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The Relationship Between Nonlinguistic False Belief Tasks, Visual
Processing Capacity, and Language Ability
in Children With Specific Language Impairment
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Purpose : The purpose of the study was to investigate whether children with specific
language impairment(SLI) show deficits when performing nonlinguistic false belief task,
processing task, and whether the relationship of nonlinguistic false belief task,
nonlinguistic information processing task(processing capacity) and language ability
differ in children with and without SLI. Methods: Forty-one children (SLI=13, CA=17,
LA=11) aged between three to six participated in this study. This study used Duplo
blocks to examine theory of mind, and matrix forward (Matrix_F) and backward
(Matrix_B) tasks to examine nonlinguistic processing capacity. Results: First, SLI group
had significantly lower performance in false belief task. The results showed that
children with SLI were poorer in the false belief task compared with chronological
age-matched children as well as with language-ability matched children. Second, there
was a significant positive correlation between false belief task and matrix performance
in each CA and LA group. Third, SLI group’s best predictor of receptive & expressive
language ability was matrix performance, CA group’s best predictor of expressive
language ability was matrix_forward performance but there was none for LA group.
Conclusions: The results show that children with SLI have different aspects in
understanding theory of mind and carrying out the given tasks in theory of mind from
CA and LA children. This characteristic of SLI group suggests that there is a
deficiency in the language ability of children with SLI and that the language system
and visual processing capacity using theory of mind work inefficiently.
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AOX| 2 HA(H28F H4S)
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430 AT U ERIC] HEfE AL oldfchks
glolAl AR thE2 olsisly] s WA Uk BRI
e ZA G AMS Zolof gith o]gA Ul ERIY
2= 254 AT 4 e AEE dYske Zo] Hheol
Z(Theory of Mind)°ltt. whZol22 H#Wz|9] &5 9% &
g2 Yol Premack®} Woodruff(1978)9] oA Aoz
S5t olF whZolE Al fid B2 =%o| USiTh
Ed WSiA(false-belief task) F4lo] UEREOH™ Wimmer
9} Perner(1983)9] Maxi}A|7} o5 A3 OE HojFqlrt

Wimmer®t Perner(1983)= 975 B9 "R3olE g 3
Al ofsE°l NEARl ZAjdo] Utke Ae HoRSith o] AF
£ HEeE E9 U3 IAE ol&st] g ShEo] b of
S50 mheolE WIS NPsIYEh Perner 5(1987) ¢

g ol5EA MaxiZAE @SRl SmartiedAR AEE
et A3k, ohEE] 34| ofs=el SIelAl XSSt E 3
Al olsEolA SmartieZHAE FFL o, Usel & U2
B2 & e DA7F He FsS oA sIARE ofHs] 34

o)A A ST oeE FFo] FERA Yk

(Mitchell & Lacohee, 1991). = A7tollAE= Ghim(1997)7F
MaxiZHlE WHE G5t 2} 44] ofs-Z K130l ¥ A4
of E4o] Slrfa Azttt Aol AgRkSSiiARE 3

Al ok HiFES U330l =i &1 AaolM Z2 Aot

Atk QRESSIGTE  dRt ofsEY whgolEdde] #dt
FTFES ATESE W, A, & BA, 171 2 5
< HYsHA vl £ DSIAIE st ofsEe] whgol
EdES A% 27 34 ofs=oAA dE Aol Sl
Aoz YeldtiAsington & Gopnik, 1991). 413 Lo w2
H, uRZolE9] Wdof Slo] Hr} e oA AFez ot
£ AR #HE olgfd £ e I &9 vholEo] gof
710 Wdsto] 440 Rt HL9] ofso], S5Ale tiEE

9] ofzo] A} 9] mREo|EE &5k ZCoE HuEH
(Ghim, 2004: Wellman et al., 2001; Yi & Ghim, 2000). ©]o]
Hgfl, Hroh A9 $320 ojF}F 9] wigolEe] 6, 7TAIEEH &
o7l ol A&Hom Wdshk: Zo®  YETtHCho,
2005; Perner & Wimmer, 1985; Yi et al., 2007).

