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Abstract

Project Code: RDG5710014

Project Title: Student and School Factors Affecting Science Performance in TIMSS 2011 of ASEAN and East
Asian Students: A Multilevel Analysis and a Comparative Study

Investigator: Assistant Professor Dr. Pongprapan Pongsophon

E-mail Address: feduppp@ku.ac.th

Project Period: 1 year (December 9, 2013-December 9, 2014)

This study aims to examine and explain the within- and between-school variance of science
scores of grade 4 and grade 8 students in TIMSS 2011 from 8 Asean and East Asian countries. The level-1
predictive variables were sex, parental involvement in child’s learning, attitude towards science, value in
science, home study resource and self-efficacy. The level-2 predictive variables included school size,
learning resource, parent-school partnership, social environment, and principal’s leadership. Descriptive
statistics and One-Way ANOVA were utilized to summarize data and compare multiple means. Multilevel

effects were examined by Hierarchical Linear Modelling with HLM 7 software using TIMSS 2011 dataset.

The results indicated that means of all predictive variables were statistically different across
countries. The students in the high performing countries tended to have low psychological variables; self-
efficacy and attitude towards science. The students in the low-performing countries had relatively
inadequate home study resource. In most countries, the parents paid a lot of attention and involved in
their children’s learning. Schools in the high performing countries were less suffered from the shortage of
educational resources. Regardless of their country’ performance, the schools generally had present social
environment, good partnership and collaboration with parents. The principals had high educational

leadership.

Regarding variance component analysis, at primary school level, Japan and South Korea had least
between-school variance of school mean achievement while the schools in Thailand and Hong Kong
varied the most. In most countries, there was an increase in between-school variance at the secondary
school except Japan and South Korea that still remained low. Fix effect analysis pointed that sex, by at
large, had no effect at primary school level and played significant role at the secondary school in either
positive or negative ways. Self-efficacy and attitude towards science were strong positive predictors. In
most countries, primary and secondary schools, being a small school had strong negative effect on school
mean achievement in contrast to social environment that had strong positive effect. Other predictive
variables had no or minimal effect in a few countries. Between-school variance was better explained by
the selected predictors than the within-school variance. However, there was still a big room for further
explanation at both levels. These findings have implications for policy makers and practitioners on how

to raise quality of science education in poor performing countries.

Keywords: Multilevel analysis, science performance, TIMSS 2011, ASEAN, East Asia
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n1ssuianuaunsavesauluniIsiseu Ae n1sfuiuazUseiiiuaiiuaiunsalunisiseu
Wemansvemuwes JaldnnnisseussauauAniuieyadennuiiuaninuidnenvisednely

AN 8WINYFAENT

1 I a s

nslinuAeInemans Ae yuuesesiniSewngltuaudidguazusslevives
Wemans Tnlaannisszyseiuanudniiudoyadeniusanmgfnssunisassntndsselev

YBINTBYUINYANENT

TseBoudn Ao lsaSeuitilvuiasdindt 500 Auadld dslumuddonansduieaiunisinm
Traiausssy aldinaeiieiiulunisivuaunalsaseusunndn (400-500 AW) 817 De Winter
(2003) Bowen, Bowen Lag Richman (2000) UBNIINIS RSN AN NHANTIATIEN
foyatusilasenis TIMSS 2011 Fenudilussiudszonfne UssmedseluslsaSouishuouinGen
WAV 1,645 AU A1 Median 1,630 Usewnalduiuilanadomiaiu 1,335 au A1 Median 1,177
Uszinelnodldnadowiidy 754 au a1 Median 333 Uszmadiuilaiadssindu 519.2 au
Median 528 Uszimeinvalgdiaaaswiniu 1,002 au a1 Median 1,019 gesnsdiaadowingu 766
AU 1 Median 782 TuvauziilsaSoussondnumildnuinGoulasindsdelsaSeunnnitlumn
Uszina Faaenadosiunanisd1salasenisnaunti PISA 2009 (Luyten, Hendriks, & Scheerens,
2014)

NINYINTNITTOU D YUUBWBIFUIMTANTUANYUALINUAIUVIALARUNTNEINTANT
N =2 DA Y = = @ ¢ a
Seusluaniufne laun tenans JannisiSeu ermsiieu ssuvansisyllan lanviryunsel A
21118ANNATAIN AN UAN Y TALAINNITTLYTEAUANUNTBUVRININGINTNITSHUIAY AL
VIkAUNTNEININITSEuTIMeImansluanudne aun  aganereans eunsalivendans
lanviryunsaluazdenisaeuinermans Jalaannisseyseduanunionvamingnsnisiseus

Aneneansiulsasou



AunaeaunedInd AoyuNBIvBIUTTANUANYIALITUUTIEINIANIdIANTdLEsUNS
Soud MsiidynmingAnssulaifieUszasanumieg YasiieuinlannnisseyseAuaAINTULTIves

