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Objectives: The purpose of this study was to classify working memory tasks into several
categories and to find the coherent and predictable factors of children’s receptive vocabu-
lary and Quick Incidental Learning (QUIL). Methods: A total of 56 children (24 children with
Receptive Vocabulary Delay [RVD] and 32 children aged 4 to 8 with Normal Language [NL])
participated in the study. Their language skills and working memory capacity were mea-
sured through the Receptive Vocabulary Test (REVT-R), QUIL, the Working Memory Tasks
(WMT)—varying in modality (visual vs. auditory) and stimulus types (numbers, colors, shapes,
and words)—Nonword Repetition, the Compete Language Processing Task (CLPT), and
Matrix. Exploratory factor analysis and stepwise regression were used in data analysis. Re-
sults: In NL group, 11 WMTs were classified into two factors: Simple WMT (SWMT) and Com-
plex WMT (CWMT, i.e,, Dual-processing WMT [DWMT] + Multi-processing WMT [MWMT]).
However, in RVD group, WMTs were classified into three factors: SWMT, DWMT, and MWMT.
SWMT and CWMT were the strongest predictors of receptive vocabulary for the NL group,
whereas SWMT and DWMT were the strongest predictors for the RVD group. In addition,
CWMT was the best predictor of QUIL for the NL group, whereas no predictor of QUIL was
found for the RVD group. Conclusion: All of the 11 WMTs were classified into several fac-
tors depending on domain, modality and information processing load. These results indi-
cate that it is important to pay attention to integrated cognitive measures for working mem-
ory in visual and auditory modalities, and linguistic and non-linguistic stimulus types.
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Aofre dgoll A A R A, A5 A2 A, eal 417
a4 Zgto] kA 9 Upehhe WErolo ol Tecloly
of|(specific language impairment)2}! 5}+=4(Stark & Tallal, 1981),
Ekalof o] o & ol SOl T W e, 382 5
ofe] AuEel oA o]} &S HOIkKail, Hale, Leonard, &
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Nippold, Kail, & Hale, 1983) FE&]jo]] v} o]3]2] dhgh L7} =31
o939 717} 2kem ARt ofF|E AHgShe Ao E tad
AR5 oA iy v} QITH(Gray, Plante, Vance, & Henrich-
sen, 1999; McGregor, 1997). ¢1ojdhet y4oj| A UrelLb= o]2|gh
A Qlof ZAflof| eisf, o] A ks dofehe kol st
7k ARshe AAA g A= HEohs Aksol
5] 9o $Fth(Leonard et al., 2007). =, o]t YAko]| wh=2H ¢
A ARE A2fsh= 7147 A& 2] EotAY AIFHAY o o

1% fHN R
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oAl A=, uhebA WE 7] dojgel] ofg52 ol2gt
A2ge] Aol 15 0] Hol= dofeAlef Helofeh= Aot
Kail} Salthouse (1994)+= |25 A 711] &
Bf =], A e = A 0f Fkspace), T12|al Aj2jof a3t
A= ust= oy (energy), THAIERC. 2 22| L= STHOA
ARZHtime)o e} &, 2 37kl AAY, s 7HEE 4= Qs A
| FESAL AR 229 27t =2 A5 A
Geh= Zloftk o] FollA 53] 31kt ofu#] o] WS A
(processing capacity)'?] 7.0 2 =05 4= =0, t}A]
= Qe 37 A719F 7R84 Sl olu A o] 7
T}(Leonard et al., 2007). 21oj7}off o} 55
Al 22 Aofdge] 714 8912 vHs|aiat
Y71¢}(working memory)ol| 5=5-5}31:=T]|
(Baddeley, 1992; Cleary, Pisoni, & Kirk, 2000; Dollaghan & Camp-
bell, 1998; Gathercole & Baddeley, 1990; Just & Carpenter, 1992;
Montgomery, 2000), ‘#2] &2 21719} A& 24 f
TATEAF 2210 2 A-g3he} A}7| ozt theket oA A&
TRz SR RS YA o= AsiaL frAlsh 24 = Al
Sl g-aFe] A|2] A|H|(Baddeley, 1992)2, o]2{g 2117]%}2 o]
ofafl, &, Al Bl Sk 2 HARE Ao W 1A A=] B
A ZQ3F e85l Al e 2 A3 A Qlth(Just & Carpenter, 1992).
Baddeley (1992)= 219171012 ©-94] 219} |0}t 1l 9= &
&2 (phonological loop), A7 ] 24} 7|2} 2 Ql= Als2t
22| = (visuospatial sketchpad), 12|31 TF2 5 71R] LA
e RS FsL BElshs Al SUR 7 (central
executive) 2] A| 7}4] 31| 842 TSR o] of gho] Ao 2
A71& 48] fIsto] ot Al So] AL E =, -4
24719 B7kehs tAQ] A= vidhojulebd sl
QItHGathercole & Baddeley, 1990). v|etoju}epdtslr] ik
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& Conti-Ramsden, 2010; Gathercole, 2006; Gathercole & Baddeley,
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AR 5ol T 21719 A1) FAH SN - ey o

