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Pronunciation Variation Patterns of Loanwords Produced by Korean and

Grapheme-to-Phoneme Conversion Using Syllable-based Segmentation and Phonological Knowledge
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ABSTRACT

This paper aims to analyze pronunciation variations of loanwords produced by Korean and improve the performance of
pronunciation modeling of loanwords in Korean by using syllable-based segmentation and phonological knowledge. The

loanword text corpus used for our experiment consists of 14.5k words extracted from the frequently used words in set-top

box, music, and point-of-interest (POI) domains. At first, pronunciations of loanwords in Korean are obtained by manual

transcriptions, which are used as target pronunciations.

The target pronunciations are compared with the standard

pronunciation using confusion matrices for analysis of pronunciation variation patterns of loanwords. Based on the confusion
matrices, three salient pronunciation variations of loanwords are identified such as tensification of fricative [s] and derounding

of rounded vowel [yi] and [we]. In addition, a syllable-based segmentation method considering phonological knowledge is
proposed for loanword pronunciation modeling. Performance of the baseline and the proposed method is measured using
phone error rate (PER)/word error rate (WER) and F-score at various context spans. Experimental results show that the
proposed method outperforms the baseline. We also observe that performance degrades when training and test sets come from
different domains, which implies that loanword pronunciations are influenced by data domains. It is noteworthy that

pronunciation modeling for loanwords is enhanced by reflecting phonological knowledge. The loanword pronunciation

modeling in Korean proposed in this paper can be used for automatic speech recognition of application interface such as

navigation systems and set-top boxes and for computer-assisted pronunciation training for Korean learners of English.

Keywords: loanwords, pronunciation variation, syllable-based, grapheme-to-phoneme, Korean
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Figure 1. Pronunciation variations of loanwords in Korean
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Table 1. Mapping between English and loanwords
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Table 4. Segment and Pronunciation dictionaries
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Table 5. Statistics of the data for the comparison between
the baseline and the proposed method

o] & H & (%)
&4 A3 12,350 85.50
M A 650 4.50
H2E A% 1,445 10.00
% 14,445 100
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Table 6. Statistics of the data for comparison of performance
in terms of domains

39 o] & v (%)
&4 A3 POI 7,600 63.96
N 5 POI 400 3.37
A8 1,295 10.89
H2E A% = 1,295 10.89
POI 1,295 10.89
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Table 7. Confusion matrix for vowels of loanwords produced by Korean speakers

aciet S80s M7 M3S (2015)

Ad s
(%)
+ 1 L T — | il F q AL i il -+ - il il okl
b (7,358) 94.58 2.08 1.23
3 @081 | 216 | 9268 | 221
L (5,741) 1.15 1.39 | 96.76
T (2,285) 1.10 92.95 2.37 2.28
— (11,252) 98.40
] (12,079) 97.63
5 [ (6887 1.49 93.95 2.11
= F (270) 1.11 95.19 222
b 3 (328) 98.17
= L (140) 2.14 97.14
T (579) 4.50 91.87 1.21
9 (73) 1.37 2.74 2.74 1.37 | 83.56 5.48 2.74
2} (186) 2.15 93.55 1.08 2.15
- (288) 1.39 1.74 | 95.82
- (585) 21.03 78.12
-l (288) 7.77 1.46 | 87.38
* 1% HRke] Wols EASHA -
* A5 T S4B AFE oHdh
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Table 8. Confusion matrix for consonants of loanwords produced by Korean speakers
7f 24 A
A8 Be
%) H B = = ™ E hl R = = E3 FY A s 5 El o v 24|
B (3654) | 9740 | 148
wo@4s) | 3333 | 6222 | 444
= (3978) 98.36
© (3,095) 98.58
™ (76) 1579 | 5526 | 23.68 5.26
£ (4,465) 95.56 3.18
5 (1,347) 9405 | 156 | 119 2.16
T (44) 1136 | 6136 | 27.27
7%] 5 (3,885) 335 | 9379 2.50
T | = 2 89.77 | 181 6.83
N 2340 | 7021 | 426 2.13
= (734) 109 | 93.99 2.46
A (6,396) 6.43 3875 | 54.00
M (895) 2.13 201 | 9452
5 (1,195) 97.50 104 | L12
2 (4616) 97.03 121
o (2417) 99.34
L (2,108) 1.85 96,34
* 1% Rkl WolE FAHA B
* 2o E g S4B AFE oW
W S48 A
AE
0 H = il 2 =] v o A
v (570) 99.64
T (483) 91.67
7] = (1,261) 99.26
;3 2 (5,906) 97.07
< v (3,814) 99.19
o (1,238) 98.58
o (1,038) 1.16 3.00 95.55
* 1% wRke] Wole EASHA &
* 2] gho] 100%7F HA ke A= T T8 AF Foll Zg Aol doju 24 A2 A43d Y
* A5 FT Sa MY A5E 9
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4.1 lzfo] gl By B4
@o] siAe] selol AAl W AE WG Wastol

