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Structural of Working Memory among Kuwaiti Children from
4 to 12 Years: Evidence from Equation Modeling*

Pro. Bader M. Alansari Dr. Abdrabo M. Soliman

Department of Psychology Department of Psychology

Kuwait University Umm Al-Qura University
Abstract

2013 jow 0 4 pacll 14 2l

The original Working Memory (WM) model of Baddeley and Hitch (1974)
has been established based on adults and brain injured patients, which does
not guarantee the same organizational structure of WM during childhood. One
aim of the current study was to examine the changes in WM during childhood.
A second aim was to examine whether WM structure changes across age de-
velopment from four tol2 years old. A battery of WM tests - assessing the
three basic WM components- was administered to a total sample of 891 Ku-
waiti children (50.5% females and 49.5% males) aged 4 to 12 years. The data
were analyzed by means of the CFA using Chi-squared values and four ad-
ditional fit indices (i.e., Root Mean Square Error of Approximation RMSEA,
Incremental Fit Index (IFI), Non-Normed Fit Index (NNFI), and the Com-
parative Fit Index (CFI). Results presented evidence that the organizational
structure of the three-factor WM construct exists across the four age bands,
and the WM structures is fixed and invariant- in factor loadings, intercepts,
and covariance- across age development from four to 12 years. These findings
support the Baddeley and Hitch’s tripartite model of WM during childhood.

Key words: working memory, tripartite model of wm, structural equation modeling
(SEM).

* This study was supported by Kuwait University, Research Administration Grant # OP02/07.
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(Pearson, Logie & Gilhooly, 1999) aulusXl aa,ell jgon dlalell 8, <1l Jié
gt Jntans o180 peenns Sl dnlui¥l dsye oll dudtngdl wlio Sl ranass Lgs] cos
oo spaall gl Ll loglaold dba susll adlally IalasoX] Ll JLe pods s : Llic
alasnl Laylassy [gaass 25 lgs) cus (Logie, 2011) dragudl Lisly> b asdyall plgll
lwsSly Ml J> of wwlylyall 3Ll agy wlogleall alh sl adlelly Ialas>¥]
5,510 el 131 (Baddeley & Logie, 1999) celaa¥l aisgsy mulnisy ddyell
Silgl £Ls 35T Lay ¥l spaell o il Jasll dals o Lo Loggio alolsl
alolell 8,SIA)l pogan e glas¥le ((Conway et al., 2005) ;updielly sold) a1l
po US b duisdl wlelesad 8] 451 Lgles Lo puisldl ou asle @Mas¥l o Sl
(Rende, Ramsberger & Miyake, 2002) a,Sslully dysnelly diéyell polell

wloglelly blassXl pgss il dvdyell olilesll o degana o dlolell ,SI50L8
basadl whlgll elss Jio badell dudyell wllaell gl slil dlasl, dlad Lgidle o
pllas o] a3 Lisg (Logie & Della Sala, 2002) a1l sLsly oSl Jog a2l
ddphhy b LaS bnad gpsall pudy rolaglel) ddleag oy wllasy dlolell 5,550
Alloway, 2007, 2010, 2011; Backman, Small & Wahlin,) sall a0n3 8,<I3]]
Lo olesw Lg¥ wlaglell ,I,S5 s 1idg ((2001; Baddeley, 1996, 2000, 2010
wlaglell ailis dlasy 5,511 wlhy o by Lo 1iag dagaza gles JMs s
Alloway, Gathercole &) sall abgls 8,SI1a 3 Juiasll &9_\4;&,9 JUI o Le<
(Pickering, 2006; Conway et al., 2005

Losic e galaadl 5,801 o Sopell puasll mle 6 8, SIS0 pogic plaza¥l Tay adly
Hubb ,Li Less,s (Ebbinghaus, 1964) wloglell ouyss sggan ) “ol s L]
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(Baddeley, 1992) ssll ay0n8 5,SIidly sall dlgbs 5,S1301 pygan S 1428 ple oo
gt 85,5131 5 a1 8,131 pogin oo Jnadll doyssll ololadl cygls @ b
oo sy Bsge (141A) ole Atkinson, Shefren upd. g ponuiSsl g JS pab a8y
ALKINSon) sall xansd 8,S1ilg all dlgls 8, SIS olbai wawas b 51 gilasl] 4S]
(& Shiffrin, 1971; Malmberg, Zeelenberg & Shiffrin, 2004

