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U Ad o 7)oy dAdstes Y3 (episodic buffer), ThE Y84 E

ToH S st FAEE TYH A 7] (central executive)®] Ul 7HAE A
ojgtth. o, A3t A A4 7 ATl A d=e TS SA 5
= olgs TAFAEC] AZ|HA(NES, 2014) ¥ AT A A AAGAAE
= A28k

N
o

1A
1)
=
>



2, A

o= thAlsA

-
T

Aozt

| Abele] A

obsS Wetth(DSM-IV-TR, 2000). K-WISC-IV¢] 7]

o= 70~79% AL A

-
T

A4 70~849) <5}

=
(¢}

sl = AsAT

, 715 AT

T
o

54,

2018;

o
Nk

Gl
s

, 2018; H+

3

=z
T

7]31

70~85(7E, 2016; A<*st, 2009), 71~84(

ol ¥

tH, A

o
e
d|

SERP
sfo]

b ik mekA

S

ol A, 2008) T2 FTFH TrEA AA

g

=
-

AHK-WISC-IV)= &-&

544 70~8590 3



IL o] &4 =73

1. 24719

7}, &4 719 (Working Memory)9 714

195613 Z%7] A o] &7}l xA e (George Miller) = AHE FAl &2 A
Ast= Jldel W) 7)oe] s Wl 7+2719] dE S 7] E £ Qui= HoA A

Aol ARt AHE shte] on] @9l FAlchunk)2 wFo=M o B2 As

719 T8 dEEL Fasts Fadl D17l FA A%
Hm A, dEAHFS Tl Fr17199 ddE S dna B ol w17
AA I3 AR zfol ol drh=
HollM Hu &2 9gs dvhs B3 WaEs tAgen, o J9gs
dzst7] fa @171 Al 'EivIeeleks ol s ARE Al H it

o
gl relets ol7k BRA, e AAAFAEE 4e7]005% ©]
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ot
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ol
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H

R
R
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=

o

71996 el ttE AsfES F4359 . Anderson(1990)8 7] 713} #H¢] 7] 9] o]

cte] Auk 719 AARA A9 FAbsttta 43, Seamond} Kenrick(1994)-&
2} 71do]l w@r)7|ede] dFFolgta Ttk ook "2 Cowan(1995)
7171992 desh AFeARE o] Folx e REH A7 e A iet T

AF Fo]8 QAR o]Fojx omz wrjrjefo] A7l dFfolgta F
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N
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o] B

T 3

o

71719} (visuo-spatial short-term memory)<] 7l

ot

i

g

A

3l

NI
X
=<

2ol

hvA
s

[e)

=

=43 7] (central

7 1l 5} 5| H A
loop),

t}(Baddeley, 2105).
o Jid@ A Hrel ZA7LA

 (phonological

el RElo]
(<3

@7]7]

-

@] & 7F(mental workspace)o]&tal A <]

Adoz AgHm Yo

-

Baddeley ¢} Hitch(1974)= Z7]o 2179 9]

B

[e)
(visuospatial sketchpad) 2.2 +A4¥ ths 24P (multiple component model)

9. #g71e e e

executive) &}

).

o
=

—~
o

el
oV

AA oz A

AT T-11.

5]

A A

AZF A

tH, A efm = o] A

9

A &

=

=

Al AR

}

e}
R

—_
o

rvze]

Nd
]

stH, T T, A%, A7)V

S

=

A e

, Aol A elM e

al
=

2 7Hg E

o|
6

o)

(Phonological loop)

2 (Baddeley & Hitch, 1974 p. 64)

ZopxIsl 7
(Central executive)

Al 3271 &=
(Visuospatial sketchpad)




20009l Eo°]A WA Baddeley:= TdH377F AAdsgo]l §l= =43

g AAeE Hge wEUA A7

)
=2
[0

A= 2] 311 9 (episodic buffer) S F7}ste] [19
o mdS AAEAT FAE 2Ede F9 7MAEE SISV &
At 74x] AR HTE FTASH, Ay

3 ddsel nadd FuE FEASAY sz Bi 4L i

Mo
u
[kl
2 L
>
ofl
)
X,
N
N
=2
X

AsHom FAPF L 9N AR 2L FF AAES eban
/T omemmr
Nz (Central ex?cutive)/-)
v
ABZRIIH | usm CEYE:
(Visuospatial sketchpad) l (Episodic buffer) (Phonological loop)
R ,_‘J,,i . — — i,?4,7 _—
NzE ool L wsmrY 210]
(Visual semantics) (Episodic LTM) (Language)
E] 75 HAl D 27 HA
(Fluid systems) (Crystallised systems)

(29 O-2] 4% 297199 v a4 d(Baddeley, 2000 p. 421)

TAE A7 mEeA FrhE dErt TP 54 dAR

o

AQbatA =, ol & st7] fsl] Ao 75l oAb A Fr e Agy
I AEE dEo] AFEo] = EAH(Allen et al., 2006, 2009; Baddeley et al,
2009; Baddeley et al, 2011). |4 Allen 5(2006)& =3 M-S 747F wp=

11



7198k oo} R QFyp M-S Altste] 7l W, FUFE A Al s 71
ol zto]l7k A=Al g AFS stATh A AAE A2 A FH AAHE=
d, dd20x= A= FA7], A3 E A3, 24X = AR A
719} A5 BEE st dde Hx AdS s A% Ay, 1
AapA7b Q= 2310 vla] FA A7 Q= AF2~40] 4 2
HhA 0 2 AstE AR Agehs A9t AFetA] & HAl A SAH R {9
St zfol= gtk AlAH H7 JEES AFshE A7 (Allen et al, 2009)9F o
S FHow ZAgtsls o (Baddeley et al, 2009)0] A= o)<} FAFeH Ax}
7h debsk ek A7 AES olell dis) tate A ARES Afsts A 59E3] F
ofg o]l et Fsktt= AS oulsiH, ojelg Wgow & o UdsiH
HAE TR &Sk deve As &+ vk sk th(Baddeley
et al., 2011).

o5 <7, Baddeley(2012, 2015)+= 8t ¥el] S&FZo AT, 1

SEWI|

Central executive]

2 = o
(Episodic buffer)

T

AlSZHEZ1IE i ' > of] S2F=
SSP) H - S = (Phonological loop)
' '
=Zi(smell) O] Zi(Taste) T T
Al —.(Vlsual) —c',—?_f(s atial) =Zf(Haptic) Tof =l s sHES
/\ /\ (Speech) (Sign Lip (Music
reading) Environmental
An o ZHZF z¥ sound)
(Color) (Shape) (Klnaesthet:c) (Ta:tlle)

[13] O-3] A|7elA Ad7]eles due] 5o tigk dall(Baddeley, 2012 p. 23)
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ey ol Z9E wdo] ol wx 33
JEe] AT Ao FWe (19 N-219 +48 sl wae] 275
of #gl7]e) 74 hglanse] TAA ¢ peH AAATES AN RnA

gt

o
X
>
_0|L
rir
poY)
o
fr
e
o
=2
>
rlr

1) €% Z(phonological loop)

TETFIE A AR AojF AR A ARE "HFshe Aol ©r]7]
o] (verbal short-term memory)< ¢]7] gtth(Baddeley, 2015). &<F29 7|52
23 &7] A H(short-term store)¥} FL& All A (articulatory rehearsal
process) + 7FA17F dth(Baddeley, 1983). ©7] A &S AW 7} &4 (traces) O &
A= ey, B 2 el Ao 25 Al A2 ARIE AR A A
22 gl Ald(subvocal rehearsal)s &3l AAE 7 A=dl, 7|gafof & i

o] Holupwl Alel Alzko] ol X i, AlQl dol Aus} Alehd FhsAe] EopHm

TEFEIE 5 AR, o] Aol aEla A mae o] dedh x%ol
golato] A7 e] e s T UHE FEA ZAEAT FEFEe ddd
dH o] dAE(Baddeley et al, 1975, Baddeley & Hitch, 1977; Conrad, 1964;
Colle, 1980; Postman & Phillips, 1965; Salame & Baddeley, 1982)& &3] <<
@771 9] SAS vy taa 2.

AA, fFAE 2e] ol dia] 71gFo] Fol== & A Ed(the
phonological similarity effect)E RS9It} &% FAHd &3+ Conrad(1964)7F 2
Az Aor, a9 A mew PEysE 5Ho] A2 H3 AfEe £
Ald A A s doA AojF 3]4do] o
Al Baddeley(1966a)= ol & %
Z7F AR BF, LElal S0l 7AEE dolE A AF R AXNGRS WY 3

vl go] ofgA debx=A Lotr sttt 1 Ad, @ojo] Fgo] frAbg A9 3

o fAbE

Mo
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=4, 21 dorb AAE W 7] EFe] Hasts @o]l o]l Jik(the word
length effect)”} 27 % %l th(Baddeley, Thomson, & Buchanan, 1975). ©]& A A]
H= wole] dolrt Fmojdel wel 25 Al HA o] AojAuA Ty A A
A7) Aol WzEEA 7] Fo] Hasts AFde 2@ 2d #E fle
2 E WESH st AdS we A, I dolet &2 dolef Vg F Zolvt
YEelA] ek A ek 3EE th(Baddeley et al., 1975).

A, et Fobs BT st AAlHE 253 sAld S8 AEE
o] g Al Aol waEwtE B gle Al & T (irrelevant sound effects)
5 H(Colle, 1980; Salame & Baddeley, 1982; 1986). #i M A~S3 &= g &
d e 4, 29 T2 2o Ad HBE weldth mEbA A Eo] Folste

gole BowA BRI AL, ALE FHUEL Jose Hol Bee Fi

TEoEN 25 AAES Halshe= A

S
3
Jm
ol
re
2
Ll
i
julss
e
o,
=
ol
ol
o
Jhu
ko

S ZS YA (articulatory suppression)2til b, R E A|AS F3] AAS=
WG A ElE oW AE A FAVE AV, AR AT w=
T FEY AAS Wafstal AlZF R AAT wi= AZHA AR F7E A
HE AstEE AL Welsts Ao x A et (Baddeley et al, 1975).

OAA, e AAE A=Ee] AMEs b2 A58t o & 3)dEe 27
B (primacy effect)$} 7Hg vpx] 2ol AAld =0l B 2 3FH= HA &2
(recency effect)S M. QltH(Postman & Phillips, 1965). 2% &3+ AL 45

%!

= AFEe] A&E Ade Tl Z1del 1 & AFH=

Jl‘i

oy e
s

i

sha, A4 &
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o0
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e

o

=
=

2}

& ARl 1R85k 3

84 AHenTE 1% 77

=

o
=

ttH(Baddeley & Hitch, 1977).

B,

il

il
=

TR

o
B

op
olp
m

s

3

A=l

o] ¢

3

e

= 7]

s

5

H
op
ojp
!
=3

o=
B
Njo

"
ol

(1988)2] <d7tol wEwr, of 2]

4], Baddeley %

i ers M=

9]

94

=%
[¢)

3t} Papagno

A

~
o

—=
1o
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i

5!
o

(199D)¢] E=oe} ¢]=o]

t E=pofel ej=iolE Al

S

3

el
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n
H
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oln
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s

el
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o] ol

I
file)

AJm

8t (Gathercole & Adams, 1993, 1994)

7] o3

=
o
s
a

(1998)°l wh=m, of

¥} 9] =0 835 (Service, 1992)0] A

=0y (polyglots) T

Baddeley

ol

H)

S o=
o T

H

UH(Papagno & Vallar, 1995).

