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Objectives: In the clinical setting, it is an important issue to find more efficient measures to
identify language impairment equivalent to standardized language tests can be a useful
tool in identification of language impairment. This study examined whether a combination
of verbal and visuospatial working memory tasks can discriminate children with language
impairment from those with typical language development. Method: A total of 36 children
participated—18 children with language impairment (LI) and 18 typically developing (TD)
children. Participants completed verbal working memory tasks (non-word repetition [NWR],
sentence repetition [SR], Competing Language Processing Task [CLPT]), visuospatial work-
ing memory task (Matrix). Multivariate analysis, Pearson’s product-moment correlation and
discriminant analysis were used. Results: MANOVA results indicated that group differences
for SR, CLPT scores were significant. Discriminant analysis conducted with all measures
(NWR, SR, CLPT, Matrix) showed good sensitivity (83.3%) and specificity (94.4%) in distin-
guishing between TD and LI groups. Conclusion: Children with LI exhibited deficits in ver-
bal tasks (SR, CLPT) rather than visuospatial task (Matrix) relatively. However, visuospatial

ability was not correlated any standardized language test scores in LI group although their
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performance was not behind. Nevertheless, a combination of various working memory

tasks can be a useful tool in discrimination of children with LI from their TD peers.
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Table 1. Participants’ characteristics

LI{N=18) NL(N=18) F
Age (mo) 70.94 (3.96) 68.39(4.89) 2.968
Nonverbal 10° 103.11(13.65) 109.83(9.72) 2.899
REVT-R® 48.39(7.76) 68.28(10.44) 42.09**
REVT-E° 55.94 (11.09) 74.06(9.78) 27.01**

Values are presented as mean (SD).

LI=children with language impairment; NL=children with normal language.
*Korean Kaufman Assessment Battery for Children (Moon & Byun, 2003).
*Receptive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee, 2010).
**p<.001.
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2 A= 2HA71919] 5k G 5 skl Al AR =
(visuospatial sketch-pad)?] -7 &4 4= Q1= THA|(Gather-
cole & Pickering, 2000) 2, & 0| 4|+= Gathercole} Pickering
(2000)2] B EZ]A A S 4= HkeE Kim} Yim (2012)2] 4]
2 A8l

T 3 S0l 3 3, % 72 ol ol A7 A
HE2)20] ol ufel he Ajnkae] 3 el st
500 ms 0.2 Q40 2 Putolieg Eo] olrk, o]
A sho] UreRUAL, Z1 v Z57E ShHol| thA] 9711] Bl H A
W E2| A7} AAE QAT ol of5-& TR i ES A SA =
7|ofsto] &7keke 2 Wl mjERAS 7he)7 )= Wl (forward) o} HE
iz 7]efsto] ¥l mj ER|AE 717 )= R (backward) o]l whef 2t
A okRie) T 9] ol o= 4ThA| = S14d = o] Qlat, =24
O 2 ZRAA| Ei= 7o ol 10] A= 27k, ol &= 20]| 4] 371,
o= 30014 47k o= 4ofjAf 57kO = ZF eAME = 1714 St
Sl 2 A= oA 53R 18719] AAF RO 2 AR o] 9l
o, 7} o] = AL ok = ol 13} 2= 443, ol 33
1 5ERoE F18700) Bgo.2 A

24 4eee] A b7 ek 285 wolA BRI} ol
o el kol A4 0.2 ANjsliEk A o gl 1
E| Shof] 284 Fo] UeltizE Aehd ZlofH, o] A& 719
SRl It <=3 (forward) HA| 38 Alofli= oF5-o] & A} A
=, S3Y(backward) 24| =8 Alofl= oF-5-0] & A} With =/

2 Salo S Ashaich I AXEHE AT 24
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Y= E 7| 7]ofao} 51 S Ao wet ool Ao}
ke 27T 22kl g A S QIxjstol WES g 4 olE
= F 23] dusialth ol &
200 722 55
shock

] AL of o] Ahe T
o Aeehole), FARHE okEo] ke 3 490k onke 3

l.