Ygyngnssuaenanlulsaieu

nsilduniuvesiunasedlunisianmsanyivedsusey  AeyNNBIvREUIMNT NEITU N3
afemnudnla nsveausiuile nisatuayuangunaseduisesnisAnwiaseureaynsviaiu
nsmvuakazaiiunsuulevigvedsusey Jnannsssyaudlunisiananginssunisiidu

SWVBIUNATOS

amanuludivesfuimsanufne e yuueswesfuimsaoufnwiiefiuidevieg
nssisuuleuny Aanssy Tasanisiduasuanududeniaddvinisiuanudne) Msanel AsI98eU

Tipuemdeuus aldannsssuanudlunsuanmgfinssuusdanudugiininisdne



UNA 2 N1SATIVEDULINES

Tuunizdumsasiageuenaisneanuladefidnadsedugroninisteuinermansiiionn
assdududsineluluwaauufgiunisive lnefiilenaseuaqung efvnnansany) adanis
AT sERunUsegnaldluanuifenasauidenneites Iuadeansl

AANIIFIAULAT I USTTUVBINITANYN

NuATeiloguuiiuguautedn dauua TNUsTTIAINARBNISITEUsUaYYd NSISEus
unaainnisfiufduiusvnsdiauuaznisvasnasuniainusssy ﬁuwﬁwﬁuﬁﬁﬂﬁqmﬁa ASOUASH
(Y] 2,( < =2 ¥ q' a a [ a <
neRUuan1uAnY vesdumasUsemewId Rogoff (1990) aSuny siauin1sn1saileyg1voaunn
1 MassuiiintuainnsivfduiusuaslasuAuusiiwastayadounduagemaiiiasainnoud
A3 VTSNS Wountu vieds n1sseudvenindegluviunuazlisudnsnannadewinden
1NUY miﬁ%lfifﬂ,a]LLaza%mEJmaSauﬁﬁuaaLﬁﬂﬁﬂé}’mﬁmimﬂﬁamé’ammﬁﬁimﬁuaejmﬂu

seuU BlupuULeNaIU

Rand model (Oakes, 1986; Shavelson, McDonnell, & Oakes, 1989) L“fJWlﬂHﬁﬁ@%UﬁEJ
9eAUsENaULAENITINUITUY SvuuUsenaumedadedndt Jadesmunsyuiunis wasnanan Tu
sguun1sAnY wandnldun naduguinianisideu Aeuaddeninden Jadedudr 1dun
sulssInildfunsdnass niwensnadoul aunnAsuasuIsAOAne  Hueudues
Ai3eu Jadeaunszuiunislaun vangasuazn1sdnnisiseunisaeu N1susmsian1sdng nin
finnsmn Jadowmanioznuin fdnvasdulassadsiifudadusefuanudu 017 lussduend
susgmnalidumsinasstunmsduiunlouienissine viendndueinnainvessemadaa
sonadunvinsnsSeuadsvosUszing vioruiavedlsaiou anmnaAsugiveslsaiousna
dwasonadugrinsaFeundsvossaglsuiou vie nsusug Fauadredvineimans A
sesfurenisFeulidvinadenaduqninianisdouvesin Souusazau wonaini Fauusvhungly
syduamieszdiugamentagniiunioasusldfefulsiunslussduiigedu 019 orawud
vnalsadeuiavswadenussiulumadsuesingey desssurivesudsidutuifedanny
Fudundesinszidoyauvunyszdu imsgmhedesiiegmeldmielvgifetu azldsudviwa
wiloufu Feflnnuumnsinsinmiegesiiegnelininglvgmiedu 01i thiseuileglsaSeudsia
LONYURALITUIATINANIT UM U103 U 19d e nHN1TUINI5IANT N153ANISANYT AW
wiouF LN NN TAUANFITY



N1SAALABNALLUTNIUNY

av a

INNITATIADUIIUN SJ‘VIﬁﬂm{]ﬁ]%ﬁﬁNamaé’mqwémﬂmiﬁau%mmamﬂmEJLaWﬂﬂu
TasaNsnedausEauuIuT® (Attewell & Battle, 1999; Cooper, 2007; Elliot & Church, 1997,
Fowler & Walberg, 1991; Fuchs & Woessmann, 2004; Kantabutra & Tang, 2006; Liu, Wu, &
Zumbo, 2006; Schmitt & Wadsworth, 2004; Shavelson, McDonnell, & Oakes, 1989) #33tliAn
EﬁiéﬁLLUSﬁWmEJ‘ﬁ‘Li'YaJsmmma‘%u18Naﬁqu'§WWqmiﬁauﬁwmmamﬂﬁm1ﬂLLﬁﬂmﬂﬂﬂiﬂa%ﬁwm

Toyasail
FaUsIUIeTEaUNNS Y

AwdsvugsRutnssulinagfi 919uUanausnee laun Auusauauanyue dakls
Fudnineuaziauusdiuaseuns fell