Loyas) AT ple ool uaill mle @b b “alolell 8, SIP mlla ina pad o Jsl o
bgSIL Lis iy, 95 g 08 eos Miller, Galanter, & Pribram plrarg pidleg Jllio <o
Miller, Jadly alp2ll fito @gdnyes olSg aasmo bas goni dgglly &, SIill ),
e dliniin lasg LIl T of oS 8,513 ) . < Galanter & Pribram, 1960)
Saalall s sara] oIS Lo juSe

J2 08V5) ple wligSUl saeia alalell 8, Sl Fige Ghiimg bl pad clls se
ple “Shallice & Warrington” o.siylgg pudlss o JS wlwls mils 58 paslisll
S ssad gl seane ol 5,SIN glaady pulall oa¥1 ol o Jiaslly 14V
el IS egead sall abgbs 8, STl Joss Loryy ol Buand ,SI40) daylng
Al 95 ¥ - dlole 5,515 Jows cilS of - sall fpand 5,511 o jgansl] 45, S
Huntley &) Ss,s¥1 a0l olilasll o saslly sall dlgls 8,SI301 ehl 3 g
S(Howard, 2010

divolorsll pu ¥l @ gal oy Lanas b ell-dp sl pgloll cy s s ¥l asgXl o
Slwlsg gl s wlols Jio dwls dlolell 8,SIally Lagoc dvlws¥l déeqll
daling olydl wlaly darelorin gl punlally sbalisll el sl
He etal., 20113) syl gl 51 8, SIa01 elilac glyo] 404, cyglal Sl ol
Bagac wlwly oylal saas (Krivitzky et al., 2011; Sdnchez-Carridn et al., 2008
Gholio bbs)) gl pgas S5 anbliall oylly porujed] 038 wliss plasawl
colS) Al alalell 8, <101 ylao olg alolell 5, Sl slge dvsll apdiall S5 drasa
s pl (Colzato, Ruiz, Van Den Wildenberg & Hommel, 2011) alxal
Kojima et) a,lSo-dpun, ol 4ul<a of (Collette & Van Der Linden, 2002)
asll piall 6 lgelasa g (Krivitzky et al., 2011) aiass P" (al., 2009
Jie Llell abyell wllasll elaes oo dlgtue dalaill 0igé pdb aolo¥l Jub
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(Colzato et al., 2011) azald) ) dla gl dlgalall

Il ol e aslSU-doyn Il alolell 8,1l dvinell puwX] el pols 43
Slasl J<y s Prefrontal Cortex digdl avale¥! syiall o ssasme LMs
(Zago & Tzourio-Mazoyer, 2002) ausl<Il-ayn. Il alolell 6,SI301 plga gl el
el s g gyladl Iacdusll Lo wldgll pasy climg dplad] el bados ol
adaalll alolell 8,10l olgo b yunX) sl caail A Bgaan 1S alasaul g0
(Berent-Spillson et al., 2010) 4Ll alalel 3,SI13J plga ;5 oeX! ll il

5, SI0L dlas, ) asll glblill ayady pamal daludl wlshadl coassawl a4l
aio cling o8 oluill ahyy L) pody ally “aayludl — 5" dega ~LgilisSag dlolel]
aia callny oS als M g dus Tl s dgxlly coluill oo 07 b ol o gasw sl el apns
s @8y IS oo sama iy Jaling goana mgnany Siledie Jan A I o sall
(Callicott et al., 1998)

polelly diSolully dpaslly didiell polell Jlro 3 puisldl o NS argug
o6 anlasawl gilall alolell 8, SIS pygao Lo dlolell 8,SIlL a8Mell wls 55
ol Sl saeia rigailly “Loass blge” lgasng: lgeus Ll Joally dullasll LS,
oolpél Sle poay (Jarrold & Vargha-Khadem, 2011; Conway et al., 2005
Sl ailly ISl gan ] s Sls sl o SU e day wligSo a5 sog
Baddeley, 2000; Baddeley,) L, 11 11 gl o1l L3l e Lo - oo gl 9Ll
(Allen, & Hitch, 2011

dlolelf 5,513l ciligSLI ,..sL..n T 9ol
Tis4 Lging alelall 8,SIAIl pogaa ryby sty pods all mileddl oo spasll Clis
digunsll wlilesll r3549 (Brice & Anderson, 1999) alalsll 5,515l sorell el
Solaz-) alslasll avé,ell wlilasll r3g49 (Conway et al., 2005) alalell 5,515l
McAfoose) sall algls alalell 5,S13]l z3549 (Portol€s & Sanjosé-Lopez, 2009
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z3949 (Conway et al., 2005) alolell ,SIAl ,»4lol 39011lg (& Baune, 2009
21l SOAR gy alalell 8, SIALl g wldl rigeilly elaill olias¥ly alalell 5,SI4l]
(Brice & Anderson, 1999) aslus¥l dloledl 5,513l