729 B% FUSP W3 -olck

ol
J_iz

gﬂ

i_%

=

1<) r
c

& o)
x2,

filo

=)

e

S

oSt

ftlo

i1kad

>,

IN=2 sl Ul pn

& Aol A ARG T 9] A= B AR 14, 28k 04
° 2 AAtERlon, BE BAIA FAL2- SPSS ver. 19 (SPSS Inc.,
Chicago, IL, USAYE AF§3191ch. wlEto] thepubsps], 24 nhe}
wropr], 24 ol Ae] ), HE2 5 clobe o) 9 A3
2ol ] 42 kS B Qlofio] W e kol
Apol7} EA A L2 F-OIFHA] A E 7] f]ste] thARHEA(MAN-
OVAE AH8313ich Tk, Qlofitolol s W o vl gk
Zyzol A E28F Ao gA B 2 2441719 IS0 A E &
o} 7] 9J3f Pearson®] A& 4344 (Pearson product monument
correlation) & AFE51Y 0, ThOFSH o] W Al HA A7) o=
o] z9}o] E73} AAoj ALl 23t dlofgof 9l Unltol50 = 9]
A0k Znjo} vkt sgohen) SRIsp ] Sie BRIl B

HX(simultaneous estimation-discriminant analysis) 2 A5}

c

2
0O,

I

FUEH ZHRIO R OjOLS, 2sHOLS) OFS | T0f 2 AIBZHR

H
ofgoflobs et 9 Yol Feho] Hgko] wapdsl], &
 arebdslz), A4 2ol A2 w4, 1ejar e A 243 4
&teof| T3t A3} += Table 29} 2t

H|gho] wapd517|(NWR) pA| 9] Thofa=2 Z4=0]| A dxto}
52 13.288(SD=3.59), AojAofjol5-2 12.898(SD =3.32) & |t
dem, FEeE ol dRtobs2 69.287(SD =9.23), ¢1of
“ofolE-2 68.677(SD = 6.52)= QLT o] of 2 AW} -5A 4]
O & FOfRIA] eIt A}, FAA O = {3 ek 7k 2ol=
O(Fu3=.738, p>.05) X 54 (F,39 =.820, p>.05) G35 HLFO]| A
UFERLER] hetth

=& WP s |(SR) IAA = £ el

2

o}
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0] 29.337(SD = 4.39), ¢10J%}ofjo}5-0] 22.6774(SD =8.17), o184
= Aol Al dutolEol] 148.227(SD =8.61), ¢lof7doffo}5-o]
135.287(SD =17.43) QI ]9} -2 Ayt FA 4 2 = -9
SEA] 2RRIgE AN}, £ (Fos0 =9.302, p<.01) B O] (Fus9=7.981,
p<.01) <= Ho| A F-oJ7t ek 2k 2ol 7k Lehyith &, ¢1oj gt
ool e Ea) Yxtols k] vls) BAH o2 felsi

H Zs5} A31L
SRS Holrh

787 o] A2 IAN(CLPT) IpA| o A= A ghe 2710l A ik
o}5-0] 36.7274(SD = 6.34), 210j%ofjo}5-0] 32.508(SD = 6.50),
wolslAf 2704 utolgo] 11674(SD=7.31), AoPgolots
0] 5.83%(SD =4.61) HIQITt. o|e} L2 Ay} SAA .2 72
312] Eholsk Al A Tttt Z 7o) A= Adlo} 2l ojoj A oo} =

FrolRt =342 Apo]7F LFERLA] 9 REE L (Fo 50 = 3.891, p>.05),
holalid 240l A= e R oJgt Ato |7 B TH(Fi s = 8.209,
p<.01). Z ol3lA A] elofoflols Keke wef alylolgo] v

Table 2. Between-group comparisons for working memory performances

LI(N=18) NL(N=18) F
NWR_word score 12.89(3.32) 13.28(3.59) 738
NWR_syllable score 68.67 (6.52) 69.28(9.23) 820
SR_sentence score 22.67 (8.17) 29.33(4.39) 9.302*
SR_word score 135.28(17.43) 14822 (8.61) 7.981%
CLPT_judgment 3250 (6.50) 36.72 (6.34) 3.891
CLPT_word recall 5.83(4.61) 11.67(7.31) 8.209*
Matrix_f 7.28(2.22) 7.83(4.13) 1.131
Matrix_b 10.00(3.69) 8.72(3.51) 252

Values are presented as mean (SD).

NL=children with normal language; LI =children with language impairment; NWR =
nonword repetition, SR=sentence repetition; CLPT=Competing Language Process-
ing Task; Matrix_f=matrix forward; Matrix_b=matrix backward.

*p<.01.

