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< Abstract >

Purpose Statigicd learning is known as the underlying mechanism that enables humans to acquire language implicitly.
Children with primary language impairment (PLI) show low performance in both language and non-language aress
compared to children with normal language (NL) because of the lack of datisticd learning abilities. The purpose of this
study was to compare satistical learning abilities between children with normal language (NL) and children with children
with PLI. Method: A tota of fifty seven children aged between 4 and 6 completed visual and auditory nonlinguigtic
statistica learning tasks. Group performances were compared via oneway ANOVA. Pearson’'s correlation coefficient was
used to identify the relation among variables, and stepwise multiple regresson was used to find possble factors that
predict each group's receptive vocabulary. Results Children with PLI performed significantly lower in both visud and
auditory dtetistical learning tasks. In the NL group, expressive vocabulary sgnificantly correlated with receptive vocabulary
and visud datistical learning, respectively. No other corrdaion was significant. In the PLI group, there was strong
correlation between performance 1Q and auditory Statistical learning, and another strong correlation was found between age
and receptive vocabulary skills. Overdl, age was the best predictor of receptive vocabulary skills in both NL and PLI
groups. Conclusion: The results of this study indicated that difficulties that children with PLI encounter are not limited to
the linguistic domain. They exhibited deficits even in the nonlinguistic domain such as datistica learning. Therefore

gatistical learning abilities may be impaired in children with PLI.
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oA AAsIE e doAFE DS As/HAH
(declarative/procedural modele]tHUllman, 2001). A</ =}
A BdoAEs dojo] &5 Qo] 7#AEE He doiF
29 BHA sH2 AR 7)ol ddshaFiser &
Aslin, 2002), o139} #Zo] 54 A& QA FAT ofn|
BEsHA ®dslor she dold 84 AeF 719
&3ty At JtiUlman & Pierpont, 2005).

&2 7]9(declarative memory)2 2]u] & X]2](semantic

)
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knowledge) ¥ A AF2] A 2|(episodic memory)S F*/335kaL
= 71900,  AA[PAIH 7Ved 7)ot
(Mishkin et al., 1984; Schacter & Tulving, 1994; Squire &
Knowlton, 2000; Ullman, 2005). AM<&# 7198 ¢o#/374
2 o|u| @A (arbitrary relations)E SE3+E= o] 03 o
-2 3lM(Eichenbaum & Cohen, 2001), 8H53F AR E B
A 34 & & AUA S2(Ulman, 2005) M2 ARE =
st dlo] Fa3 9%& FriHodges &
Patterson, 1997; Jurafsky & Martin, 2000). W&tAx AoHFE

Al:2]

ST =] -
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off oA Aer 7192 o3ekE Hyo] Ak

dbE, A212 7]19(procedural memory)S A&z 7=
tzEn, JAE 73 A a7Es A ZA ol gk 719
< Witk &, ouwg AAY Har P FEHE vEH o &)
Al HA 1 A dEHFAH R AFsrt He o
A& 7FsstA she Zlo] AAE 7]Holth. dAd 7192 A
Zg5(Knowlton et al.,, 1996; Poldrack et al., 19992 7153}
Al 3 ARAAE BAY 245 e 59 HIdold €9
I Aojo] B AL FoXH o R F5E3IA AFHOE A
|3= A Toll Itk E=gk maole] EHESS 454
S = o]RojAH, HF5H dHe BHAYL AFHOE A
7] ufEel ol2d dAE 719 dEFH SEIAE BHol
ZtHAldridge & Berridge, 1998; Graybiel, 1995; Jenkins et
al., 1994; Saint-Cyr et al., 1988; Willingham, 1998).

il

Ux}A Ao Aboll(primary language impairment: PLDE <1
of Ade] 7127 o] WHAA = A5 712AA A
JES AT ZN ATEH, 7|E] whedolidels] A
o xggltHlaw et al, 2002; Plante, 1998). PLIS] 739
A 719s "gidske HTgzel ool vt RIEHY
om(Ullman & Pierpont, 2005 "Ax}r1oex  7hA
(procedural deficit hypothesis: PDH)oll ¢]&}H PLI ©}&-©]
o35 B3t A& 719e E4FA FRE T e
A J1AAA RS Fd e &S Je F Utk

