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The transposed-letter (TL) effect refers to the phenomenon that nonwords generated by transposing positions of letters in a word

are responded more slowly than control nonwords. TL effect has been interpreted as evidence that the coding of letter position is

flexible. In Korean, to investigate flexibility of the position coding, more studies are done by transposing syllables since TL

effect has rarely been found in Korean. In the present study, the lexical decision data for 588 syllable-transposed nonword and

control nonword pairs from the Korean Lexicon Project were analyzed to examine the syllable transposition effect. Hierarchical

linear mixed-effects (LME) models revealed that syllable-transposed nonwords were harder to reject than matched controls, which

supports the flexible coding of syllable position. The results also showed that the pre-lexical properties of nonwords had

significant effects on nonword rejection, but word frequency and word type had no effect on the rejection of nonwords. The

results suggest that the locus of transposed-syllable effects in Hangul is pre-lexical.
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o el dAtor 7EEED QIth(Andrews, 1996; Perea
& Lupker, 2003, 2004; Perea & Carreiras, 2006; 2008).
AR A9 Gt goiot AmQlolE HIER B AR 72t
AojollAl Hirx|glom, wHgo] ofg] o Qo Ty,
2 A3t ofg] wet o] ®F @ F ooeRet A9 1
Aot SHF5F4], ERPs, fMRI 5 tFet =45 o]&5}
+ A=l 9df WEACr HFEUH(Johnson, Perea,
& Rayner, 2007; Lupker, Perea, Davis, 2008; Perea &
Lupker, 2004; Schoonbaert & Grainger, 2004; Rayner,
White, Johnson, & Liversedge, 2006).
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Gomez, Ratcliff, & Perea, 2008; Open bigram model:
Grainger & Whitney, 2004; Noisy channel model: Norris
& Kinoshita, 2012), Z} 29| $dof tisfAE= o}z A=
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of vtmz) orow = A9l b vehR] 2Oo™, ol=
134 94 EAS FASHE 272 BUTHLe & Taf,
2009; 20115 Lee & Kim, 2018). o]# =2lo] ZAs}e], &
AFolA= KLP ol Hlo]~0] 237} Hlgo] 7hed| o
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& Lupker, 2004; Gu & Li, 2015). Toj#at ofyz} H]
ol [l avE High A4ES ot 7
AdH FAE AFstHtHAcha & Perea, 2008; Johnson
& Dunne, 2012; Kinoshita & Norris, 2009; Perea &
Carreiras, 2008; Perea & Lupker, 2007). dl& 59, Acha
& Perea(2008)> ©o] EA Z7(]: jugde - judge)Hrt
Hjdho] 34 27! jupte — jutpe)ollAl © 2 A A=
At S s, o)A A 8] o] Hol¥
2 77] APl glEe HolFe S7= HQIth whep Apn
A7t o9& A2o] gk stol TARITHA Mot A= &
2 240 golgl Aol yerd Zo)7] wiFolch
gharolo] who] AQloflA 22k He7E Mol l ARIA
oAl Al gt HAE &7] flal & A= B
o] 1 HA A9 £4& FESk AS M=otk H

dolo] 14 £4S T4 249 9X2 A3 AeA 1]

23] Aolah, =
S7] el Asl7 Qojurid, AT 2L FA vgkol]
%
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Cllo|E{H|O| & /2=

sh=ro] AAJolRH dloleHo] A(Korean Lexical Project
Database: KLP-DB)o] Z3tel H|tho] 255 o]&35trh
KLP-DBefli= 25 30,930709] ©olet 30,9307]¢] Hghofo]
sl A A7EA 52789 o9 BREAIMY @ Fao]
HEle] glom 2= &4 dHolg7t @7 metE o] lrkH ol
oAl Al 7]&L Yi et al, 20178 HIT A).