Table 3. The correlation coefficients among tasks in children with normal language

oron, 65 ZA0lA OMPo}Eo] 8. 72X4(SD—
3.51), ¢looflolg-o] 10.005(SD =3.69) RIQITh 0|9} 22 2
Wt FAASR -o5kA] 213t AT}, =Y (Fusy=1.131, p>.05)
0 Y (Fuan =252, p>05) 22 BEAN AL 2 G5t
§ 7530 Zjol7h Liehi) gkgkeh. ool et A2 Table 20]

REVT-E) Zite} 2ti7]9 5HImbe 43 7+ Az
ubol5 WetollA] 4GOI FHREVTR)Z} §-olat Aol e

Hol= 712 o] 21¢17]% 1A| Fof|A+= CLPT_judgment (r=.531,
P<.05), NWR_word (r=.567, p<.05), A]57F4 Z}¢17] _L]'X’”
oA} Matrix_b (r=.474, p<.05), Matrix_f (r=.735, p<.01)%.
™, A H(REVT-E) 2 -2 A & Hol= A2 Alett
2] 2191719 T}A|9] Matrix_f (r=.554, p<.05) %Atk o]of| o gt A}
= Table 33} Zith
hedlodoff ok "‘EFOW = T8O Y(REVT-R) I} -2J 3t

ARTAZ Bol= I} 915100, EHOIIHREVT-E) T} 2l
ATIAE Bol+= 212 CLPT_judgment (r=.645, p<.01), NWR_

syllable (r=.540, p <.05)0]3Jt}. o]of| T $F Z3}+= Table 49} k.

=<
The
5 QTS 913 A8 o] W AR A1) B 319)
$99) 2O Qlofol W e UlobE Wk A2k H 9

REVT-R REVT-E CLPT_judgment  CLPT_recall NWR_word ~ NWR_syllable  SR_sentence SR_word Matrix_b
REVT-E 431
CLPT_judgment 531* 263
CLPT _recall 385 405 B73**
NWR_word 567* 364 404 .508*
NWR_syllable 418 374 257 3% 939**
SR_sentence 233 032 612%* 368 664** .608**
SR_word 321 124 B31** 574* Ba4** 540* 848**
Matrix_b 474% 441 A88* 803** 59g** 509* AN 533*
Matrix_f 135 554* 364 .508* 443 328 .065 181 .758**

REVT =Receptive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee, 2010); CLPT=Competing Language Processing Task; NWR=nonword repetition; SR=sentence

repetition; Matrix_b=matrix backward; Matrix_f=matrix forward.
*p<.05, **p<.01.
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Table 4. The correlation coefficients among tasks in children with language impairment

REVT-R REVT-E CLPT_judgment ~ CLPT_recall NWR_word ~ NWR_syllable  SR_sentence SR_word Matrix_b
REVT-E 323
CLPT_judgment 299 645%*
CLPT_recall 300 31 B659**
NWR_word 237 351 362 314
NWR_syllable 259 540* 397 457 783**
SR_Sentence 292 416 466 696 B75%* J79%*
SR_Word 175 407 439 664** 633** .755*% 961%*
Matrix_b 293 -037 -.020 429 120 100 279 225
Matrix_f 144 -349 -169 022 -203 -286 -053 -.058 531*

REVT =Receptive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee, 2010); CLPT = Competing Language Processing Task; NWR=nonword repetition; SR=sentence

repetition; Matrix_b=matrix backward; Matrix_f=matrix forward.
*p<.05, **p<.01.

Table 5. Classification table from discriminant analysis

Specificity Sensitivity Total
(%) (%) (%)

NWR_word (.048) 94.4 83.3 889 <01
NWR_syllable (.033)
SR_sentence (.439)
SR_word (.406)
CLPT_judgment (.284)
CLPT_recall (.412)
Matrix_f (.072)
Matrix_b (-.153)

NWR_word (.062) 889 83.3 86.1  <.01
SR_sentence (.561)
CLPT_recall (.527)
Matrix_b (-.195)

Madel Discriminant loading p-value

1 26.539

2 20.041

o Al Aol 7] Sfaf SN A o] #HEE A simultane-
ous estimation-discriminate analysis)-= A A5} CE 71 Ayl M=
TS S QJelE 2 1014 AlolES YnlobEo R Tlsle
E0] &= (specificity) &= 94.4%, 1ojA ofjols2- QlofjAtofjolso 2
THHS = WIHE (sensitivity)+= 83.3% 2 9 AT 7o)X 55 88.9%
7Sk A HRE 4 gl A0 2 Lrebgthe =26.539, p<.00)
0]+= Plante®} Vance (1994)2] ALl 4] RIZ =2} Eo| %7} 80%-

89% Aol fl, Bl TH(fair) T, 90% o1 2w F-2(good) T’
2 oAt Qlrjal HYpo B & ofof LA sk ‘b Sh(fair) T’
2391 Ao =2 gt 4= Q.