Fudsiunudnvusididydudsvisio e dninavounadedugninianiniou
Inenmansidulandideasiidnulinauazenum Tnenmsmnuin dhifsunevhazuulsfng
UNLSEUNEY (Greenfield, 1996; Jovanovich & King, 1998; Kahle, 2004) mm@ﬁﬁﬂﬁﬁﬂﬁaumﬁﬂﬁ
azuwuutesnintnifsumediuniananuimingundiauusefndagieuliiduandndiuill
AUAATENINUNINY 1A TINAYIULAZIN AN fegratininemanslusuudeuiouvimuadu
AveY IR Tusn JevilidniEeuniaduiuy vauseduaiale denuidenuin nadenissus
ANUENNTalUAULDIVRNUNLS Y (Jovanovich & King, 1998) UL MU DRICTIRIE TN EY
Aegldsulonanseduasuliuaromanuiuioduduilunisiseus (Greenfield, 1996) Suazviouli
WiudsenuderisuidesnnineBmuinnludieueds nuddedidh AHUANAITDIHAFNVIENS
SruszranaluseaulsTauAnuitasninsyeulseudne (Beaton et al., 1996)

AuUsmudningtiivangfinls 019 viruairenisiiow NMssuinnuaunsalunisiseuves
s MsliinaireiviBou 1Wudu MssudmiuaansamansSeuvesules (self-efficacy) 39
vineda anmdansiulaunnvdeosinuesazanunsaviddadmilsliuszauanudisa Bandura
(1997)  @%u1ed1 n1svaUszaunsalvselidduingdenisissunsoinfanssudianenissus
arwasavesauedlunssuvdorhiansautu vuitessydn maduianuanisaninisden
suaammmﬁmmé’uﬁuémqmﬂﬁiamaé’quéwNﬂm%‘au (House, 2008; Lau & Roeser, 2002) 6
wUsmadninenfiddessely Ao WauefdenisiSeuinemanivionafisoineimans Gardner
(1975)  lseBuimnuunnsissninaanaineingrmansiulanaiisinenmans daauvinlusin
Fuauuarldaduiuoguosata anafivnaingnmians (scentific  attitude)  Aemaidnuaisued
tinAnenmans 17 fiosnsiaziaziinladssouds desnsnvaeuanugnies Sarmudumendy
WA AndAsziidsingg udu uhlanafrenenmans (attitude towards  science) lunw3an
anudeuaznisliaaedoingimaninsouaquUTEvIANLazAIN1ITNIAINgIAEns n15iFou
Wemans uaznansenuseIneImansiazinalulad 99NN15IATIENIAUTENBUNUT LanARse
nemansiinansesdusznou uravesAUsznavitminesiussneusaiy (oading  factors)
(Piburn 1993, Koballa Jr. 1995) esAUsznauvesanafsememansliun mssuiiieatuag



Ingrmand Weuswiudeu msdnntnadensdouineimans usagdladenadouiveimans
anuaynaunlunsFeuingimansd dviuanuduiusseninuanafdoinemansfudugving
NNNTSIUINGIAE@ASNUIN TANUFNRUSITIUINTEAUUIUNANS (Beaton et al. 1996; Weinburgh,
1995) uavnud danuduiusssuinnluinGoundeiiiinanisiiougaazsn  ieeanailiin
TnSsundaiivinezuuuldfdesiinveuinermansun

fulsszdutinGeundusely Aefulsduaseunss Mulsnauiivatesd enfi insugiug
VDIATOUAT? w%’wmmmaﬁauﬁﬁ'ﬁm sEAUNsANwIveIunATes nMstianudidgyuaznisildiu
suilunsfnuvesymsvau Wudu nimensnisBeuifitufiduladofidaaiunmsSeuidanuing
SvdnasedugrivnanaiFou ninensmaFoudmneiuvadeyassdanuinisinns Tduunds
Aupin E198aagluguues yana dssvivg dodidnnseiind dofsiiun Aeufiumes nine1nsnsg
BoufitudaduumdsnsSeuifunuesilndiige tnieuannsadhidldionasana amum
aula niwernsnsiteuianuduiusiuasugugreasounikaznsiiaudAguaznisilaiu
salunsfnwivesifnases (parental involvement) Funasosfilsinudfysonisfinuivesyns
vanusinardnanmundeuiidosionisfinu Savnineins e wilvde s reuRunes dauuvde
fuilidnen dlviniFeussudlaiitiu Beusseniainnislutiu asouaffifiasugiusiineed
n3nensmsFeusiitiunnuazindidmsslunsinviaSeuresgn

