2026. Vol. 35, No. 3. 087-098
-/SLHD ISSN 1226-587X / elSSN 2671-7158

Journal of Speech-Language & Hearing Disorders ¢10{%| &1

ORIGINAL ARTICLE
https://doi.org/10.15724/jslhd.2026.35.3.087
http://jslhd.org/

The Effects of Verbal and Non-Verbal Working Memory
on Message Encoding Using the EyeLink System
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Purpose : This study investigated the effects of verbal and non-verbal working memory on
message production performance using encoding strategies, aiming to provide foundational
data to clarify the impact of users working memory in a low-tech augmentative and
alternative communication (AAC) environment.

Methods: Forty healthy adults participated in a message production task using EyeLink, an
eye-movement-based AAC tool. The participants produced a total of 12 target sentences
through salient letter encoding, and task performance was measured by the number of
correct responses and reaction time. Subsequently, a between-group comparison (A\F24)
was conducted based on the quartiles of the verbal and non-verbal working memory
scores. Furthermore, a multiple regression analysis was performed on the entire sample
(M\F40), with reaction time set as the dependent variable and verbal and non-verbal
working memory scores entered as continuous variables.

Results: In the between-group comparisons for both verbal and non-verbal working
memory, the number of correct responses showed a statistically significant difference;
however, the actual magnitude of the difference between the groups was minimal. No
significant difference was found between the groups regarding the reaction time for
correct responses. Additionally, the multiple regression analysis revealed that neither
verbal nor non-verbal working memory significantly predicted reaction time.

Conclusions: The findings suggest that while a user's working memory may be partially
related to the accuracy of message encoding performance, it likely has a limited effect on
processing speed. These results provide empirical evidence regarding the cognitive
demands required during message encoding and hold significance as foundational data for
future research on AAC usage in clinical settings.

Keywords: Augmentative and alternative communication (AAC), ByeLink, working memory,
adult, message encoding
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9] ooz HMAlmpRE Qls) $oJ8l A FHo] JEE A
el YoM FolE BIE ARl AZRE ol
25 74 EdBall et al., 2004; Séderholm et al., 2001). 3+
Apde] Qs AES A4l 2F AHelA 7|k FEeL QEs
S S5 7RI 7= @AE AR AUt Slol, EA]

dz 954 32385 (amyotrophic lateral sclerosis: ALS)
W= AEAIR(motor  neuron)d] FZIAQD AR Qle} &
£9] oBlel §iEo] yehe dimAll E3Y AgAEgkoz o)
] weh AR, 7 FAde] oA, Bl AR
Ql FZ}do] A ARMEel 5, A, el AY Erissiitt
(Bielica & Petri, 2024). 7+35%wlocked-in syndrome) T}
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A 52 1o dud 9 7S] o] oAkaEo] ApdtE
%> tKBrambilla et al., 2025).

olE F Folle F5 NARCNRE Qs AA FZ o] FThgt
Agto]l gloit, Qdoje QA FHL 7lsHola o] HE
ol & &tk o] AL 7IsARl AA 22U st
22 7] BAA|I9AA S (augmentative  and  alternative
communication: AAC) A4 H& B9l = 4 4 A o
o} AgollMe] orpaEE A¥d & UKlacono et al., 2013;
Roman et al, 2010). $E0] ol Hi4lsle] 2oiE &3 9
She HIE #AT $ AT 5] eiae AA 299 Aljte
& Q) £08 A F& Fok= Ao] ofEE £
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£ HAT 5= Sl o 2RUE B8k el 1EE & A
oh A EoIN EEET Qe A A 7IEF AAC &A=

EyeLink®} E-Tran¥} Zo] XA X0 9&sir] Y= 28
BlA(low-tech) FEHFE] A FH(eye tracking 7I&olY -
AFE dedjo]A(brain-computer interface: BCI) 7]&& 74t
o8 HAFEY deEol 24 A8y 34 E=o] 7hsdt slofH
Alhigh-tech) FE7HA] tFohAl EAst, AL A4 715 &
I GARE 87 TEY tig)t 39 B THHCE 1
slo] AelE 4= QltkBall et al., 2010; Chaudhary et al., 2022;
Elsahar et al., 2019 Karlsson et al., 2018).

A 4 715 stolela AAC 7171= F5 AAPgel EAEol
ZRESE o FA9AE A Y qd=E LESHHE AU A
oMz vlwd wE2w FgsiA ZAE dEste] i #d
58S FAFITE Bt QtHCaligari et al.,, 2013). FESH
AFEE B 24 &9 Vs B9l Aol 71 oY ks
< Agg &yt opdgr Mgk oMY, AEvW|Hoi(social
networking services: SNS)2F 72 tjorst Fefjo] ARl Aozt
£ 7k diette AHE SItkBall et al, 2010). 4 &
AAxA}t AgtE T Aol Hu ASE RG] A E
< 7155 sk= BCI7F HiH SiAE FHo= A& 715t
o, bttt 55 APl SRE tdes g BCIY fapde] B
1531 QltiChaudhary et al., 2022; Wang et al., 2023). 1&4
SlolElZL AAGE At ARG Al oFF HE 9 HEE Tl A
SlE Qs AR Al&Adol AlRRE 4 lom, ol Qs AA A
o ARG Rl 7V 92 4 Qlth ERE 9] HiE §
w27 ] ARk 9REAQl BA(calibration) Yol RSt
of 7l&4d 8 FHoR ZES 4 ok TRl FH x99
7 e 24, AR AAPE PgFoR RAEEA AR
of wet Q4 Agwrt defd & Qlof AA| A ot 7
SPgollA ARgoll A2kl S 4= Qitk. BCI 7I9E 9] 4%
T AT gl 79l 7 wedE 71 £ ARL 4R Rl
A9l e Agenrt o AE9 AoF g%lew Huwo] g
(Deng et al., 2025; McFarland, 2020).

