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Objectives: This study aimed to examine whether lifelong bilingual experience contributes
to cognitive reserve in older adults. It focused on differences in working memory and se-
mantic processing abilities between Korean-Japanese bilinguals and Korean monolinguals,
considering the influence of typological similarity between the two languages. Methods:
Thirty older adults (15 Korean-Japanese bilinguals, 15 Korean monolinguals), all native Ko-
rean speakers over 60 years of age, participated in the study. Working memory was as-
sessed using digit span forward and backward tasks. Semantic processing was measured
through a semantic relatedness judgment task (SRT), which consisted of word pairs con-
structed from Sino-Korean words. Stimuli were shown in two formats: Hangul script only,
and mixed Hangul-Hanja script. Each pair was either semantically related or unrelated. Par-
ticipants judged whether the two words were meaningfully related and their accuracy and
response times were recorded. Results: Bilingual participants outperformed monolinguals
in both working memory tasks. In the SRT, they also showed higher accuracy and faster re-
sponses across all conditions. While both groups experienced more difficulty with mixed-
script and semantically unrelated pairs, bilinguals consistently demonstrated better perfor-
mance. Conclusion: The findings suggest that bilingualism involving structurally and lexi-
cally similar languages, such as Korean and Japanese, may enhance cognitive reserve and
facilitate more efficient language processing in aging. This highlights the cognitive benefits
of bilingual experience and its relevance in the context of age-related cognitive decline.
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HAAR 0.2 ot ergo] S7FsHHA] a1gs} Apl =] ZI]lo]
7h&53E AL ik ofof whet AlA1A W PAIA o = 7St =3t
(healthy aging)o]] theh ¥H41o] zobAlth. Unka o & 73 Algt
oJtjzi Wrol7t Soiztol| uhet 241719 (working memory) 5
o] HaxEw, 7198 gl AE 22| &7} HolZlrth(Caplan & Wa-
ters, 2005; Salthouse, 1992). ©]2|3} Q1A] #|o}= =3} 1}Aof| A &}
Aie Aol AslAH =LA ol(mild cognitive im-
pairment, MCI) 2 ¢=35}o]H X]ufj(Alzheimer disease, AD)2} 2+
S AFERY AR ez WS 715d0] ETHChen et al,, 2022;
Mayo Clinic, 2024). £3] *]1}j(dementia)2} 72 AH-2 HAx|| oF=

4 2|27} Weleh) o A @] Rastol, o] olx) 7]k
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WS AT 5 12 vleREE Aol it At
5] X184 %] 21 Q1tH(Anderson, Hadjichrysanthou, Evans, & Wong,
2017; Klimova, Valis, & Kuca, 2017). ©]2{3} 0] -2 = 3}} HH=]
A7 AU 22 S AP 917 A5HE X91A717] $Ig Heke
ELetE g7} o] F01A rtH(Deary et al., 2009; Keller, 20065

Lenehan, Summers, Saunders, Summers, & Vickers, 2015; Shaten-

MY o

stein & Barberger-Gataeu, 2015).

e okz QIR QIA] AHE ofslr] s, ‘QUA|HE o] E(cog-
nitive reserve theory)'©] 53¢t 7fd o2 E&E0k1 QIt)(Stern,
2009; Stern, 2012). 21Z|of|H|(cognitive reserve)> |7} AME A