L
R

© 2 e a2 (Gathercole & Baddeley, 1990), ¥ &<

2}
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Njo
!
3
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Jlo
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A3, w710l s gae stasde gom oold 4

tjo

Zol .

o]
P

A&7 71 4-e Al&7F ©7) 7] 9 (visuospatial short-term memory)ell o] 3}
(Baddeley, 2015), @t AGAE doAA A3ty AR x2S 23t
(Baddeley, 1983). Al&-3t7]14d A== A FeHy A 5o Az Fre}
A, B T 22 I ARt ARG AE VAE S FENE

FHAAsHA AR = wokx

=
>,
J?l
OH
)
oft:

2,
o
o
r

Sl

e
N
2
i
flo
il

i
ol

WA, Az B g3 ARTE ey AR Ts S AlE ©@r]7] Y
e 2 " S5 dAFelA EEAEH, Moju BYE 7 F 9=
ol AA EAEHJAN, A AR ZFE T R g 7)o FAdA
ol 497} th(Farah et al., 1988; Wilson, Baddeley, & Young, 1999). o]&} ut

ez Az @7]71e2 Aol Ant g3k @r]7]efo] &4 F5-= =, o 4

_—

7]

T AZAA 719 F¥2 GAolAv ¥ @Y7 Al A= vl AstE 5
&S H 2t} (Carlesimo et al., 2001; Luzzatti et al., 1998). o]&]3t Aldl= Al Z}3}

27 7)o 77k o] tE RRe de Wit A% T oo TR

Aes walErh oleh #3ke] Baddeley(2015)= A7 ©7]7191& diade]l F9l
AA el Wgt 7jefola, g3k w@r]7]efE oAuRIA|el ik rjeje s FEsjor g
L s

AZE 71715 3 @] 719 e stk bl A&l = F stueE A=

s shal7h s, HEH A7 97171 BAE Phillips1974)9] A7}
g3tol UL slojehi PAE A7 719 E(visual spanjo] =

AHE . Phillipss Z7FAFS o Al 4x40 4] 8x87bA] thokslAl WMalsls A& o v

4
el
=

H(Ee2)S AT 02~9%9) A Fol WAH 4 e A2

L

f
oft

.
MEs A¥e Adstdr o dn, A 57 BoldEE, Azt AdsE
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FPo] "olx= IEE Holw Azt @r]7]o e &S Aol S H
oA F3Ath o] % Luck¥ Vogel(1997)¢] dAolM = dgAds thdo= AAAS
wj, A7 @779 9] o] 3~4ME AHAH IS K s T

s 717199 dHEAQ AAE IhY EES AT =
% F=27|(block tapping) AAFelth o] A& Corsi(1972)7F Mg Ao = HA
A7 AEH o oY E5& 7PEA F=dd, 37t olE weketar ol
Az d wW7A] AeE E93tth o] FARE Corsi-block Test®=%= 2 e A
Rom, g7 E=AFRT 27 22 719 ES Hlth(Milner, 1971).

ek Zol A AFAFAER E w, Az @79 ¢33 @ 9gs R

7)
sto] FAsk= Aol gdstH, A7 @r1719s S48t dxdd A= A
g WEY A Ao, 3 @r]7|de] tixAd HFA = Corsi-block Testd) <

3) T43 3 7] (central executive)

g7l FdHA7I= AEE HYRA 8L ES FAste ow
b e, 1A sglelg | RokE e S8 AE o FoHE sy F
A ek= 7] ol (Baddeley, 2000). %71 #4719 X d(Baddeley & Hitch, 1974)
A= F4HdF, F99 £, AR A, 2ea Zr71gae] 942 715 7HA
Aoz 7HAEAT. 28y o] Rdo A= At A tagdA grrt
AZE L F7171H s 7)es she oR FAHAA, F4HA 7]
= F9Y A4 7|5we gdadetsE Ao 2 714 E i tH(Baddeley, 2000).

FTdAP 7o) NI Norman®} Shallice(1986)7F A+ €4 3tAEAAA
HEHe A5 ot BJE S dES ddstr] dal A AE FousE
A Al (supervisory attentional system) R93} AZAA7|HA WEAE 7] A2
Norman¥ Shallice(1986)°] wW=w 5o 7]%3 A% 7F = (automatic

contro)v Fo& HE 7]&o|X| otk H= &g FLAAAY SHE d=
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A71719e] ARt AAANT 7] witel 719 FA Alzke] 24|, Ao &
& drrog of 4o AR LA lvhCowan, 2005).

A 7 FARAR ool 27] Zir]ele] Rd(Baddeley & Hitch, 1974)
of AsMHrt F7HEA B A E 7] Fre ndz Ayyx o A
HEol Atk A WA ZAHL G771 Fuet ogA AAHEYA o
o AnS AFsh= Aot Brener(1940)9] Aol ostH #a §le @ole 7]

zo] gFnd A o @l s & Y& of
ks

‘IQI_
Rk Frl71efel 7iukste] FAam ARFEA7] wEolth
A

U SF e AA 9FESA ghed, S
F ThAE A AR oftd BHAEEY e ool A7 H A

o] % 7bx A%l ©al7] 918 Baddeley(20000= A7]71919 AAH AwA
g g9 gre Ay A=s gygsis A S AoksiA Hd o
w Aoty A= FGHE o g8 HHoE EAEE Ax"Eow 7R

32
o
49
<)
(i
QL
&
of
o2
N
09:,"
N
i
rlot
o)
>,
N
rr
offt
>
:;1
2
il
A
o(:){:g
5]
2
e
ot
I
)

o] A3t 71wl WawrS Aotk ek 7HEAS AFer] Ag AEel A
}(Allen et al., 2006, 2009; Baddeley et al, 2009, 2011; Karlsen et al., 2010).
A2, A3t FLH BT A oEste A Alzdlolge M=
g, TFHA77F Beiits A wAgleo] dstH HolA AjzbA) oA dR
o Aol MaAx= AL WSttt TEHA 7 TS| Hk= 05 Y
I Aol Aghe Al Alz=glell Z]wkskar 9l WHA(Allen et al, 2006), 219
A A2 Z71719el ofEsts AAF Blvh(Baddeley et al, 2009). o]l uw}

o AsErt LRI AT, Bl A HEY 5 dE Fu
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f

A= 3, Baddeley(2011)+= kol A AAIgE [27] T-3]3% 22 4%
2ag ANGAo, ohAAA of BHe HwAe FEF AT} ol FoiAA

=9k AAlsta th(Baddeley, 2012;

ol

o} Ae7le] mele] wBE F3H A

2015).

. s 3 e

Aerlelst gae B YuwAs g

rlo

ArsEs Sl dAsH v 59
21 7] (Gathercole, Alloway, Willis, & Adams, 2006, Gathercole, Lamont, &
Alloway, 2006, Siegel & Ryan, 1989, Swanson, 2003), 2:7](Abu-Rabia, 2003),
+8HBull & Scerif, 2001; Geary et al, 2004, Gersten, Jordan, & Flojo, 2005),
7} 8} (Gathercole, Pickering, Knight, & Stegmann, 2004)°4] 21719 5 & o] &
ALY EFF dSAdar TEHeRE Hiastal gl o] AFENA =&

Aq7ele A GBS A Al AAA Hold FYAEE nelF W
W, owe Aerlee A0 SRS Wit sl Az FAARE Hol: 4
e nugeh 497103 G4 Atelel olel g B 109 Wel FFle] 4

A A9 92 MAnE, 4479 A4S 5@ 8% 9700 A FAE
=




L. A4 640 SAHE Aol Al a9 THRsE (29 T4l9h 2

P J = Tt ol T

o] Qeo] Frhetel wet QAT HAACw F7hesd
130
120

110

ze7lef 49
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Ltol (Al)
(29 4] 21719 e e

E3: Gathercole, S., & Alloway, T. P. (2008). Working memory and learning: A practical guide for
teachers. London: Sage. p. 36.
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Z3: Gathercole, S., & Alloway, T. P. (2008). Working memory and learning: A practical guide for
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teachers. London: Sage. p. 36.
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0
H

A

-
R

(Gathercole & Alloway, 2008; Gathercole, et al.,, 2006), T-A] 4 o=

i

o
]

it
S

£27 2 FN(AED) o155 7]

Tor

Tor
Ulo

JJo

2141 7]

of ol 55 el

\

XO
AJm

S}
of

o] doj(verbal) 27193} 4=(numerical) 2}

o

G A7) 971t

el

o
Plo
1Ho

e

g of

7%

el

il

gl
4

bol e

o

o

ofotge] 2917

b

ZO
Az

13
of

, o=,

<
T

Aoz yerstth(=7

A3t 2Zpol 7k i

lasty
2006; %8, 1999; Swanson, Howard, & Saez, 2006).

[e)

th(A AR 2008; Alloway& Alloway, 2017).

52>
Bae

A7 #E AE Ay, 7SI o A

=0

]

7} Pickering(2000)2 ©

hs

3+ Gathercole

:rL
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il

ﬂwo
Tor
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vhet & JH(floor effect) @ F Fwe] F8jo] BF vro} wido] ofjE gy, HU} 4
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3. 47199 =4
7F #9471 SA A

271l e] F4L AT HAHK-WISC-IV)oll A 9] A&} 2+ o & 314
FH, AR AFd Ags s &8s oA H AR uE A A
HE Algsts WP E o|FHA Y Aol o] 277hA] vl vt A o] FojA L
AtH(Yuan et al, 2006). o3 271 =48 FAlo AXNEE Ao &
of wl A 9 F PAY HI F PA R 7 (Colom et al, 2006). T

T F A= drros SAE w &8 gAY RS FFOE, AAEHE A
=5 Aty 719 F deAE SAHsE Aotk EEHE A9 YA =
Ab, Ak, o], BeF 9A TR AAHE ASS SAUE £ dFEoR U
sl &HS A3 53 2 A= Baddeley 9t Hitch(1974)9] #1719 A

oo A% Daneman¥ Carpenter(1980), Turner2} Engle(1989), 12|11 Kane
5(2004) ] NIk oA elth o= A= IS WAool AAEte] THA] A
£ AdstaA Al A=S dvky 7ed ¢ d=AE S48k Aotk AlA
¥ P AA= T Aovd, g A4k AL 1] tA o

of Wl 7 o A Awuw ot

rlr
M
ot
i
N

1) &< & # Al (simple span task)

9 F FAlE A, A4k, "o, B e A9 2e AF5S g @ A
AArstar AAE AR LT AR S deor A5S BT AS a9
= Aol tH(Yuan et al, 2006). WA Aoz ==+ =2
G Aol Al AA == A=o] =AY AF ol & A (digit span)olgtal st A

ol 249 S£AE 1% aA0R ANGw, Gt FHAA =R S

12
H>
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St 3~ 2 HA =87t AAE = A o] EApolH HA}E(letter span),
ttojo] ™ wo]Z(word span), HlErejo]™ H] o] Z(nonword span)o]gbil &},
AA WS =2E 3 F-ASTH(Ackerman, Beier, & Boyle, 2002). 3-8, 2 719
A=l AAIEA RE= A A nsfe] ASTE AR 34 E
st HAE 9471 F (running span)©l2tal  dch(Pollack, Johnson, & Knaff,
1959). A& E°f, ¢34 ], L, K, P, T7} AA=EATA wx9 370 K, P, TS
3)ete Blojth mpA Mo R EAE = W R, AAHE SAHAE)S A
= 3AEHA &al o r IAEESR st AA= g cAEolta
(Rosen & Engle, 1997).

A% AA BEES ASPANN ok 5 Uk Terman(1916)&

Binet-Simon # =& Wi AAstEN xAEFI} & mALS AL FA )

E:lo

BYES FASA oF £ATEL ABhA Y 27 MAe

e

aL,
Wechsler-Bellevue 7 AHWechsler, 1939)9 458 7F4 & wHdQA WAIS -
IV(Wechsler, 2008)7}4] A% 1 92 Woodcock-Johnson IV(Schrank, &
Wendling, 2018)¢] 2t 24719 HALE v]E3 tE A 5HAE(Anastasi &
Urbina, 1997)el A &= Ztol& 5= QT

A, £AE 9

Loy
flo
v
i
D)
2

12
ZI

AEuTh 49 AAFGL SRk Ao ngow, £A4FL wrlve,

O

5, 2017, Ackerman, Beier & Boyle, 2005; Alloway, 2007; Gathercole et al.,
2004). wrdHol Engle 5(1999)2 w7713} Q7o Ss A s JAES &
sk 71 Z19eor & A Aol & P AA R o] FolX o] FHA AL
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2017; Colom et al., 2005; Rosen & Engle, 1997). 3¥# Swanson 5(2009)2
7171993 24719 49 FABAE S WEREA AT A I =AE
o]

HBAEZ @7)71937 29719 & F shUE BEHs7)7F odHues HS Sof, ‘B
a5l Fo] 7 Al (divided attention tasks)”#hi= A|39] A= HFE FHFslo] A
371 % skt $HH) Englund 5(2014)% 904 QAR AS T3] AE (4]

o)), e FAZ(RYrI), FAZAPBFARY 7/ O R TR E

2N A=
Ogso2 At A=9 ' F gAE AHEd, 324 55 HAHCorsi
1972), A1zt 2"l (Wilson et al., 1987), 3}4F3%(Shah & Miyake, 1996), W= 7] <]

&l
(Pickering & Gathercole, 2001) S°] At ZE2A] E5 HA= A o &
THRACRE T 9N EES HAAAE 12 A oE 2/ ~PHE FEgH, I
2 JgErt Morris 5 (1938)
o & ZEA &5 HAE HAFH AR JfHEo, HTds EE giil
o 4x4 ] AMZF FERE AAetaL F=E 7] Al shue] s ghubol= v
How ol&ste] APATE o5 AR A= ‘4 W E¥ Z(matrices
dynamic)” A2 YA o] &85 7]%= sh(Pickering et al., 2001).
Az " BAl= 2x2 o AR fE el uErd SEsjE S v]esks RS

o ddx7F &9 F-Eo] ofgdl A=A FAske Al o] FAE ‘viE
Y’ gAegls gHow wo] F4y 1w o gRE FAFEE HAR o] Fo]x



ofr

SRS A E sdxel ook WIS Vdste Aow, R AHole

2cm, 75 cm, W2 0 ° 45 ° 90 °, 135 °, 180 °, 225 °, 270 °, 315 °= F 16
Aok s dAle] FAE AFH MHAS Kane 5(2004)0] Aol Al AlA = A
o}

n= 719 A= @A A vE HAAE AlEstal Fe dow FAE A
25 327t HolFE F o]F 35ty ddE FoE WEE WAt HHE 1
g st HAo|th mRe] ok Hak TrteH, AES HoFe W
we v 283 A25 AASHE FA v Z(mazes static), 42E &7 T2