ATES TRRE W WAoE uigolgg Juvkg B
ofjel EuSS AwWuy Uk R WS FolE o

SHAU 28 A AT o] U ¥ 5 AUEE Ak W
Hel WHH, 4 ®REZ H|ofF, FARRl Wo®E UEhA
HoHClements et al., 2000). U029 U&HEGo] st A
TF=0] &3] ¥g A7loll #Est] =90 JFE WX 9L
o} Clements®}t Perner(1994)= T2 AFFE9] vlSATE(o] of
3 FojAlHo]x Aojelet & Q= AAEURH HRolE 0]
2t Hootoirt. ®3h Kamiloff-Smith(1986)& oFsE°]
gaAor AtHE IR BAZ WEH, JHHor A4
St Adojdfels TAR WAAZIGA SiGiT: wEbA X]4o]
ojugt FHOoR AMEE7] ofd TA/] o UEHA FHE
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gt Aotk £8 9= WY &4 Agwo dsid=
=Ho] A& Holgth I Hod EdYE IAE olf
Slo] GAXZIC R AEWRSE AT dny, 157199 Foke
T VIR QS WESE EStHOnishi &
Baillargeon, 2005). oJoF7] FRl5o] EAE 22 Zolgt it
o e ReE ZE W o 2 SAlske WS HY
th. ol 9 3ol YEHRE dAFoME 2571E Fopt I
A Agol U= AXNE o AR viEEE w0l YETh
(Southgate et al.,, 2007). Hahn¥ Choi(2008)°l41%= F-of
£ HeE QNS At oty F 3RS 27F dEERS
oA gstittal BTk ol#et MyAF Ao wEpA oF
5 982 oIS o, dotx A A4AE BRI Azt
TFET 5 1, OE ARRE OE80] AR FE = U
&= olffoks AS YERdth ofdl FRole2 dold HEE]
Ot A, WAZeE g o2 olsistal HEE 9
£ dol2 mFsted ofERo] Utk wEi dE §Rgo=
gl o A Wh3olA EHoh § of"d A”oA mRZ 9]
29 550 digt A7 Uekd & 3tk Rubio-Ferndndezot
Geurts(2013) 9iXols €4 W A4 27HAE #Fe
FEE IAE APelatt. 159 IAE 71E IANA Y
o= 249 FARIE WAl 189 FEE7F s3ckL, ofsol
fAols Aol HEE sk tAl AFZ Al 7o) 7HA
7l= Hlgold IAE ARSI O A, 354 A =
ojfer IAE Btk HISIth Call?} Tomasello
9] 9A7H1995) 8|1 Calsondt FREQ AH(2004)4=
ol mhEolEs ok d Tl Aol wiEt
7HE Hisithe 23E HYth v osiske d© HAo
AL QA Reo] o] oy AHAZE QEE o]
FAET ot e FTHZE Aolgte FH(Bloom &
German, 2000; Goldin-Meadow & McNeill, 1999)= YERL

FEES ANREET =2 95 Holn Q=T oA
ot dojF]l wReZ T wiHEo H[dojder whEd
oAl whE SkA golx =] o] o ME ME

£ Mo &

L ooold wee aske J1E nhgolE
Y ARH BAZ nEste] Heleld W asie wh
gol2 2 oke] Suee Sopuut ek

4r

1) EHEQI01E0 OtZ2| OFZ0l2

edopgoll of5e] mhZolE o] It A= 90
Eoje} EZAZFog o]RojHHFarmer, 2000; Miller, 2001;
Shield et al., 1996). o|d o= FE AHZTH okAHA
oIt 22 ARl dIEolEE tigeE 3 d oA
ARG RE Hojol= FEolqlth ERF wedlofgel ofsE
9] whgolEe] et ATES AEEe o, 99 ZEo] ¢
THolR] g2 S & & Utk Teflolof] ofsEol A
HY7] Hd ofssHre G50 dolsEdA] Fdo of
BET o] vt A72THCassidy & Balluramen,
1997; Miller, 2001)7} Sl W, Telofdof ofsE9] AL