KLP-DBof| 2gH 22} H|dho] 12,8827 FollA T 714

39 HdolE FE5H shue A9 Hgelz, ofFet
ot A& AMsHAE o 2249 WA dot He As
ojltt. AE i, MY, ‘FHW g2 Hdols A4S
A9Qsha Zhzh A, Hd=olbe dolrt " ofF
=, T FeA iEs 2AE 7R AeE A
ofal AElE AS) Htrol: 588709t AS H[Trolete] H]
wE s E2 o FA HgolE Adsiln. A B
ole 225 Afsidle W g7t A g HdolEelH.
dE 501, A, ‘FT 2 oFd o 24 AHE vt
WA F=oldhs B OE Hidol7t 2 doirt 5
A et SA Hidels A9 Hdolet A o] RL% S
A=t Adge] 712 v 2otk $A Hidels A9
Hlgofel FAg ofF 2

Az ARRLT AR4E Foks
o HSEA Hel e o FAu dskid] ol 24
o &g-ARS, AT ol%, &8 ME 5& 5T @
WA= shsiet. oIS Sol, A9) vlgoldl S| FA
Wgo] e A, AT AL ofF I A
02 FYsky, ofF I W WL FUsH 34 &

BE 7AW Zz7be] FAHELE 6,737 6.71(RI1HS $4])

Table 1. Mean and standard deviations (SD) of nonword lexical

variables and dependent measures

Variable b Control
M (SD) M (SD)

NW LDT response time 725.12 (53.54) 71097 (53.00)
NW LDT error rates 12.06 (7.88) 10.35 (7.42)
Number of jamos 5.24 (0.69) 5.24 (0.68)
NW jamo neighborhood 1.81 (0.54) 1.75 (0.56)
size
NW jamo neighborhood 4.02 (0.53) 4.03 (0.53)
frequency
NW type frequency (S1) 3.84 (0.66) 3.84 (0.66)
NW type frequency (S2) 3.60 (0.72) 3.49 (0.72)
NW token frequency (S1) 4.16 (0.62) 4.16 (0.62)
NW token frequency (S2) 3.93 (0.59) 3.96 (0.64)
TS type frequency (S1) 3.86 (0.65) 3.58 (0.65)
TS type frequency (S2) 3.96 (0.64) 3.96 (0.64)
TS token frequency (S1) 4.02 (0.63) 3.89 (0.68)
TS token frequency (S2) 4.11 (0.58) 4.11 (0.58)

Note. NW = nonword; LDT = lexical decision task; TS =
transposed syllable; jamo = Hangul letter; S1 = first syllable;
S2 = second syllable.
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(Yap, Sibley, Balota, Ratcliff, 2015 D).

3) 22 HV/EE RlEE= olF 2o et A ]’35}‘— 747 gyt
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o] ofF 22 BHY Rlke P07 AFfsle d@ol5e] Y
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dol7t wi= Higo], o F)e] off] wehol] detoj(d]:
A7 nA e S AESH] Y5 ddolo] AR Wk
o o]FZ 5 HloR FUlSIGth dE B, =Y
9] olql 0] To] AR HIEg} o] F (ko] of 1
of)o] ZAHUTF. HpAEte R

7171 Sfsl Al =A, Al %H, A *16@ ‘?_P% 17J, A
A o 5 A £ BE WIS B4 Heow
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KLP-DBof|A] F&sto] EA4of AHEH Al 25 61,097
At ZF A3 dHolH+ Al A, Al A, 2 W
AR, HRSA7E @7 So] AHE xSyt A9 &5 §
I 23 (linear mixed—effects model) S ARRSko] HREA|7F
I eFES EAoIth A £4= 9l R Aol R Core
Team, 202005 AF&3st9om, RO lmed m7]A (Bates,
Maechler, Bolker, & Walker, 2015)o] X3 Imer/glmer
3]_/\2 O]_Q_—a‘]-oq /Hﬁc] jﬁ]— qu‘g J_?_/H—a‘l.jl_ ImerTest ﬁ_H;«']
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= -1,000/RT)& AH&5t3ith(Baayen, Davidson, & Bates,
2008 #=x).