FanUsiueseaulsusey

MNMIATIRdEUIBNEANTHUT Sfuusvhunesedulsaieuiifidvdnadenadunnsnianisdey
Wemansvedlsuseunatefwys 919 WAlseTew NINeININISSEuTIeNmans n1sidius
1034UnATeluN15IANITANYIVRIYATIAIL dnINwIndeunIadIny wagn1zATullimig
msfnwesiUIvg SeliseasBendel

fiwlsusnAe Yunvedlstsey UITevee Useiiu agen (2546) 4318 Nosmkae (2555)
wud vuinvedlsuieufinuduiusiunadugninianisideuveddsaiou Inelsadouvuadnoed
nadugVse1 mszdinyszaudam veneauynaing agdaeuiinsraunnAull fnslendreves
sagunsaimsnaaeinenmans waznddeliinGeufnunduat lsadeuruadnlésuns
Fnaseuvszinaliiifisme JudsmaionFeudiasnadugrinisnisSoureainGeu

'
a

Aawndouyadany (school social climate) WuiladeszdulsaFoutadovilsfiananide
wuin I8vdnadedugninanisnisiSeuvesinousguin dindennisdiny Aoganinuas
dnvazanzyossliTinlulsaFeu 1WudnvaziamenmadninerdiuiiuenlsaSeuvilseanain
Tsa3sudy wardwarenginssuvasaululsadouiiug Auwindeunsdinuaseunguanuduius
senineuAAa (interpersonal relation) sendneAsiutineu wagsenivinSeumeny n1sfuing
mnuvasnsiy AnugnuvesasuariuImMsiinesquatalald (connectedness) Mstidausinvedng
AUIT funasesnavdniseulunisdndulauasaiiufanssusineg vedlsaseu (Brown, Anfara, &
Roney,  2004) ?ﬁmmé’awwé’mmzL‘fJuaéﬁqliﬁﬁuagjf'ﬁ’uﬂizaumizﬁ@maz ANLLEe Afloy
viruad vsTinguiandneenfusiuiilulsaieu dilugnsadrsszuunaln msuimsdnns uwn



U Rielvlsaseulidwindeunisdenuidesienisiseus (McEvoy, & Welker, 2000; §ugins 41
& A
NNUWBY, 2557)

1595 UL AIINAUNTIALAR Ao Tsalsulasy lufnnu TANese wsndeiuwaziu Tu
dawndeuuilagyilvdneuianuaunieauigle sdnUasade duas TaunSuaziindslunisnu
sy Tumenssiudin lsaSeunddneseunisdenulid laun dniSeugniumeaun vamie
ninddulsaseugniinane dniseuiinginssunnnin viaseilevive dwindeuuilyinlminSeu
vee v 1Y) ) P a a o \vee & | P a | =
Sanvioun vands ldinnuge laaded Ianina Lisdndudnilvedsasey ldesnlulsasey
Tdpennissunifeds ldaulaseu ussennian1vsIN1sveIvanssukaslsasoudsly dniSeund
Jaymnganssuviausagelalddugns sinlvlinanisiseunnan uddedanudn nsidsuidas
dundeunsdinnlyfanunsaenseaunadugvsnianisseuls Jyninganssulufisszasdves
Unissuanaliedawindounidiaulasunsusuuys dniseuazidnssulasiidiusanlunisiseuuin
YU (Kendziora, Osher, & Chinen, 2008) @n15iUaguLUasdwInaaun19dIANazinTulnfadnde
133450 Fdeviend duinfounazAnauvesuIvisanuAnyinazasiulsuseu Lasnudl Hunnwes
TsaSsuldfmnuduiusfuaswndaun1edsnuvadlsasey

s

Mndsvhweseaulsuseudsielufe anuduiusseningunasesazlsusou lsausoy

IS (% 1

aunsnensAudugnsianinsiseulalagyiuegnindeduynaindiuineites lnegunases
wazyuyuty danud1Agds JunaseshegedlnalnduiniSeuninigs d8nsnasanisiSeunes
WniSgunn Wesmeanunsadaasu Aany Wildela fassuanuswilenanseninaduiulsaseull

v A
U

1. nsdeans (Communication) Nsdoansseninetiu Tsaeu uagdniFoudusnguiviil
Annisiauinazinwauduius lsadeuiiniiitiedunaseddmndilanszuiunisdn
N3An® eueNUiImininsieuvestniteuligunasewmsu wagsiuiueiune
vuwmslumsdaady advayuudletgmifefunsieuvesineu lsadoudeains
Whmnglumsianmsfnwinazauaianissiuiugunases

2. viudmnsi3eus (Leaming Partnership) m'iL‘%ﬁuilaﬂﬁlﬁm%ﬂuﬁmSauwi’ni'u WUINAIY
\Wo anumeamds Uszaumsalvesiunases utladeniidvinadedugvinaminisiFeuves
#nFeu mevhausudussninduuaslsaSeuasyiliAansfnsuiuvesdsn fudu
AsuazfUnasesiosinuTfuiioduaiunisiouivesinFou TsasoudesUszifiuany
Aoin13dndu Tanuduasiinwglunmsduasunsfnwuigunases unasesiidiusly
NSANIVDIYATVAY