Swanson & Sachse-Lee, 2001; Yang, Yim, Kim, & Han, 2013) %1¢]
FoolsS Adohs B2 WA F-84S Ao stk

A71019] B19] @ 4 T AT 2AR T == ARH HEe}
A ARE XA =2 7198l A5k 7%= EHth(Swanson
& Siegel, 2001). AlE7H4] 2F1719fof| gt A gl -0] AvpE2
5012 gFoL], Eeelopgo] o} 59 AT AALTE 2 5
o] AutobEo] w]s) w2 Halu olojselute] A4S
HESE A7} Qe (Archibald & Gathercole, 2006; Hong & Yim,
2014; Montgomery, 1993). T8} Kyttild, Aunio, Lepola®} Hauta-
maki (2014) 4-74] Lxtolgg At = T Aol A AlE71H4]
Zrd71900] oAl siaeo] FTast A e Yl vl Slrk
oJ2Zt AlFZt AARHES S5 ATt A 2w, TERE A7)
2 53 W el ANE A2 432 7lolstol At
7 Qe Bl HER A 5 5 9lck

701 U Bolo] ofef-E Zefst FH U 327
< & 4 991} (Kohnert, Windsor, & Miller, 2004), ¢10]

rio

229 Mo 45, 22 APlel §3F 5o 6 4Suh 3
283 e (Miller, Kail, Leonard, & Tomblin, 2001). ©]2{gt T+
oA, o1 4Jakg 2ol Sliz 7|2e] BT SollA ol
ol2fgl QIA]-2loj Al thekgt @ 452 ARl Qlojg7to] gt
g Qo] JLE38| A)7|=)aL Jth(Kohnert, Windsor, & Yim, 2006;
Leonard et al., 2007). Gl &-0] o} 7j|7[|¢l0] 2111 Q)= W&l ¢l ¢
At A, ol TSP B Wetel] Rl e
Sz A2 2ol 2] 27 37} 27515 3k Campbell, Dol
laghan, Needleman, & Janosky, 1997; Kohnert et al., 2006). 7|&2]
gre 79O AR) ool 27 TAE-S chaet 2514 <ol
9722 A4 oFE S-S Bk, AjolE WSl At Slofiol
= WE 5 = Aol &