L i 7)%50] A3t retE 2efof oA Ve A = Ye
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oz, Tfo1R o] whe} =3} 9l 417 B3] Hgho]| thek Aok
A5t ZiEolth(Stern, 2002). 2 QIAJAR|ZE 7 AR
L3R Il 2491719 E 437 ]5 (executive function)©] A]5}%=] Tl
o 12 A7 HAUSS BASSPAL, B2 B E0 M A9
AP0 7 2R 7152 B8 4= Qlth(Valenzuela & Sachdev,
2006). 2| ©]F%10] AR-8-(bilingualism)o] IA|ofH]2g F7IA|
7l AR o & AR, O] QIAA F ) ofH] g Aelsh=
ol -85k 8 A~ ZH ARF= 31T Bialystok ¥t F252] ¢1tof wh
21 o]F¢lof ARgA(bilingual)= Td 1o} AFH-§-AHmonolin-
gua ek 27|, ol BAohE S 2 A7)l
A] 9-Z=5F A 3HE Holttal A XSt} (Bialystok, Craik, Green, &
Gollan, 2009; Bialystok, Craik, & Luk, 2012). Uo}7}, o]521o|&
ARESHE i S THUlo] lMAFHT AD S/40] 4-5d A &=
Al Wk skriar B 315431 (Alladi et al., 2013; Craik, Bialystok, &
Freedman, 2010), AD 2F2}-9] | CT (computed tomography) G4
& AR AR o310l AHEAHEC] ] $1% atrophy)o]
A5 AN Bl et 5] AR 715-E KL 9)
ek ATt ¥ 4ol B A ol Folof Z4po] st
A Yrehttiar A gick(Schweizer, Ware, Fischer, Craik, & Bialy-
stok, 2012). ©o|2]3t A= W ol AY 2 ARl
T Cefton, o]5lo] A&l JIR|AH|ZEE FIAA QA 7l
=8 2 FAL 4 AT Fethe T4 g
ol5:¢1of ARgALE AL L} A2210Y(L2), 7 7H4] dlofE
Adeistal Hgksh= 2ol A Al (nhibition), 212 switching), 5
Ofattention) 5 3-& 3] Q17| BALE Asaof ke, ofefh
WHE 2 7482 Ae)7]52] 7332 o]ojXIth(Bialystok et al., 2012).
o] G150l o|:¢lo] ALY} keleio] AFg AT} Al
o] cofet 5}9] elol] o FHolk & BTl = Tslsick
o]l & 5°] Simon taskof| A+ 14| 52, Attention Network Test
(ANT)ol| A= 28] 24 ‘59, Flanker taskol A= QI A8 58S
|3t 212}, o|elo] A8} Rrelelo] AL AT} 4t 2t
£ K th(Bialystok, 2006; Coderre & van Heuven, 2014; Costa,
Hernandez, Costa-Faidella, & Sebastian-Gallés, 2009; Costa,
Hernadndez, & Sebastian-Gallés, 2008; Desideri & Bonifacci, 2018;
Emmorey, Luk, Pyers, & Bialystok, 2008; Woumans, Ceuleers,
Van der Linden, Szmalec, & Duyck, 2015). ©]&]$t Q1%]4] o]
23719 2o A = gFelE| Al QltH(Ardila, 2003; Grundy & Tim-
mer, 2017; Monnier, Boiché, Armandon, Baudoin, & Bellocchi,
2022). o} %¢lo] AH§AHh Talslo] AHgk 7F Als]e] §3
(working memory capacity)& ZAFSH HEFEA] ¢1-Lo] ul=2H, o]
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Felo] AL} phalgiol AHEAlol vls) o 2 HR17le] §2re
7HA] AL IR THGrundy & Timmer, 2017). S AH[Qlo]-of o] %
o] ALBAFE Tk 2 527 3 v wafrap| 9 AT el
7] IA|(digit span task - forward/backward) = =5 H]|w gt
TrollA= L1Ql AH|Qlo) = ZI3Yt HpA|of| A 2u|Qlof Thlo] A
ST =8 48l =S Bt Ardila, 2003).

12 ol2fRl o] Flolf QIXA ol o] gt Ul A=
B E)R| = 9kt Kousaie, Sheppard, Lemieux, Monetta®} Ta-
ler (2014)2] A=-of|A]+= Stroop task & Simon task 5-& ©]-8-5}]
ol5:¢lo] o] AdY7|e EAsI=T, A 2 Y3 FAI7t
2 a9t Aol A T dde] ek frolm|gt Zfo) 7k QIA| S &
215}t Simon taskE AF8-3} Kirk, Fiala, Scott-Brown¥} Kempe
(014)] AT olelo] AL Q1A felahe Rk
o = IkaL A AT of2i]E Aol thall Bialystok 5-(2005),
Bialystok} DePape (2009)+= ©]5:-210] AF-8-2}-50] L1} L2& A}
&5t vl lot T3] Rl Ao e SAwA] H3le
2 AHa13L0m, Kousaie (2014)% Aol ofat ghalslo] A}
BAE0] ofF:dlofe] A leEH S oA AN =
oG5tk 434 FA| 71 (adaptive control hypothesis; Green
& Abutalebi, 20132 1o} 1z1e] Mz 2} wfeto] K52 7]uke] 4
Ao Al2glo] v] 2= G E8f ol5lo] Ao Afo]E Ay
e}, o] ZPUoAE B3] olelo] ALG ofeke. 2 4147 o]
A A5sh7] Het o] Abg- 2, Ak A s 52 7HAt
& S0 BEslol Fria AT, B2, Laketa,
Studenica, Chrysochoou, Blakey2} Vivas (2021)1 AHFA 0 2 0]
o] ARgAReL U0} AREAL T R |50l ZRol 7} AT,
13 olelo] AHEA SO Q1A 9-4-40] Liekgtel a1,
ol& A= olF 1o AIAH o|FS Eelsl7| Sl = oA
=g g oF 2 A|otslSItk Sung, Scimeca, Li®} Kiran
(2024)& o] Flo] HolF 2ALE F7F- ARl qlotAl 27t
AHEBHE LLL2 Alole] §AVS 20 eislol gk 21t
Ch o]5:¢10f ARGAF ARE-SH= L1 L29] A 7 o] whet &
7} J-A(sentence construction) | To] Q1&(word retrieval) 2}
HollA] Aol WA 4 910w, 53] ofe(word orden), YA 4
2F(pro-drop), At H1ZH(verb inflection) 5 FAH] 541} 5o
(cognates) -5 ]3] HI%=(lexical frequency) 5-2] ©13]-2J0|%] &
i 3 43 7} o] kg 12 4 olek el
O} o} o] 7H 24 o814 RAPH0] Q1) A HAj o]
97 S 17 4 93-S HolErh