7548 #7138t Ulman, 2005). 1A%, o13)/<3 719
< TSk Ho Fx9 Aakd Z9AAE 745 He
T2 ke mFFo] EAISHr] wfEel o13‘7401%(lexical
retrieval) A9} o] Ax}Z 7190 o]&E3le] ofF|e] &=

FEIL A&k 3 FA M= PL o5 F3 o] »é
48 Hxz 71040& 3l dPH A obzrRT: AT

2] °] —hzﬂo}btﬂ 01“ gt
5 = =9 glo] MEE ARE
&E3tE 58S Z3tHReber, 1967). E3] o] 5o 9
o ¢ S ] Sh5 Adte] ok BEo] 55 Al
g - AE FE3= 5YGaffran et al,
1996), 3= /Mda MEL o135 Adst= TY(Estes
Eoole] & 72 ¢
$ 4 vo}dtE H@(Chambers et al., 2003; Ullman, 2004)
5ol dEHoE s5d°A dEA Utk

EA12 s (Statistical learning, Saffran et al., 1996)-& <+

¥l Z

B4 59 Holeshe UEA deTieleln greA
2 ANEE A ] FHAE Fohol sete 5

=1
o
<
juc]

A EAA Shee WA 7195 #edo] B, A B

oft

Mol B33 Afols AL F Y& AERE 0§ 27
of Wdsli= 53O Z(Teinonen et al, 2009) & o}&2]
do] HF5o FFE vAe oIFd Ao 7 A
(language-based processes)ell 583+ IS FoHArciuli &
Torkildsen, 2012; Gomez & Gerken, 2000).

olglgt BAA sHE2 ot ot A4, A
FolAl AHE doid 9 udoid A= 1] Ho] g
(transitional probability)& }e}ste] mzA] sk 4= )
= SItHAslin et al., 1998; Fiser & Aslin, 2002; Kirkham et
al., 2002; Perruchet & Pacton, 2006; Saffran et al., 1997).
ol FEolF sl 74 847 tE 74 849 IA
st A BAY FES Yu|st=tl, frobe o] HolgE

bt g

S A HEA 3 wagoA dolE BAztow
A mIolo] i FXE A o dEAd g

(Mattys & Jusczyk, 2001). w2tA] BAIA 5oz LAl
502 RE o9} TojE EH-3l= FH(Saffran et al,

1996), A2 o312 HE3 Hﬂ(Yu 2008), Yo HRE
A2 s SH(Misyak et al, 2010)S & 5 ok
BAA g5 IAE dF A *‘Ué. GAR FHE

glom(Saffran et al., 1999), AAX=& AHES SAZ 3
o] A9 54 7t HMo] FES A5t o] FEol &
X}—‘JJr Fo A= Abolo] S FEIIAEAE Bk
. BAlE dE DAdA SEHOE ATl =EAZ H
d AN A =E2HAA A5 AHEE S F O
=% AFo] FAMAE Mdsts WHioE AAdn
(Aslin et al, 1998, Saffran et al, 1996; Saffran et al,
1997). ol2fg A& o] &3 ATE T3 o
B4R Tg5E T A7 FAEE ZE F Ue AR
e THSaffran et al., 1996).

ES AR g HAdAH] AFE AHESt] AT

gk & d2 4dS tido R Titone) o2 o] Foixl
Ao AAA=E AHESte BARA sES AR AT A
FF(chance level, 50%) o|’3e] F4& BIP O
H[A A1 AZH AR E A=o] 3&
getstE o] 7hsstthe e & 4 UStHFiser & Aslin,
2002; Saffran et al., 1999).

I8 A APATE T3 Aol ol &4
FAA TE At S o] 83 AA A e 53
= Zo=Z e FHEvans et al., 2009; Lum et al., 2010;
Lum et al., 2014; Plante et al., 2002; Risseler et al., 2006;
Tomblin et al., 2007; Vicari et al., 2005). o} t/do=
HA ARl A7 A=E& AHEste] FAAE 55
3 A3 AFA LG obs 5 HA FIPEL FEse T

o
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* 4Z(chance level,
‘G}HI Yelg A3z v oyl e sho)
2= 9JSItHEvans et al., 2009).
%, PLI o}552 ?1_0124 o] 2}l olug} v Ao Hol 7}
P