olzigt IAE HAT 4 Y= Uit E M AU Tt =
SHI AACTH AAE & otk HEHOFE Fyelink HES}
E-tran HE7} QT o2 AR AXo &s6kA] gouAE
Qb ZAE Bl BARE AEst] QAkaEol Thsttes F=t
(Kim & Shin, 2022). AFE 75 24 AbEo| o]Fojx|= "4l
o] ojy7] WiZol| YAtAE HEU= T Al SAIE ol A
et SR 23Sl HARE e vE 2R 237 1)
AR Mol tEHQ] 9o "Rsl|= s 9] AR B
o] H|wA ©slal olFdt Fi7t Bolstm, B oI 5
AT 22 ogigdls 749 HEAE o 4= 7] il 9
5 EE =RE ot digt oA A& TRsAdol =
(Voity et al., 2024). ESF 2LH I AACE A Igoltf A
A9 FFe UA o, fELrt AiFes Wop ARl
AAE o &8E 4 QItHEliott et al., 2022; lacono
et al., 2013).

Eyelink Bt FHg oj2d o 9o A4} bt 7|55

fr
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Hjdsto] ALgslE 29EH A 7IRE & SAl AAC B2 AR
st At ReE Atolof & AgElollA Al SAIE S8l A
£ At fAHos, ozt A4ie BE9 ¥F JPAEE
/A ARgARRL HiE A F, ARAIAE 247 ARFeR Kol
=5 RS A o)F ARBAP} AFEStaA sk gole] A

o] ulsl E ThE tiEH £ 84 W9l E-Tran HEE F
o] Hlo] Q= £ olad W 4ot 7|5E vidsle] AM8s)
E Adlth. o] WAoiE BE 242 RIsP] ) F o
o] Al Adelo] Hasich WA AGAE £ 3 ol A
7o A, olold 1 R QlojA ] 2R S4Z A
g5l WAJolcKo & Shin, 2020). &, Byelink HTr/} ©d A
A TS 59 SAS el 7Eeh, E-Tran HEE 37
A FE oAz B3 olF MY EAE TR oA

o7t Slct. ozt A= AXe] xA Aoz RAE BEA
of gk WA T AA WA 2RIl Eyelink7t ols A" H
AlQl E-Tran®th A4 oAV 27] wiZo] Adido= wiE A=
< 715 HKRoman et al, 2010; Swift, 2012). Kim¥}
Shin(2022)9] AfolME Fhtole] ARZAA B4 alefslo]
ZofEo] Q= AA BolijlolAl A8 4 Sl =E A4 7Rt
AAC 75 MdskaAt 712 A5 49619, Eyelink HE
£ ALSE w7} B-Tran E=E ARESIo] HARE AEHE o
Hoh Aot folshA &9k RESAIIE %2 Aoz Uepdrh
ESH Ao Hofgt AAE9] ASEw Eyelink EE=7F E-Tran
HoWo =2 Zos Yyt

Edgo] Q& AREAL Eyelinks &-&sto] HAAE At
foll= HAAE Hoks ALE AR 25 Ad=sfof
§ 47 X FEI Ao w2 A4 RES uret
o} olof] Tt tigte® AAC ARE @RolMe BE TS =
SEAY S AARkS Adste] gulg Hdstte HAIA F5s)
(message encoding)s &8st %rHBeukelman & Mirenda,
2013; Light & Lindsay, 1992). WA|X] H535} A= (1)F
CHA A 25 8)salient letter encoding)@ WAIAQ] &of I
£ 2AE IF| FER ARESHE WAlo] Sl WhiA wEE
FUtFolil 2+ ojde] FEgRl AR THPE IEE ARED,
QEA-H5 HodKletter-category encoding)®t Zo] HAR|9]
UES om B category)2Rt & wAXE EHT + Qe &
A2 FTE xgolo] ERsks wWlo] Qoo ThiA WY
= QRWKF HFe] gk, EF AR WFE A8sio] gk
< F&E OAEE). EE B5ESsKalphanumeric
encoding/g AREsto] oW[HFe] ARl A HAAe] <1
A X % Qoo TR SRRSUTF e QF wEFol
FEeimsE h o'y HAA] WER AHE 2ME ZFoio
‘025 FT& AL,