2 a8Fy AA s 54 v Z(mazes dynamic) A2 &3 cH(Pickering et
al., 2001).

o] Qo= ¥ A w7 F-FZF(Swanson, 1995), Mr. Cocomber
Test(Pascaul-Leone, 1970), Self Ordered Pointing Test(Petrides & Milner,
1982), &% (Kane et al., 2004) 5°] oy thE HA =] Hl& &8 Q=7 &
ow, 7H¢ Bol &84 A= WEHE ¥ AA Sl

2) 23 Z 34 (complex span task)

Bael Z 3¢ S Danemand} Cartpenter(1980)7} Baddeley$} Hitch
(1974)] #1710 dgasrnds wgoz Jue A4t AHs A a7
sl ¢17]% (reading span) #HAE NE3HHA AZHEHQATE 7] % A= A=A
of ¥ &E o ¢a viA T "ol E V1 dnrt EAUE doE5S 3)4e)
= FAlelth ¢71F AAE 5 W A= Turneret Engle(1989)0l o] a4

AA A=, 4o Tde 2 ol elon Fedds stal v dojE
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Turner®} Engle(1989)2 o] ¢jo %= o2 galo] o]lFdAlE 7detd =, o
S A4bE(operation span) #Al= PegE A4k AlAkel ol obab
@S 3 O, AAEHE @Y e 2AE 7]9skE fAloth A4l
Unsworth 5 (2005)°l o]l e 7|8 HAFZ w=5 oW, Redick 5(2012)°]
3l EF3HE ATE Redick 5(2012)9] AgellA = AAHE3 A 1715, i+
HAE A F=3tetAd vt o Z(symmetry span) #A= Kane $(2004)¢] 7i
ek Alom ) AAE= 8x8 AME BE RS FElo] - thAJA] oFE A
5 5x5 A FE R 29 AIAE Vvt EMUE e dAlelt
Fo] &&H= HF F AAR FAVIEIH FHZEo] v FATVIE
(counting span) A= Engle 5(1999)¢] 7ldgt o= 3w A|AE ufet
A, B ALY, 25 A FolA T 4 FE Lguio] AlaL, 34 ARle] A
AEAs W, & Ao FE AR Idete HAAlolth. 2Yal IHAFH
(rotation span) A+ Shah®} Miyake(1996)7} 7R3t Ao 2 3 A ¥ o] AA
F27F Al A, ol wHA (mirrorr-reversed) Q1A ket & A Al 3HAFE
Wakat Aolg 719k dAlelth o] ok dH] Al o] A% (Brooks, 1968), Mr.
X A (Hamilton, Coates, & Heffernan, 2003), Odd-One-Out (Russell, Jarrold,
& Henry, 1996),52 &3+ &% HA|E50o] S}

olFA &Y F HAE BT AS5S AAFsts 7IddAd ARE Aok

S A AAe FHel o] FHAR TAH ATk B B AT G we

N

ru

o
(oW
[N
o
=
@)
O
o
=
=
=
<
o
>
ol
N
>
4
Lo
I
s
I
&
2
2
&
;@

. 29 2 29 2979 A}

Sroll A v zgdriele] SA4IAE

rlo
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1) =9 &4719 HA

Swanson(1995)2 Hx® A7l ARG 1A A8 HAE(S-CPT)E M
shal EEsFeATE o] HAbs F 11709 Sksl HARR o] FolA lar, S5AlelA
TIA7HA 1611 & o= EEshstdon, A8 A7 3B/l AY 37t

g HAZE AgA D Y B-9)~180= (A D)ol AMAHALR AAjE T 11

-

olf

o] 39 HAAME & (thyming), A1ZH4 W E g ~(visual matrix), @24 S}
A

7N
A (auditory digit sequence), *|%=<} W3 (mapping and directions), ©]oF7] Tk
o
T

S

] Z&l7](story retelling), 1% A (picture sequence), T <A](phrase

sequence), &%+ %2 (spatial-organization), 27| % ¥ 74(semantic association),

oju] & E3F(semantic categoization), H]¢1¢] <=4 (nonverbal sequencing)® -4
o o

o] % Pickering¥} Gathercole(2001)2 Baddeley ¢} Hitch(1974)2] 2+ 7]

L
9 wdstel 7 HeauE SPRAE nF VAT obEE AY9 B
[ex]

N

A A Working Memory Test Battery for Children, WMTB-C)& 71231
AAbE F 99 9l HANR ol FoA dar, SAlel A 1564 ofbsS dido = &)

o, 2947 o 60%ola AHAE HAHT 9AY B9 AAE FFHY

N

12 =A3= £7] 34 istening recall), 5=A417] 3|4 (counting recall), 9= 5=
2} 3] (backward digit recall), &+F2ZE A3 A3 A (digit recall), @

o H53)4(word list recall), HlTo] &H53] 4 (nonword list recall), ©o] &=

tﬂ—

N

7I(word list matching), 28|32 AFHE7|FS SAHSI= v 2793517

(mazes memory), &% 3] (block recal) &2 T4 o] gt}
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ol 74 o] A} HA= shel AATE B &g Azbo]l A, JRAHARE

o] HAb= B7bel AFEE FA(modality; 2t 1o, AlzE, &3b)ol whet 3=t
o] z§i71el FAe zbol7b Q7] wjitel o] EAE Heetr] el 2~37F 44
o] 7o 1= Aol EfgstH(Oswald et al,
2015). AR HAME sold s HIUHAgto] &
oA m R FHAAo R HePstr]ol ofy o] QUrh.

ool Alloway(2007)= FFH 71HF 2 7] 253 7FH( Automated  Working
Memory Assessment; AWMA)E 72313t 4M oA 22415 3oz 3h,

i

O

2 ZAste] 1 Wit F5E A

9 deln A@Ae] Nars)

= FAsk= =71 A4, A7 B, I mA Fdela, A 7=

<
1%
2
o
)

N

19)% }A) o] th(Pickering, 2006).

w3k Redick 5(2012)2 AHs3td 53 =+ 3A (Automated Complex Sppan
Tasks)E 7lEste] 60009 o] AS o= EFEstatdnt o] AAE A 7
FE 7I9E FAbolw | 370 e] k9] HAlm A EOl Atk 3719 skl AANE ol %
o] AF-A = (Unsworth et al, 2005, Unsworth et al, 2009)] 7]zx3}e] ¢]7] %,
AMNE WA EF AAR s, Al A BEF 53 F A Aol 7|E
o] A7 AAreh FEE = Aot

ol7ie] AeldAte] Bie FEekn AVAA Fee AFE A 27l

[
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Aol AR, ATAEES § vholrh gl FolwA @x A F
2ehel #4170 FAE Awets] AREc WA Alloway(2013)E 24719215

H7HAWMA)S] o] E=3]% vdo] ==34 7] 34 FAE 2k,
=2 37, 243 A, g WMEHE RAE Frhste] 2edowx: HARL
7Fedt AWMA-2S %5338t 283 Englund 5(2014)% =2gelo =z ¥
2 afdo] 7Fs 3 WOMBAT(Working Memory Battery) AAS FAad 3} A<l
S Ao R EEstetdnt. o] Halbs o], A A3 4 AlFie] 3 9
Aol A 24zt A%, A% H 22, A W A AYrie HdAE FAE F
97He] eFelAtel 180 o® o] FojA vk HE3F Hicks 5(2016)%= &2
71¥F OWL(Online Working Memory Lab) 21719 #HALS 184914 3(5A41E o
Fom Baststitt. 9] steldAbe QAR A S 71, A71E, EAHA
E, AAlg =, FolR 7], EY A FEo|t

oA H =l 2o HAb= AMAAALR NEHET] A Fela, o] F- Ak

¢
O

[5

rS

I omlgo] Wol = TN @RS SETI FA AARA WS 4

g ol FeoA AW AAsY GAE ATAER AAbY B3, 57,
W, 2842, 49719 S esFEEY), Sews

Az ok Aesd <% II-1>3 2}

Sle) A5, 471 S BEad ATE ofd nuHA 29k, 497
o AAE BFRE AT E ATANA AT =TS £ AR AT
2ouRrel B % itk 94 WA A7l AAE dPad A7 Awn,
gelel B A9irle AR ATE AADR HohA Q01D Y] obFe ~
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<E 1> BEF =t ggsE 39 49719 AHLES)

Pickering & L = = Hicks, Foster &
X X] = = s
q Xt Swanson(1995) Gathercole(2001) Alloway(2007) Redick §(2012) Alloway(2013) Englund §(2014) Engle(2016)
OI'%% 7(|.o47|o.|xl_5_\—1_47|_ Kl-%il-%' %Ig:ll- :I;
S-CPT mevjigazal | T Mo 2R Rt T | ARFEH 7|2 WOMBAT OWL
H (Swanson Cognitive | (Working Memory Working Memor (Automated - u(A\?VMAO—;) (WorkingMemoryB | (OnlineWorkingme
Processing Test) Test Battery for Assegsment) Y Complex Span attery) morylLab)
Children, WMTB-C) Tasks)
£3 THel ZHAL THlZ AL ZAFE 7|8F AAL AFE 7|8 AAt 22l AL 2zl AAL 2a2tel At
o & 5M|-A el 5-15A 4-22M 17-35A| 4-79AM| Had-Mol 18-35A
e 35-180% 60E 308 308 30-50%
Story Retelling Listening Recall Listening Recall Operation Span Processing Letter Operation Span
Phrase Sequence Counting Recall Counting Recall Reading Span Recall 210 Running Span
=o Sementic Assodiation Backward Digit Backward Digit Symmetry Span Backward Digit Digits Forward Reading Span
3_5 Semantic-Categoriza | —Recall —Recall —Recall Digits Backward Symmetry Span
;7| | tion Odd—One—CQut Backward Dot Digits Forward
Mr X. —Matrix —Interference
Spatial Recall Mr X.
Rhyming Digit Recall Digit Recall Digit Recall HEM A|27HSVS)
oo | Auditory Digit Word List Recall Word Recall Letter Recall Dots
;_"—' —Sequence Nonword List Nonword Recall Dots up
i
T= —Recall . Dots—interference
Word list matching
Visual Matrix Mazes Memory Mazes Memory Block Recall -
Mapping Directions Block Recall Block Recall Dot Matrix ?E‘ AIZZHDVS)
AlZz} | Picture Sequence Dot Matrix DO{S gequence
7 |AH Spatial Organization BosK e%uence
Nonverbal ackwar
~Sequencing Dots Sequence
—Interference
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PEZIZIE &89 71 FAE PEE AWA S2016)2] A5 vk A
Aoz AHrW AADH HAAR01N= AAS dFe=z 3 53 2449719
ArE et A5 stdet, 5708 o9l AA T I AE AAE A9
& umA 4] HAHAAE, 99715, dWAE 3% HAH= E-Prime T2
aow HFY IRk HAR sty ARt golws e w ek, He
Z A =T o] Fo]A Qlo] 2ETAEAA A&7l AdetA &

ARA S016)0] TS AntEZ|ZIE AREE o bl g zrdel/
AlZbE3E 71909 BrkakA ek F Ao/ Al E it A7y Az o] FolA 3l
thoo] AAbE SR 7] obss td o R SHAY HARUEIZE dadte] dntstu
AFEHAAA = &80 o]t

A, AH7IdE A6 A8 VIS A9 HAMETE FA - hEste] A
Tl 283 =wEel Auh #AArIdH A F =S dAE ATe A3
5(2002)¢] Aol 4= Oberauer 5(2000)0] AT-ellA A& FHAE k= o)
Aol A stA e 7Rk AR Ao AREEdY. AT AES TEHA7I
(A2 ARrE A, EAZ] FAD, SEFEZ(H7] &F AAD), ATZ7 R (E
e FAhom o] HALS st =4St o] 25(2006)= 171
(Daneman & Carpenter, 1980), 14+ (Turner®}t Engle, 1989), A]-&7F%(Shah &
Miyake, 1996)2] Al 7}#] A& -eutet Zostal 380d Aol Al A dete=
FAst] AFE 7R Al F HANE JhEsdnh 2ean Wil S (2007)

of AFelMe VIH(TEHITDA ALY WEH2AEFE) HAE

Ao ATES WE Av) gAE AHRE A AR ARstel A W
A% Frb ARANA BAT F Y= 0FE A% L DGR WS 7

A7 Belsts AR, A9 obd AJAAAR Aasolof s WAl 9l
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Atk olol o] (2011 = oFlF8 A7 -8 FAAHPickering & Gathercole,
20005 FElvEt 25t BtAl sAste JEAAE ThsstEs A7
AALE AR o] AAbe HAFE ZEROflow E3S AAstal, A E0]
22} Zpale] FolgEbAl ol ws AAste] g ol g e FqAEe] JudoR
AL Arlets Aolth ey FolgetA|dd @& At WA o A=