1ok
oy
2

& A3 BAF | = e} vlnste] e 45
S Hoj AukAQl HJY(domain general)ollA IHEZF s &
ol Agto] e AR Yeyith =S BAA d55E
I} Aoled o] AAE Hal7] s TAA s 29
A, AWEQl Aogrt FA(clinical  evaluation  of

language fundamentals: CELF), 7]#&(memory)3#| 2
ARgSEATE 1 A, vdo ARl E7417H s B 2
2 B33 dolsE S d3dFe AoE Ueyiow A=
o] FAAEE gotste] F5she T8 Aol € HldoiF<l
gol AFE A ko m(domain-general) ©]23 HH} <
o 2, & TS F53t1 AMgste 58 e dHE
#Aeo] ¢lLo] RuEUrKYim & Windsor, 2010).

o];‘qa Ao =7 57;]]24 f‘s]-é_y,]_g AA S APRH=
88 A<4xo] oK Estes et al., 2007, Evans et al,
2009; Yu & Smith, 2007) vl o® FAA st T Ao
FEFY BAE AHE AT ok I g7t AgH otk
olof w} E ATt vlAAAR] A= AHE Al YERG
= PLI o}5e] ZAzto] ARAE A2l BAZ IFoA=
Ueh =R A4, A48 =8 AHEste] dotraizt g
ot RESF PLI o}5¢] ZAdto] A& 7MY FAUE
HAH 7199 AgolA 7T THd o]59 ¢EHoE A
Ho| f2& F53e TY2 A¥H wF TALH vt

o] folsA Ee Aolth oo wel B AP 1) A 3t
(PLI o}5 vs. A@ 2 W obF) A <5 592 vlwsh

o
h =
2 7t 3w 8 FAA Sk B o] 5 o]

[I. Q151 "jeH
1. 95 CHA

= Tk 44)~64) £
el ot 188 ol ALAHES XA

5 o8 P
3 oY HAHReceptive
Expressive Vocabulary Test: REVT, Kim et al., 2009 =
gk & e X9 o3Y FFAUAF 25D HR 2) k=

Tk ol58 As7HdAHKorean Kaufman Assessment Battery

UXKY SHOIFON(PLIOITS BHE UB5E 63

for Child: K-ABC, Moon & Byun, 2003)8] 524 A% A
7} 854 o), 3) & miE wAbel o3 AlA 2 FAFH<
A itk Bag obsg tdo® stk ZF e
AgAH, 4 2 283 H, 544 AT A5 H

1. tiaxt BY 71=SA
Table 1. Participants’ characteristics

PLI (n=18) NL (n=39) E
Age

(months) 68 ( 7.7) 68 ( 7.6) 007
Pe”?ba' BC jo4 (138 110 (149) 2301
Receptlve o
vocabulary” 47 (94 66 (11.9) 33.870
Expressive .
vocabulary” 54 (124) 73 (119) 31740

The value is mean (SD).

 Korean Kaufman Assessment Battery for Child (K-ABC, Moon
& Byun, 2003); ° Receptive & Expressive vocabulary:
Receptive and Expressive Vocabulary Test (REVT, Kim et al.,
2009).
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2 loj MES9} ME zte| o] &2 0.5tk A
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8 1. A2 XIF ME
Figure 1. Visual stimuli triplets

A7 dESFAAE AA4E GESG AAd LS
AR AN, ZZF A= Al AL AFE AR A
oty A7t AF3 vpIA R, A7 AF o2 AL E 97)
o] BeFS Al A Uro] F Al Ao AER FAZTH o
ghA shte] ME Ul o] & 1o =3 3te]
Aol F&L 050tk 7+ A= wF AL 1xoH g
2=o] JERG wj71A] 0.25%2 X7} It} FA= skt
Aot AAGAZ dth SEaAlel A A AFE
YE] YJeEhEs A4l A=S 45 30% Sk SAJgth
o] % HArA A Tl Al Al St Al A AABE A=
23 Aoz AXsE A5 23S Tl AlAEkAL o
AARE o] § &d AR ANEHE AL AT 23S 3
1=

l

33 2. AlZE X1=2] of|lAl
Figure 2. Visual stimuli presentation
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o2 Fojglon Auke 14, euks 0¥oz AHelste] A
F (%)= ALFstATh