NuIdeveniniennsal vengua (2555) wuit Muduiusuasiasetieiunasesdinnudny
o dwiorud SIS AnvvesinSou msgiligunasesnseviin Wilaunumuazmiig
vowueslunsatuayun1sdoudvesymrsvaiu defnnunrsaeumaiourestinideu uenaint
w3eYegUnaTasdellunumimmuaiianie uleuiglunisuinisuazdanisfnwivedlsuseu i
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ToLaualurAUITNTARULAEENgAsElN1TInN1sAn YRR INLALINTILLAE AR UAUBIAIY
ABINTTVDIYUIULATUTENANA aenIuivmininTiddeukasyseiiun1saiunisauvedlsasey
A o | o ! oA & v S = a i = v
wiathlugnisusuussetwsiailios uenanil gunasesniianuiisIvngyanisnishounainsiseus
nflnaen lsasguanunsaldguniianuienagiardntey aunsauseiumalalumsiseuiutdnieu
o egnalsfimunuin nislimnusaudiowasnisddiusinvesiunaseaieriunisdnnisfinwves
lsassuidnnnlulsassunadugupuiian nasvgiakasdsnulis

v o S °o w °o w ! A < Y o =3 = & (Y =

fwdsiunendanudrdgdrudelune nzanudugiinanisdnumdadududsngn
= av ! v = o @ Yo A Aawv o 3
Anwnidenaud a.e. 1960 dusmsanuAnuiniinnzanuduiin Aelidevia dnagns nalnlunis
nsiRLILazUSUUTIAMAINNTIANTSANYILTNT oY LiuveEIANNTIEANTUNTIMNINISAnE
Aa JiienavseauAnssulunsUsulTasimuILasidnsnasenudn ANULBLazn1TUSUR
vasaulueIAns anvadAgyiinlvnuainnisAnyiduivatasanuliseiiedlunisuinisiu
anufn) (Hargreaves & Fink, 2006) duilunaunainnistends duiudeu (turnover) Husmsuas
AsLoveAsIluaIAng viliian1e nagnsivdsunlas iannuduauresguiun irlvliussg
o Ay v Y a = S & vo
amqﬂizamwmﬂh (Cohen, 1990) UNUMUUINTDIZUIMITANIUANIVNNIEANUTURUT dI3190
agUlanadl

1. mstmuatmine fe fuimsdmuatmsnedidaau $3devied lenuddyiuuinnssu
yansine deansihmneuaiiuduims agwasypansmanisine adausaiunals

2. fiawa fie NsatuayunsAEuNIINLKY FAasTeuUTEin ninens Lan asany
il Wanudiemde veaiupuneeuvesfuiun Iiwazadisuiyidsla Waundandn
Tirunguazyaansmensinu e luitRnuldegnadiussansam faviuuinnssuma
mMsfinw Wuwuusgng

3. UfiuesAns Ae nisadeTausssulunisviteunuusiuiiesinle duasuafion ashe
anwandudiuniaazfudivesesdnslifuynaing asssanudifanazseniuaiy
auwian Walanalvinguwazunainsidunnlunsimuniderieod wdfdivaznisdndula
TUNMIUITMIHaEINN1TRIANS

4. WupuAIMNTIANIAnY Ae HuSsanufnuinedlviaudfysenunmnsianisisey
nsaeudududunsn lagvimiiidinauazUssiiunisasu AvuainsgIundngns
anufnuarsdansiieunisaeu mstauasUsdung Aamunadunrnnainisioues
tniFeu fansaoudundn destuAnmnnisaliszannsenudenisinnisouaeulaslsl
Fudu WiaginanlumswSeunsaeusgrafud

dwsunrzanuludinvesiuims wu anududuiiuivinisvesguims udededn
duaSunadugmsninsiseuvestns ey (algRennsal viengua, 2555; AnA NIN8Y, 2553) HUIMNS
niinmranudufihazaudilunisfinwmanud duasulingdnnisdeunisaeulifivssdnsnm

v o v a

WauuAngamEniFeun1aivinis aduayufanssuivinis SAUsseInIALasan nkInSauinse ey
msseud dannuenlald audiemde Juwsinsedu famu s1uieanuazainyneny tnsaniz
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MINALIAYINIg Aamiuluauuimsieduasuaninnsiuvan Wawnun nveaaufinw
il AvBNagaTy a319nuAsSILarEaNsUIINAY UNSe Yuvy Wudiegeia