AT7IA9] olF-do] Attt Y= frol= ¢ol(Indo-
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European languages), £3| 90| Al GAE $4| 02 o]FojFH o
o], 72 ool 24 §AO] & Auelon} Zeprolel 2
2 cdof 204 Q11 ofo] BHEIRIEH Blumenteld & Mari-
an, 2013; Coulter & Phillips, 2024; Gollan, Salmon, Montoya, &
Galasko, 2011; Lamar et al., 2023; Torres et al., 2022). ©]+= 21o] 7+
Zo](transfer)2} 55 2/d3Hco-activation) FAlo] Hr} A Lo
W] 2o = siAE: FA gh=olE AHEShE ofsdle] At
© T=ol-9go] o]F:%of ARgALE HIAC= B A7 o2l
tH(Ahn, Chang, DeKeyser, & Lee-Ellis, 2017; Chung, 2006; Guion,
2005; Kang, 2012; Lee, Kim, & Yim, 2013; Sung et al., 2024; Sung,
DeDe, & Lee, 2016; Yang & Yang, 2016). $EA] o]5-910] AR-8A19]
QRIS SHlsp] Sl AFGSH= loje] glofa] ALY
W R314 0 47} Faspl <-aThn Pelssih tep 2 o
7= grEole} URo)E Algel: olFelo] dE} gl
Aot Tellel M S gare®, 724 SA40] S
o] 4 AHE 5= 719 o] lo] AHgo] 1X] 1 2lo] 7J2) 2ol
o1 e D A=A FAISILA Tk of7|A] el '2lo] 7k
A (linguistic typological similarity) 0|3t & 2107} - 540
2 Fof-520]-A&0](SOV) ofz& th=r, ZAKcase marker)Lf
ofn] 983} o] 5] A7 HAO)H SALE L, off] 9]
oK%= FHRtef o] F-F AR} FE - 524 Aol EART=
2 7|HhO 2 AT(Sung et al, 2024). 0|2} ZFo] lofa] Ao
7|9k FotAJoF Aoj9) o]Flo] A= 71E Qe oS T
A ATE FTFOZH, o]F%o] ARgo] ldFe] Q1A 7)ol

<7827l digt B A st ZAE A = At

re

o] Z-23F X|3£7} Ht}h(Baddeley, 2003; Bartrés-Faz et al.,
2009). & HAt= AL 2 whepd el | (digit span task)E ARE-SHo]
o] ALgA} ol Thelelo] AEe]
A5}31 A} 6F, Forward 2 Backward -5-32] 4=
o] ARAS] QIAIF o] Ql=Al HES
o2 917 (st ohe 2lo] ool oy
<= 1[A|:=H|(Fedorenko, 2014), =% 35 o|3fi5}+= Hlof| -85}
(Miyake, Carpenter, & Just, 1994; Sung, 2015) &{3]2] oJu] A&
£ APlshe dlolle #4211 A3k 2hth(Gadsby, Arnott, & Co-
pland, 2008; Khanzhyn, van Heuven, & Rataj, 2024). Khanzhyn
5(2024)2 o] 71 ofn] AP Akt IS B3l 271

3517} oju] ghek 4] ]3| QS EAslg=s], 2ol

(o
4
2
o [
(e
K
o
ol

i_
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olF4lo] A 32| 291719l @ of3] o] He| - Zaix o

o7t S48 Wk AlZto] =Rl @ {0 F7IRlen, 53]
o)A A7} 255t oFg) I (Weakly Related, WR) THo] %]
A olfgt aupt BS 5 Uelstthe AatE B arskgich
ol= 247 lo] W K3t oJn] 2ol 5 FHS|AL A3t o] E AlE
k= Hlofl F83hS e, oj2fdt /432 1A] Aplo] st
= d3olA S5 Ead 4= glrk

A |(semantic relatedness judgement task) S Z-8-510] o]
o419 o] B A2 5elg Hlastala} gk ofn] i
A= AN ez 7 Tol7E ofu]F e 2 B E o] Ql=AlE kst
= A=, Tole] on| A2 E A5} Hlofl f-8-5hHGilbert,
Davis, Gaskell, & Rodd, 2018; Khanzhyn et al., 2024; Kuperberg,
Lakshmanan, Greve, & West, 2008). ©] I}A|+= tto] 2ju]oj gk
HAIA AEE 85817 w2l AFAo] A2 3} (natural lan-
guage processing) ¥} -AF5}H(Balota & Paul, 1996; Poort & Rodd,
2019), o] Hof| A Tol S 7] fSHHA ThAJZE Qb on|E ek
sfoF 517 whimoll 2719t 2 ALA} QA 7 ee AFA LR
Z-g-afof ghth 53] & Atollal= A AlA A= TR ol9] =
Afstol di ol 7t o] ABAS BeolES stk o
Apol 5 AR o= thah A A, fHAFei(Sino-Korean
wordss HE N 2H5ko] ofgle] At 3E-8 ARjalu o 2
278 olage] Hatol FAlElo] Slo], o) 74 9 elo] Azlol]

w o g

AU e ek A, e dEolE S FH LR ARE
Ee A AAIR, Fotror ol ARkollA A ofmiek 1]
2] QA o] A whEbA] gHatol= hojet didol 71 of%]
TAMSE deteh, 7 dole] /lo12] 712|(linguistic distance) &
Fol= tAQ] o19]4] aglo e ek 4= Qo & dt= et
gt Qlo] wigda A 227 Q1] ek ofsiE w3l L, 71ES) ©]F
lof Ao WS 2o 24 FotAlobHo A frARRE o &
= AHgShe a5 QA 71 B flo] A= s el gt A1
Ql oJellE iefara} gk i -] Ak A2 v Atk