A HAE FHsts FEIF Ndvid gE2EE 7)Ao Ald AZko]l T AH

A3 Conway 5(2005)& 71939 A AgAS &

Aol sk 71E, A& 22 53 % A= JiQleitt A Al 3

I HE AYd Abg2 Al S Al 7137 B EobA

22 gk g F W ool A HAAleA FEE Ak nf vk E 4 EAA

= ok sh=dl, 719

FA A eE FAel wE HolF= WSS SAsHI7E olduke Aolth. uwhehA
£

He71el AAE AQAAE JMow su guor AA® 4%, AAEn]

flo
ol
©,
Al
[40
N
=2
o
ox
i
©
N
19
i
2
N
>
[
-
2
>,
(i,
o
oo
ol

wio AR A A 5 QAR BFAA B ol $YYAE AR
B Zzadow #es: A 2as
b, FIoh2016)E U71R A oy Aol Hg ATolA FY

gz uuolZor Hgayrh E3 oy

o

HA7= 71F AALR
T dFoAE A3t HE 2AHId A7 f1dE=d, Alloway et Gathercole
(2005)¢] AFATE Faw ctof 7| F-xlotE dytolgol AW A VeS
Hlulshr] 918 A3ty E = w2 S48kl ARt Alloway(2007)
7h 225k A7l AsH A A= dEey S-S 99 sk AAE *
e A erknt A A ool At Ao ek APAATE A AIE Henry(2010)
of AFolME A3ty S5 918 AL 3] (prose recall), @l A g

2

i
>

(paired associate learning), ™ T34 (category fluency)® 371# A&

sk AW dskMNE SHdoR 45 A W golw

r
<
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3, BE AL 771oE wase) gonz, Astmy HHAA =

Aolgtar gAE AAJk WF(2014)8] ATFAAE o]okr]  3]/3l7](story
[

= Ao & FAZ A tstATt

Aq7le #a Aol AEE AAET

E d7AEE A WA, 54, oA, 28R #71Y selea(Tdd

D 5% F AA A4 7t A

2 goksA AHEstd <3 M-2>37 2ok

Adziete]l SAel E% F HAVE AEd" 27l dv=(Daneman &

o

Cartpenter, 1980; Turner & Engle, 1989)& 7 yA| vl 7|34 S=3io] &
o 43S TG ShAIRE 19909 $He] A= (Hd Aol dig SIS

Z3357] At o2 S0, Engle $(1999)& M 741 ¢] 85% oldS A &3}

A @ ARA AE ol BAol A% + Yokuw FHYLh 1 ol fE

A TA Y Adgo] RerE PR S

of MAFAL FAGHL AT A

A2 Aol 2] WEolth wekd F& ATEe Tl dF Fael

A5 BAAS7] 918l Engle 5(1999)2]
Unsworth et al., 2005).

AFS AP HConway et al., 2002;

el Yuan 52000 4471918 5457 A BF Z S 45T 1)

A A Vo R 8B%E A, HAdE v v dATE 85%2] FHE

N

& @Ak & 7k el ts) sttt 2ea 55 & Al v
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M-2> 5 Aol g8 251719 A4 BA(AE)

<3

" < = < -
= Qi s 225 =
o _ = o o 3 T —~
W~ ol - » s § 2
,m D8 g o 5 K G & o
® I Hr Seir Enr 21 2w omr £
i HE ISR ERSHS ST o~ €
ol = U oRERIZHH © 85 on S
™ SEHEEW IS FuEs
© < =
S NS R 3 3
A - —
= ol G H [
1o Tl |Y mow N R
o —|Z |~ | 3IRNT S W =
3 | JINHON 3 H T
Sleni || | vEva | v E N 3
< ~ RORT<RT NN T~
S o -
b= < |2 n
S xa | el 1o
= N il
o m.m_ N Hr e
ol =~ | K Hr ) =
0 ~ 0l P
on e ifg]
h 00— | —, <]
=< <0 2
8 Kl o ) iy
E == o - I —
= HEDY| o Hr il Ul o
ol FoRe| K W= ECER =5
o N ol glor gl MOE
ondk obTobE Bl
JHE <
S __xb_ uy _m_____.
ulo o | B 5 =
Kl Ll ey (I -
{F R\ Hr o 1o mmo
A N oTHr A
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M, BE @A 7HA AL vkl FAEE A XS ek g
Hd2=2 yol7t o A5

ol g EH3t X A AATE AHA =AHE F Aok AAR A AE AR

H, 53 & AANtew A9 o

9 tH(Hicks, Foster, & Engle, 2016; Ma et al., 2017; Redick et al., 2012). w&}

A g dE B ug FEol w53 A AA dolkE a1 st

DA 2 AZes A wl$ F2359 (Yuan et al, 2006), EFZa 27l AA}

& S8l AFstAl A olok s

2) Z3FE 718k AA}

Conway 5(2005)2 7| HAFEAA e WHEZA EAS 3t & A5 AA] A
Ao vdd AFAES g5 2ol Ajksidv. AA, TSR] B A 9
B, Alde Wallele A A T =, A= AATE AdHE A AlA
= &8 Huz, A HA 2=ol ojojA = A= FZhAola AAEHA AN
Hojok sty B4, ¢71EF AAE HAlE g ol T o o] Al AAEH
7bedol Ad g vk &, FAdS e r g B9, AddAe sdd

=
T
Age e AgERt o wel 9E% 5 Jonm A% A9 Ao gl

—

rr

o Rt AIEE ANAAR AW Bast vk o F AhAe] Aekaae
Ae7le) kel AAsE Ea Al sldel s et

2719 HAAre] A4rslE Unsworth 5(2005)¢] E-prime X 27138 HEEFO
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= Y 7Nk ArE sA S JpEstH A Al AHE Q)

32

CAFH W AAE A

A7k BGE AND 9 rlE 9

_12i

Mole F9 F vk A, @b A

WAT S JE LFE FY 5 AoE A, ATFE} DA 43S GO )
ol Be Q9 AAY & dnks H, 29w Ade]l ABoR Aol 2

HA 27k fJe stk 3ol vt

22y Carpenter2t Alloway(2018)% ZAFFE 71¥F AAMe} AL HALS v aLsh
o2 AFYH 7|9k HAY] FAHE A7 AZAAE AHEE DS, A
g 7|9k HALR G 9325 A7l 8 o] AW oR ¢ 959 Fo
2 yedt 2 olfr= HIFH 7IRE HANE HFH AR 59
S7hE A Fah AFH Y=Y 4, £ HdES F£4e] B A4 T2

=
Fe 5 Qrka ALk veb AFE A gare] BAHS nas) 9

N
o2

dAke]l AFEsE o oF dHe #do] (A ENAl, 2004, AJAA, AAl
ukd A 2003; Allen & Yen, 1979). A E=E Eol7] H3) +& & &
j

A Akl @AGA ol A T2

7ol #E ALSoAME Eo| AASFE B Frl @olxi=y, I =
FAe] AL YRR 204 5 EE 67tx e Eow 27| AXF FAE
(Conway et al., 2003; Engle, Tuholski, et al., 1999; Kane et al., 2004). Conway

520050 WAL AS, F F 2~5709 Wl #ge] Agsirin Altet)
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=2 Eo7] 9% & 4= Conway (20053 Oswald 5(2015)¢] 75 3

ATk Y o Frbel W A AREE Fol7] A8 WAoRE 38T

9] F3 oA AAMTF A% Borderline Intellectual Functioning) o5 A

A= go]E Ay Hd, ‘f#3 olE(shadow children), ‘A3t o} (crack kids),
‘W& o7 A% o}F(educationally subnormal), 5 n&F o2 wbghZEFA] &

& goj7 W ¥ty Coard, 1971; Schnur, 1994; Zuckerman & Frank, 1992),
‘=9 gFA(slow learner), ‘A3 ols(low achievers: Ysseldyke et al.,
1982), ‘AAM T A2 A Al(borderline mental retardation),” A% <1X|4 &4k
(mild cognitive impairment), ‘YRFA 1 g7l (general learning disability)” &
o2 AAH EAS wdd &o(Bakker et al., 2007, Brunner et al., 1993;
Knoff, 1987; Petersen et al., 1999)2 ¥ ¥ AH(F=, 2016 A} Q1-8). vpx71H]
2 oy FdAME AAAS AsSH, 2016, A2sh, 2009; Ao}, 2017), 7
Al As(HAA, Azl 2017), BAA A4 715 s, 2018, 834, 2007),

v SR - FERSY A28, 2016) 5 ANHA 5HL WP §o|=

b

52 A Ytk

42



BARAE A obs Mde gArs AuEd, vs ZAlYs Jd 3 FA

2+ (Diagnostic and Statistical Manual of Mental Disorders) DSM-I13} I 9] A +=

¥
)

ol5S AHE AHA AT (mild mental deficiency), AAA A A A A (borderline
menatl retardation)e]2}al A AW, AAA A EIA|A EFEAC. 2
DSM-MA A FE = AAAT As otss AAAANA =2 FeEste] ‘A%
off o] &elX] k= A e V-mE'RE EF{FItH(Wieland & Zitman, 2016).
olZA EFAAZE WAl ® wjAol= w34 - ARSI A o2 A9 AT AAL
AdE A FEetA SFdtael mA e At gk s sy A 520A 9
Hbakal A 2] ko] AT S, 2009, p. 156). o] # g AL A H$)7]
o] oz 1973 o] A7MA &= Heber(1961)9] F2lA A A<fo] wtgl 1Q 85°] st
(-1 FFHAHE 722 ol5c] AAM AHiAAAsor EFHASL, 1973
| o] FHH = Grossman(1973)9] ool whel AR A7 1Q 70°0]sH-2 ®+H
AR 7ol EF AHUA BAAE As oksEol EFuSAHI A tide
A A2 = AT

DSM-NVel A= BAME As obeg V-IERm BRFat, 3739 AsHA
At AsA g 700174 840]8tell FHat A &2 BAS JEA AL Folsof &
oo w Aot FAA TIEs AASAT ®E, HE AR
DSM-5¢4 &= ZAAAT A% obs d¥ 7ol 5= AsAFd g A5
AbAlskaL, ‘A Fo7F BasAY e AAY dFel dFS = WE A
, AF o et sty flaiA AS B E el e Mg @ sk,
FolHAdy - APl THE o
Psychiatric Association, 2013, p. 727).
of sl Wieland$} Zitman(2016)> AAEH A5 oles AET + A=
AAQ A S AMATew 8] e3le Ao S st nHH

Tl A AAME As ofsd AE VeEs TAANLE AAStE ATE

AR, ATA G 70~85 Abol (B, 2016; H<sk, 2009), 71~84 7kA (A5

n

ZAZo} HAE FEYS Hud

N
lo,
l
Fo
rol
+
M
2
>,
QL
2
_E
o>
3
=,
g i

Y

i
ftlo

43



%, 2018; Htd <y, 2018; B3], o]Ad, 2008) o= T ThEU. wepA #
ATl = 7€ dATE VIEs £, AsAG 70~85 Aol i st=
=
[}

obgEe BANT AT otesorm Aostaat gt

. ZALFE As okse 54

AANT A% ok @ A FolAW 44 Hdstn AN 4A
o, AwrHoR e AXvHoR dds) A, A7, AN S ol

e Agtel e, olH g Stg4 TAE I8 SgAEe] A o] shdo]

e 4s dustgse Ak BY o AAA "rHEs, 2009 57,
2008). AANT A% obgol FE molt EAE A, dlof, PA I A

48 e 549 SHeA = ded ol AyEW veat 2

AART A% obEL 1 AANAE ASAZCINA -2 BEAR AR

=
o
3L
R
i

of, ol wla] AL FFo] A olTE EAHS HA AL At

y & Kusuma, 2006; Shaw, 2010). o]&{st o2 AA5#HLZ x7] dojitd

of =¥l A3 AAHM EF A9 dATHe] ¥ 54 AYUA A A A
1 BAAE Ae obse AAH 5L v 2k

AA, AAXRATF A obE BAR i oldlE o#H3tH(Reddy &

Kusuma, 2006; Shaw, 2010). T3 F2538 =g 5o A9 CxsdS 2+

rlo
o

st AAA 7]sol A drkolsel s A g FAES HATHGabriele et al,
1998). AAXT A5 ot FAAA Ae o AzsH, A57t FHALTE
olglat=dl ojelo]l il ShFE7]7F Wok(Singh, 2004). 53] FE42 oldlE

a7at A #Zo TAY Foke BAA BAS oo F4H Amel 8
A

a2
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)
f
v
e
s
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Z2o] 7hsgk 71385 AlFete slo] u Afetal sbsstd FAF Q] AR

g Abgsok eth(ASe, 2016).

A4, AAXNF AT ofs on La = AT A v $n Qe x4 7t
=4 2431l o go] AUth(Verguts

& DeBoeck, 2001; Shaw, 2008). 7]E=o 53 23 A FA A& A4S 24
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HH(Alloway, 2010).