N15IATIZANNTZAU

v A

N15IATIBANNTEAULNSNNITABNITIILUN LA NEIBINBTUIEANULUTUTINVRIAILUTHA
naonauvUduiussendnsiulsieseiu lngyaduusinuenaieseiulaelasasiateyadl
Snwauziulassadieannduiu (nested) 1SunlutmanisitAs1eiiin lumaannduldady ussluna
HLM (Hierarchical Linear Model) @uUsvinuneazidusindsninalsseau fuusvinuiediuniiaasy
agszAULRItUAILUTNAKAEUNEINIT g lusEAUNE ULy n1siseilusedungedy nule
AaTzRaglngu 919 WnFeINITOSUIIAINLUTUTIUTDIAZ LULADUITIINYIFERIVDINITIY
lusgiuanmuigiaseyt Aetiniseu MuUsnafonzluuapUYItNSEuTIEYAAR YAFIkUIYIUIY
Ao Uadeseauinieu 919 vimuaiisen1silewinerrmans n15suianuaunsavesnulesiunisisey
a ¢ ) o a o X & a = & '
Wemans wesugiugniaseuaiivesinteu lussdunaulufelsuseu Isassuasiluniae
AATIZT AWUSHALTNSIU AD ALULLRAEVDILSISUUTY FILLANANNINNALLULLRADVDILTUS U
::l' Y] o [ -:gljd* 4 I3 [ (Y] = d' 1 a
AU AU svinunglusyaull JeneadutadsluseaulsassunaAInINaLaIunsaas uIgANULUTUTIUYD

ATLUULRATLRaL SIS oule

Tawna HLM lshingasfauusyunglussdufigaiiuluinosuneamuusynusud salusedy
fisndn HadedulsaSou vietldeduaiuiinsfnulilauseesuiganuulsusiuasiuuaey
gaainiFeuldmseuiaslsadeuiivsuniiseeniy dniSeulsaSeuwfetuldsudvsnaanlsadou
Wenfumilout wazuansnniiewsndsuiou Wuisatuwaiuiinsine waituiinisine
nsamavuAsseudiviunuanAsInuAiiuinisinwdu TssSeufteglunituiinsinuideaty
douldsudvinasnulevisuazsUuuunsuinsauluestumieutusazdsanlsuioulun
MsAnEdY MsFulsThunessesuadessdsuiulunsinngissiuierasyiliana
§1L989909N15aTUTIUTEAU (aggregation  bias) T,Uil,miu'imsﬂzﬁ%yjaaﬁﬁﬁiﬁfﬁmeﬂmLmaﬁﬁ
Iggunisfsuunsvaneie TUswnsu HLM Feiaulae Bryk was Raudenbush (1986) wiaiuiann
adfvargvialéun nMisgianuulsinusuusay duussandonnoniddy nadiulsznay
ALY uaznsUsEInaA I EnesineIsveaud inansinszsindanunsigenass

AUARIALAGBUMN

MTiATIgNYIERUFeanIsnguiiegrualngfiagyinlilszansamlunisussuna
AMIdimesgnees lnslanginuiunguiiegidluseduasan (macro  level) limisdesnin 30
$1unu msginguinegivunadnagiliiedussavsanaosildannsiinseilueassdui 1
firnunanLAdonugs

[y

Junaulun1sieseinyseaulagldliea HLM - snuwmatlaves Raudenbush — way Bryk
(2002) ausnsuiinel
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Jun 1 Waulueannseeu ludull {3798 AesdneIsTunssukazuIdeingidaaiien
ANUAUTUTTENINFMUSHAkAZAILUTINUNBIsRZ AU Loas1slunaauuRgIun1TIde

Fui 2 szl suamelunaliinusviiue Wun1sfneanunlsusiuvessnwlsualunsas
sz Tngafralunansiiassvnuseandudsinunelag nnsedu Ussinadiuasmdndiuning

[y 1

wUsUsuswUsanuudazseduifiunntesdieda Son luman1sinseiin lunalufideulvegns
augsaﬁ (fully unconditional model) M’%@Imma@ué (null model) I@Jmaﬁﬂﬂmmagm (baseline
model) dmiulunaiiasgidduseluiinisiugasuusiiungluuiasssiu TngldTeuiieu
deufinyafiuusinug miuulsusiuazanamiolsl whladatununedauamisalunsesune
ﬂ’JWSJLLUiUi’Ju(;hLLU?N@IG]EJSQWEQ]J’JLL‘Uiﬁ’m%Jﬁﬁjﬂﬁﬁuﬂﬁ?maﬂ SULUUNITIATIERUTENOUAIY 2
lunatoy A

JEAUN 1 MTIATIBNTEAUYAAS (micro model) Msan1elungs (within-group model)
Yij = Poj + 1ij
JEAUTN 2 NMTIATILNTEAUNGN (macro model) 3o3eninenay (between-group model)

Boj = Yoo + Uy;

L,

e Y wnu dudswavesauil i ngu (15a5eu) 4
Boj wnu Aadesuvsaalungu (seew) 7 j \urfiaunsannssdaununadusiendgy

T WU wmeuAmAdeUinY NN wMTIaNZYRIALT | NGUT | visedIusTYTINeATIIY

Yij swyanaiuAaieveings
Yoo 41U AlRdETINTaedLUsHa (grand mean)
U ' ! a P =) ! N S ! ! ci
0j Wnu AdwiivaeYes Yoo e Andsaleuves By; senguanneiados