A5} ek(Silliman, Wilkinson, & Brea-Spahn, 2004). ©]2}= e,
Aof-7 ]t A2] Bl = AojA] TS ARSSFA . R T
ApEolA T LA Rs8ALH): seA, A2 e 1 o] )
L E o0 W431A 2 AFES A183p] tho], 714o]
U Aol e & Y ol E FAasReith whebA 2314 B
Qoo tieke WAL 2 oS SO B} B5eb] 4
St 37F 3pA|7}EE 4= Qth(Kohnert, 2004). $101-7]4F 2j2) 57 3}
A 5b4 i oo 2 clopet AT 5o 14548 o
Ao 2 wir} 3} glo] ool Mk 5 glen, HEHow
AREE AL Q= A2 B7HETE YA =t AR AL
Qlt}. 1% Competing Language Processing Task (CLPT)2} H|&h
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etal, 2007). -8 T ¢loj el 48 Relah F ol A
B2 2AAEE A2 v]elolxel Hng 22 e 2 A
ok Ul 201k ol B0 Leomard 5007
FAA719 L %2] 247} 21014 (linguistic)/H]$1014 (non-
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al) 8010 g B0 322 Qo]H X(confirmative factor anal-
ysis) 2= SR BE Tk oHH, W ASoll A thesiAl AHEE
© A2 9 A T el QtEE IR BAe] A
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3l AbEshe TAof] Hisl, AEE ARE deo & Aujdsto]
o) AbEthe Il AA1A] e (load)o] 2 4ol }itk ®
o AEE SV FAlOl e YR Hes wdshs 52
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B 5312} b, 2 Aol AFS-E TP of 5ol Adet %
RSO W20 2432 ALEBHA AIAZE] ol
A0 2 AASES 2 M (Yim, Yang, & Kim, 2015) J& E4%9] =}
S WAl Wt et ) ek 2 gl s B
2 S R A RS Helal i) 27 ¥ 5Hload) 2 A5
o] ¢lo}- 210} Fmodality)e] wet 2H7]e] TAS 71
2 Aol 7} Lpehkin) BAEA Rk
offfEle 23 AZHERH HE A2 2 o} 5] clof5

] A}gjo] & 7201k, o} (vocabulary) = 2ol
Koz, W), £, 9], 7] 5] AE 3
Ao] glom, Wl FelS F6 oln] FEEHAY S5
O] 48 2 7K Gray, 2006). Z12{u F AT} Sh<5H H7é‘°
Eolees R ¢olses $4T ole 712 B4
LA A]4]Q1 ofggHrh= A 01?3% T Aok IS A
sto] o}5-0] Qloj5ele Wt Aetsarl |k glo] Brksld = d-
=0] BTHGray & Brmkley, 2011; Von Koss Torkildsen et al., 2008).
1o A]] o2, #hE A (fast mapping) 52| Utk 0F5-2] ©f
IEE U9 *HE—?— ‘é‘%’zf—J Ofu}E wtojlA] 2 Eh=SA]
& FHE Aste 593t =] 3l=rl(Montgomery,
2002), F=oi ol A A 25 @it 71 Eiho] AN ok ti =
WA AAAA A2 01915 Bh5ote AAA 7]ES WhE ¢
ZAolgkal $H}(Carey & Bartlett, 1978). W2 A4 522 27] o
o] Sa3%t S st ol2fet 58E titRY] obE50

A ol glo] AALHA FEHE Aoz defA UthOet-
ting, Rice, & Swank, 1995). W21} (quick incidental learn-
ing, QUIL)> WHE 91 582 S45te YA =A, =R o9&
A g-oto] RS ool AR B4 WOl o AIe)
A Qo] 22 ol - FEIRS 1 o} Fo] FRHO 2 3%
Bl=A] o] 5 7S H(Oetting, Rice, & Swank, 1995). Th=2] A
e TolA BeloPgof o} 52| BE 915k 2
Urtolgof Hlsf F-oshAl S 20 = LER o (Bishop, 1992;
Yangetal, 2013), T3+ L2515k 7] Zelo] 5}aly] Quk
o} Hete] S BolFE FfH S i w4

H}- QtH(Yang et al,, 2013). i G-l A= o}52] ¢lots2lE
Sh= Il = A S HAEE] =-8-01%12] AHKim, Hong,
Kim, Jang, & Lee, 2010)2} W-2--AA8}<5 IJA| S AHE-50d, 7= 7H4]
T Srelop o o) - 4 B0 1A} e,

A QQlEA(factor analysis)> 02| 7HA] HpE25H 4
9] A ¥ <= (latent variable) & Zrot= FA4| 4 14Jo]cH(Kang,
2013, B QUBAE A0 2 ZHNGE o] 725
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spepsiALy 22 e S5k AL sk WeEo] TUT a9l
O 8 BREEA ERIskLA} oF= A9 B SAMTE 1T
A} =& MpE71e] FolA AA|Y) §4& apofslala) sk
75 ARG, 8914 S Foto] 2 8015S R4y
TR A Y] A s ghg5talat sk 9ol AR 4= 9l
CHSuhr, 2005). E3F S =7-0] BHAdS B7 k= Hlofl= A