S, A 2271 IHA| 7R (EAR 3 v ahEb ey ], st
= 7132 Fep7))ol| uhet o] Fofgt Aot =R

=4, A A= AN R, RS H o] A=
(-, )l wheh g2kl wolek Aol7E ek

A, A 7 A= A 7B (@S, TAREE) B on] A =4
(-, o] wheh RgA ol ol Rt Ao 7 Al

A, A 24719 53t ofu] dbd Tk /Y Atolef
A ST

R

Jo
1o
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o1t
oARLhAL

H AL o]sloate)al AYrE-8-2] <) 3](Institutional Re-
view Board, IRB)2| A10]& A A £0]& Whe & 1 E A2 H
B ApEA o] Eo] AxE &3 AAEUCH(No. ewha-202502-
0016-01), 15 TR} FHto] Aol olFlo] WA 153}
SFaro] Thdelo] il 159, 2 30 .0 & AT Ic

BE e BEHOR cha 7 e 3k
() o} B0l ALESHE T 0] o4l A () 9B
o]l 2}, (3) A7 A AF-(Health Screening Questionnaire; Chris-
tensen, Moye, Armson, & Kern, 1992)0]| 4 4178814 = A A1 7}-4]

olifo] HarE]A] ¢k 2L (4) B3 =9l & %= (Short Version
of the Geriatric Depression Scale, SGDS; Kee, 1996)°]|4] 8% u]qt
O] A& ol £& T4l fl= 2k (5) 2=t 7ol HAVSH
#AHKorean-Mini Mental State Examination, K-MMSE; Kang,
2006) A3} A B WG 7= 16%ile o]l iEsh= AL (6)
A&A17 A2 A AHSeoul Neuropsychological Screening Battery

Table 1. Demographic and neuropsychological characteristics of each group

2nd Edition, SNSB-IL; Kang, Jang, & Na, 2012)2] 3}-9]4AFQ1 A&
o] 845 ZHAKSeoul Verbal Learning Test, SVLT) Ax}of| 4] 5
7120 & 16%ile 040l @5l AL, (7) A F Bl 7|12 A7 A
Ztof| ool =~k
T Aok 7k 9, 18 42F KMMSE, SVLT Z}of| 4] §-2J3t 2}
O17F Q=A1E ERIsl| Y8l S EE -7 (independent samples
t-test) S AAISFALH, o) 052 STk 24 A3} 1L
= gBola] M0 2 folg Aol Leh) etk 2 et
o] A, 5 E OJZI A|3t]] gt A Bz Table 10 AJA|8}3ICE
A T A7) uhet o] Yl Ao, S
o] 52 7‘“%’1"1% *P% A o= AHE dV e 2 shglom, o5l
& (1) F=olE AL = AR, YEotE
7‘1]2°d°1(L2)i /\}%3 45 Q) 27] AolF5 A7 S Al Lo
£ Hljg- o]F%o] A8A, (3) Language Experience and Proficien-
cy Questionnaire (LEAP-Q; Marian, Blumenfeld, & Kaushanska-
ya, 2007)0A Al2def e Wat7], =71, ¢7] 2 G A 157t A4
7F 2|2 574 ol AE e = sk o5 Aol A B =
Heo] tfgh Al A 3}= Table 20]] A AISFCE

Bilingual (N=15) Monolingual (N=15)
M (SD) Range M (SD) Range : P

Sex(N)

Male " 8

Female 4 7
Age (yr) 63.60 (4.05) 60-74 64.87 (3.74) 60-72 -890 381
Education (yr) 16.40(1.12) 14-18 18) 14-18 159 875
K-MMSE 29.60(0.51) 29-30 29.20(0.77) 28-30 1673 105
SVLT-Imm 26.80 (4.55) 21-34 2513 (4.42) 20-34 1.017 318
SVLT-Del 9.07 (2.55) 512 8.33(2.23) 6-12 839 408
SVLT-Recog 23.13(1.13) 20-24 22.87(1.06) 20-24 668 510

Values are presented as Mean (SD).

SD=standard deviation; K-MMSE = Korean mini-mental state examination (Kang, 2006); SVLT-Imm=Immediate recall task in Seoul verbal learning test; SVLT-Del=Delayed
recall task in Seoul verbal learning test; SVLT-Recog = Recognition task in Seoul verbal learning test.

Table 2. LEAP-Q results for Korean-Japanese bilingual participants (N=15)

Language use (yrs) Listening (/10) Speaking (/10) Reading (/10)
Korean (L1)
Mean (SD) 58.73(6.22) 9.87(0.35) 9.87(0.35) 9.87(0.35)
Range 50-72 9-10 9-10
Japanese (L2)
Mean (SD) 12.07 (8.93) 7.60(1.40) 7.33(1.68) 7.13(1.77)
Range 3-30 510 5-10

SD=standard deviation; Language use =number of years participants reported using Japanese or Korean.
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Ao
A7 T

1 oAl 24171e] B7HE O1a) SNSB-1S] 519] A1 5
A} Z vl2 w}2Pds}7](Digit Span Forward, DF) 2} 522} & A2
5}7](Digit Span Backward, DB)E A&-5}3it}. o] IA|= 329
[peit dolel SRS ZASHE o] g B 9e B8

oIk

1

o

1
3 T3 SNSB-IIo] AJATE 4291 418 Aao] kel Klsgs]
T} DF IHA1 = AAE 52188 A E AR S461H= T4