AmEmesnUszanalaain TUsunsy HLM wiadu 8vSwans? (fixed effect) wazdndna
du (random effect) anlumageadnedu Bnsnansiilaud Yoo d@rwdvdnaduuiadudiulssnay
AUKUTUTIU (variance components) seAulniisuunusny var(r;) vie o uay

dudszneunudsunuszdulsaGouunuie var (Bo;) vie 72

N1SNAADUDNSNARINLTANRD19D9 t-test NAADU ALRAVDIUTEIINTUAINIRIN 0 UIo

%

a1

v

WdAtyuantd A1efeTINveaUseynsiiA1a1eain 0 auuigunImaaeusvanananleule

e
2he 220

Hy:v00 =0
Hl:yoo #0
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MIMAgeUBMENAdUMAGE UMY chi-square lanadauin dAnuuUTUTIMTR T I SHAYSE
finnuwlsusuresnsiwesnislukasssnitangunsely divedAguantdn Tanuwdsusiu
senieEnEey danususuniuseniningy Jsnasmmndsinuneseautiniteulaglsaseunnesuie
ANLLUsUTINANEIAU  uinuansnegeulifitedAgrseanuuususiudandugud wanadn 1
finnuiunusvespzuumdsneglusasseninlsafeuididofinmeilulunasiely auufigiunsg
yaaoudvEnaduTeuldid

nsnaaeusvEnaguelunay
Hy:var (r;;) =0
Hy:var (r;j) # 0
NSNAFBUBVENAGNTENINNG
Hy:var (By;) =0
Hi:var (Byj) # 0

191U TOMIANUTZUIUVDITIIANAALTIU (grand  mean) AIANANITILATIZY DNTNAAIY
WAz BviENaduTIsTAUANNWRNUA1 19 917 NszAuAEeliu 95% YaALadesiudaingu

Yoo T+ ng[var(ﬁoj)]

ausamIAIRNENRusSAeTuTY (intraclass correlation: ICC Tddyanwaluvue P)
FadudnarureanuwlsUsiuseiulsassusaAMULUSUSIWILA Mleain

TZ

p= T2 + g2

1 v} 1 qy o I~ ¥ [ a Y [y}
NAEREIUTENNT LT USBYarAULUSUTIUSE AU SIS S URAE A5 D8aEANULUTUTIUTEAU
Jniseule

fuil 3 Ansghiutsmaselueaififuushunesenzssduan aansinsziaiugad
wUsvhumslamessduil 1wy Senluwadiesedid Tueslifideuly (unconditional model)
violunaognsing (simple model) lumsifiugasuusimnslusedud 1 awilieauulsusuves
fudsnaseduil 1 anas deannsadnadadiutaziesarreinisanacmizennuausolunng
osuneveduaalifideululd Tuwatdsznevdeluaados 2 lunadsd

SEAUN 1 MTIATIETERUYAAA (micro model) Msan1elungs (within-group model)
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Yij = Boj + Brj(Xij + X ;) + 1
U7 2 NTIATIENTEAUNGN (Macro model) vi5o58niNenaY (between-group model)
Boj = Yoo + Up;
B1j = Y10 + Uyj
il Yij wnu fruvsravesaud i ngu (sadew)

Xij wnu Ardaudsyhuneseauil 1 vesinBounui i 15useu |

X wnu Awdevesnudsineseaui 1 Tulsadou j

1 a Y 1 a a . & A % gj < 1
,30]- wnu AnademuUsatungy (sesew) 7 ) Wuaiaunisanneeinununsdusiengy
B1j wnusnduuszavisannos (slope) voshuusyinnesziuil 1 veswhuusimnglulsaFeou |

i WuwenmuAGeuiiineInanwaaNNZYRIAull | NguT j viseduAesEnitnzuul

Yij seyanaiuAedsvengy
Yoo 41U ALRAETINTBILUIHA (grand mean)
V10 Wi duUseansannesaiesiuvasiiulsseaun 1 viungvemnngy

Uy wnu erdmiimiioves Yoo vie Andeadouves By senguanneiados

Uy j wnu evduiivdeves B j (drudssvuvesindudssdvonanesindovedlsaioud |
fuAduUsEaNSanneeIRfe T IR NNGY)

1al o 1

N3AINRUA centering YBIFILUTVINUIY AD NITATAUAAILALSTDILAY Y 1192DUNANAUL X

Y

U 0 (uncentered) ni3eil )?_j vausazlsaudeou (eroup centered) w3ai X YaNIuseU (grand
mean) Tulunagesdrasiu aun1silu group centered AnduUsiunevestinGeuiiseuaadees
Fudsiuneveslsaiou lsunisinanaludidentuaulidmuusiuneasi Aaududsd
arumnedupiadsvesiiulsnalusdaslsaieou

