845)¢] FEIE= ook = Aow
e 45 g3l dsllA s g9l of F =H35(F=5.320,
p<.001), Althel A2 (F=13.499, p<.001), o1F A3 =
(F=31.378, p<.001)2] 5 &g fr2] gt 2 O & eptA|uh, A
oo} o F S 30 A% WAl FolehA E o=
SHCHF=1.292, p=.174).
A TS BE A0 A A AR AR 9 Aot E
s Btk A 1A JZIl ofF #HHE
(F=1,249.724, p<.001), = F-3(F=503.741, p<.001)8] FET+=
T AN, AN (F=1.543, p=204)2] FEI= 5 8HA] S
20 2 LEpde), 3 Ao 9} o] F 3 3)5(F=5.411, p<.001), Al
el A ZF=13.703, p<.001), o1F #HASI AXF=31.791,
p<.001),2] 435 2F-g-o] F2)8t A 0 2 LERIA| T, At e} o F
HAS7 Az AS AE FsHA LSkrhrE=1.304,
p=166). VOT2] Az}e} npzt7iA| 2 FO ghell theh A &3 =
@ A A F AR AR o] At A ek A, sk
NAAE et = Ahd AR Aol A Bl a9 4
T a3t dAHA HebaS BojEh
A AR FYF Ao E Yepd Fa A S gl o
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Table 9. FO mean and standard deviation by tone and word-initial stops

HH HL LH
o —0.84 —-0.52 -1.13
°v (0.43) (0.54) (0.44)
o 1.03 1.69 0.12
e (0.52) (0.56) 0.61)
o 0.04 0.64 —0.60
ST
0.51) 0.73) (0.68)
3
2
1
/E\ 0
3
&
5
-2
HH HL LH
—_.—EG =G as

29 4. 42 o] H 4 &0l WEFoS| B R EE A
Figure 4. FO mean and standard error by tone and word-initial stops
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AV AR S AN BIITE T A3 o F H|dgol e A ay
ol = BE o] F H e 01]/\1 JZ o W= FO 7} ‘LH<HH
«HL’ 9] =0 2 FosH =& A 02 YElt o AdFofA 9]
o 35 Al 4611*1 = REAZ YA o F HAS
o W F07t Be <Ao< S 2 £ o® o & Al

=2 YERTh

& Park(2006)«1 754 A=) P e = F e = B ?%%“ﬂ?& %3]
&, 735 ol A HH#-% 2 HL+3 9] Fo oA -85 a2 vt
£ 719, o] 114 Z(H-tone) 2] FOO] A¥HE Fof o
w48 o] oA FebA= A f\]*}?‘&t}.

T AR A9} o) F #H 452 S mE ARk Al
T Hgoll W& Fog] 574 d3E AAlsHE 107 1
59} 2t

_%

=z]
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2]
1=

E10. At o F H S0l wh2 Fo2] H 2 EFHXH(H2):z-score)

Table 10. FO mean and standard deviation by generation and word-initial stops

1950s | 1960s | 1970s | 1980s | 1990s | 2000s

mo | 065 | 073 | 069 | 093 | -1.00 | —0.96

°F | 0.61) | (0.57) | (042) | (0.54) | (0.36) | (0.49)
o 0.89 0.84 1.02 0.93 1.03 49.1

e (0.98) | (1.00) | (0.90) | (0.85) | (0.71) | (0.66)
e -0.19 | 025 | -0.01 0.00 0.15 | —0.03

0.90) | (0.90) | (0.92) | (0.77) | (0.70) | (0.67)

FO(z-scor)

50s 60s 70s 80s 90s 2000s

74

——EZ =7 3

ojo
ojo

I 5. At o] F Hafj Foll & Foo] P+ 2 BEAH
Figure 5. FO mean and standard error by generation and word-initial
stops
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Table 11. FO mean and standard deviation by generation and tone

1950s | 1960s | 1970s | 1980s | 1990s | 2000s
HH 014 | 020 | o010 | —0.10 | 008 | 0.06
(0.80) | (0.85) | (0.90) | (0.91) | (1.04) | (0.93)
HL 076 | 082 | o071 | 062 | 042 | o028
(1.00) | (1.09) | .18) | (1.10) | (1.10) | (1.08)
Ly | 085 | 066 | 049 | -052 | 033 | -0.36
0.59) | (0.62) | 0.07) | 0.81) | (0.84) | (0.89)

o

FO(z-score)

™~

50s 60s 70s 80s 90s 2000s
g HH === HL LH

33 6. At A xoll w2 Foo] B+ 2 FF 4}
Figure 6. FO mean and standard error by generation and tone
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Figure 7. Acoustic space of VOT-FO0 by generation (p: lenis, ph: aspirated, pp: fotis)
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