2, 2|2 3220l 4] Zd oxbe 7R 9] S2ALE whet ol gtk wE
¥ DB A= g S AN E 24 Q] G20 2 b= A=, 5
A} Aol 22 2R 8A7IA & HHT) F I B FUgt
ZAL E(span) @] 30| F ¥ AA =T, 7} 145750 2 A= of
ek A 213 F, A5 At ZollA] 23S AaiAl
QuFEE A9 o] Tl APk Yl A1 E TR A&
£}, At DF =8 & 522t £ 704 & 232 B 59 4
S, AL Z 83} 90| Bt £

=22 A0 8 ER BelFglon, 7 b 3wk A|A |5t
gt} o]Zdo] ARl Ao mato|(L1)7}t =3sl7]o] Akl
Sk, B R A ool A ghatol 2 A A= T

i

[e}(e

o|o| ¢EkAd T IR |(semantic relatedness judgement task,
SRT)

Ofu] Axbtg bk TR (SRT)= A|A| == Tho] 4 Atolof ofu] 3t
o] Q=R EAIE waEA Bekshs T, o]Hof AlAJE
of 3|} AR A== o19] Afo]] ofu] AT/S Tpetsfof gtk
12 AtollA ofu] Ay et Ao AHE-E A= & 7k} o
2= Aok A= 327 WA 714 2710 8 R, 3
WA= = o7t o= =nt 3715 Sh=(hangul)’ A=, 7 ¥4
+ 22} AP F &3 o A B HRE-E-(mixed)’ AF=o|Tk
E3H o] A Aebgo] whef thof -2 ‘e (Related, R) ¥} -+
(Unrelated, UR) 22 2 L} =o0] JLAE| T

3R} oJm] Q14 AR A}

o] Ab=ofl it Aol o] AREAF A e ghi o]
of Sk, T 504 o] o] A4 AlE tide.= R o] <14
ZAFE AAISIITE A= Tholi= Lee 5-(2001) 0l A A8 116719]
to] HEoAM 3L, 222l A2 A (Google survey)E &
3f ou] Q1A S 54 A2 HrIskeS stk 2 e

83} 2ol HeJElgick: 14 - ol S W WS, 2 - 4R 2
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olF4lo] A 32| 291719l @ of3] o] He| - Zaix o

o o
9‘_14‘
X
rlj
ne
-z
gli
i
o
oy
N
olr
!
N
o
I
1o
=)
rie
il
N
=
B~
L)
fru

oF Mo

=
(meanage=55.1)0] S5 AT H}eko 2 B B Y47} 48]
ARl ko] 4875 Ao 2 AAslelck

oje] ¢tk tho] A AV 3} Tho] 4] luj BAS 1
7] 913l Rataj, Kakuba, Mandera®} van Heuven (2023) & Park,
Yoo, Lim¥} Sung (2022)2] AA}-5 #a1sto] oju] HE(vector) 7|
HF 2442 ki) thof 71 oJn] frAkes= Python®] AHo]4]
2] gho] 22| spaCyE AH-&-8to] AltakaL, FARE A7} 19
TSRS =2 o] AAES 00l 7RSSR e AN
LFERAT. spaCy Wfol] /=0 glofEl7} i ehahA] obaa aLefstod,
TR) Tho] -2 FAEE ghol .5 o4 FHR(UR) Thof 2 1
ofgkel Zgko & AT FY AL HHEE = - o]
ool Y= & 4 Ao B2 i 23 A stk

W} 719k AR ghef Adt 7t Hatg ladt A5 2A4gel

(Levene’s F=27.23, p<.001), ©]of| w}2} G-EAMS 71Y51A] 2
SR -34S AAISIGITE 24 A3 = 2 7 et Aol=
EAH 0 2 90151 Arh(¢(54.09) = 58.50, p < .001).

2FA o= oha 29 8 27 Aol A H(R) 207,
PARUUR) 2088 A1 2 4074°) ol 4 2] Ao 2
283190t ol & 50, o= 24 B Aol A28, 7+

Aol e WAl 7} A E AL, RS 230 A= -

o]I= o} QXA Feto] 43S arefste] ¢lofe|st X tiehelAY
= o2 AP AiES AAISHL, FEEC] 80% oo = A4

A ERlskelrt AA| Al= 5-5-2 Appendix 10f] 4>=5}3{Tk
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Figure 1. An example of the semantic relatedness judgement task paradigm.
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Table 3. Descriptive statistics for digit span task score by group

Digit span-Forward Digit span-Backward

Group

Mean SD Mean SD
Bilingual (N=15) 10.80 1.66 8.40 1.68
Monolingual (N=15) 8.87 1.73 6.80 1.57

SD=standard deviation.

Table 4. ANOVA results for the digit span task score by group and task type

Effect df F D partial
Group 1,28 12.500 .001** 309
Task type 1,28 42521 <.001%** 603
Task type x Group 1,28 237 630 008

df=degrees of freedom.
**p<.01,***p<.001.

Table 5. Descriptive statistics for the semantic relatedness judgement task
accuracy (%)

Stimulus type ~ Relatedness Mean SD
BI(N=15) Hangul R 97.33 495
MO (N=15) 94.00 8.06
BI Hangul UR 98.00 455
MO 95.00 6.81
Bl Mixed R 97.67 6.11
MO 94.67 5.16
BI Mixed UR 97.67 372
MO 9333 172

SD=standard deviation; Bl=Bilingual group; MO=Monolingual group; R=related
word pair; UR=unrelated word pair.