o

A o] AgAFS YARE FAolsEd HISIHaL g
HFEo] QtHZiatas et al, 1998). AEAFS

AR ofsEHOE W2 F3E HYoy QdojsEdx Ad
9] ofgEde o] HiSd: AtETE 2 & Sl
(Cassidy & Balluramen, 1997; , as recited in Miller, 2001).
T Teddofdo] ofsEY mRZolE ddo]l AgAHE AN
1 ALY ofsgs & ozt dojsEE YA HHEY ofF
SRt @50tk A7 EHE QltHFarmer, 2000). wERA A
QA7 ZAIE AuEE q, @edoidel ofFE9 Hhgol
8] s 4282 W7l o mgsith ER AR
ARl FHoA= Z7] e WReE SISl A+EAnE
AAA717] ofE AL k. mREolE olsiE: dokE 4= Sl
A WA= tiEE 44 ol A7 st of
oA g2 Iy adgEE tiiipt URE =AY w2
A ARols, Y 719 Aoz vt gl 4= Stk 99
AdEos =2 dadolol ofs=9 AE ofv mhEol
£ §5% = v Y Zo7b vEA] g2 5 3
o & Ao] AHer w2 okefiofdo] ofsE9 Ae
o Adow QdojsEE IAAX ofsEQ A™el vR W

I
7] migel, WY vheolg 5501 AVIHeR ol=r] wigd]

ret

Sclofgol ofs
RN obgY ot

2) HEA0IZ0] 0t52| YA 5

JEAR 58 5 AgFe FAA |oolgt By, 7t
(space)} oflAl(energy) ZWolA AHoHEct wieF A28

of Algto] QI ofso] FEE ARt A6l H olEe
2 HY 4 QKleonard et al., 2007). o= Exst AX
A FFolr] Ysia, BR3F FHO AT} 7o TE AA|
A% sl & 4 Slrh A2 Qdof ofs), g% FE
A AT 22 BT A AaolA "asich 7t A
Qlo] 7Hd & Hcapacity)& thEH, AlgtEo] i AgtE &
FZ 7197 A7, 2 Ao HhsHA Fefiste] AMESH
HchBaddeley, 2003; Just & Capenter, 1992). & AFoJA+=
H[do] A28 IAE AREsto] ofsd AHEAF It uf
2012 e IAE gotEuAt gt} A 7|9 ol29]
HeE At JPEHEA, Aoz Ak ofFE2 H[Yo
I AHErleeld Addorssol Hsl AdHidew  HOA
S HtHKohnert & Windsor, 2004; Leonard et al., 2007;
Montgomery, 1993 Stokes & Klee, 2009). £3] 44 3
(mental rotation)¥} A== H[AJZA A WREAZE} ¥HEAgE
gol A ofsEel Hlst AojAA E Aol ofs=ol &

A3] =3thSavich, 1984). &, Tdolol ofss2 ol
o] AR o} Hdold AHHEAYET L AEEolA

s}

T Z%L EItHKohnert & Windsor, 2004; Leonard et al.,
2007). Acb Fagte] Aejgo] 84HE Wk whedlold
of ofs=9 A&k 7det AR ©E A et

S0 Yo 0t39| OFS0|2d EXZ H HASH 712

i
>

(Basu et al, 2010). %2 A& B dolet IAH &
g2 A2 s ¥E 21 Qlrks A2 € & %leH, Ao
592 SHFoP|Er: oY UAYIETL Zo| Wtk A
o7 UepithFernald & Marchman, 2012: Marchman &
Fernald, 2008). Al3%Fd 294719 ARl WEZAE o] wF
S0] 8FEA Yol FOoEE= ofzE9 dojsEol MUSH
U= o] HolAEh ofzEY <QdotsEd AEEe] 1 7]
Ao AR PH o] glemz HsdES ST o Ao
ARG opdzt H|AdoTA| FHolME ool o=
o] Bxgt £ 2k 4 tiKohnert & Windsor, 2004).
AEAE §F9 AF oA &9 "Rl IAeIA 6, 7A H
o] ol olzEZ AFEAY &F9 ARte=® olopE olsf
St dl ofEeo] Atk Aol AF=QtPerner & Wimmer,
1985). ol=gt AYPATE9] AHE Bl & & Uxol, AT
A AQ71Y A= dedofdol ofswt dwt ofswE H|
wsle] Zrpgtk 4= Qle Aot WA 2 At H[Ao