L

ojgo] Whg Wo] e AT A 144497) ol tis)
A 10787970 4= %“35101 Ao wgo] 52,3387, A
So] 55541712 42 TAH ULk o] y|Hlo g B
P S FAT ﬁﬁrt <E 7>, <% &3} Py} T PP B
A A3, Qo] g Wo] ML thad ol YT <3

9>°1W T Qe vke}l o] & HEE vl whg Wl H]

2 AA a0l el 7.84% oYL, ZLolME 4.97%, A
oﬂfﬂt 10.54%9] ®o] H|&& BATh 259 Wo] HEo] B
9] o] ulgHTh 2u) o) =A JERES B & AUk o]
E ALY AA WHold 585072 WkA, /yo] ASd) F

345271 Aste] A wole] ARl o) ApAeh] wEl
Zo g vestth webA /s AS3E A Wo] HEg B
= ¥ol HlgRT dXQ =A b}EPb}ﬂl She Yooz =43
& WY & Aok
9. Yo TF "ol Hl&
Table 9. Variation rate of pronunciation in loanwords
A Ea # ol S # ol Bl&
A 107,879 8,458 7.84%
2e 52,338 2,599 4.97%
A5 55,541 5,859 10.54%
<& >3 <& oA ANF EF FPol 7|Hkate, 3490
A AETE 71 2007 o) EAR 54 & AES HiE o
HI& [10.54%/4.97%] ©1/4<] ®olel| met Fa I3 ¥ol&
Z2EHQCE F2 %S Wo) BY Avke 0ol <k 1057} 2
ol mhEE /s/8) A3t deRE yi/et /we/l WA oFEtE
LR
X 10. 8 e o] ok
Table 10. Patterns of salient pronunciation variation
ZIEds | A8 EE | W= | HE (%) 5
A L8/ wMoIST | 3452 54.00 738}
-1 i/ 1 il 123 21.03 e ors
Al fwel A e/ 16 7.77
WA, vhEE o s 71E ATME Bol dFH
Hh glom, 7P Q] ejefojolAe] g Wo] el
& % itk 07 vhEE jg7hed Ak ool ALt o] F
AAL Yge & & Ut
=g, F8 g Wo] el Urhde 49 548 Lot
H7] Sl 7t fs/2 Askehe Fshe el vEs A

A B35l 145

E 1L /8 5Bl e 53
Table 11. Frequency, proportion, and examples of the following

EO tﬂ—/%]l:]\: H e} \:ﬂ C':ﬂ/\]

vowels in /s/ tensification

TP BE | HE | HE(%) A A
w 2,052 | 5944 | CHRISTMAS /kburis wmas™wy/
i 418 | 1211 AGENCY /eidgan”s¥/
313 9.07 ANDERSEN /anterws™en"/
0 191 553 GLOSOFT /kuillos™ophustiuy/
a 153 443 INSIDER /in”s aita/

2 /st iwe/d] A
229 i/t
/i/$F Al/je/Z Eol7t
o] WAYsh= IS dolr
S A% A E}—«l
. <E 125914 BE Hiel o), ¥
fs/7} A3t & wf A9 EH—r
F AR Ay Ageles <&
91 Aol A = npe} o] F2 ol
HhA Al/we/e] 74§-olE=  CHEFY
uie} Zo] F2 o] T} o] Fol|A
AT Qthe AolE BT T]/qi/‘ﬂ]/ﬂlé FISH
plisvel Aol B 4 Qe wkeh 2ol YA
A o s/l ALStE TR E sk WhE, ﬂl/wsu 9
e/ 2] A gl e 59 A

ExS HAE 4

12>4 CLASHL}
oA AdET AE
MICHELLE®] At&olA HE

w3}

a—Rr,

S1giet.