= A 32t ojn] Aol whet Ak 7 ek, whgA I
Ofgk Zpo|7} QA Frop 7] f18f Heh(elE¢lo] vs. TS0l
T 7 R910. 2, 43 A R v THES) R <o)
3’*“( s, TS oA} U 80l = AAsto] AYEghe

AHEA(2 X 2 X 2 three-way mixed ANOVA)S AA5IRATE T3k
21710} oJn| eyt Tt 3= 7ko] WA Bl 94,
Z} e & 3]0f¢s AR A (Pearson correlation analysis) = AIA|

shek

ek 7 A el whet 24719 sl fof7 2ozt A=
2] Yol 7] Q5f o %E;"—L‘?_—/&—E/ﬂ(Two-way mixed ANOVA)-S
3+ A= o232} ZtH(Table 3, Figure 2).
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olF9lo] =% Ael7]e] °l of3] ojn] X2 + Zsiet o

W Bl

Score
—

Digit span-forward Digit span-backward
Figure 2. Working memory performance in the digit span task by group.
Error bars represent standard error (SE).

BI=Bilingual group; MO =Monolingual group.
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Figure 3. Accuracy (%) for the semantic relatedness judgement task by group,
stimulus type and relatedness.

Error bars represent standard error (SE).

BI=Bilingual group; MO=Monolingual group.
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QL IHA| ol whE TR e FAA S 2 o5t th(Fua =
42.521, p<.001). DF TA9] HF AEE(M=9.83, SE=.31)= DB
A (M =7.60, SE=.30)}t} Bf w=beh WhH, wpA] 83 ek 71
of B A BAHO 2§25 QskrhFuz =237, p=
630). BAELA A3l = Table 49} 24tk
FE ZH XS MAl 7 & ojo] FEkdol| mE

BHxt 013

ofn] /g e Al K= AA] gt ofo] Aol

2 4 7 Y Aol RER) B Sis) AT AL
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+4(Three-way mixed ANOVA)-& AA|5}GITE 24= AIA] -3}
Ofu] Axhgol w2 ek 7+ Helto]| thgh 7]s-E A At 2 1)
L= Table 5%} Figure 3] A A5}

A Ay, fekel| WhE Faupt AACE Foskitt
(Fu28=5.644, p=.025). o]5-0] Fcho] Hid Here= 96.92%
(SE=.77), T Qlo] HTh2 94.25% (SE=.96)&, o|531o] Ftto]
A0 7 o 22 = E Bk

HEH, 2k AIA] 5% (stimulus type)of] ThE TR = SAA S
E FFOJBIA] U TH(Fauaze =908, p=.349). Th= A}=(hangul)2]
o A 96.08% (SE=.72), SAHEL 2}(mixed)2 95.08%
(SE=.81)&, 271 7t ZFoli= -2J6}A] ¢hoket &jn] dahd(related-
ness)of| 2 TR} G| {-2J81HA] U TH(Faze = 481, p=.493). T
2(R) 2719] Ht A= 96.00% (SE=.88), F-3H#H(UR) 2712
9517% (SE=.76) %, 57 271 7k 2o|= Fof5kA] ottt =3k A=
A 3} ou] Ay 719 o]A} AFT A A ke F-Of5kA] ¢
UTH(Fu.26=.000, p=1.000). A= A|A] 7382k Rk 7+] 4528
(Fua9 =227, p=.637), 2J0] A/dat At 7H0] Ao 2-8-(Fuae =
693, p=412), A| 221 7F AR} AFEZRE-(Fy 0 =1.241, p=.275) ]

Table 6. ANOVA results for the semantic relatedness judgment task accuracy
by group, stimulus type, and semantic relatedness

Effect df F D partial 72
Group 1,28 5.644 025* .168
Stimulus type 1,28 908 349 031
Relatedness 1,28 481 493 017
Stimulus type x Group 1,28 227 637 .008
Relatedness x Group 1,28 693 42 024
Stimulus type x Relatedness 1,28 000 1.000 .000

Stimulus type x Relatednessx Group 1,28 1.241 275 042

df=degrees of freedom.
*p<.05.

Table 7. Descriptive statistics for the semantic relatedness judgment task re-
sponse time (ms) by group

COMMUNICATION SCIENCES & DISORDERS
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A B BAH 0.2 §olakA) eokk BAMEA] 2z Table 6]

ANk

[

3 Y ojn| AT THE X} 013

o
1
=
=

010 >
>~
™~
i
>

g

—

Rl L}

d

o B S

hva

lo
o
2
¢
oL
¢
L

A A A= AA] 2 ofw] Aebge]] w)h
ch F Zpol7h 013k gRelsr| ffel ST
F5 A (Three-way mixed ANOVA)-S AASFICE A= A|A] 53
1 ofu] Aol w2 Ak Tt ¥R o] i3t 7| A A 2
L= Table 79} Figure 4¢f| A A3}t