>
"
ol

£
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EyeLink AlE

AR fost Aehs A8k ﬂrﬂoﬂfﬂ“ AR} S 2
= ZYG71900 FAG AEolA A S dE Edota, A9
T AAE Ay, AZdHos widd SAE BMct] &AHFe
& Addfof stEE dojd 9 H|JIojd Ai7]o] T s
AJo] QItKThistle & Wilkinson, 2013). <714 Zd7]Y
(working memory)°l&t o] Az, &<, FEI 22 E3EQ
1A A FPote o] FRFF YEHE dAHOoE AFeta =
5k Y AAE  uistiti(Baddeley, 1992). Baddeley®}
Hitch(1974)= 24719 SU93A%7](central executive), &
23 (phonological loop), *F‘S— AA X =(visuospatial
sketchpad)2 449 AAZ Astged], o3 omit w3
(episodic buffer)7} 715tk Baddeley, 2000). S-FIT= 9]
ojd JHE F2 FH=E ARt BHES Fof fAcke AA=
oojz A7 (verbal working memory) 53| ZAA Tolst
THShin & Park, 2018). G0l AlF7t AAXHEE A1ZH4 -
A RS dAF o= Agsial 2&GH= 0= vy A
7]19(non-verbal working memory) 533 AFHKShin &
Park, 2022). ZGRA7)= 20| BAlet 7h4 oA L Y HjE
< TEoh dASTI= folA At ST, Al AA
o AH} A7 HRE R FUoks A AjA
oJare 3},

ojgigt ey 84E R A7 HdE X T
EyeLink A SH3olME HIAIA] & 580 fojd 4= Sl &
3| HAA] Foot a2 S5 1:}01—';« A5t Aelsis o)
A Zgr|de]l A& 9 A 7152 275k (Baddeley, 2000),
olZfgt 712 A= B, ME, Ao oj2= dAY QA A7
I7go] ot A&SHA o|ROA=AE BEY SHAA RRA
k& B9l Aok 9S4 SltiRoark et al., 2024).

S WRGAREE AQ71Yo W s SHT o A= A
el 3 s BgHow AME 4 gloy | B4 wet
A b £949) B HwA YHoRr fAE= B ¥R

_4

ARINN 42 o7t FE=AA ek 4 ek ofeiat ol
SRS ARES 4980) Bl QXA Aolg EEe d o] f8

ot AHEZ 7EFEHBogacz et al,
Wickelgren, 1977).

g A7 589 A Aol7} Eyelink 7]¥F HIAIZ
Foske] 3o mA= JIF 5] A AY HPY mElde
Hgshs BESAITl BlXs Gl tisiAe oFd F4Es] HEA
A 4okt §IeF EyeLink $EollA HAJA] R58} 4=300] AAojd
H[ojd 23719 5o IA FFE TR g=thd, ol= YA
A Hoo] 2T 4 e ARSA HdolAE s o] HlwE
HgFos ALE 5 SIS AARITE R 279 5o
wzt BESAITA FofRt Zol7F UshdThY, ol= AAC ARE &
7oA AAH EAS 1Efet S € AA9 deA4S JEst
= A7t 2 5 i

oo & AL EyeLink®} 2 2L AAC ARE S50lA
27190 HAR] B3t 3o mAs IS ATET] T
71%2 A=E vHslA si9inh ol fld WA A4 Aed= o
Jog HAA] BE8E ZAA yErd ARk =9 ARk FA

2010; Heitz, 2014;

SF0M 0N - HIAOY HA7|H0| HAX] 2230 OIXl=

2 olgrosn I 599 4T Aro EAS ARSI
o2 wigog, dlolq U Hldlold Hei7|o] SEo] MAA B
o o) 584, S8 WALl v YR e o
SARAS Bo) ARy, Ao} 5 450 UE 49 Aol
2 A% vEE B9 asstas s

3R, Byelink HES A8% XA 238k A1 A4 A
Q19| AU 4= ofust PG HolTp

E4, 9ol 9 Higlolq Aei7]e] S Eyelink HES A}
83 WY B53 Sa0) WAz offet Atd JYEe
SRS

AR, dlold 9 rlelojd] Aol Selo] et T Hge o
AA) B35} AN HHG A o1 Xo]E Holrp

il

1. S5
1. ¥ EOXt
B ?'F’——t« oﬁcﬂa maolg ARESH= YHOA| oike] HA

o EY oY FF SEs T ar, A4l
- X175 é]ig] Heo] glom, mEjtolA = YAHE

5 HA 7T Paradise Korean version of the Western
Aphasia Battery-revised: PK-WAB-r, Kim & Na, 2012)9]
971 T FEoA HF RS HRl Alge] olsisith &
71831 9 PK-WAB-r AAF T B £ IA 3 A
< £ 5 U= ABZ 7l 2ol ERIE WAE dTolA
HiAsH712 sigict. AAl 2" ¥ 5 Al 7120l sigoke
g2 = Qigled, RE AAY xAS =3 S 4094
15%, o4 25%)9] “J]lo] Aol Frofatqirt.