3 Sdlofol ok HmAReE o
2 AN Wi ok Pe ERAZE 2 ATl
L ook A okBel migolE WA SuEel ARA Heu
dofselnt AUUAS Ul Ao Mok Ed nhgo|Eo]

ool WA WoIM, FheolE T 4ue
3} Qlofseinte] Qurge obrur S

1. &7 Yd
1. &7 oY

2 g7 A2 2 A7E0l AFske © 3-049 2
ofgel oks 13%(c1 5, & §), °led AEAYS AR

—

B 1. OO BE
Table 1. Participants' information

SLI (N=13)  CA (N=17) LA (N=11)

Age (mo) 58.31(11.80)  54.24(8.18)  50.36(5.37)
Nonverbal IQ'  97.46(11.23)  101.24(6.71)  103.09(7.2)
Receptive Janguaee  y985(12.42)  39.18(10.96)  33.36(6.86)
Expressive language 7 1515 62y 40.50(1130)  36.09(10.34)

raw score’

Values are presented as mean (SD).

SLI= children with specific language impairment; CA=
chronological-age matched children;: LA= language-ability
matched children.

'Korean Kaufman Assessment Battery for Children (Moon &
Byun, 2003);

*Preschool Receptive-Expressive Language Scale (Kim, Sung, &
Lee, 2003)
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et ok 17901 7, & 10), ©<=dobgol oksdt e A
o)z9l 48119 g B3Ao]  WEHE(Preschool
Receptive-Expressive Language Scale, PRES; Kim et al.,
2003)2 Aojdge YAAZ Ut ofF 119( 4, F 7) &
418 eE stk AR ARE EE ofssd
HoAe] FoE et Aot Atol]l Holsield WA=
o] FHe= E 13} 2, 30 AASISIH.

B 2. TRO0M0) 0f5 X MEAIZUR 2t Ofs FEo| MEor,
101y XIsKl, AHoisER0 et t24% At

Table 2. The results of #test for Age, Nonverbal 1Q, language
score by group (SLI and CA)

SLI (N=13) CA (N=17) t D
Age (SD) é?gé) (584 1284) 1.117 274
Nonverbal 1Q (SD) (?Zgg) 1(217?)4 -1.147 261
sl BB 2N 2w ms
oty il S G
SLI=children  with  specific  language  impairment; CA=

chronological-age matched children.
P05

B 3. HaCi0jHo] Ot 3 A0HIZUR|
101y XIsKl, AHoisER0) et 1248 At
Table 3. The results of #test for Age, Nonverbal 1Q, language
score by group (SLI and LA)

2t OfF Lo 42, b

SLI LA p
(N=13)  (N=11) L
Nonverbal IQ (SD) (?Zég) 1?73'2(;9 -1.430 167
Receptive language 29.85 33.36 _
raw score (SD) (1242 (68 M3 785
Expressive language 27.15 36.09 _
raw score (SD) (12.62) (10.34) 074 1.873

SLI= children with specific language impairment; LA=
language-ability matched children
“pX.05

2. AN

1) AR ZA

7=t ofsg X5AAHKorean Kaufman Assessment
Battery for Children, K-ABC: Moon & Byun, 2003) Z3},
"ol A5X47F 85(-1 SD) ololx, HESF HARI 4
4 9 HIFoIFZHHAHReceptive & Expressive Vocabulary
Test, REVT; Kim et al., 2009) 232 HohS LRSIT)

2) E2 U2 1lH|(false belief task)

Ao A= Rubio-Fernandez®t Geurts(2013)9] T2

e

104

IAE IR At ARSI 22 IAe Ay 3t
A(Wimmer & Perner, 1983)9] FAHSIHAIE w<eolA W
FA|A Baron-Cohen 5{(1985)°] W= HAY F 7HAE &+
e Aol & IAE AER ol ofsol AEAY 4
2ol HojHRl WA, AFS Al Y )RR
A S & 7] "iEelsh WA, =7l QFo] FAsto]
b~ U= m7lok =l QARE gt m77E & £ HIAE
7E Al Ytk mrlE ¥ AdE Buia Fsor %3
=t AFAE HRAE 23 AN AW ot YRR &
713 ofFolA “mlZ|I7b $8 ste A FerE BUAEA
Btk oFsol HEsHA ¥2 AY, 7t sk A & WA
2 Oeitt )7t FEer o AR HoE ZE I ofF
9] &o m7IE ©7A feg ofgA 7 mFI7h ofgA
AT Topy ofsd %S 2ok & Il 19449t 2
AR 27 499 Ax=m FHEo] Sith 194 2709 A
2= MY ARE Eob AFPsigie:. ZF Alko] oo
A JIBE TA ofs°] HEtt & AR s ARSIt
2 AN ARE A=E2 I 19 AAsHTh