BARE A obse F44F Jid ArRAS 71 HAAAMY oHE #
d71d 3 AAste] drgsiatd, F44 Jde] AAAE As obElA olsiu
A717F HA g2 AEHE dr7]ded WEA 2 B9, AgHe st ARE
Aol FAAZ1717F o Huh ALl FAEA e EE Aldo] oY 7]
ol G771 o re] Aol offar, Helsfor & HAle Hag ARSI
© =R o dAM AAE FHsHA Eetu, S8/, E7]8HA H= slelth
ofeldk zA71 A HAHAM Y olelw wZol AALdE AT obs
Mdolse FE4 AbaLE o)y Y3t Chauhan,  2011).  Verguts®}t
DeBoeck(200D) %= o2&t &A= 33 A S st s ARE vl
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Alloway(2010)= 7A~124] AAXT A5 ots3 dnk olxS o=
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FFEHA 332 3.74 3.01 3.02 3.86 2.66 2.73 3.89
9 = 006 -017 -016 014  -069 0.4 0.05 0.17
A -025 -012 -027 -0.00 -011 -0.08 -069 -0.81
AF%(a) 834 831 783 785 836 767 787 841

4. A4

A 19 A 2L A971e AA =79 vYExEE dsste dH
Atk B AFolA F3E 25299 Az digte] 4 R7INFS] Jamovi 1.0(The
jamovi project, 2019) 4] ZZI1WE AL&slo] 8¢5 7Ho] Y F FRE H
F= 314 QA8 A (Confirmatory Factor Analysis; CFA)S 33 th 1g
i R 361(R Core Team, 2019 SAZZIHe mirt(Chalmers, 2012),
eRm(Hatzinger & Rusch, 2009) 3 7]*]& &-83}o] Rasch 54 239 &3
A= A F(Item fit index), HFAxTFEEE, 2E 7] 5 F(Differential Item
Function; DIF)S &3l BYEE ASsAa, Igx Bl e EATE

S AFEE HASeAT WEEHBEs AA RS AR dAfel A AE7F 5l

F



#& Jamovi 1.0(The jamovi project, 2019) &4 X2asloz Huy =
T3kl
o agla REAGEE Hrketr] HEl vlal 4§ A9 (Comparative Fit Index,

CFI), Tucker-Lewis A|5~(TLD, A A HdA# 22H(Root Mean Square

(Maximum Likelihood; ML) 57 WS AF83le] &4 98X &

Error of Approximation; RMSEA), X%<3td Al ¥ ZFAH(Standardized
Root Mean square Residual; SRMR), Akaike A X 7] A4(AIC), Bayesian
AR AFBIC)2] AFEE A3kt Hut Bentler(1999)0] w2 £ 133
v A& delyd dis) CFIZF 95 o], TLIZF 95 o]/, SRMRe] .08 W] R/H
RMSEA7} 067 REQl 7 --2kar Alebstdvt. Lejar B S Hlwstr] ¢33 AIC,

BIC A& 7 74 o] e By F v go] ¥ U2 A= E YERTh
w3 QiAo HAAFY AU A (unidimenationality) 718 #HE5<S &) 1L
3k (eigenvalue) ¥ ~=2] =3 (scree plot)E sttt dxPA4 7HAH S vk
T A 1Y AFRRE 1 o]l A, S F N ol afrgkel 1
ol A 2=y =X AA A IHE A 24E8 LFE o]t s
%!

$OTHAER 5, 2008).

AT o] 2 Rasch SAEHNA AFH = v ATE AFE T3 &g
T A T A3 = A= gdxte FEH FEET UF fd4AY oHE &
oA BASHE o] wESo wWe ¢ A3 E A4 (Outfit mean square index)

3 Y& &= A 4=(Infit mean square index)”} UTHA A 2007). WA T
=

AAFE A& 7tEAE FoJahA Foernz UWAFE AFE F 9 FoAHA
by Wotop &t} (Englund et al, 2014). AFEA o] we} WA= 29 94

Fm Afe]l AA4e wose 712 tEd A4Y » dAW, dudow

d
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v g 2} 2] A 4= (person

}At}. Cronbach a Alg+E 0.7 o]’gold

5]

ol
=

a, A E2 A2 Z(person separation reliability)

separation index) #41& A

24 B x5} 2.0 o]
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0.8 o]/dolA ¥

, 2018), AL ¢
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m-7> 24 7]
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SE
0.49
0.45
0.41

SD
7.80
791
6.54

Mean

4
of

—
file)

0.09
-0.61
-0.48

0.14
0.01
-0.26

30.78
26.86

17.71
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241
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HE==-048)9] o} ==
W, [ M-2]e A%

density
density
density

10 20 30
CE

St A F 7 A Z20)7 8] 7]

A a9 2w 9=9] Histogram¥} Density

D Wy Fzol N2 BYE
BT E Uy ol

Aei71oe] ol2d FAA Al G we
sholth o2 el A4 BEY AT mgo] Ty 2L o
AR A4 2ge 9% vzt &3 AR An Aelge @

Hog ARz A7 SHeR Eidhe AT AEEA S, M9, 2012

Aol AEd, 2017, Ackerman, Beier & Boyle, 2005; Alloway, 2007, 2013;
Gathercole et al., 2004)2] o] &0 ZASIATE AT EFS FSHA7 o 42
ARl AR AgYE Al 873

0, A% AeEAE wrlvlee Sk

75



2008; 944, FohA|, 2017; Colom et al., 2005; Rosen & Engle, 1997)¢] o] Zqj

—_
file)

0
o

2¢17)

R

o [y M-4lsh 2ov, &g7)e] A

r
K
H

AlSZHEZ1E

0
L

i

m

r
K
H
{H
gr

ST

76



AR
Se e AE
a

a7

A2

e =

[9 M-4] A 2o 24 29124

<E M-8> Y719 A4 RPAEE A

n
=
El

x? df D CFI TLI SRMR RMSEA  AIC BIC

81974 17 <001 0921 0869  0.049 0.123 9747 9842

fore tdoX| o
o1 ofto2t| ot

41715 17 <001 0964 0940  0.042 0.083 9711 9806

<GE M-8>& ®y, 44 2 (CFI= 921, TLI= .869, SRMR= .049, RMSEA=
123, AIC= 9747, BIC= 9842)¢] R @AY= Ao vls| A+ R (CFI= 964,
TLI= .940, SRMR= .042, RMSEA= .083, AIC= 9711, BIC= 9806)¢] =34 F=
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Festdeh AAE(L) 179 AYA7E 0oz 223 ZpA| ol A

=
st BAe] AGHUL ol AALe] BFEE Adet PAY Fgow
[ex]

<E M-10> 52FZ(FHA ], 2, 6)9] 3 A% A+

Difficulty S.E. Outfit MSQ Infit MSQ  Outfit t  Infit t
D 1 -5.638 0.714 0.178 0.918 0.68 0.21
D2 -5.638 0.714 3.862 0.841 1.51 -0.06
D3 -5.212 0.590 0.164 0.918 0.16 0.08
D 4 -5.212 0.590 11.963 0.992 2.46 0.20
D5 -2.684 0.228 0.758 0.889 -0.31 -0.68
D6 -4.132 0.377 3.332 0.970 1.60 0.03
D7 -2.401 0.211 6.457 0.979 5.47 -0.11
D8 -2.159 0.198 0.794 0.885 -0.43 -0.99
D9 -2.317 0.206 0.635 0.887 -0.83 -0.89
D 10 0.033 0.152 1.092 0.993 0.66 -0.09
D11 -0.826 0.157 0.808 0.940 -0.96 -0.85
D 12 -0.509 0.154 1.028 0.988 0.22 -0.15
D 13 1.144 0.163 0.812 0.915 -1.00 -1.01
D 14 0.601 0.155 0.775 0.853 -1.56 -2.09
D 15 1.297 0.166 0.744 0.920 -1.34 -0.91
D 16 2.001 0.187 1.036 1.028 0.22 0.27
D 17 1.967 0.186 0.693 0.861 -1.13 -1.26
D 18 3.811 0.304 0.343 0.893 -0.83 -0.36
D 19 5.293 0.522 0.090 0.780 -0.01 -0.19
D 20 4.362 0.366 0.177 0.714 -0.98 -0.99
D 21 5.606 0.595 0.110 0.792 0.03 -0.17
DB 1 -4.284 0.400 1.599 0.943 0.82 -0.05
DB 2 -4.458 0.429 1.150 0.929 0.53 -0.09
DB 3 -4.458 0.429 5.966 1.027 2.22 0.20
DB 4 -2584 0.222 1.395 1.047 0.84 0.35
DB 5 -2.490 0.216 0.897 0.966 -0.03 -0.17
DB 6 -2.845 0.240 1.314 0.988 0.68 -0.01
DB 7 -2.013 0.191 1.391 0.966 1.04 -0.27
DB 8 -2.013 0.191 2.883 1.023 3.32 0.23
DB 9 -1.483 0.172 1.081 0.967 0.37 -0.34
DB 10 -0.992 0.160 2.213 1.042 4.20 0.58
DB 11 -1.065 0.162 0.781 0.861 -0.87 -1.81
DB 12 0.380 0.153 0.936 0.968 -0.40 -0.44
DB 13 0.761 0.15 0.944 0.994 -0.32 -0.05
DB 14 1.144 0.163 0.818 0.948 -0.99 -0.61
DB 15 0.830 0.158 0.710 0.827 -1.94 -2.38
DB 16 1.626 0.175 0.566 0.837 -2.08 -1.71
DB 17 2763 0.224 0.675 0.967 -0.65 -0.15
DB 18 1.597 0.174 0.530 0.755 -2.38 -2.75
DB 19 3.811 0.304 0.357 0.794 -0.63 -0.71
DB 20 4.007 0.325 0.286 0.822 -0.69 -0.55
DB 21 4.234 0.350 0.417 0.877 -0.51 -0.37
L1 -2.845 0.240 2.174 1.065 1.61 0.41
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Difficulty S.E. Qutfit MSQ Infit MSQ  Outfit t  Infit t

L2 -3.386 0.287 7.951 1.258 3.99 1.12
L3 -3.561 0.305 2.619 1.145 1.58 0.63
L4 -2.633 0.225 1.412 1.104 0.86 0.70
L5 -1.040 0.161 0.862 0.954 -0.54 -0.59
L6 -0.688 0.156 1.081 1.117 0.48 1.65
L7 0.098 0.152 1574 1.131 3.42 1.86
L 8 -0.290 0.152 0.988 1.029 -0.02 0.46
L9 0.206 0.152 0.948 0.992 -0.32 -0.09
L 10 2.763 0.224 0.802 1.002 -0.33 0.06
L 11 2.212 0.196 0.850 1.079 -0.37 0.66
L 12 2.001 0.187 0.865 1.018 -0.37 0.19
L 13 4503 0.385 0.237 0.871 -0.42 -0.24
L 14 4503 0.385 0.413 0.888 -0.25 -0.23
L 15 4234 0.350 0.451 0.905 -0.37 -0.24
L 16 6.037 0.718 0.089 0.894 0.54 0.17
L_17 NaN NaN NaN NaN NaN NaN
L_18 6.037 0.718 0.067 0.795 -0.07 -0.16

g2 A3 (person fit) ¥4 A3 2529 F 229W(8.7%)°] F-A g3t thakA}
2 dWAgdHe], 22%E Al 2308S dto=

10% "lRto 2 yelhg vda; A e st Aor BauEdu

2AS 20w YWAFE A 0809~1.198¢] el oko] gon
saEare mE Agke Aoz dZHch ek Item Mapold 2AE B 7}

540 Qi Ao et 9% MEHAE WS £8715T AoR @
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* e * s 0
® a1 ® 18
| ® a1z
®ME_15 @ MB_12
* ME_12
L
& M_15 = L) ® MB_11
0 ® iz * AT
®T_13 =
® ME_10 ® a8 *MEE @ 11 * MB_T
® M_10 - & MB 9
L o
= LY & s =
h LR 8-
® 1MB_5 = ® ME_2
emy *MSE ® Az
* MB_S -
® ni_t ® 1 = 2
= MECT w2
il o 2 7 -
ez “emE
& E_1
L)
I T T T T