A AT oA wWd AB 23.5M(9D=2.209 Ba o
& 9 F= 12.69(D-1.5°01%0t. G FofAke] dojd 2Ql7]
o SEE AEEr] ] AR kQP]eoldAKElderly
Memory Disorder Scale: EMS, Choi, 2007)9] $AZIHA|(digit
span test: DST)Q it FAeE 9.98(SD=2.4)°1%0H AlZ7t
Z3 A(visuospatial span test: VSTIE S AmE H|dojz 3}
Ao} Bt M= 8.27(SD=1.7)°1%c.

ofo} A7+ EA 1, 33 TS Heh Blw EXox =HwHS
(o4, H|dold 2719 5 FFS AFHesE & o ¢
oA 85k el Ad71e] Tt A Aol AR 4
=20 w2l (Bleckley, 2003; Dubey et al., 2018; Robison &
Unsworth, 2017) ZF #4719 I A5 AEYGE AREsto
29 Adt oY) A EsIgith 1oy A7 A At
—v*HT 7IEg A8l Y AeE Qs ARl =3 AR

£ % ZFolnh ol mE ARES] 25% olste] Faf sfig
Se 1282 oW AIe] HSUHOE RIS, AS)

75% ool el Slge 1292 dlofd Aol Aeiige
2 ERsldn cdold Aol ok Asiuat seluae)
QTEAHH EHS Table 1o AAE Hlot Lok Hlelol 24l
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719 wRbIS] WHoR ARS] HES JR0R SeRIE 12
Wk ARk 1292 BRslon] £ el eEARy 54
o] Table 20 Roklo] Stk Qojdl, miclold] Hlel TAlo)
Ao A AR 7 ol AL Adshie A o, Ao
o4l §ORE Aol gl A Uebiel.

AT B4 2] elole] WM nl e Az
Lot A ER(E0S BE EgeEn o
ARSI 7] A HlE Bl WA 4 Qe A4 AR
o £42 WAk, JHUG HEY WAZ Yol Heirlole o
Zeig bt QUs| B4 Sl

oll

Table 1. Demographic characteristics of the high and low
verbal working memory groups

Low verbal High verbal
WM group WM group 2 ort D
(=12) (=12)
Sex . .
(Male:Female) 8:4 4:8 2.667 .102
Age 23.33 (253) 2358 (156) 0291 774
(years)
Bducation 1533 115) 1233 (115 0000 1000
(years)
Verbal WM cos (147) 1242 067)  -11.998™ .00

test scores

Note. Values are presented as mean (S0). WM=working memory.
"~ p<.001

Table 2. Demographic characteristics of the high and low
non-verbal working memory groups

Low High
non-verbal  non-verbal Zort
WM group WM group p
(n=12) (n=12)
Sex (Male:Female) 5.7 6:6 0.682 .168

23.67 2.57) 23.83 (2.29) -0.168  .868
12.67 (1.56)

Age (years)

Bducation (years) 13.00 (1.81) -0.484 .633

Non-verbal

WM test scores 10.17 (1.19) -9.391 .000

6.67 (0.49)

Note. Values are presented as mean (S0). WM=working memory.
“p(.001

2. 28 =

AT EZS Y8 /WSt $=9F EByelink HEx Figure 1
of AAE Hie} Zo] Fh=ol9] mE AR HIg EelH
A, A Qo Ah, Hojrr] 53 Z2 715719 A ARSI
FAC]: 1okR, =oEAQ)S F7Iste] ARSI A
o2 A% AIRE JteoR Hjgsiglon, oAl A9 &
A, w, oW, o, &) L oRf o] HiAekYTh e #
ol Aol wet dxg 1070CH, K, 4. A o o] Al
— D olg=g 178k, §, 4, 4, o K o A A
T, DE EFeIth A4 HE F7]& 39x60cmo]il HiEE

to rlr

59 1192 AAskr. 2 Frhas ASHoES Hol]
98] AT FRAAE F PVC 242 A
£70) BP9 ARS AAC BoplH m&- o A7l

109 o9l Qlopefst 4T WA 4o IS, Table 3
3 ol & 5 BRE 2 FBOW 484, @] 74

AR, G 849 A, @A R HAY, 612 B
Al9] gyl dsf AHE 53 HxE AREsio] BHSIE 1
23} W8 EldT R4content validity index: CVD)E AR 2
T B £F Ug BT A(item-level content validity
index: [-CVe @4 Z84=1.00, @do] +49 44
=1.00, G7T8 849 XAG=75 @A E79 FE4=1.00,
AT WA 884=758 UEith HE E30lA -CVITt

ooz RIEo] W& BPZY & 7IEE IS/ A2
2 Uitk EF A £F U8 BT AS(scale-level
content validity index: S-CVI/Ave}x= 9002 UEh}, E L7}
AFHow =2 39 UE BYEE 2= o= ERIFSIH
(Lynn, 1986; Polit & Beck, 2006).

Table 3. Items for content validity of the Korean Eyelink board

Domain Item Description

This tool is expected to facilitate

Clinical communication for individuals with
applicability severe physical disabilities who have
preserved literacy skills.
Linguistic This tool includes all consonants and
completeness vowels necessary for communication.
The elements included in the tool are
Element 3 appropriately categorized for user
organization bp p' U 8
convenience.