12 944 oksolAe] Hal AHg BA W g 9 oA
Table 12. Frequency, proportion, and examples of the preceding
consonants in derounding

ol | A3
oan | e W% | H&(%) A
CLASH /K'willesi/
' 1 . e
R 8| 959 FISH /p"is/
CHEF /sjep"uy/
we | s | 16 100 SEp oy
MICHELLE /misjel/

42 9Efo] Aps-d WS

4.2.1. wo]z=glRla AF E o H

<19 4>¢} <138 5>& Ho]2=gl
WER Hlul A% A74E Bo Foh

o
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3, 3-0E A BE 9 HY A Ate e P

7 WER o] Hlo]~2lRIBTH -FatA Yehte 21& &
AALE 53] #9384 EUE TS 7-THlA 7h
A vko PERI} WER-S HYth Aok3k vy 7led 714 A%
9k 7-2o M= 34.95%9) 9.01%2] WERI} PERS X
Hhd, wlo] ekl JheE] 7 Aol EUA 5-aelA =
37.21%2} 9.50%2] WERZ} PERS Rt} ol& Al¢hsk o]
WER PEROIAM 7+ 6.07%2} 5.16%2] didda&S HIS
olmjgit). &, Fdo] F3Hd wet of 33 A= HEES]

< ), A5l TPIE O == AS #EE 5 Atk

o

e}
Rl

PER(%)
1
.

>
D
D

-o- base-5gram
—e— proposed-5gram
—— proposed-7gram

1 2 3 4 5 6 7

Iteration

9 4 o]zl A e 54 oF WS 23 Hlu
Figure 4. Comparison using phone error rate between
the baseline and the proposed method

P >
--o--  base-9gram

\ --m- proposed-3gram
. 0 =
—— proposed-9gram

45
1

WER(%)

40

base-! 59ram

35
1

Iteration

a9 5. o]zl A el Tof &F WlE A3 Wlal
Figure 5. Comparison using word error rate between
the baseline and the proposed method

A H7E 98 AR F HAl 24 7]1ES precision}
recall S RFY 3 F-score®|th. F-scoredl 2|3t %52 tha2] <1
Y >3 2t} 43 A7, ¥4 PERF WERE o] &3 A% 3

7h Alsh FYsPA AL el Hsol volzzklel

or

YAicIet S0 M7 M3S (2015)

B}y Al vebtar gloh Aeksk Wiy vk 7-71% #
739 Al F-score”} 0.570°2.2 7} 9-=31A] Yephd vbd o]
2Rl A& 5-T9o] 7MY =2 0.5539] F-scored EY oM,
Atk B o] wol 2kl tiv] 3.07%2] Ul &S B

’+ Br%%oged 7gram |
%4@ ——————————— P é\; ,,,,,,,,,,, s
g 3 o B T2 proposed:-sgram
B " o gl
Y B N
-/.\. .\I
2 | / |+ proposed-3gram |
1 > 5 4 5 6 7
Iteration
a9 6. wWol2=ekla} ARt W] F-score A3 Bl
Figure 6. Comparison using F-score between the baseline
and the proposed method
422, ©13] Gelel e A5 Wl
A 352004 AFRE HEg o], # Aol AHEH oF
t 2ol POL AEUA YY0R FRE 4 Ytk ¥ APl
= o3 d99 zol7} Ah-S4 HE Ao PGS HX=
A RS W] f3l o5 A WE Ai-sa WS A
59 vlasrh 352004 A W 2ol e} TSI
o, 421004 7H F& A& 1Al 7-a3] B9 W9E 4
83te] e Z4adn 49 Avhe ool <k 13504
2 5 9

E 13, o8 FFol WE G2P 45 Wl
Table 13. Experimental results in terms of domains

4 ;
A5 H2E 33 PER(%) WER (%) F-score
POIL 10.01 37.68 0.553
POI sl 13.85 43.36 0.478
AE8F 15.46 52.50 0.376
<3 13>0] WEH, FH A7} o3 97 o2 o3 o
doz FAHH HAE JFo2 H45s Wrllgs o, 593
o3 gdoz FAH H2E JAFPRG 4o AstE= A
TET = AAh o] Fal, B AFolA AUgE o] A4
-4 J|FA o] oF] FgYo] Aolrt e FIE v

421004 3 B wieh o], WS B QT4 AL 2
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Table 14. Error classification and examples of G2P
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