A A}, el W F=a v sAA o 2 [0Sk Fuay =
13.074, p=.001). °|5-%10f FHe] ot HEGAIZES: 1,417 ms (SE=
46.84), TFolo] Zh-L- 1,613 ms (SE=45.45)%, 0]5=21o] Atto]
ARA o 2 o W Wk HAATE A= AJA] -3 whE )
= GOJE I TH(Fus = 23.388, p <.001). 3+ A-=H(hangul) 2] <
HES A 72 1,434 ms (SE=34.86), SHA}E-8 A} (mixed)- 1,597
ms (SE=3741)%, ?h= Ab=5ollA] B w-E ¥h-g-o] LiElyith on]
Aol w2 TR AA] [F-28FATH(Fu. =39.613, p<.001). 9]
1] TAR) 2719 Bt HFSAIXES 1,423 ms (SE=33.98), F-3H
(UR) 2702 1,608 ms (SE=3741)=, A Q1S 2704 ¢ w2
Hhg-o] LrebytTh

T3 AbS A 32 ofu] A 7H) o)A} e AR B A
20 2 {016 ATH(Fa.s = 8.229,p=.008). ©]= F3H 2710 A|
o= A &8 A= 7 RESAIE 2ol 7k T o)A 2 Zpo]
Hop F-9051A B 22 on|gith 5, ojn] dado] 2 o A=

u] i)
A Sl T He] S Hol7h B8 EtshA Uehitek of3)

=]

o
N

=
olo

Al

E

(R
AT

d
{o F
H

W
r &

)
4

2,000.00
1,800.00
1,600.00 -
1,400.00
1,200.00
1,000.00
800.00

Response time (ms)

600.00

400.00
200.00
0

I
1 I ! I "B
I I MO

Related

Hangul stimulus

Unrelated Related Unrelated

Mixed stimulus

Stimulus type ~ Relatedness Mean SD
BI(N=15) Hangul R 1,253.10 181.48
MO (N=15) 1,504.30 22025
Bl Hangul UR 1,401.67 159.21
MO 1,576.64 249.17
Bl Mixed R 1,348.78 190.83
MO 1,585.22 156.75
Bl Mixed UR 1,665.25 221.66
MO 1,787.70 240.95

SD=standard deviation; Bl=Bilingual group; MO=Monolingual group; R=related
word pair; UR=unrelated word pair.
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Figure 4. Response time (ms) for the semantic relatedness judgement task by
group, stimulus type and relatedness.

Error bars represent standard error (SE).

BI=Bilingual group; MO =Monolingual group.
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3t 21| 22+= Figure 50| AA|SHATE. THA, A4= A4
TR A 110] AT A (Fuay =248, p=.622), 2Jn] A¥Hd3r}
Zek 7H) AT A8 (F a5 = 2.626, p=.116), ZL2] 11 A 291 7+ AFA}
A S 2RE-(Fas =130, p=.721)2 B5F BAH O Z F-2J51A] %%
t} ARt 4] Z30}= Table 80f] AJA5}3ICE

o510} 1=W%2] 24l7]9) 3 o} oJn] A2 - 2siet o

Ze)7 |2t SEXL 012 2|o] X2l e FEHE AEE A

| % vl webdsl7|(DF) 9 AdLE D5h7|(DB) 44| 423
T=9F Ofn] Ak Tk TA(SRT) oY = (e, RESAIE Aol
O] AL EAISHALAY, 2} A A|3E 71 5]of > A PhE A (Pear-
son correlation analysis) 2 AIA|8}I ).

olgelo] ZEtolA] S & vl ujehaksly] H4HDF Score)

1,800.00
QARG A}=0] T thol A 4 2= (SRT mixed_R ACC)9}-7-9]
1,700.00
_ ulgt A TS BATHr = 522, p< 046). 2] 3 47 E AR
é 1,60000 -
£
= 150000 [ Table 8. ANOVA results for the semantic relatedness judgment task response
£ time by group, stimulus type, and semantic relatedness
o
g 140000 1 Stimulus type Effect df F p  partial s
130000 |- - :'A?”g:' Group 1,28 13074 001* 318
e Stimulus type 1,28 23388 <001%** 455
120000 elated Unrelated Relatedness 1,28 39613 <001** 586
elate nrelate .
Semantic relatedness Stimulus type x Group 1,28 248 622 .009
Relatedness x Group 1,28 2626 116 .086
Filgurg 5. InFe[rjaction bet\ﬁleen stimulus type and relatedness in the semantic Stimulus type x Relatedness 128 8229 (008* 27
relatedness judgment task. St
o . . . timulus type x RelatednessxGroup 1,28 130 721 005
A significant interaction was observed: the RT difference between hangul and ypex X
mixed stimulus conditions was larger in the UR (p< .001) than in the R (p=.026). df=degrees of freedom.
Error bars represent standard error (SE). **p<.01, ***p<.001.
Pearson correlation heatmap: bilingual group
DF Score -
DB Score - 0.210 06
SRT hangul_R ACC - 0.235 .
0.4
SRT hangul_UR ACC - -0.009 FRWEEEE -0.254
- e
SRT mixed_R ACC -} [1sril 0.381 0.167
SRT mixed_UR ACC - -0.081 -0.069 0.121 - 0.0
--0.2
SRT hangul_UR RT - -0.076 0.416 LG 0.215 -0.025
-0.4

SRT mixed_R RT - -0.074 -0.150 . PCryRE -0.244  -0.168 BEY[C] .