Grapheme 4 The detailed classification of consonants
classification and vowels is appropriately organized
Access This tool incorporates an access method
efficiency that facilitates user communication.
([ olasmew )
= [ . = =2
o B A ©0 =
NS
= E b ] s
m XX
t
" —
1 5
28 | il
6 10
+t
0
-
e e
Laxt |
FIE} Semmmet homeen T ot B
d ope | =Zae
(N /

Figure 1. Eyelink board



EyeLink AlE

2 ATY] AdE A= S 5 AAPl Aol Ad A
AA Aot AA otas EEE wdsh] sl ¥ dE Al
HIHSHA| E-8E= o9 HAIAIE tE o9 A8 A7HChoi,
2022. Costello, 2000; Hemsley et al., 2013; Ji, 2018;
Johnson et al., 2016 EHZ F&3I9ct. 2 YJALEs o
e T AT, AR @ AX, A WA, 1A 89
v 7 dEdeiglon, 2t MEg 38 w3t 12709 &
X]—._. L,'L}ﬂ o]—?j}j—

A7 22 A $R0lA D S Qe ol BRIt
=Y Zolo] IS Faskh] sl A= 3] dolk= = A

A7HChoi, 2022)°04 HiH £F 559 WA FolA =2
S Aot 2012 FEIE SLSiolth ERE ARl xpEsh
4 348 5482 ﬁJﬂOP Shin(2008)9] Aol ZFAst, &4
57]. AEos =2 A& 11700, T, v, T, 8, X, o, %

g, 5)% 22 &lMF N, 4, 1+ ok = D7 S
P2 Fosleloke f ZAEES AAGIN

127H4 A A= £ digt W8 BE=E A5 98l 1
o oAl 591% W R YAE 54 Hxr BAS AR
TPolA Bt A7t 4.4~5.0 IR YERt ARt
How & HIEEE HJh W& EHBE AMCVDE A=
o Zny, BE FgolA HE7F 59 Aol 47 oldE Folst
o 2% & U8 HI: AR(I-CVDe Ee EI0I4 1.00

=)

[\S)

HE 4 e TE

283 974, d7Ae
G whael YA Aol A saai o A L & 19
WROZ SRHES /Tt B4R Ag 94 Awoz
AT YAE AP AY TR MRk, R
FEQ oSS AL 5 AT Fol FOMo] AL Wk o)
Bel AxAel B wee el S A A =
7ol PK-WAB-r(Kim & Na, 2012)9] ‘97| 3t9] 949 A
& Stk

W9l TR AR A T Sobb] A, & Aol
S gt Aze offig 2oz 7HE Y 94 £
o Agsiel tAE 49 BAe sl SAREA A4
Shck. T 4 A AL A7Aeh W B3 R A
HolA A A WES e s Bl SAAE)
o 1000ms $ AAEL Ak ¥, dlolo] W' B A4S
23 34 20142 X5 A= o] F2E 10,000ms &
% mHe] ndHEs S o BEs b
HolES Hjsle] AT Y BRS BT & A F
AT, DA 10,000mse] bE AR B AT £
& 22U 9T £ORW BEW T, Erelink HEE A5
of A RENE SRS S AT B9 wE A

ol olrl
]o o

{l

SF0M 0N - HIAOY HA7|H0| HAX] 2230 OIXl=

i J»H] 3o FRtEE JA A BP9 ARIKE 1Est
o 10,000ms® AAsIFE. ol AFXY R =99 o+
”‘éa AX AE Zo=, du @ 2 AW A AN
AIZF BREow BE3LE AmokA] It AHle /gl

oA Fgo] AR A%, tiAAR= Eyelink HEOJA H
AR Hooh AgE ARESo] 284 FEHY EH ofE AESal
o AR A Zie] dis) AR AlStle 24 g&
7171Sony ICD-PX240)& & M=t 39
YRSAIZEE Praat AZEQJO]E 83t Z(second) =
§UsHA 245150
5. MEE

2 A7 Am 3 2 B4 oA S8 duda An
AE dxsp| Yol AARE W A x(intra-rater reliability)2}
AR 7 AlFZ(inter-rater reliability) g AMESIRC AARAE
W A== 19 AojAgA 435S AAg Xﬂl AT A
A AF oA HA =l gt 24 HMESE A = A
HkS ojio] gt dA=E HELZ F3IAT) ﬁJq A1 13
o 22+ &4 749 AARAF W dA == 100%2 LRkttt

&S AR 7 AREs AA BEY 10%E TR FE5t
o, 19 AoAEA AEFS Aot G748 184 oldel A2
AL e AREeZ gelska olo] tigh FALE WESE
ARzt 11 A3, AR 2 AREs 97.92%E UEHT. B
YA|GE = 1710 Hoii= &S] S AR F 2F #A0 £
st