4. XI2 X2

dabg Aol ols AFA W obsol FAA G
Yo ztel7b A=A wimsty] ffE] denfA] BAREA
(one-way ANOVA)E AAlsRith = aelA 24 Wl
SAA 5 59 1o HJABAE ARr] $al Pearson’d
AR oH, b Feke] FAA Sk 9] 7 3
Dbl 03] SFS ST F A=A Lohry] {3 T3
B-2(stepwise multiple regression analysis)S AAI&FATE B
AT BE EAF B4 SPSS statistics 19.0& AR89t

¢

. 471 Zn}

S dict ol Zlchl} PLIOKE ZElTkel =X

APz ad oty gyl PLI obs e A4
sYoll Aozt A Lotry] flaiA LA &
(one-way ANOVA)& AAEtATh 1 A3 PLI obs 3
A7 A=5E o] & BAA 5 AL AFE ol&
AlF StgollM HF A A obs kol Hlsl fofatA g
2 FYL BAUHA, 5575.994, K05 A 47)=14.324, X.0D).
A= 3E 290 AABHATH

r
o &
1 oy

o

e
S of

B2 T 7 SAA s A4 HluEY

Table 2. Comparison of statistical learning by group

PLI (n=18) NL (n=39) F
ASL 50.7 ( 7.3) 56.0 (7.6) 5.994"
VSL 482 (11.2) 58.2 (7.4) 14.324"

The value is mean (SD).
ASL=auditory statistical learning; VSL=visual statistical learning.
"X.05, " K.01

A
™
Jal
T
ur
o
ol
bal
n
10
u
N
IE]
Q'E
i)
olr
v}
X
1>
ot
.E

Y% 54

a8 25 - ﬁoiw B
el o] Vehdti(E

Pﬁ
&
>
of mo & N o l:kl

A sy TEe EPAF(=4L K05 vﬂ%& 7
g HTh A7 SAA a5 78 olFjetE
Hou frefshAs RATHp=067). A2t SAA S
He OE MAT Folt FHE HolA] eFheHp.0).



3 MYH UIECS| 8 o4, ®d o2, SAH
shg 7o H3E

Table 3. Correlations among receptive vocabulary,
expressive vocabulary, and statistical learning in NL
group (/7=39)

Expressive

Receptive

vocabulary vocabulary ASL VL
Receptive
vocabulary
Expressive 68"
vocabulary )
ASL -.05 .00
VSL 29 A1 .06

ASL=auditory statistical learning; VSL=visual statistical learning.
.05, K01

2) PLI Ok FEio| AN 815 521t 28 U
3| 210 AR

PLI ob5 wte] BAA 8% 5% 54 @ HH|3
o] WA AT W T fIF FWo] UrhbA sk
tp>.05). Arke = dol) AN

el
o

o

B 4. PLI HEe| 8 o3H,
1o A

Table 4. Correlations among receptive vocabulary,
expressive vocabulary and statistical learning in PLI
group (n=18)
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Receptive Expressive
vocabulary vocabulary AL VR
Receptive
vocabulary
Expressive 45
vocabulary )
ASL A1 -.18
VSL .30 31 -.18

ASL=auditory statistical learning; VSL=visual statistical learning.

7 A% ¥ FEolNFS ST WeE Avnr)
A FEHAL FgolFeon sa waolF, B2 £

EYus

=, = == |, o ) ‘%
Z 3 A A SUIAEEES AAEAY SHEEL Os
FAAAGS <213t A3}, variance inflation factor(VIF)E
2 Mo 2 gFFAge] JteAde e v JoeE A
g & JSdTh
IAEAN Ay, dFF FL ol JE +8& oIYE &
71 & dEslae 890 €8(4=720022 YeR} €5

QKPS HOIFOH(PL)OIZD] THE S5 65

o] fgolfEe 527% dZAFE AeE JERTHA,
9=30.081, X.001, R%=527). PLI o}5 Jo% nzrix 2 ¥
A(p=5210] 8 T 2L 27.8% A= Ao ekt
AL 15°5.778, X.05, R%=.278).