Infit t statistic

[ mM-9] A&7 5453F2] Ttem Map

M-11> AE718(GAE 8, 4, Dol 3 A%t= A5

Difficulty S.E. Outfit MSQ Infit MSQ  Outfit t Infit t

IXIXXIXIXIXXXZIXIXZIXXXXXXXZIXZIXZIXZIXIXZ

1 -3.110 0.234 1.003 0.967 0.16 -0.13
2 -3.110 0.234 1.020 1.043 0.20 0.30
3 -3.884 0.307 1.560 0.821 083 -0.42
4 -3.884 0.307 0.869 0.925 003 -0.20
5 -2.564 0.199 1.026 1.032 0.19 0.29
6 -3.706 0.287 1.442 1.018 0.79 0.16
7 -2.727 0.208 0.803 0.978 -0.45 -0.11
8 -2.114 0.179 1.331 1.119 1.28 1.19
9 -1.659 0.165 1.243 1.041 1.16 0.50
10 -1.125 0.154 0.835 0.922 -1.16 -1.08
11 -0.924 0.152 1.049 1.011 0.40 0.18
12 -0.242 0.148 0.782 0.885 -1.98 -1.75
13 -0.621 0.149 0.980 0.890 -0.13  -1.67
14 2311 0.216 0.610 0.828 -0.77 -0.95
15 0.380 0.152 0.766 0.874 -1.79 179
16 2.265 0.213 0.852 1.089 -0.25 0.62
17 2.919 0.260 0.387 0.805 -1.24 -0.93
18 3.725 0.350 0.396 0.932 -0.44 -0.05
19 4.168 0.420 0.546 0.944 0.22 0.12
20 4.168 0.420 0.205 0.781 -0.68 -0.41
21 6.025 0.989 0.096 0.848 0.10 0.13
B 1 -4.091 0.333 1.583 0.949 089 -0.07
B_2 -3.282 0.247 2.931 1.198 2.84 1.07
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Difficulty S.E. Qutfit MSQ Infit MSQ Outfit t Infit t
MB 3 -3.344 0.252 2.288 1.025 1.94 0.19
MB 4 -2.488 0.195 1.346 1.065 1.10 0.57
MB 5 -2.379 0.190 0.708 0.869 -0.96 -1.13
MB 6 -2.955 0.223 2977 1.069 3.24 0.47
MB 7 -0.814 0.150 1.305 1.078 2.25 1.13
MB 8 -0.858 0.151 0.953 0.984 -0.32 -0.20
MB 9 -1.217 0.155 1.266 1.057 1.64 0.78
MB 10 -0.836 0.151 0.773 0.864 -1.83 -2.01
MB 11 0.335 0.151 0.876 0.993 -0.87 -0.07
MB 12 1.072 0.165 0.697 0.937 -1.53 -0.67
MB 13 1.436 0.175 0.724 0.878 -1.12 -1.19
MB 14 2.989 0.266 0.588 0.973 -0.57 -0.04
MB 15 1.406 0.174 0.573 0.834 -1.92  -1.66
MB 16 3.306 0.298 0.248 0.810 -0.89 -0.48
MB 17 3.725 0.350 0.586 1.025 -0.29 0.18
MB 18 3.725 0.350 0.213 0.821 -0.84 -0.37
Al -1.934 0.173 1.444 1.124 1.75 1.30
A2 -3.706 0.287 0.608 0.975 -0.58 -0.03
A3 -2.770 0.211 1.106 1.117 0.40 0.83
A4 -1.407 0.159 1.065 1.065 0.42 0.84
A5 -1.766 0.168 0.785 0.857 -1.05 -1.70
Ab -0.880 0.151 1.106 0.931 086 -1.00
A7 -0.326 0.148 0.950 0.939 -0.40 -0.91
A8 0.583 0.155 0.834 0.916 -1.07 -1.10
A9 0.424 0.152 0.868 0.953 -0.90 -0.62
A 10 2.506 0.228 0.607 0.910 -0.78 -0.45
AN 2135 0.206 0.615 0.873 -0.95 -0.80
A 12 1.792 0.189 0.598 0.879 -1.30 -0.93
A 13 4.363 0.456 0.247 0.899 0.32 0.19
A_14 4.600 0.507 0.231 0.870 -0.42 -0.10
A_15 4.363 0.456 0.099 0.809 -0.42 -0.11

®& FIRA A7 (HAL 5, 8)9

2% AFE 24

10% vRto =z yeh v dar A= Fog Aoz yehylth

AaHor THHRY7] 2FE] AFEE Loty 98 A4 (2" mM-10]13%
Zol] Item Maps 124 dhets) B gkt

[Z9 M-10]& E™, 2o &3o] Infit tgho]l -2~24Felel i A #
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<E M-12> FFRW7AA 5, 9] #3 43= A%

Difficulty S.E. Outfit MSQ Infit MSQ  Outfit t  Infit t
R 1 -4.181 0.321 1.724 1.104 0.89 0.48
R 2 -4.288 0.333 0.492 0.886 0.16 -0.28
R 3 -4.181 0.321 0.583 0.883 0.01 -0.43
R 4 -3.053 0.230 1.282 1.125 0.60 0.81
R 5 -2.952 0.224 2.296 1.085 1.62 0.60
R 6 -3.106 0.233 0.647 0.904 -0.26 -0.55
R 7 -1.904 0.182 2.088 1.129 2.33 1.25
R 8 -2.354 0.197 1.124 0.901 0.41 -0.82
R 9 -2.035 0.186 0.742 0.804 -0.56 -1.94
R 10 -1.688 0.176 0.917 0.866 -0.14 -1.43
R 11 -1.400 0.170 1.160 1.036 0.62 0.43
R 12 -1.052 0.164 0.944 0.923 -0.15 -0.93
R 13 0.328 0.159 0.966 1.055 -0.10 0.71
R 14 0.425 0.159 0.863 0.989 -0.60 -0.11
R 15 0.694 0.161 0.821 0.978 -0.70 -0.25
R 16 0.846 0.163 0.930 1.086 -0.20 1.05
R 17 3.508 0.283 1.364 1.133 0.66 0.69
R 18 2.011 0.191 0.813 0.988 -0.24 -0.07
S 1 -1.372 0.169 1.190 1.142 0.75 1.60
S 2 -1.344 0.169 0.928 1.113 -0.18 1.29
S 3 -1.428 0.170 1.548 1.012 1.79 0.17
S 4 -0.749 0.161 0.934 1.040 -0.25 0.53
S5 -0.700 0.160 0.962 0.892 -0.12 -1.41
S 6 -0.457 0.159 0.807 0.908 -0.98 -1.21
S 7 0.066 0.158 0.672 0.828 -1.80 -2.32
S 8 0.922 0.164 1.013 0.879 0.14 -1.47
S 9 1.106 0.167 0.966 1.041 -0.01 0.49
S 10 1.354 0.172 0.511 0.746 -1.66 -3.04
S 11 2.311 0.203 0.597 0.908 -0.66 -0.74
S 12 2.194 0.198 0.402 0.754 -1.29 -2.24
S 13 3.217 0.258 0.615 0.942 -0.13 -0.24
S 14 3.871 0.321 0.194 0.816 -0.52 -0.67
S 15 3.591 0.291 0.258 0.756 -0.60 -1.13
S_16 5.900 0.716 0.039 0.554 0.50 -0.73
S 17 5.900 0.716 0.028 0.470 0.47 -0.96
S 18 NaN NaN NaN NaN NaN NaN
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Graphical Model Check

Andersen LR-test:

i LR-value: 42.719

9 P Chi-square df: 56

[:-/,_ p-value: 0.904
T T - T T T T T
15 10 5 0 5 10 15
Girls
[29 M-14] 52 LR-teste] e rndd 22l
o=z de-gd WHs T3 SFE o mE AU od B4
Ase < M-13>3} 2o
<E M-13> & F = Mantel-Haenszel Chi-square statistic

2% X* __p MO) M| 2¥ X’ p M) M(H)
D1 0000 1.000 099 099 |DB_10 0.220 0.638 0.75 0.62
D2 0260 0609 099 099 DB_11 0.158 0.690 0.74 0.66
D3 0500 0479 099 098 |DB_12 0.278 0.597 050 0.39
D4 0.286 0.592 1.00 097 |DB_13 0.056 0.811 0.39 0.37
D5 0055 0814 092 086 DB_14 0.174 0.675 0.35 0.27
D6 0009 0924 097 096 |DB_15 0.001 0.975 040 0.33
D7 2799 0094 093 081 |DB_16 0.002 0.963 026 0.22
D8 0011 0915 088 081 |DB_17 0.901 0.342 0.1 0.13
D9 0049 0824 089 083 |DB_18 1.018 0.312 0.24 024
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28 X! o MO) MH)| BY x P M) M)
D_10 3.718 0.053 049 052 |DB_19 0.161 0.687 0.06 0.06
D_11 0.321 0570 0469 062 DB_20 0.015 0.899 005 0.05
D_12 1349 0.245 0.61 0.60 | DB_21 0.040 0.841 0.03 0.04
D_13 0.136 0.712 033 029 |L_1 2.581 0.108 095 0.87
D_14 0.096 0.756 043 037 |L.2 0.787 0.374 096 0.92
D_15 2036 0.153 028 029 |L_3 0.603 0.437 096 094
D_16 3.146 0.076 0.16 022 (L. 4 0.543 0.460 092 0.87
D_17 0616 0432 0.19 0.19 |L_5 0.001 0.967 0.74 0.66
D_18 0000 0994 005 005 |L_6 1.418 0.233 0.70 0.59
D_19 0.000 1.000 0.01 002 | L_7 0.019 0.888 053 046
D_20 0.257 0.611 0.03 0.04 |8 5.172° 0023 0.67 0.46
D_21 0.125 0.723 0.01 002 | L9 0.646 0.421 0.47 048
DB_1 0.075 0782 098 096 |L_10 0.162 0.686 0.13  0.11
DB_2 0.215 0.642 098 096 |L_11 1.913 0.166 0.21 0.13
DB_3 0.024 0875 099 096 |L_12 0.714 0.398 024 0.14
DB_4 0.004 0947 091 087 |L_13 0.043 0.835 004 0.02
DB_5 0.038 0.843 089 087 |L_14 2.253 0.133 0.04 0.02
DB_6 0.078 0.778 090 091 |L_15 0.386 0.534 005 0.03
DB_7 0.006 0937 087 079 |L_16 0.235 0.627 0.01 0.01
DB_8 0.016 0899 087 079 |L_17 NaN NaN 0.00 0.00
DB_9 0.028 0866 0.81 072 | 18 o0 0.000 0.00 0.01

p < .05, “p < .001

<E M-13>S B, FAEL) 81 & x*2 5172013l pghd 0.0238=
p< 05 oA FAHOR fod Aol7k = Aom yEyth Ty L8
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ofsts TR el me} AEHOR Vgets
AT
HAEL(L) 18 &9 49, x*°] Inf(infinity) 2 &4 =t ol &3S %

& ARAZE v Aol Aol Ere] Fhol i AtobA] xPgkol TrefA A

L
a
ol
E)
o
N
>

(o3
N

ol

AL e AV s Aew ad

o
)

92



S Ao ZFolEt}h pikd 000002 p< 001 FFolA BAAHCRE {23 Ao

7F slE Ao g yehdARk x*ghel Feto & uEly] wiiel piks <nglA

B 4 gl 28y £89 deolmrt v gol 9@zt $8S AR st
S

s Baow BAHo AAY ey Y= Aow wradr) weba
1 9] 572 2%k 0~3.146 Alololal, pike 094~1 Aol EAX o= A

Aoz BAHY. mEy A4
Z4

W AFZ7Z (A 3, 4, NN ZAE|SEY £

WA ezl $wE PEd s mde $ste] Puol wel o)zt

A wdol A=A [ M-1517 2o FAsA ).
Graphical Model Check
© -
o~
&
o _ |
= Andersen LR-test
LR-value; 91.882
¥ Chi-square df: 49
p-value: 0
&? -
I T T | |
10 5 0 5 10
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(13 IM-15]& R4, 3% 214 (MB_2)¥ 22 (MB_3), 311 (MB_12), 43%H
(A_6)9) Ehglo] tiZhAa A& F8 glo] ozt WolA U= AL L & 9l

wE LRSS 91.8820] a1, piko]l 0082 ZEA A o= fodto] A

(o)
i3
=
=)
A
2
i
1

<HE M-14> A -&7H#E7]1742] Mantel-Haenszel Chi-square statistic

23 x> p MO M| 25t x> p M(C])  M(H)

1 0223 0.636 092 088 | MB_7 0.212 0.645 0.63 0.56
2 0.752 0.385 0.92 088 | MB_8 0.527 0.467 0.65 0.56
M_3 0.009 0.923 0.96 093 | MB_9 0326 0.567 0.69 0.65
M_4 3.007 0.082 098 091 |MB_10 0.640 0.423 0.64 0.56
M_5 3384 0.065 0.90 081 |MB_11 0410 0.521 0.37 0.40
M_6 0.692 0.405 096 092 | MB_ 12 4.083° 0.043 0.33 0.19
M_7 0.037 0.846 089 085 |MB_13 0.025 0.873 024 021
M_8 1.244 0.264 0.78 082 |MB_14 0.035 0.851 0.07 0.06
M_9 1525 0.216 0.80 0.8 | MB_15 1558 0.211 0.20 0.23
M_10 2.805 0.093 0.60 0.70 | MB_16 1.466 0.225 0.04 0.06
M_11 1.081 0.298 0.64 0.60 | MB_17 0.207 0.648 0.03 0.04
M_12 0.314 0.575 0.51 047 |MB_18 1.095 0.295 0.01 0.06
M_13 0.020 0.886 056 056 | A1 0.311  0.577 0.75 081
M_14 1588 0.207 0.10 014 |A2 2526 0.112 0.92 0.96
M_15 0.862 0.353 041 034 |A_3 0.049 0.824 0.89 0.87
M_16 1.151 0.283 0.14 0.10 |A_4 1.948 0.162 0.68 0.73
M_17 0.415 0.519 0.08 0.06 |AD 0.559 0.454 0.74 0.78
M_18 0.068 0.793 0.03 004 A6 12.533""" 0.000 052 0.70
M_19 0.053 0.817 0.02 002 |A7 2.094 0.147 0.46 0.56
M_20 0.176 0.674 0.12 0.03 | A_8 0.209 0.647 032 0.36
M_21 0.800 0.371 0.01 0.00 | A9 0.015 0.901 0.35 0.39
MB_1 0.041 0838 096 095 |A_10 0.000 0.983 0.10 0.09
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=% X p  MO) M| 2¥ X’ p M) M(d)
MB 2 5.347° 0020 097 086 [A_11  0.609 0.435 0.12 0.14
MB_3 3339 0067 097 087 |A_12 0872 0.350 0.14 019
MB_4 0.172 0.678 086 0.83 |A_13 0012 0912 002 0.24
MB_5 0497 0480 084 083 |A_14 1.571 0.210 001 0.24
MB 6 1.008 0315 092 087 |A 15 0.125 0.723 0.03 001