SRT mixed_UR RT- -0.171 RVEFEER AL 0.213 0123 0158 [EEEFRINERIE
1 I I I 1
& & & & & & & & & &
o ¥ s o¥ @ R & A &
& Q2 3 i ) > 3 s >
< (8 Q@S c},\ ; o &7 '.:5& (@5 &\-\- e
< & & & o < A &
\l & A & & Nl & &
L A L & '
C S N E &

Figure 6. Correlation between the digit span task and the semantic relatedness judgement task performance in the bilingual group.
DF=Digit span forward; DB=Digit span backward; SRT=semantic relatedness judgement task; R=related word pair; UR=unrelated word pair; ACC=Accuracy;

RT=Response time.
*p<.05, **p< .01.
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Pearson correlation heatmap: monolingual group
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Figure 7. Correlation between the digit span task and the semantic relatedness judgement task performance in the monolingual group.
DF=Digit span forward; DB=Digit span backward; SRT=semantic relatedness judgement task; R=related word pair; UR=unrelated word pair; ACC=Accuracy;

RT=Response time.
*p<.05, **p<.01, ***p<.001.
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2F835) o= Qltk= 4= (Bialystok, 2021; Bialystok et al., 2012;
Fedorenko, 2014; Miyake et al., 2000; Soveri, Rodriguez-Fornells,
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A7 32T QA AL AS oAb o = 25t
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ERF A AA FREHS, SRER) I on| AvHd(TE, T
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Related word pair Unrelated word pair Related word pair Unrelated word pair
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1 A At2] 2o OfA} ds RE AR B&E
2 ] A a5 e 3= BE N 5
3 EL] NES e SA| = NG ot RiE
4 24 ZA} <4 = = Bz e 24
5 =g 21 bl At EICS p¢(d 45} Ex
6 21 2|A} 24| 22 &= R MR Bt
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10 38 7l& A2k 22 A= i EIED 5Bl
11 9| 2t ol o 29 EE S e BT
12 E=S cHst NIEF 0|% K £ =7 AB
13 =3 A BE 4 S ik 2% NG
14 =F 249 22 2 s 178 Ald it
15 =2 3¢ 0E a3 A2 iyl Ols BN
16 Ay i Aok k) &3t {Em SE Eil!
17 Sz A= +H AAL 7+= E%E A B&
18 e dd st T2 20 TEED == B8
19 29| o= MY £ 22 KF 52 £E
20 il st Z0| =A Sl EXi3 B|H e

https://doi.org/10.12963/csd.250132 https://www.e-csd.org 825



COMMUNICATION SCIENCES & DISORDERS

Hee Yeon Kim, etal. « Working Memory and Semantic Processing in Bilingual Aging

2t=01-L=20{ 0|50 LHES2| 27 [ I SHXt 01212 2|n] *2]

i 2 2 B A7 ghol-glito] o] Folo] 1S ghto] Thalelo] 1SS tARO 2, Zelvlelat ofu] A2 4ol Al
& Xjol 2 Shelstar, Fotalotelq A Qlo] 42 ALg 3k o] Flo] o] Qlxlelule] A G BASIAL ST
2 604] oA} 1135 30015 91o] A§A} 15, ThIlo] AF§A} 15%) S thARO = 54} whebaaly] THAI(DE, DB)SE SJu] iy
et THA(SRT) S Alal ek, SRT= Aol 2 T4 Thof 42 50w, 415 AlA) (3 87 o] Auaeel,
sl ure} sl Zn r o] ¢lo] ke WE 29l7]o] A|HAN FonlEp - 4L Beow, ofn) et Tl A =
AFHECL WA B 943 A0S Lhekiick 53] 415 44§33} oJn) £710] B31H0 2 2§ 5He 2 dak o]
2 Bgrt 0| W ZE: 2 @%@4 RO R GARE 910] B A= 0] 3210] o] 1719 Q1) Al £17] B o] A
hp

24 P4 THHOE A 8IS AT o} 5 0] A§-E QAelul2l] Fg 6010 2 2§34 gk
of

JEL
0=

0|50, =3t QUX|ol|H|=, =], 2o X2

2 AT 7S AR AR QPO R 4= Fh=p A (NRE) 2] A5kA|(RS-2022-NR070151, RS-2024-00461617) A=

73912 (2006). K-MMSE(Korean-Mini Mental State Examination) 2] 1=¢1 35 &1 3F=2412] &3] %] Yul, 25(2), 1-12.
7oL, A0, UEE (2012). 1\-]51\]7511\171]731\]-23]- PREREAT = AN
7190590 7 2 A2 QA B3 SRR A 50,50
2 (2015). k=0 o] AT EA- o] el S A olsl s Elof vl G U 21¢17]9-8-5F0] 4. Communication Sciences & Dis-
orders, 20(1), 24-33.
o5&, o] 54, o] 24, Z%+5,
2ol A, 6(1), 105-130.

A5, 2, WA, AAIE, L7t o)A, BERE-S, 21 (2014). Neural substrates of Hanja (Logogram) and Hangul (Phonogram) character

522, 57 W71 (2001). 715 27]-87 % 4 (Functional MRI)o| Lt 82} 84 thoji219] o], Qo]

readings by functional magnetic resonance imaging. Journal of Korean Medical Science, 29(10), 1416-1424.

ORCID

25| H (&[142, ChEk2d 4 https://orcid.org/0009-0009-8635-0493); MA|2 (w4122}, W4 https://orcid.org/0000-0002-1734-0058)

826  https://www.e-csd.org https://doi.org/10.12963/csd.250132