HE 20| M= 2 19] ZF IBA|(NWR, SR, CLPT, Matrix) %=0]|
A o) BRAS SI5t0] RTEH: HHE H L3R, A
Ao} 2 A0] whak At 2 0 7 Lza o] s ARz WLt
sel gEaa e Ak el dogtol 22 A
E= 2708 Aske AskiTh S NWREHA oA ‘: thof
(word), SREMA|f| A= (=785 4> (sentence), CLPTZA| ol A=

H
&N J

T
o
>

jai)
4 J
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cHo 344 (recall), MatrixZFA| o A& <32 (backward)S
olgalei). 71 Al eldlolE-S elulolEo & sl Eolr
88.9%, ¢1ojgollobs& QlofAoflobgo & Thste J?:
83.3% = A It Alo|A F F 86.1%7 02 A BRE 5=

© 2 UEREOm (3¢ =20.041, p<.01), L1E = A RE
13 2 AA| Plante®} Vance (1994)2] 7| 20| wh2chd, ‘Ef
W8 2 2 o)t} o]of thah A4 AQ] ATb= Table 59} 74t

ig
rr

l~>
[H= TR ) r[r

o3

oﬂ
ot

& Aol A w5649 Aofolobs W el UntolgE2] 2
A719 58& SAsP| Aol 7ol H AR A7)0 e 2 v
I oj2et IAlE SOl 7 A 2 s 783 Y
=t g sk piRre] EAsheAl, dofdoobs 3 Ee YntolE
Ak ZpztollA] 38} oj AR oI FRBAIE Hol= 2]
719] 24 391838 TR, 1] ar Aojgol whE-e s &
83t o] Y AIFIHA 2719 SRl e] 23ho] E23) dold
Atell 2Ja] 278 ool % dutobs ek 572 Aot duf
L 73 QleA] 17k e )l At kol

1
A, :rL°1 ﬂ%’m‘—”ﬂ A 5w mra}‘gﬁm(NWR)oﬂ/ﬂ%
2 hovt, 24 uretast
7](SR)°ﬂ A= A 2 &7 frefskaink 01% 4 uEtEep|
TA|7} v|cho] whebes7] hAof Blsf -2 TEE S A A1
S 0]Z319El 9] Aol Ax]Ek= Ato]tk(Conti-Rams-
den et al., 2001; Oh & Yim, 2013). 0] o{o]#}ofjo}z-9o] aHAZ 0]
ool Qo 1% 4o o e 7€ 75
HE Figh el &
] o} metdsz]'of H
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, 2250} & Slofs 2|4 9l o]l e B A BA
webzay] TRl I 2E ARHS B folskA ek 4= 9)

=7e = "ol

TR, ofu]AQl A et Bl dhof 3t H3HA 0 = 9eh= A
Ay ¢1of Zje] IA|(CLPT) 2] 73~ A L3 thol A= ek 7k o] 7}
FOISHA] SEgkoL) Thojal ol A= frofet Aol & Bt of2gh
Aib= Aojgoflobsso] el dutolgol Hlsh B4 Adof A=
A egofl A mrolsl AE] Alofl= FEo] et w7
At ghoj(FETo) S2 3l dlofl= frofet ofgtee E
T2 Hagd A A5 Aakel YA|RITHEllis Weismer et
al., 1999; Ellis Weismer & Thordardottir, 2002). £3| ¢1oj&}ofjo}
e o 7K ARk 8she IAoflk= Ee ofsof Hls]
= ofejo] LhehLbA] g8 % IAIE, A1, 512 e 2l
A) e vl oFESe] uls) At 2 Eo = AskE 4 ot
(Montgomery, 2000). =, E4Fo]3]] #2|e} g Tojgjito] ds
A e AR R R‘TLE]EE, A s El= 2olsl A2
Tz sl Tolalds #I3t obs9 JIAA Rt 7hER
Z A7 87 B A2 7l AslrEuehd 4 Q= Ao eHEL-
lis Weismer & Thordardottir, 2002; Montgomery, 2000).