)

o

Object 1 Object 3
Object 2

Object 4
J3 1. HI20 012012 M X=2
=2 1. 4X3 (em) 3719] HHRIQIY
=g 2. 9X21 (em) 2719 D711
K22 3. 1940 AFBE 7X7X6 (em?) 37|12 Xt
X2 4. 200 ARBE 7X7X6 (em?) 3719 ARt
Figure 1. Objects used in false belief task
Object 1. 4X3 (cm) sized piggy doll
Object 2. 9X21 (em) sized mickey doll
Object 3. 7X7X6 (cm?) sized box used in step 1
Object 4. 7X7X6 (em?) sized box used in step 2

3) HEEHA(matrix) 2|

2 e APAHYim et al., 20159 FAE AREs
APEF Al AA7I9E SA6eich AR o] A
AlElE 3x39] M wjEgAo] M9l Bo| 500 ms {HEQ
E AAY, ofs2 1 «AE 7198ct gkSel=E dTh 9
A 7o Bo] AR «AUE Itk Be AL AfE
ot 9o A F 7Y E 2R AASITE T



Zt adE wiASH %’JB‘H dgo W A3 W upxee]
g2 e At A IAE A4 wAsH. EEA
AeYst7] Z*Oﬂ ofgo]l AFE 9 Z FHs| °]
I3t AlFSnt WEA Sl 1947
B 4AA] & 18EF2E E°] AXle {«1 e I
AelA SAHEDAZIA shtd goldth. & IHAOIN ASE
AFEE 19 200 AASkA

J3 2. HI0N X288 MHEZHA(matrix) A
Figure 2. Examples of matrix task

3. d8aAi

1) SR U KR4

B A7E A % 37 A9 ofoly, oY /Ye 3
402 el G SuE B9l dAe AR 4ol
AXYty. A HAKK-ABC, REVDE & =
i Gadolel ofse JadEgA 3 deleads o
B olEEolA B IMIS AASIEL B dAE AEze
SRR okl el W5E
oA ofs3t A7A ddY 4ol HEs wEskt & 7
Aol AR e FEL FAOuplo Taskel HEA

° A=
A
P =S 420] 9k B0

Marriold. $22 I 19 29 &0 AYHS
om AR olse] eEwd] Usts| gl @AE AN
o dEds TS AeRd 194, 29, 3, 49 &
o8 AYuglon AR FEI T & YEE A
&% 3 B 942 dasig
4. Nz

upgolE A 49l Wit 7 AHES el e A

A dors] 20%°l dohs AARES TR FEHA(D
Rdojof ofF 39, BEAFYA] Dyt ofs 31, AojAHY
Uzt ofs 2%) ANE FHHoRE A AFAR] A 1%
7He} AowEieta} QA suotglor 29 AojXEAM &
ASS AR st 190] Al 287AE, Aw £49] 71&T
Xli‘% 9] olafgt thaoll e B7NE AT ARk
28717 719 AREE Holr| flsiA, B7FEATE dA)gt
L 52}94 $E B AT £ S0 IAokA] %2 5
o] tog U1 100S Zdf AFE=S gt 1 27} uke
ol T4 48 AL WAL AFELE 100% 5 VERGT.