6. M= 24 I SA X2

Az B8 Ao A2 Ags] 4=d 254 Zx dold
isATt 18 Fojste] 8128 W) ARSI, whgAIzE
gtoto], BtHo B3 o] AAE AI-EE AR}
9] mpxet S Wk AR7IXE Praat T2 ARgsto] W
Z(ms) G2 &35t
A Ade At A 13 #=ste] Z4 Aol Eyelink
HEE AR WAJZ] 535t FAojA Hl Aukd 49 gt
A BEZ Ve ARAs 5o AlAeEeH, Aoy 9 H[Ad
ojd ZAY7|Ye] wE e 7+ AFS FaFeE gRlsh] 9
3 24 54 99l Mann-Whitney U A2 AREsio] A
H W(A=24)E AAIHIT
AT 2A 29 s, oy 9 H[dlojA ARA7|Y Y
o] EyeLink HEE ARESH WAIR] Rosl 58Y9] whGA[7H
s G FRlsp] sl AA EEN=40)°] His oF
S AEA(multiple regression analysis)S AAISIACE HESA]
7t g gekdow o9l d(positive skewness)E Hol=
E4o] Qo] RE9 AiE FESP] S8 =1 ¥gHlog
transformation)& &8s tHRatcliff, 1993; Whelan, 2008).
SAEA A BA 7MY 35 ARE ZRlsision, At
9] £84L Durbin-Watson A4S 3 AESIGL F3t =
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H@ue 7F BEs A8 (multicollinearity) 7Hsd& BRISH] 9
3 moj& ATARRNE AEshkal,  EXEAEaQ(variance
inflation factor: VIR 3X%H(tolerance)® 7|&0& olE
71 HEoIYthField, 2018). HE3lAEA9 891 948 w4
2 ZQ471%o] Byelink ARG ¥l mjxl= Fgo] ot Ay A
Tt ARHAERl AR TEsle] BAE o] 87 bl Qo]
A g Hdojd ZA7|9 HelE FY A BAl Fcke
HEAl(simultaneous entry)e -85t}

A7 A 3 TEeiAE, A7 fFEE £ 2
ozt Yok RS & HRAIEY] Xolg HHS A
Mann-Whitney U AXS Akgsto] Ak Hm(A=24)51%ct.
DE BAEHLS IBM SPSS Statistics 295 ARgslgod &
A FoeES 052 ALt

. g5 Zat

1. HAIX] 2551 atFojae] Fetg +~ 24 21t

A ME(N=40)00 Tt 71a6A 24 At Bt S o=
11.83(5D=.39)°1%, Haghe 11(n=7), HAg2 12(=33)2 A
o= Ueht A4 ARle] 2 A9l AR Zol 20149
A2 254E WAA Bodkd foe Ao lojA w2 &3

< HRltk= Zo] =i

Mann-Whitney U A3 B35t I vlw &4 Z3} Table
4o AAZE HiQF Zo] Aol AA7|Yo] =2 FHME12.00,
SD=.002 & HHAEL11.67, SD=49)HTt HAd HEHe
7 oa =%keH, 1 Aol /YT ZAew  yEuTH
(L=48.000, p=.032).

Mool

o2

Hloja 719 5o oE A 7H Hukg 49 Aol
B2 ATE11.92, SD=28)0] W2 HAHME11.69, SD=48)K

o & o HE BE dolS AESiaT, 1 HL oJstel
TH1E24.000, p<.001). 22y AR & Ae] B 2ol ujv|
Ao e

Table 4. Mean number of correct responses for two groups by
working memory type

Low group High group U D

Verbal WM 11.67 (0.49) 12.00 (0.00) 48.000° .032

Non-verbal WM 11.69 (0.48) 11.92 (0.28) 24.000™ <001

Note. Values are presented as mean (SD). WM=working memory.
"p.05, T p(.001

2. HESAIZION St OSSR 2t

8 HIEe 7lesA % }\Jj_’ A= Table 591 AAISHAT
23}, HAA] 720t Bt HEARKlogRT)S 1014 249171

M
£,

(=060, p=357) % Blo1A HY71Y(=.005, p=279)% %
ofgk A4S HolA] stk ¥ Qlojd vt meloln &}
94719] Zlol Sl 4 Aol UET(=395, p=.006)

Table 5. Descriptive statistics and correlations among variables

Variable M SD 1 2 3
1. logRT 9.18 0.18

2. Verbal WM 9.98 2,46 .060

3. Non-verbal WM 8.15 164 .095 395
:Note. N=40. WM=working memory.

p.05.

Aold 9l wjlof2] A¢7]f 530l Eyelink RES ARSt
T2 s 92 IS A
Table 63 Zth &4 Z3f =
g 7 UEZAAS AEsP] 9Bt TARH(tolerance)=
.844 EAFRRNVIDS 11852 Ueht thsdild EAe ¢
= 7oz ZolEgct A9 =4S YEllE Durbin-Watson
A 22582 ekt 7 Bate
S7mse] gws AmE Zv) zygol AYP(F=0101
F 1.0%= e Rtod, NPl A R EoF et
A kiR, 70.180, =.8360). EHWSE foMdE HES
Arh, dofd ZP719(4=.026, £0.147, p=.884)7t HIRlod =
A7~ 085 =0.476, p=037) HF WA Foob gt v
SAREE M| AISsIA] Rohs A= HERH.