AE7H 244719 58 SAgstalAt S vl B2 (Matrix) ¥}

Ao A= £=3Y(forward) 2 A8y (backward) 241 25+ F At 7+
0131 Aol} Ltk Gtk 1 ¢110] Ak e clojgeol
S50 Aerle] ATH vlelo|Ael AT AT AT 2]
7)o} BhAlo] HER Ao M Lhehb) gokan, 24 webakabrlel
7 Aol A2 IpA|F 2 FFof(del) 2HA719] Aol A fst
Al bt S Al 2719 A ol Al 2 19 Qo
Aol 52 43582 HESI Q) om, Aojx Al F7HA oo
Qo= Eef vl obgEofl vls] F=21% ofSterol LrehA]
= Aoz BAFL: ol2fet 542 ¢lo] B Hdlo] BiRoflA A
HEz]o] 22 haoﬂ ]?}'_]'% Rolrkat g3 Ullman} Pierpont
(2005)9] 7141} = llman} Pierpont (2005)+
oyl 5 Bl ol AT ot siofiel 4] 2
1 914 e sz olelet ] selolc ol Akl )
T 7= o}5e] ofehg-& MEkIA Stk ofo] 4 A
HFA %|2] A|2H(general processing deficits) = A2 A 71
(procedural deficit hypothesis)o]] 2™, £3] A3} ofjot552
oo} TSl 9557|020 Gl A0 2 1 THECHBis-
hop, 2002; Hill 2001; Ullman & Pierpont, 2005). ZL2{L; & 10|
A WA T S-S olobiz] $J8) ABHERE 2 A5
02, 54 Aol HRemyt ohek WS4 w3 27

r
i)
flr

r_ oY
o
_\1
c
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Jolobs -2 $1ak 7o) L AIBLA 2e7)le) B8 B - st ol

Qlsksiet 71 ﬁ# Urtolg Hhol A= >-8-019]H(REVT-R)
T2 A71 A1 ‘CLPT judgment’, ‘NWR _word’, A|F7H4]
2719 IAIQ ‘Matrix_b’, ‘Matrix_{7} -f-oJet AHS B O
], OIS HREVT-R) T Al Z7H 2H¢1719] 2ol ‘Matrix_f
b RrOlT S M 2, Lo} et of e To] 9 A
b Meir)e] mE BARO.E fele ATe M ol o]
o] cio})2 913} o] 0 AEIH 2Hlr1e) 1) w5
= gojp) Ay »raw% ﬁﬂ wlc} ), A1
7Jel(Matrix )& 4 §|FIEREVTR) % FEHOIFIEREVT:
0
Vg RS Bt ol 2 o4 wjelo}
b A3 AP Matrix DIHE ThFE o]
CLPT)S} 17142 ol 47
AHEHAE UEd 4 %—‘%-,% RoJ2} Yim, Kim 8|1 Yang
(2015)°] wh=w, AlE7HA] 2F47 | (Matrix) A= 244 HES
Ao A EH O Z iﬁ‘r@ = ol 2471 pAof mlsf A
A= Ao 2448 qlojz #25kE 4= gle v s At e
B 5ok adte |2 Holtk & /\]ﬂ = HIQlo1A] A
At Bl M| S ffal Fel 2 A1 F9Yel
28 7Hssithd, ae2Ql Ao 9 oA E fIsl 382e o
2 5 4= Q= Ao]tH(Gillam et al., 1998; Kamhi et al., 1984).
oH, lofofjols et Al 4801 3=(REVT-R) ¥} 2|7t
SHHAE Hol= AL UehA] ¢hglom, 301 9]2(REVT-E)
¥ %945?_}%1%% |5 Hol= 24 -] 2k4719 IA “Zd A %10
—{_J_r (CLPT_judgment), ‘v|cto] wje2pitsr]-2-4
(NWR_ syllable 710 2 UEPT o]AY F80]3]E(REVT-E)
3} 7] 2217l JM]EO] 700k A ehon, A7
2494719} T o 52] Qloja} Mo efat Aol el
2] o} ) Aibo}5 T} Aol Hgich ol AF 1l
71ef 3p12] ol A Qlolol @ Atol ek 2 o7} B
Ao % gola7] oo} dlogololE5olA ATk 2Pl 5
o] AjH o g FEsHs Ao R Lehdd BAREA 0] Aot
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