X

=

ru

2 A9 Ad 1 nRgolE WE"A B9 8 Y
AJolE BEASE| ota] AU q(one-way ANOVA)T
AFRAS AASlGItE 7 oHl TA 1F AEEAE B4
A Foj& HE  AAS(Pearson product moment
correlation coefficients)& AFEsIRTt. 183l Z- FHdto|4 of
o2 WEZYA 7 o] dojsE(Eol3, HFIF)
< ot AT 5 QA YolEiRd gAA STEEA
(Stepwise Multiple Regression)y& A&ttt H 79 &
E BA BEXL SPSS version 23 (SPSS Inc., Chicago, IL,
USAE AHEst3ith

. S5 Zut

1. &t 20| LEit=s 2 2o £ 10|

(i

1) gelolgel off W ATARAA, oldlzdn Uy
o} Fael vheolE IS £ Fo] theolE UA 49
oA Ty olEEe] AR kAol felulky Los] 91
AR 71ETA D BARAY A0S E 4% I3 3] AN
Sfich E 49 ol wcloll of% wwel Hpe
37.5(5D=21.04), ARAHES XA A3t of% W] W
2 6102sD=27.9), QoIAHS AL Yk o5 Ao
B2 64.77(5D=32.98)°]1 At

el

B 4. Foo| M2 02012 A 28 71E2SAH(%)
Table 4. Descriptive statistics of false belief task performances
(%) by subgroups

Task SLI CA LA
(n=13) (n=17) (n=11)
false belief task 37.5 61.02 64.77
performances (%) (21.04) (27.9) (32.98)
SLI= children with specific language impairment; CA=

chronological-age matched children; LA= language-ability
matched children.

100

90 [

-
w0 — 64.77
o
g 61.02
=
g 6
2
Ll 375
g w
3
Q9
2 30
i
g 20

10

SLI CA LA

T 3. TE 20 el DRSOJE TN 432 vla

Figure 3. Comparison of false belief task performances by
subgroups
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A 7F kol AN vEhd g9 X7t BAFL
E fYuet Aot QIR FFSH] s YU RARRA
(one-way ANOVAYE A4S A3l Ao digt Fa3pt &
AXOR [FOISIATHAR,40)= 3.741, p <.05]. wehA oo
S AREAPoE LSDE AsIieH, A3k 3 59 AAIsH3IT
delofdol At LAY LA gyt ofs He 2k &Jol7t Sl
A(p < .05), EeAogo] Mt} dojdzdS o
T A 2 Zol7t UtHp < .05). SHARE ALAFUA] Gyt of
T A AojAg LA gt ofs Hd 7k Zol=
tHp > .05).

H 5. X7t
Table 5. Post hoc results for false belief task performances (%)
by subgroups

|—°O|§ 'l|-11| AoHEﬂ A|-o7-i7(‘| 74‘l|,

SLI CA LA

SLI * *

CA *

SLI= children with specific language impairment; CA=
chronological-age matched children; LA= language-ability
matched children.

p < .05

TR i oFss9 A ol FAHCE
Hol=x AWEr] 9of AAE 7leEA Y9
¥ 6 OI9 4, 9 59 Zrh E 69 7
&5 755'}9} ZJOL A& ME2o)A Dol ol A
08(SD=13.79), A&AZE dAAZ Yt of

5 A2y %L% 18.91(SD=11.44), dojddzE IXAZ <&
v obE o] B2 16.12(SD=10.94)°%ct. <& wiEF
ool ofs Mol B2 9.38(SD=17.75), A

2
N

Pe YA L ofF WY B 15(SD=8.93)
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Table 6. Descriptive statistics of matrix performances(%) by
subgroups
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Figure 4. Comparison of matrix_f performances by subgroups
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Figure 5. Comparison of matrix_b performances by subgroups
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Table 7. Pearson correlation coefficient matrix in SLI group
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Matrix F~ Matrix B PRES_R PRES_E
FBT .000 -.031 .056 =122
Matrix_F 798" 521 .508
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'p<.05, "p<.01
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Table 8. Pearson correlation coefficient matrix in CA group

Matrix_F Matrix_B PRES_R PRES_E
FBT -.097 667" -.063 -.191
Matrix_F .208 .359 498
Matrix_B .340 136
PRES_R 860"
'p <.005, “p <.001
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Table 9. Pearson correlation coefficient matrix in LA group

Matrix_F Matrix_B PRES_R PRES_E
FBT -.034 817" 145 -.129
Matrix_F 155 277 427
Matrix_B .092 -.179
PRES_R 798"

p<.05, "p<.01
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Figure 6. The predictive factor of receptive language in
SLI group
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Figure 8. The predictive factor of expressive language in
CA group
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