Lo, S ARPALES HES] B Q018 A4S E5lo] HEA|

9 FAEIEEE 7}

<t
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5
u)
Ju
~ Mr

o]tH(Choi, 2012; Lee &

Kown, 2006). 5% Qlojigefat ool aQlale ALg3t
37 o] oA, 531 ) UHE 0 7

SRS SRR TEREY)
ek o} 5] clofsd U Qlojsel

rSL‘
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T L zlolE =

)= 7149 ¢

x] I—Ei
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;'0 (U
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= 578k TRt IAIS o) AN AL sl At =
2 I EL sl 9olo g HESIEY} E 90]0 & Fojx|x]
oFL T Z 2@ E7} LR A2 geiA Brte] 84S 7
SH = AleE Ztopi 7] o}a%#/}jjxgom.

olgfgl A Al A] & A=, 7] 7] o] ARgE o] 2
Ae)7]8k THA|Q] chofsl 2 7104 TAES A3 aedS i
5171 918kl (1) thekeh 21719 TAlEo] 2 79 aQle = #F
Z5 7} 22lo] 2) =-oi$l= ) A9
OFELA] 0]} L2o] uu}éo o

[l B4

LrToi

2 AT A 8 SE Aojo] AF5He T 4841 o5 56
(ol 24, oJo} 32) L thARO 2 31910, (1) oF 5] F Y{AL E
= ofglol W 255 welaate] o8] olx W A5 o] 4
Al ¥z &5} 710 2 W g, (2) 720t o} E4- RS 7A}
(Korean Kaufman Assessment Battery for Children, K-ABC; Moon
& Byeon, 2003)2] H|¢10|/d X|'5A|p7} 858 (-1SD) o]/l (3)
A B, 2N 9 A7, A A o) AL gl
7|e} AT Z3ke] o]Ho] Gl o}E B MASITE Tt of
FE9] Hat AAH-L 7345 (SD=15.007)711%, B|101A K54
220] W2 112.88 (SD=13.468) 40| I}

£ Q0] FHofat obEEL BZ} Qlof7Ak S gol3lE 7
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Table 1. Participants’ characteristics

RVD (N=24) NL(N=32) [F
Age (mo) 7046 (15.731) 74.41(14.235) 964
Nonverbal 10° 109.92 (14.679) 115.06 (12.266) 2.039
Receptive vocabulary® 41.88(19.461) 78.13(20.342) 45.183*

Values are presented as mean (SD).

RVD =children with receptive vocabulary delay; NL=children with normal language.
*Korean Kaufman Assessment Battery for Children (Moon & Byeon, 2003), “Recep-
tive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee, 2010).

*p<.001.

AH(Receptive & Expressive Vocabulary Test; Kim et al., 2010) 43
2lof wp2} 271¢) Feke 2 R RESl=, - 8ol9E Hat EFH
] -1.258D H|RE] o} 552 489X obF e =, =&
ol9]g] Mot AL M obs =2 ditohs Ao = b
A= Ak

T&OFIAA obF HAehn=24; Fol 12, oo} 12)9] Bt A2
o132 70.46 (SD = 15.731)7}1, B]o10)A] 2| %2]4=9] Eﬂv}% 109.9
(SD=14.7)%, $=8-0]3]2l o] FH-L 41.88 (SD=19.461)0|2].©-
dtolE Hthn=32; Fot 12, 940} 20)9] Bt YZALFL 7441
(SD=14.235)71%, B]HoA A5A]4=2] HHL 1151 (SD=12.3)
A, 4 ol9lele] -2 7813 (SD =20342) 30| 20ck

k) BA7 2 Hlol=A) QA AR A (one-way ANO-
VAYE Esto] %3 ATk 5 ko] A1 ulglol 4 X557
ol SAHC.R ol Aol7t glolas, -Eolale Aol £
Ok o7} Sl 0.2 LHERATHFos =45.183, p<.001). 2} 4
£ho] AhIe, Hilol A5, 4 Goiplel o] w w3
2= Table 19] AIAT3HIC

op e

i QAo o559 eslels =
HRIAP B 7S] 8910 255 4 1A SR 2 2
o] o5 QlojseE AFSHE AR TEH 5 YA