o0 US oebs il alelell 8, STl wlg S sassll gagaidl i dialdl dswlyadly
dansig wligSe & peans silly (Baddeley & Hitch, 2000) “jusiag LsL”
o) dulnsl) ace coes S Lguiling Lgidleay wloglelly blasXl pess d8yeall
Alloway, 2009; Baddeley, 2000, 2010; Baddeley,) (aul<o—dypn, 93 Ay
g dly Anallly 55500 daill e wle <1l cllsy (2006

Central Executive ;5,11 iaill

Leabasl slgr ol Los aliy Slazua Blgs alolall 5,51l 51 3l saf
wloglell qulnig laiws e poay (Altamura et al., 2010; Baddeley, 2001)
sl 5o<l g gewislly (Baddeley & Logie, 1999) alolsll 8,SIal Jsls
(Allen, Hitch, & Baddeley, 2009; A. Baddeley, 2010) A= spad) 53<Ug
Huntley &) asgsll plgll mgio plisawl U0 dail) dawha ofdajy ol plég
oSl U uradng s e Jladl fia b pusldl sclw g0l (Howard, 2010
525, (1) Less (Baddeley, Gathercole, & Papagno, 1998; Baddeley, 2002 )
e oLl 295 () Lgidleog Lgipsal dsluo séssy daaadl wleglell Lo ol
raliall clls o oli¥) Jigg adsll b aslisd) pslisll

Phonological Loop ,.h.a.l.ﬂ oS
Lgidlony begyall jogunilly WUSly wilyanX¥ly Ialass¥ly aalll 5o<ll pody
Baddeley et al., 1998;) asliSiwl bagy wlwhadl po spaell ade gl adg
iJie dadell dvdyell ollasll yo el abls, X (Gathercole & Alloway, 2006
o5 aidlajy losly wlawlys cosiibly 3l all @ gally ddaalll &5MIall dpludl 5,28l
Baddeley, 1996, 2000; Baddeley et al., 1998; Baddeley,) ..J;> S osSd s
pos sl i aalll < lea (1998, 2002, 2006; Baddeley & Logie, 1999
o el JMs Wilal oM ally oMU Lo daslally dyzawdl wloglell )<,
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wleglells (Nakahachi et al., 2010; Rowe, Hasher, & Turcotte, 2008) srSH
ol gl sl LS p5Sa guls e Lgidlen anlpol <o aul<U-dyn,l
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AU dlalell 8,SI01 alga elol el Lgia duyall o puoll drgudl elio¥l o by duisll

(Hempel et al., 2004)
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Le wlawhadl ells ald) eolings Log .alolell 8,SIa0) o Le dalesdl alolell wluwladl joyes
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Al —dypn 1 0 al) elale sgmg ) s dlsl &l ;glay @F dlolell 5,131 dyllay
Gathercole, Pickering,) “Z,s .zasol 5oy JoSpl" 5o JS plé s dusli o
wlgiw jlan sle Lagéy dloledl 8, S0 4y ,Lxsl (Ambridge & Wearing, 2004
$oa dyrasll Sl b alab-Sals VI Lgalys dive L le daally algalal] RETESDS
alnalll gl pnd 8, ST o JS pulial dlolis dyyllay plaswls cllsg dis )0-
o JLab¥) st lgaldy anlSll-dgnly arbaalll alolell 8, SIidly aulSli-dyun,lls
oLl daga s 5L dlalall 8, SIS (V4VS) Gutiag Ll gige wlis<o oo 0eSa JS
Vo gad dyanll wliall JS 6 6h¥1 gy le dgilina ddas Jlgs ses ) goli
gy liledl go e Sy 3olsss Jolye 4535 (o 09SU igaill olo Tnclind wlyin
iy o ) golisdl g alalell 8,10l dba s il splaso Jalge 453 292 )
o S Bl 0950 US e > B Jid Loy it T o g0 g s dlalell 5,S1I
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alalell ,SIA1 5 diasntll dyépell wlilesll sasl 5,SIA dalise wlsSa dsy)
alalsll 8,SI301 plga b ganaill ddlell 0s<o of I saaSetll SLalell Julsll Ly
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