FTEHUAS THARNHY O 313 Az 5AF &<, A
BAA g, 99, 544 AsEs ST dAH T3
ARA S AAATE S5 T as3Aa8 Jds <l
3+ A3}, variance inflation factor (VIF)&= 2 nj9to g o3
3AEe] THeAL wlg e o E #aid + ATk

IAEN A, APH I ok JEY A5 AG FA
285 p=416), TR S(£=365)°] FolstHon, At

A ShEe BHANHL 19% o) ZaNFIA, 26.342,
K05, R=190), 524 A%e& 32.3% AZdF= Aew U
EPFTH AL, 29=6.207, 1X.05, R%=.323). 121} PLI o}& Mtk
o) 79 Au(p=5400] EHANHL 20.9% HPL F 9
= Ao HTHA, 15=6.408, X.05, R%=.299).

E AFA = 7 464 Ao]g] obs& o R H|do
AR BAA S TYE vk Eg F8oF
wet AFA wg Jdy PL Joow BRste 2 o
H AR g Y o3 Y] AABAE ERlst
£ 9 39 ofFg s ST HAS dolrytt. 1 4
3}, PLI o}F ATk dyd a2 Huro A7 2 AH72t 5
AA sgEgo] FofstAl wen AddATet dAsE
AZ =&319cHEvans et al, 2009). o]& &3 doj%d

=

£ F8 2 34 v HidFd FRAE FYA= PLI
ol AT % ‘%W et o vwste] 2=34 2=3ke]
HolgEs dEHo R Bofste] I ¢Al(sequence)s 35
3k BEol %‘—fi 102 SRIFATE Aojd A=E A
3] o= PLI o} o] NEL FRE 253

o o] 01?4% | &= Ao & mFo] Ko} PLI
?_101 Holgt = PHXI % o H(Evans et al,
Foll d&e whA] o=
?J_HP(domam—general)iﬂ TEds ﬁ—?"df‘%} T A =T
£ A7 Ax+= PU ot
2t 719<€2del 711tk PDHE A A gt

FIEA AR, J¥A dg JPY A9 A BAA g
o] B39} Fo3 dHe Byon, PLI ofF ke
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N7 8 BZ EAA sl oln WATE fold AHe

Holx] gkt o]’ Ay AT A sk (Evans
et al, 2009) PLI O}EA 45 751#_%%‘-47]11]9} dojse 3t

*ZH%P Hse WA ot
9, 544 A%, BA4 8% 5
AL dZaTE Welol

g A BHIRE A7

=]
5
2 %
o 544 Aol A A E % 9oM, AFE S8
g 3 5

&5 59

A3 GEA S 1t dAE E}/\l Ei| Q"J/\lﬂ—r—t— A
Fo]tYim & Windsor, 2010). ¥FH, PLI o}& o] E& o]
3He Aol dualE + Ues Ho= ‘/‘rEP)'E} o] PLI
obE3} ol dojzEe] Adto] Ae ofF
tg FlsE Fa3 Hevt H, B dFolxe Aol
E2 ofgo] dEo] B olgrRT BAA d5& o & F
3FS Ju3tHYim & Rudoy, 2013). & Rt oi3=s
dE3lF= wlo] th2A yERd o= PDH(procedural
deficit hypothesis, Ullman, 200)& w2, gz g ofs
o A% 4E4 Er|Aet HAA SFTAVE dERSS
o|Fo] AFHFEE 7HesHl st= ¥, PLI o5 HAH
719 AAle dHoE BHEF S FoE B3 45
A 719 AA= Aol Ao F sSE7IAVE AR B E
o7 ZAt7] wEol o]&9 ofFsks Ale AP A 2
obFE9 o3skE IAe & Ao Btk T
of & Uatd dojidel obse AFH W ofFol B3l o
38 9 Agr|gsEoe] At Ytk A2 oln] AP
TE 53 HuFEAQ o1 HHong & Yim, 2014; Leonard, 2014;
Plante, 1998) o3 &nto g FAA stg 587 Aoy
HAE A3e dols A7 Aok weEbA AFA71(Yim &
Windsor, 2010)2} o] o138 2o AR A7 4, &
Wy BAA g5 119 dAE AES BAA 57
Aol 7 459 WAE AHE Jevt ok

<= "ol FAA

e JZi-H
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FaA M EAZ st Adoje] Aukzol o d(q],
%Y 5% #AE HESID BAR &S a&80R
3 Q= AL FASt, PL o}5o] ¢EA L 3A
7 HAA ey 34 F ol BAA O AHH 5
g & AeA AESEoF & Aotk EF PLI of59] &5
A TF 5Y53E FRHE F FAE Ak SAA 3§
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