37 9151l Theat 2E TS AAIsHiTh

ZAT | EIt ot
SRR ZH I/ ko2 7] 9] 1A (digit/color/shape/word span)

E A= MY Aol A AF8E 1A (Herlitz, Airaksinen, &
Nordstrém, 1999; Lewin, Wolgers, & Herlitz, 2001) & =% 5}¢] 7}
A0 2 A(Yim et al,, 2015) S2Ak, A2 BQ), Tholof o] 7E4] 2}
3§98 A7k 9 A7V A 2 AL of Bl 7|ofab
She Thalolck A4H2- 9 A3 Aol ufe) & ofg 7]
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A &= g% o] Qlom, Hh-g-9] W E3E A7t Ao A= o]
2, Ao A = vl (7H 7)1 7)) &2 HEESHeE S AISEAT:
TAl= A= B ASAA] Aol whef o] 7R 2 g u ] coun-
terbalance) 0] ¢1- 3o oSl A F-AHl | = ek

W= WA= A= a7t &4 270 (Aol A 2T 776t
AV 67 AR AR, 7 el 25k 24 B 122
0.2 A0 Atk S A4S Ao THMAIR BhEold
Microsoft PowerPoint = A A| =0, ZF 1}A)| Q] B3¢ A}=+2 =22} &
7|15} (digit span)+= 1014] 9 Abo|&f ser} B85, MZE £ 7 ]‘”’5}7 |
(color span)= 972 WZ(W7}, =3, e}, 25, oh; Ko 25,
5k ), B F 7121517 | (shape span)i= 97H«] E°*(D[LﬂE]
OFs12h], A, Q[EFE] =343t 3], =3l ([
Ye[E]), &l & 7]%s}7|(word span)= 0}%01]7%] =R 1354
o] tho 56711 = /g0 Ik AF=AA] WHAlof whet ob5-2- FA
% tﬂ—lﬂ o= H]—_Q_OHO]: '5‘]-1]:1) A=+ ﬁ_‘?’—‘_oﬂ /\]-_1,}—0-10] e _‘?_51-_‘% ]
14, QEFeSH= A 082 ®

% Bl 5 S 49 WIS 25T )6 S

H[tkofu]2}2F5]7 ] (Nonword repetition)

2 3 o} 5] & Aelvlel 4342 24e] Sigt B
A, A3YA L (Lee, Kim, & Yim, 2013)2] A & A5}tk 254
oM 6840 wletol5o] & 70 474 & 2080 2 74
Elof glom), BE ke A4 3 AN 37} Al
£7] 8 HAAE HAR A B9 obEollA A S A
<o 5o, o0 AARS] g2 SAIBIHEA) BHelat
& WYk o5 2 A= EE 2830l HW% B w2
WA =, of-go] Hf= A wet Wik &
A& 71539 2 Aol A vl
Appendix 1] AJA&HITE

OME}%I%M RS

H7F2Z 7]9] 7K (Competing language processing task)

2 DA o) A4} Hele] 0|21 A3p7le] S8 2745
7] §J3t Zl o2 A, AdP7H(Gaulin & Campbell, 1994)0] 4 A&
oIS A, Besto] v ol 24 & 7104411](K im &
Yim, 2012)0]tk. HARHE oFFollAl =5 54 34
obgollAl g Ell/ o 8)3t FAlof UW 2} tho }
A& Btk & oA AR A= SR
T HaEA) A AFE AR A7 6D A) 6”7ﬂl§
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2 A= 2 A7 2Rl Aol AR digt AS A
A4 S RIEAE ST RAF SIS 2 A
(Principal Component Analysis)2 AF8-3}%1 11, Q213]74-2 2]
3 AEERQ] Varimaxs A5 2918 A ¢ (factor loading) 2]
PEAle 502 Hgaick 29lo] 2EE/ 2 adlo] Wute] 4
GOIFH(REVT-R) ¥ W-2-9-21815(QUIL S| A7t 2
QY] Srofiy] 15ko] B4 FTFBI7IE Hstepwise multiple
regression)= AA|S}GICE B ¢1L0] WE FA|A —‘?—/ﬁ, 2 SPSS ver.
19 (IBM SPSS, Armonk, NY, USA)2 AH8-51gic 240 = 2)ct