< .05, "p < .001

<GE M-14>eAME o9 EZAZ(MB) 293 129, 183 3% (A) 69 &
gro] AWe] uwl RPHoR 7|5Ee Aoz Yelyth MB2HY 129 £
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2 3

MB_2¥ MB_3H MB_12%¥ A_6W

(1% TM-16] MB_2¥, 3%, 1293 A6
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ofo

& FIRY7I(HAL 5, 8) AV TEF &4

WA etlEge] $Ev AF3 e mag sdelstel 4wl mel zolzt

A wdol A=A [ mM-17]3 2o FAsA ).
Graphical Model Check
5 o
2 o -
(o]
m
=
Andersen LR-test:
N LR-value: 24.302
A Chi-square df: 33
p-value: 0.864
T{‘ -
T T
10 5 0 5 10
Girls
(29 M-17] <4H A 7] LR-teste] g md skl
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[ M-17]] AAISFE %ol T4 A 7o +& it gztxa J4 <l
oumg A wE zto)7t 1SS & 4 vk w3 LREHS 24.3020] AL, pFkol
B64Z FAH O R fFolstA] o} Ao mE o]t §lrh

We-gd P B9 A 4 R B Ads <E M-19>

<E M-15> $9HE 372l Mantel-Haenszel Chi-square statistic

e D p__ MO M) By X P MO M)
R_1 0621 0.430 0.97 0.93 _ 0.433 0.510 0.71 0.69
R_2 0648 0.420 0.97 0.93 2 0.137 0.710 0.71 0.68
R_3 0004 0949 0.97 093 |S_3 1579 0.208 0.70 0.71
R_4 0000 0992 09 087 |S_ 4 1366 0.242 0.60 0.61
R_5 1.029 0.310 0.92 083 | S5 0.000 0.975 0.62 0.57
R_6 0.004 0.947 0.91 087 |S_6 0.000 0.988 0.58 0.53
R_7 2489 0.114 083 0.71 | S_7 0.030 0.861 0.49 0.44
R_8 0007 0932 085 0.79 | S8 0.043 0.835 0.34 0.32
R_9 2028 0.154 0.83 074 |S_9 0085 0.769 0.29 0.32
R_10 1.614 0.203 0.80 068 |S_10 2671 0.102 0.25 0.29
R_11 0.011 0916 0.72 068 |S_11 0.152 0.696 0.17 0.14
R_12 0.000 0.999 0.69 0.61 |S_12 0.004 0.945 0.17 0.16
R_13 0.002 0957 044 0.41 | S_13 0.408 0522 0.09 0.07
R_14 1045 0306 045 037 | S_14 0.161 0.688 0.04 0.06
R_15 0.003 0.950 0.37 036 |S_15 0.042 0.837 0.06 0.06
R_16 2130 0.144 033 033 |S 16 o " 0.000 0.01 0.01
R_17 0.021 0882 0.07 007 517 " 0.000 0.00 0.02
R_18 0.039 0842 0.19 0.19 | S_ 18 NaN NaN 0.00 0.00
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The borderline intellectual functioning (BIF) indicates those whose
Intelligence Quotient (IQ) is from IQ 70 to IQ 85 (from -1 to -2SD).
Most children with BIF go to school without sufficient awareness of
their language and academic struggles, and they have difficulties in
school. The BIF'’s prevalence is estimated to be approximately 13.59%

of all students, generally 2-3 students per class. As their learning,

interaction of a vicious cycle caused by cognitive difficulties,
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intervention and the training to improve their cognitive skills will
contribute not only to improve academic skills but also to reduce
issues with the school adaptation.

The cognitive ability is often represented by the IQ, which has been
considered the most important factor in predicting the execution of
learning techniques such as reading and arithmetic (Stohard & Hulme,
1992). The recent studies comparing IQ and working memory (WM),
however, have shown that WM is a more relevant predictor of
academic performance (Alloway & Alloway, 2010). WM is a mental
workspace that temporarily holds and manipulates information.
Individual differences in WM abilities can lead to differences in task
performance in most of the classrooms where students are asked to
memorize multiple information and pay attention to teacher instruction
at the same time. Therefore, the students need to be identified early
enough so the appropriate educational support can be provided before
the WM deficiencies affect their learning and academic achievement. It
requires the examination tools that can specifically conceptualize WM
and measure them reasonably.

There is no standardized WM test in Korea, so the name of tasks
and measurement elements used in the studies are not same(Kim &
Go, 2015). In addition, the studies that validated the working memory
test showed that adults are the subjects of study(Lim & Choi, 2017),
or touch monitors were needed(Sin et al, 2016). And even

computer—based tests, it were conducted individually with a large
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amount of time and cost(Kim et al., 2002; Do & Lee, 2006; Baek et al.,
2007), or when it was conducted as a group, the response was written
on the answer sheet, so the item presentation time was not
controlled(Lee, 2011).

Given the background, WM test is required for elementary school
students that it is a computer-based personal test, but it can be
conducted in a group. So the current study modified and supplemented
the evaluation tasks used in the previous WM research to develop the
WM test based on the multiple component model by Baddeley(2000)
and verified the validity of the testing for elementary school students.
Then, WM characteristics of children with BIF and typically
developing children were compared and analyzed using the WM test
that was validated. Specific research processes are as follows:

First, the WM evaluation tasks used in the previous studies
(Alloway, 2013; Baek, 2007; Kwak, 2011; Jin, 2018; Song, 1999; Stone
& Towse, 2015) were modified and supplemented. Accordingly, a flow
chart of the WM test consisting of three sub-components and eight
sub-tests was developed. The test contents were verified by experts in
related fields (.e., three professors of educational psychology and
special education and two doctoral students in Korean language
education). The test flow chart was validated by a computer science
expert to produce a Ul and UX-based testing program that (a) can be
used in various computer platforms, (b) can be applicable to

elementary school students who are familiar with the smartphone web
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and app environment, and (c) can minimize the limitations in the
experimental environment. The program development tool used is
Electron 2.0.4. The programming language used is Nodejs 10.15.0
along with the framework, which is Vue.js 2.5.16.

To validate the WM test for elementary school students, the WM
test was conducted for 252 elementary school students. The collected
data were structured into the phonological loop (.e., digit recall,
backward digit recall, and letter recall), the visuo-spatial sketchpad
(i.e., matrix, backward matrix, arrow recall), and the central executive
(ie., reading span, symmetry span) through the confirmatory factor
analysis. Depending on the researchers, the central executive 1is
measured by backward recall task(Ackerman, Beier & Boyle, 2005;
Alloway, 2013; Gathercole et al.,, 2004; Jung & Kim, 2017; Park & An,
2012) or complex span task(Colom et al., 2005; Kim, 2008; Lim & Choi,
2017; Rosen & Engle, 1997). According to the results of this study
(factor analysis), complex span task is more appropriate than backward
recall task. In other words, backward digit recall is more suitable as a
measure for the phonological loop, and backward matrix 1S more
suitable as a measure for the visuo—spatial sketchpad. These three
sub—-component structured WM test was validated with item fit index,
person fit index, person-item map, differential item function (DIF),
person separation reliability and separation index.

The WM results collected from students with and without BIF were

measured, compared and analyzed using the validated WM test. First,
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the children with BIF showed lower WM performance than typically
developing children, and the WM span was about 2 less in all three
sub-components. It indicates that, in class activities for them, the
amount of information provided at one time for children with BIF
should be less than that for typically developing children and the
teacher’s instruction should be limited to 1-2 at a time.

Second, while the WM development of children with BIF tended to
increase gradually with age, the gap between children with BIF and
typically developing children maintained. So, there i1s a need of
additional educational efforts to screen and diagnose these children as
early as possible and improve their WM through early intervention.

Third, at the level of WM subtests, the correlations between
subtests were different in children with BIF and typically developing
children. And subtests that best distinguish children with BIF were
reading span, matrix, and letter recall. Therefore, these three subtests
can be used when children with BIF needs to be screened roughly and
quickly.

Fourth, as a result of the analysis of the correct answer rate of
children with BIF and typically developing children in reading span
and symmetry span interference tasks, the linguistic information
processing of children with BIF showed lower performance than
typically developing children. Their visuo-spatial information processing
was not significantly different from that of typically developing

children. Therefore, when providing information to children with BIF,
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the visuo—spatial information should be provided along with the
linguistic information.

In addition, the qualitative analysis of responses from children with
BIF during the WM test showed the emotional characteristics of
children with BIF (e.g., lack of memory strategy, need for repetition to
master function, fear of failure, and low self-esteem) suggesting that
the targeted educational intervention is critical.

There are some limitations and suggestion in the current study.
First, there was a limitation in terms of the process of verifying
reliability and validity using the Rasch measurement model. There was
no standardized test related to the WM test, meaning that the
concurrent validity and discriminant validity could not be verified and
that the sampling was concentrated only in some regions. In future
studies, it 1s important to address the Ilimitation and verify the
concurrent validity as well as the discriminant validity using the
subtasks of the existing cognitive tests related to the WM test.
Second, sampling is biased in some areas. As a follow-up study, it is
critical to establish norms for the direct use of the WM test through
sampling in diverse regions. Third, this study is only to validate and
characterize WM. As a follow—up study, there is a need to establish
an intervention program that can improve the WM of children with
BIF, and to examine the effects of the intervention.

The study has the following significance. First, the computer-based

WM test was developed and the validity of the test was verified using
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the Rasch measurement model. The test was made on a computer
basis to control the tester variables. It is an individual testing, but it
can be used for the group testing as well. Second, in relation to the
measurement of WM sub-components, this study also supported the
findings of recent studies that backward recall tasks are more suitable
for short-term memory, and complex span tasks are more suitable for
CE. Third, the validity and reliability of the test were verified through
more detailed and qualitative analysis based on each item constituting
the test by applying item response theory. Fourth, as one of the
cognitive characteristics of children with BIF placed in the blind spot
of education, the current study may serve as the basic research in
identifying the characteristics of WM ability and in planning

instructional methods to support them.

keywords: WM  test, children with  borderline intellectual

functioning(BIF), WM characteristics, phonological loop,

visuo—spatial sketchpad, central executive
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ERRIE

H5 2> AR A A 23

[(AAH] =& 7199387] (AF)

4%)

AAE B 1R 944§ FAA ANR @A Qs
g22ke]l M AR Foldnt,
R A% EeE AAE FREVD,
AR DS e WES YT
5 g 5 &
dA51 | (1, 8] 11 | [4,3 2,7, 6, 1]
dA52 | [6, 1, 3] 12 |19, 3, 5, 6, 8, 2]
1 (2, 7, 5] 13 | [2, 7,5, 3, 8, 4, 6]
2 [5, 9, 1] 14 | [4,9 1, 3,7, 2, 6]
3 [2, 8, 5] 15 | [8, 3, 1, 6, 2, 4, 5]
4 [5, 9, 4, 7] 16 | [9, 5, 3, 4, 8,6, 5, 2]
5 [7, 3, 1, 2] 17 | [1, 5,6, 2, 8 9, 4, 3]
6 (8, 4, 1, 9] 18 | [5,7, 2,8 8 1,9, 4]
7 [7, 5, 2, 8, 9] 19 | [4, 2,7, 6,9 1, 3, 5, 8]
8 [6, 3, 8 5, 4] 20 |[3, 1,5, 86,9, 7, 2, 4]
9 (2, 4,9, 7, 3] 21 | [7,3,8 1,9 4,5, 2 6]
10 [1, 8, 6, 5, 2, 9]
(AA2] £34 AR Ader] (G £43)
AANE E B IVE 94 F FlA AAE v A wes
IEE RS
"5pe) Mg AR Feldy ek
TR A% EeE A FREUD,
AR ARSI e WES FYFAL
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Sl -8 & ik
A1 | [7, 1] 10 [7, 3, 4, 2, 6]
A52 | [5, 8] 11 [3, 4, 8, 9, 2]
A53 |19, 1, 6] 12 (8, 1,7, 2, 3]
1 [1, 4] 13 [2, 6, 4,9, 8 1]
2 [3, 7] 14 (7,5, 2,9 1, 3]
3 [4, 9] 15 (6, 8, 5, 3, 4, 1]
4 (6, 5, 2] 16 (2,9 4,6, 1,7, 5]
5 (2, 7, 4] 17 [5,7,3 1,9, 6, 8]
6 [1, 8, 2] 18 [6, 8 4,9, 1, 2, 7]
7 [3, 8 1] 19 [9, 3,4, 1,7, 6, 8 5]
8 [5, 7, 3, 9] 20 [8, 2,9 7, 3,1, 4, 6]
9 (6, 1, 4, 7] 21 [9, 4, 2, 6, 5, 3, 1, 8]