Bae £ IS s 24 104 gl 3
A1 Higo] vs. A HFo]) 9] BIE gRloh= H 23
ko] YA A (hierarchical) WAooz &% 2y EA5 A
Aottt A2 ohg 59 o5 HeE] avE Aok
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24 1: 2% Mgl &I} 2 EYSgr. vgel 432 e FUT A 3 B
24 18 274 A9 BNE Tl o) AASER. o5 Wl 1f &, W9 £4 5 9FS At uAE A9
HAES g 409 YRR ol &tz Y] & vidolsl B4 vgole] tigt £ Aelel Aolt YAE
TPt BAoR ARekge. () WY B WL AM  elel] AT Al vhImoR Mg &3t 19l 44
SA, AB EA, AR AD MSAD, AW AY OF 4 o o] vgel {3el Wt thE2A B3] 9l 1
A @ 1% £4: ARG, AR 0l A7), 4B o2 Hit g

HE, ofF 24 B9l Y, ol 34 B2 HT, ofd 27

]

Bl M, ol 22 EZ = 5 T, 3) A9 £4: A Table 30 #F 2ol ot £4 23E A+, Kl
R oolR 37], AR o]k Bk, o}F 24 Bl Wk, of  SARK} eRE&2 719 FUt dee yEH A5 Hel

T 22 EZ N, o 27 Bl N, o 22 EE E9] FUto| ueh me] dyeo] YEEA 4] {8 7t
HE £ 670 (4) H]E‘ro1 FRAAEY/EAD. Al A= A% DAut 29 v W (model comparison)E AAlSHH A%
2 ull modeDo= FA &y} WIS &=, 7D 28 HF GAE ALt %741 1-47k2]0] HEgSL o] &
A -3 o @C\’_%‘ﬂ Fotsict. A 200M= 1f & AlY RYHT diEe] Uit Zow Ut 19A 9
F7t2 B]lsiltt. olojd & 3olM=  Hls] 29AlA Af £49] FUbe B AP #9

A=k A 4o wlo] §F @ FAS FPAYA, x° = 553375, dfF = 7, p < 001, 3

Table 3. Results of the linear mixed effect analysis of lexical decision times and errors for the nonwords from KLP-DB (Analysis 1)

Response time Error rates
Variable
b SE t b SE z

Step 1

Session number ~-0.000 0.000 -13.833"" 0.002 0.000 6535

Trial order 0.000 0.000 1.540 0.000 0.000 0.054

Previous response time 0.389 0.005 68.967 -0.177 0.054 -3.281""

Previous error 0.020 0.005 4125 0.381 0.001 9.210""
Step 2

Number of jamo 0.041 0.004 10.076" 0.224 0.038 58957

NW jamo neighborhood size 0.027 0.004 5672 0.178 0.045 3.948"

NW avg. jamo neighborhood frequency -0.020 0.006 -3.135 -0.150 0.062 -2.428

NW type frequency (S1) 0.045 0.005 8.762"" 0.301 0.048 6167

NW type frequency (52) 0.057 0.003 16346 0.405 0.035 11.523""

NW avg. token frequency (S1) 0.008 0.005 1.522 0.017 0.054 0.318

NW avg. token frequency (S2) -0.004 0.004 -1.035 -0.038 0.038 -0.994
Step 3

TS jamo NB size -0.020 0.005 -3.893"" -0.273 0.048 -5627 "

TS avg. jamo neighborhood frequency 0.001 0.001 0.901 0.012 0.014 0.874

TS type frequency (S1) 0.016 0.004 3.614" 0.135 0.042 3.204"

TS type frequency (52) 0.008 0.006 1.209 0.112 0.061 1.820

TS avg. token frequency (S1) -0.004 0.003 -1.302 -0.058 0.030 -1.930

TS avg. token frequency (S2) -0.004 0.005 -0.802 0.005 0.046 0.115
Step 4

Nonword type (TS vs. Control) -0.023 0.002 -7.970"" -0.136 0.028 -4.854"""

Notes. NW = nonword; jamo = Hangul letter; avg.= average; TS = transposed syllable;
S1 = first syllable; S2 = second syllable.