Table 6. Multiple regression analysis predicting mean reaction
time (logRT)

Predictor B SE V4 t

p Tolerance VIF

Constant 9.084 0.163 — 55.640 <.001 — —
Verbal o000 0013 026 0147 884 844 1185
WM

Non-ver

bal WM 0.009 0.019 .085 0476 .637 .844 1.185
Note. N=40. dependent variable=logRT. B=unstandardized
coefficient; SE=standard error; 4=standardized coefficient;

=t-value; p=significance level; VIF=variance inflation factor.

3. A1 fyd HT 7t HSA|

N
i

21

ikn)

Aol A7y ol ME I 7t 3 Aolg AwE Z
I}, Table 70 AAgH vie} Zo] Slojd 2j7|%jo] e gt
(M£10178.82,  SD=1876.85)°] =2  HIE10945.99,
§D=2539.83)0] H|sl Bt BEGAIto] 25 T ASkou, Hd 7t
2ol foJskA] AQMH 1=60.000, p=.488).

Hdo]d  ZR7|de]  diejhe =2 IHIE9445.83,
S$D=1300.97)°] &2 IHME9571.37, SD=1057.10)Ec} HHGA|
7o mlulsHAl Aoyt BAKCE {3t Ajole §le o=
UFERSTH LE60.000, p=.488).
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Table 7. Mean response time (ms) for two groups by working
memory type

Low group High group U D
10178.82  10945.99
Verbal WM (1876.85)  (2539.83) 60.000 488
B 9571.37 9445.83
Non-verbal WM (1057.10)  (1300.97) 60.000 .488

Note. Values are presented as mean (SD). WM=working memory.

v. =2 H 2E

2 Q7 Bojgol nEE 48 A 34 7 AMC EF
o 4 Hg2) 2AS vlal) Sistol Fyelink HE A1 84
oAl AR B3l TlAlE Z7lole] g Auusict o
F A3}, dojy L vold 4| S me P 2 v
oN i St B ROl Aolg wyoH, 1 Aok A
e A0 et BT A0l a4sE SYT UFS
F2HANE dol8 % wjelold A7) BE WIALE f2]
sl olzel gie AoR ehdth olzid 2t Ye vk
BHOHE BYsp] spelslol, H719) 5ol HAA Rt
ol WAl LuE $O JFE A g Ao
sl & Ao S Yegels 9y i Belaht,
B a7olN 2% A4Ylo sFont WA 4m)e
FoJ1A AHel] ozl AoR Yeirh Alolel fyue
woe Avae chet 2tk

1. S01A =H7[ut HAX] 2S5}
oy AA7|92 FEFEE FHOE o] JEE YAHO
2 ARt vHES B9 |ASkE 7152 o (Baddeley,

2000; Baddeley & Hitch, 1974) o3l 752 EyeLmk He

oI HAA] Host HEkg AR molle UER=

Bt} AREAE A4 B3 B IU=E RSk ;/q\o] O]"/]

E} 39| 9l sl oo A SEE HAsta, 7+ 54
< Hoke ALES AR QIET F Eyelink HEOA

—"*101] et B AAE Adcls IS Aok 517] wiEo] &
SFnE Bof B3I Ahd] digh JRE Aot sHEHoR
FAIBHA Hrt.

£ AFoA dojd &AA7|o] @2 Aol &2 Ao v
@Q’E SHoA FooHA B2 £ H]l A=, FA4 ARlo]
g ofojete EiR B9 fA 9 g4 & IAA &
G719 ALY A IR oFE AFE 4 USE AARH
oh. ESF 2R 7]8F AAC B=FE /\]'9‘0}04 HARE AT o &
B ALE A Aokl AdR AEske IPgollA #7190l
Z2Q%F o3k sitk= Ad) AFEAE9] —rX]'(TalbO et al., 2010;
Thistle & Wilkinson, 2013)2 7oz ZMEISK= Zvo|c}.
Jeg & Ad 7 By g8k XKoot 3A Aok ¥Ee st
9, Qold zd7]o] =889 Feole I FE Fofsht

SF0M 0K - HIAY A

H7)1= ofgrh ]ﬁ —Erﬁﬂéo
2Hog Agdsiar A X
of 4 FF ol Ao 31’%]7]910] SHElo] ok 3o
T FEE TR EE ¢ Yoe HolETh

ESH BRAIZOIA e A 7F Aol7h e A okE # oY
2}, dojd ZY7|9E ASHTE YT IARAAE A
2ol gt o3t dfi&Eo] SlEA] Uskth ol= dojF Y7
o o] Atdes Urete AR 5t 3 £E AN
A7) okS FRsAe Wt gulE]] Hojzl Aza sjHs &
Atk &, Aoy FAY7|9S i FHY |A< AL} A&
22 Qe SHolls 7|ofskAg, AA £ £=E AAske T
8 gRlo= ZHESHA| g5 7heAdo] Sle AR AT 5= Qi
ol iRl 7t 9 £&9] AJort AYr1Y sEHETE HAA F
338} Aol Aoy I As4dm 22 o aRlo] o9 o
A JFE 2 TS AR
2. HIAOIH 47|90} HIAX] £&38t