[(AAR3] Aol WHE 2k 719387 (MHEHAE)

AL "TER AR AR Ao = | ALY FolA Aol Wek= b

Hz S9aALa,

= HE(A A=) Sy WE(AAHZ)
A51 | [4, 10] 10 [2, 4, 12, 13, 10]
A52 | [6, 16] 11 [9, 4, 13, 7, 12]
A53 | [1, 14, 8] 12 (6, 2, 14, 4, 13]
1 [8, 2] 13 (2, 1, 13, 6, 7, 8]
2 [14, 7] 14 [16, 8, 15, 2, 9, 4]
3 [5, 13] 15 [15, 11, 1, 2, 6, 13]
4 [5, 1, 3] 16 (14, 3, 13, 11, 12, 2, 10]
5 [11, 7, 12] 17 [13, 4, 11, 5, 8, 10, 1]
6 [4, 7, 13] 18 [12, 9, 1, 10, 15, 8, 13]
7 [10, 4, 2, 14] 19 [11, 2, 8, 9, 16, 13, 7, 1]
8 [5, 14, 7, 11] 20 [10, 7, 1, 4, 12, 5, 14, 3]
9 [3, 9, 13, 7] 21 [9, 6, 8 15, 12, 2, 11, 1]
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[HAH] o] AZ I AFZ 71dstr] (¢ HEHEF)

AANE VR A AR ABOR B BALG FA Aol Watt 18,
A e AR FYsAL,
"ao] WHE el AgE A Foldyrh,
TR A% W A FREVD,
S ARSI e WES FYFALS
- R = FRCERES
d+51 | [1, 15] 9 [1, 13, 8, 11]
A2 | [8, 9] 10 | [2, 5, 12, 7, 10]
A3 | [3, 14, 1] 11 [9, 4, 13, 1, 12]
1 [7, 13] 12 [6, 3, 14, 4, 11]
2 [5, 11] 13 [2, 7, 13, 6, 8, 9]
3 [9, 16] 14 [15, 8, 16, 2, 9, 4]
4 [3, 13, 10] 15 [16, 11, 1, 2, 6, 13]
5 [11, 7, 14] 16 [5, 3, 13, 11, 12, 2, 6]
6 [4, 8, 14] 17 [13, 4, 11, 5, 8, 10, 1]
7 [10, 4, 13, 2] 18 [12, 9, 1, 8, 10, 15, 7]
8 [6, 13, 7, 15]
[(AA5] 24 719437 2 (371%)
AAE S St B F, AAE BES 9,
oW o EE SHUE, BV 9% SUEES 7nse] AuolA
2.
5N mEAURE F52 4 bed wel daFaL,
R A% W AL FREVN,
S AASE e WES FYFALS
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g | 3 N84 2) B3 W84 9)
AFL | 2 | AAleE AEE 4EFEt(0) | 9 | Eavle s dolttdth(X)
AF2 | 5 | AR & Ha AHX) 7 | e w Fd JEs A=T0)
123 8 | e Zo #E Heth(0) | 4 | AvY tElE 8700 th(0)
1 | AE2 v HelA Ar(X)
19 6 | 3 U ol d-ok(X) | 3 | a7 skEe 91E deh(0)
29 1 | Asaks 22 95 99rh(0) | 7 | dEe & A= Aolth(X)
39 9 | G949 Hjd o] LX) | 5 | YA= S uf AFE3H(0)
g |2 Azl = vk 7 Ak (0) | 6 | L8 Aol AlE Ea7]o]th(X)
- 8 | Hotzl9 vl 47]0]th(X)
- 3 | A= SAE £&rH.(0) 9 | EFUL AFe Ao] Wgth(X)
T 7| Ee o sk 50X
- 4 | BAE Hofl = Aoth(X) | 2 | AFole Tol @stth(0)
= 1 | 238 Agshes 3Lolth(0)
- 5 | AMle HEE FolH=th(0) | 6 | EV= A7F &L sEolth(X)
T3 | AdE e wETX) 1 | F4de $9S HE=1h(0)
- 6 | SHEE 72X AHEoth(X) | 4 | &2 54 F2 YHT.(X)
Tl 2 | BREGS e 2 5 k() | 9 | @¥olE =g $42lth(0)
o 7 | 7112 ol Ar}.(0) 5 | AR Ui-E AETHX)
Tl AR FANE ALTO) | 8 | Bl yFelo] "olATh(X)
4 | P Y o 9XE X)) | 3 | g R s HEYL.(0)
10 | 6 | 95+ E7F 9oh(0) 9 | ¥ 22 3= +5oth(X)
2 | e & Wl =5 et
1 | 2AF ol xS gk (0) 5 |dEES R H3E 3H.(0)
119 | 8 | o] Yy o4 S &th(0) | 3 | A7 ez 458 HEth.(X)
7 | AL EES J=th(X)
9 | & d+= &S AY.(X) 3 | He®E 55 v2Ith(0)
129 | 7 | Age w3aast.(0) 1 | Folo 98t 1Folth(X)
8 | FAFdA ZEE =X
2 | FAAR B& EAH.(0) 7 | Higeld EmolS F}(0)
139 | 6 | add= o] fh(X) 1 | EAFNA & HdT(X)
4 | 22 TR0 H=th(0) 9 | A= ¥HE EErthX)
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2% | 4 H(92) £ H(92)
3 | AR ES vpath(X) 8 [ HI7F 2 $ARS 221H.(0)
49 | 7 | A BE 13H(0) 2 | e FHTX)
5 | BAkE AHA AHh(X) 1 | ZolA AHAs 3t (0)
8 25 AMFES HE(0) | 1 | molHdA adE €rh(0)
159 | 5 | miml= wg@upge A Ah(X) | 7 | el s Bt (X)
2 | T2 Akl eh(X) 6 | €= W7 Brh(0)
4 | Y] s FAkelthX) | 9 | ¥ ek A (0)
16w 8 | Aol 2= ¥E Aulolth(X) | 3 | He ZRZEZ SIth(0)
Tl 6 | Age duks Wt.(0) 2 | Uie 7FSol Aol drh(X)
7 | Aol Bt 2 Adolth(0)
5 | 5% A AEThO) 1 |7 A% oW 7HEo] Eh(X)
L7 9 | vk oEAe AHILh(X) | 4 | & ALHES @(0)
Tl 7| S AR e AFOIth0) | 3| FEt £ B
2 | o] Ay Aol 2rh(X)
1 e 2712 #Eth0) | 4 | AAEES vkSo] 2o A(0)
Law 6 | ZEol ddE Y=rh(0) 5 | o]=9] Q= 9]AkEolt}(0)
T8 | ge e AbE Aeth(X) | 2 | 29 M7= Wollo]thX)
3 | Ak U= 3 agelth(X)

[(AA6] &2 A5 719387 (BAF)

AARE "RE e 7kA Y] = Aol 270~ AAE U,
" 7)o A AAE AR s,
R = I S P = R
AAE AP o MES FEE A e
# 1 L. & =21 H AO R X A E X F
12345 6 7 8 9 1011 12 13 14
= W& () =& WEFEH D)
A1 |0, 5] 9 [13, 14, 4, 11]
AF2 | [4, 14] 10 (3, 2, 6, 4, 7]
1 [2, 6] 11 (10, 12, 1, 2, 6]
2 (8, 3l 12 [3, 14, 9, 1, 7]
3 [9, 11 13 (11, 5, 12, 14, 3, 7]
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3} e s) 3t e Hs)
4 [7, 11, 5] 14 |2, 1, 12, 13, 9, 6]
5 (14, 3, 2] 15 |[5 4, 12, 1, 6, 3]
6 [12, 4, 13] [5, 13 41
7 (6, 2, 4, 10] [7, 13 43,
8 (5 1, 9, 71 [2, 10 —+6;

(AAT] SEE 715 (3aF)
AAE AN FAEE RS U,
"SR wolt SHAES WS W et 2N FEF,
AAE ARSI G MES TR

# 45°=1, 90°=2, 135°=3, 180°=4, 225°=5, 270°=6, 315°=7, 0°=8

Sy HE =) fals W3 dd )
A1 | (8, 4] 7 [1, 8 6, 7]
A52 | [6, 2] 8 [3, 2, 5, 1]
A53 | [1, 3, 7] 9 [7, 8, 5, 3]
1 [5, 8] 10 |18, 3, 2, 4, 5]
2 [1, 5] 11 [4, 2, 5, 3, 6]
3 [2, 6] 12 | 18,7, 5,6, 3]
4 [4, 1, 5] 13 [1, 4, 5, 2, 6, 8]
5 [3, 7, 8] 14 |12, 8, 3 5 7, 1]
6 [5, 6, 4] 15 [7, 4, 5, 2, 3, 6]

2
A AT Ae] WaHe zhe] 127k Mol o F Uehd fige] tield o2
g e
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=3 U-&(A A=) = H-&(HAHZ)
51 | [10, 4] 9 [3, 12, 9, 15]
52 |19, 16] 10 [2, 5, , 6, 9]
AF3 | [1, 11, 8] 11 [8, 3, , 15, 9]
1 |15, 3] 12 |17, 2 14, 1, 16]
2 [14, 8] 13 [3, 8, 11, 7, 10, 9]
3 [6, 14] 14 [16, 7, 15, 1, 9, 4]
4 [7, 1, 4] 15 [14, 12, 5, 10, 6, 13]
5 | 112, 7, 9] ([13, 2. 14,58, 11, 3]
6 |5 8 14] (1,615 4,712, 9]
7 [10, 3, 2, 13] (4, 11 —3; ,14]
8 [4, 13, 6, 10]

176



Probability to Solve

Proba.bilwtyto Solve

08

08

04

02

0.0

1.0

0.8

0.8

04

0.2

0.0

ICC plot

Item O_11
tem D_12
Item D_10
Item D_14
Item D_12
ltem D_15
Item D_17
ltem D_16
Item D_18
Item D_320
Item D_21
Item D_13

Latent Dimension
[ 1] HAH (s22443)¢] ICC

ICC plot

LU LRI L
1 R

Latent Dimension

[723 2] A4 (9 =A-%)9] 1CC

177




ICC plot
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Probability to Solve

Probability to Solve
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Probability to Sclve

Pro.babHI.ty to Sdl\re
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Teatl iIndosmation and Standard Erroes
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Test Information and Standard Errors
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<HE-E 5> Ao A18d R Z=

#rasch model(eRm)D
install.packages("eRm")

library(eRm)

#import Dataset ©]%
dat_1<-sdH [, T 2L ]
dat_1

res_rm_1<-RM(dat_1)

res_rm_1 #ltem difficulty parameters

plotjointICC(res_rm_1, item.subset = 1:21, cex=.6)
plotPImap(res_rm_1, cex.gen=.6)

plotPImap(res_rm_1, cex.gen=.6, sorted=TRUE)

#EF A G A

pp_ml_1 <- person.parameter(res_rm_1)
itemfit(pp_ml_1)

plotPWmap(res_rm_1)
personfit_vs<-personfit(pp_ml_1)

personfit_vs

#rdl 24 §-%=n0] A

Irt_1 <- LRtest(res_rm_1, splitcr = JIdHE$AH)

plotGOF(rt_1, conf = list(), tlab = "number", xlab = "Girls", ylab = "Boys")
Irt_1

#Wd ) d4 DIFF =

tmpl <- difMH(dat_1, group = < H$A ¥, focal.name =F)
tmp1l

plot(tmp1l)

i ENE RV R

res <- SepRel(pp_ml_1)
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res

summary(res)

#rasch model(mirt)2
install.packages("mirt")

library(mirt)

rasch_mod<-"F=2-34"

rasch_fit<-mirt(data=39 ", model=rasch_mod, itemtype = "Rasch",
SE=TRUE)

rasch_fit

rasch_params<-coef(rasch_fit,IRTpars=TRUE,simplify=TRUE)
rasch_items<-rasch_params$items

rasch_items

plot(rasch_fit, type="infoSE") #7A} A B g4=

rasch_itemfit<-itemfit(rasch_fit, fit_stats= c("S_X2", "G2", "Zh", "Infit"),
impute=10)

rasch_itemfit

rasch_personfit{-personfit(rasch_fit)

rasch_personfit

#DIF

results_ MH<-difMH(Data=3}9%, group="4%", focal.name = 1)
results_MH

plot(results_MH)

1) Mair, P.,, & Hatzinger, R. (2007). Extended Rasch modeling: The eRm package for the
application of IRT models in R. Journal of Statistical Software, 20(9), 1-20.

2) Chalmers, R. P. (2012). mirt: A multidimensional item response theory package for the R
environment. Journal of Statistical Software, 48(6), 1-29.
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