Hk

p .05 Tp 0L p 001

- 169 -



The Korean Journal of Cognitive and Biological Psychology

900- :

800

700"

Mean Response Time (ms)

600~

Transposed Syllable Control

Nonword Type

20

Mean Error Rate (%)

Transposed Syllable Control

Nonword Type

Figure 1. Mean RTs (left panel) and error rates (right panel) as a function of nonword type
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o yehdth x2 = 63520, df = 1, p < 001, = H]gho]
o] I A4 A9 £ FFE 25 FAG Sojx A
9] Hldojet FA HTo]o] Afole [oJdt Ao E YETY.
I 1o ANSHRRe], A9l Bdofo] tigt o] wrto] H
LA (725ms vs. 710ms), 582 ¢ =9tH12.06% vs.
10.35%). 1 &4 X Hldo] §39 4528, 19 A
9 &4 X Hdo] 739 AoAE2 ok AL Fo5HA
LFERA] oFoket. 1§ &£/d9] makeh A9 £49 =
Hido] f3do wheh th27] 2 AoR YEit.

2 ATs A9 Hdolel FA Hdolold 22k A9 &

= WEdt= o F=540] IIAIRE o HER 1f &
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oh AR o] A7|e}F ofF 27 ESl HIES] oA mite
Kwon(2012)¢] gh=o] Hldo] Axpel dx[Rict, oiwh 2R
ol WIko] git= EXHoZ YeRTh ol Yap et al
(2007)0] QFei H]E‘foioﬂ ol ¥ Aot ohEd, oS
At o i &4 HQEl ave A A= 2
Tpeb Az gt XH **é SollAl= XPE o] 5’-719} o]
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Table 4. Results of the linear mixed effect analysis of lexical decision times and errors for the nonwords having a base word (Analysis 2)

Response time

Error rates

Variable
b SE ¢ b SE z
Step 1
Session number ~-0.000 0.000 -9.239"" 0.002 0.000 5287
Trial order 0.000 0.000 0.989 0.000 0.000 1.092
Previous response time 0.382 0.007 48253 -0.162 0.074 -2.195
Previous error 0.026 0.007 3709 0.360 0.058 6.212""
Number of jamo 0.026 0.006 4389 0.091 0.055 1.638
NW jamo neighborhood size 0.039 0.009 4.020"" 0.180 0.090 1.982
NW avg. jamo neighborhood frequency -0.033 0.009 -3.381""" -0.246 0.094 -2.593
NW type frequency (S1) 0.040 0.009 4253 0.267 0.087 3.077
NW type frequency (52) 0.047 0.008 5.868"" 0.464 0.077 5.988""
NW avg. token frequency (S1) 0.018 0.008 2.136 0.078 0.078 0.995
NW avg. token frequency (S2) 0.004 0.007 0.570 0.015 0.073 0.217
Step 2
BW jamo neighborhood size -0.043 0.010 -4.126"" -0.361 0.095 -3.788""
BW avg. jamo neighborhood frequency -0.001 0.003 -0.516 -0.004 0.029 -0.165
BW type frequency (S1) 0.009 0.009 0.923 -0.017 0.090 -0.199
BW type frequency (S2) 0.014 0.009 1.563 0.176 0.087 2.007
BW avg. token frequency (S1) -0.011 0.007 -1.636 -0.103 0.064 -1.597
BW avg. token frequency (S2) -0.011 0.007 -1.596 -0.038 0.065 -0.588
BW word frequency -0.000 0.002 -0.049 0.008 0.022 0.368
BW word type 0.008 0.012 0.655 0.000 0.119 0.008

Notes. NW = nonword; jamo = Hangul letter; avg.=
S1 = first syllable; S2 = second syllable.
p <05 Up 0L p <001
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AR A9 8= JolE HES AREAE AHSHE
ofo Al F2F 1A Hedte| FEAS Aok ZA H
o] ftHAndrews, 1996; Holmes & Ng, 1993; Perea,
Rosa, & Gomez, 2002). 18t} Ego] AREAS A}4S
£ ol tiel AFAES AR A9 SAE W] &
stttk AFAEE of" Aolrt 2ol A E4(Lee &
Taft, 2009) F&= =09 o] EXA(Rastle, Rally, &
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