H]ojd 27192 A7t AAAHES
T AEE AHCRE fASHL RSl 7leE HERt
(Baddeley, 2000). EyeLink BE ARE BAoAe Eruio] aijd
H 29 AE ARBATE AZH O R gAskl, & SAE B
Aekst 9X= Melsol shos A2z AR Halsh a7E

At Bl A7 2, vdold Q171 s weh ARk
Foli= Fogt A7k vEth owt & Je 2F Bt ARES
$20] Ao] A= AA okrh= HollA, Hldold #7190l &
& XE FMola HEcts 39 FEA ol Fx i
= o 1 #ole] Aurt AR FGE Y AJol=
olojd ¥ Arfal H7]= ot

WA REGAITIA I A 7F f9feh Zfol7h YEhA] elerom
H[Ado 2¢J7]ols ALKHSE FUTE IARAAE BRSAIRE
of thet Fogt dl&Eo] SRIEA] ot 43 ol thet JgF
o] AgtHolek= At AWEA Uehidth &, H|1o1d A4
olo] Ei ApA0] gt AeEn T2 559] FEA o= Oué L
& B S oy, 9 ko= ]"J‘@"L =
A& AARIE o= Eyelink HE9] 723 EAY %ﬁx]q 3
A3t 4= Stk Eyelinke E-Trant EPE7ﬂ 9 A SAIE B
3 2R A4S AuUsi= vnd ol HAS FHelrw ok
(Roman et al.,, 2010; Swift, 2012) _E._o} PN Hﬂoéo
FHE AAS =] Qlo] A2 YAE OP‘ Zo] H
oslti= AHE JrtHKim & Shin, 2022). 5% A9 1% o]
T A SAE L8R oA Asd} Hgo] AtFoR d &
StA #AgtE o] HjgE E-Tran EE 0] A3 H|ZE &9
24 719F AAC E7t9] 7324 B4 A4 Hjge] HsAdol Als
7 AAATES] Ao mA= FFol s AmE Tevt

X/g og /\]ﬂxq

OH

o[o

ik

_,_:

At
ojAto] AnE Z3I51H, Eyelink® 722 24} 7|4t AAC &F
= 39 HEAY SHoME 7Y 58 FFE g 9
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OI

T Slou, WA} 22 1ﬂ oz IA FFE A
oz FAs 2 9} ]_15 /ﬂo
‘_r"oﬂ’\1 Zﬂ’\]lﬂ_ ulo} Zo] Egfjo] Q= AAC ARSAR= M2k 7
335 E8olo] HRIAIE BEHoR P95 & Qo A= vt
5 AS B9l o] ASEEYE HAA AE &7t FHEe
g olojd £ gtk FHE FeHBeukelman &
Mirenda, 2013; Light & Lindsay, 1992).

S Light®t McNaughton(2014)0] A|RFSH AAC AREARS] A
FAR] JAREE 93 4719 B 84 F ol A I
(strategic competence)®] $8A4S FHHoE FtAs|F= 2
2 B 4 ook A 92 AAC AREAEC] AkaE Iy

oA X ARk A" A9 A, HH gl

Erﬁ

¢

‘"—/KOL_/\
3 = e &

(]Jq AT
29 5& QAT ol R At BEA ML Ads
i 2oke 58S Uittty 2 Aol A HAA Fest
AR BAS 95| BAFIA G W A4

AR ARA}
£ Adsto] oJulE ag2oR Adsol: Ao, M oo
538°ltHBeukelman & Mirenda, 2013; Light &
Lindsay, 1992). 444 &299] Agtez A £wrt Ashe
Tl @l AAAE ARolM IAA FE glo] aE&AY oAt
AES 71551 sitke AHoA EyeLink HE9] ARt HA|X]
Fook= MR IS PIT o e e E vEdE 4 QA

i

o 53] ALS, #4953, SEA AL o] 5 AAN
£ SRt AdolAe de Aot A A= AA APt
g & 9lEt(Beeldman et al., 2016), HIAIA] FEsjof| 237
o] 2 JF= "RIHH AAC AaEo] FHRE ARt 21lo] €
Ak Iy B A7 Ak Esfde] EEE AU HdolA
< A7 &F AE 2ot 3ol 2AAR] IF= vIA
A % 7FsAS BHoFH, AAC AR HRIE 7|24 olsiE
AE3h oJe7t A

gl
T= W dooe Eshal vhadt 22 AlRPEE A
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-|o rﬂ rlr fljo

doh 94 A Tfa} ol wlAE Al 5o g%
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Appendix 1. Message encoding list used in the study

EyeLink AtE 2Z0IA AOK - HIHOIH Z7|0| HAIX] 2230 DXl B

# 95t 3 A £ B3 2A5E
1 we]7} ofstg o}
2 34 49 #47] Y50la #9
3 794 e Fut
4 44 HFAL 49
5 A2 8 A% AEA 748 Az
6 SuiA) 24 sz
7 vl gede D
8 A4 97 R AL Ayt
9 QoA FAL 9z
10 2 AzAL 3
11 Aod 87 e ARAL o
12 34 shudlole a7}
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