EolFAAlobE A, dytobs Heholl EHOHH s UsHA A
sk

A 2t

HEx2| Edof| wE =7 otx|e] EEHE QI1FA Zut
9IRS S710] 9, S A7) Mol AgtEaE
HZ317] I8t Kaiser-Meyer-Olkin (KMO) 3243 &9
Bartlett®] 713/ 7782 AAIEIAIT YRtobs ekl A KMO%:
2 887, Bartlett T34 27 3} p<.001, S Eo{FIA] 015

Table 2. Factor loadings and communalities in children with normal language

Factor .
: = Communality

Matrix 864 331 857
V_word 846 162 743
V_color 821 450 876
\/_shape 754 437 759
CLPT 703 554 801
V_digit 681 491 705
A_word 419 810 832
A_digit 412 788 790
A_shape 403 779 759
NWR 157 766 611
A_color .365 758 707
Eigenvalue 7.449 1.003

% of variance 39.361 39.361

Cumulative % 37.478 76.839

Orthogonal varimax rotation method was used.
V=visual; A=auditory; CLPT=Competing Language Processing Task; NWR=Non-
word Repetition.
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AEA 2] Sl whe 2471 HAe] TAA 2914 « A4S ¢

ol A} KMOZES
U = Aok mof ] 2 212 7} Q0lE Ao
6}&"113}.

.802, Bartlett +384 A4 A3} p<.0012 L}EL
A ARY L B

4k (eigenvalue)©] 1ET} Q9l0]
gk% 7.449, 821 29] 118712 1.003
og, o] T 7H 3‘d94 %—Lrﬁtﬂ -2 76.839% 5 LFERLE, ZA]
9] 7.8395 A5} = 7 © & YEGTHTable 2). R21G12E 65]*3??}
s @E%J 23}, R?l 1% Al7 P Z=AIA] 2kd719) Al S
I R e e R )
}4,21”—1 A=A 2719 A S B
EPOWEF’* }71E %Wﬂ o2 o] 291719 IAE T
g5ick
T8O 3IAA| ofF ek o Q91EA] A Al 7l aQlo] &
Fom, 9911 (AL-8-7k 6.248), 221 2 (147 1.398), 221 3 (315
ZF 1.178)9) & 24 HEFL 80.217% % LERGTE QQ1F2E A4
S HES A7) 291 12 F2H A=AIA] 2171 A=
I} Hjgkojw b)), 821 2= A2 A=SAIA] 2471 A=
I} CLPT, 821 32 wE A FA| Gk whaba] 891 12 TA{e]
Q1710 Iz, Q1 2= olFA 271 T = sl e
], 821 32 ‘ThEAE] A7 TA'E WHsielct BE Hes
O] 35/ 60Tt 22 &= LEFTH(Table 3).

Table 3. Factor loadings and communalities in children with receptive vocabu-

lary delay
Factor .
. . E Communality

A_word 827 327 -182 823
NWR 172 -203 534 922
A_shape 765 348 248 768
A_color 764 293 398 827
A_digit 664 576 272 846
V_digit 407 843 195 915
CLPT 129 786 -097 644
V/_shape 103 709 482 746
V_color .356 598 578 819
V_word 327 573 533 718
Matrix 123 094 878 795
Eigenvalue 6.248 1.398 1.178

% of variance 30.275 29.205 59.480

Cumulative % 30275 59.480 80.217

Orthogonal varimax rotation method was used.
V=visual; A=auditory; CLPT=Competing Language Processing Task; NWWR=Non-
word repetition.
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Appendix 1. Nonword repetition scoring sheet
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Appendix 2. Competing language processing task (CLPT) scoring sheet
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Appendix 3. Quick incidental learning (QUIL) scoring sheet
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Appendix 4. Multiple choices of quick incidental learning (QUIL)
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