[
a Ya v

& A a ¢ w 1 Aa o o o Y o
JUN 4 'JLﬂﬁqgﬁm?LLU?Na@I'JEJIlIL@ﬁV]@JW'JLLU?‘VITL!']EJLQWW%?%W‘U‘UU GLUIQJLﬂﬁu EJJ'JQEJI&W'JLLU?VHU']EJ

sedvvululumauiniu nevdsainfiansauinannluealufdoulasauysaideaddn danw
wsUsrumasaadsiulsuavesunazlsadou wWeldduusvuesesuuululuna azvilinng
WUsUTIMs YT amthesE R uULanas Fsanunsofuiudndiunariesaznisanadld Ineluadl
Uszneushelumadessil
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JEAUT 1 MIIATIEvisERuYAAa (micro model) w3anelungu (within-group model)
Yij = Poj + 1ij
SEAUT 2 NMTIATIENTEAUNGN (macro model) T85eniNenay (between-group model)

Boj = Yoo + Vo1 (X2) + Uy;

uin 5 Aeseilieaauuigiu luduil RdeaziiuyaduusiuenseauaulinaauuAgIung

o = a

i
Wy WeANYIINTNAANLALBNSNAdUAILUIVIADITEAU AaAIUANFUNUSTINIIRINYTaDY

sy TaehAngadaunu Y wagAanuduvesiudsssdui 1 undusuussalusedui 2 Fen
Tunan1sns i luwaauuAgnu (hypothetical model) %30 Intercept and  Slope-as-
outcome model TnefiaztiseiuisanuulsunuresnsuumaisuazauduaiousaslsaGouls
JeanunsafundndiuuasdosarnisanasuesanuulsUTuf i siaraesseduiloldyndauys

MMweNIeau lunaauuagulsenaumelumagagfal

Uil 1 MAeTgisERUyARa (micro model) vioaglungal (within-group model)
Yij = Boj + Brj(Xij + X ) + 13
syl 2 mﬁmiwﬁﬁzﬁmfju (macro model) ‘Vi%aizmwﬂfju (between-group model)
Boj = Yoo + Vo1 (X2) + Uy;
B1j = Y10 + Y11 (X2) + Uy;

a o d' d' v
JMUYNNYIVDN

Kaya Wa¥ Rice (2010) Anwndvdnavassiuusvinuiessautinissunasfiuusinuigsyay
wosSuusenadugniivineimanssefuusranfnuilulasinisvmadeuuuw@ TIMSS 2003
910 5 Usenaldun Ussimaanssenidng Ussimadealus Yssmadiu UssinaesansidouazUszing
afonuaud lngfuusiuieszduinFeuldun ina anufulalunisiSouiviineimans uas
n3ngnsmSouiithu dndudsinneseiureaiouldun auatRvesnsiaeu nsdaniaiFeu
NsaeY wavdnuMeeuiew AATIevidnsnanyseaulagly Hierarchical Linear Modelling (HLM)
HANITIATIEINTHUEIUAMLLUTUTIUNUTY AnusdsuTiungluioassunsaseninalinEeures
Uszimadu anizeluing esainsidonarafonuaudiaiuinnitnnuulsusiuszninsisieu
Immawwﬂizmmﬁﬁu WU AnuuUsUTIURouTnun (Gesar 96)  wnanauLlsUTINAElY
Hedsudsanulnoagauifiodtu dmsulssmaiaalusdunui amuudsunumeluionioudian
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Wesndn (Sewar 47) anuwUsuniusEnIwvienseu (Feuag 53) dmiudnsnavesiuusviung
wud TusgduinGou wud daFeuiiausiulalunsiFenivinermansgauasiinineinsng
Bousiithuann awieziuuaeuldd Tussduvioaiou nuin AnadeninensiitiuvesiniGouusas
HsBan Azuuuadsinenmansluiesiuazainaulude fulsnueudinasivinisaourosnsd
Aruduitusivazuuadsinemansluroadsutudeudnation uaznuit maguatelalduazeni
mavisvesngidnsnamsandonzuuuasulussmaavsgowinuazsemadsalus Tuvaeiing
JANsISgUIIUUAUEEMANIIEnENansuInseaziuuaeululssinadaalys udndulansnania
avluUssnaanszeunuazUseinaooainsiie

Nan153duanaliiugn dadrununususiuvesazuuugsunsluis ussunsoszau
tinFeudnlngSandlailizunsesunslunnusema fauusviungldun ma armsiulalunisBouin
InenmansuazminensnisBouiithussinlasuuuasuaniiniGeu lulassnsmaaeu TIMSS 2003
Falaliieanalun1505UeANULANATIVDIATILLIENINYARR  2INNANITIATIERNITRUIEIUAIY
wsUnudanuin anunusUTussrinsdinGsuiinnnianuuUsususeiienSeu deauandly
Wi dniFeuiinnuuendnsmainvateann deiulsiunudnuazdinangnaziasainlunanis
T2k Fasulsmanianaudteiiietes wud SivsnadedugninananisiseuesinGeu
Aputaun laud seAunsfnyvesdunases (Lamp & Fullarton, 2002; Xin et al., 2004) 153
dsvesunasadunmfnyiaiseuredgn NMsamuninsinyvesunases AnuaIaniswes
AUNATEY (Khong & Ng, 2005; Russell, 1997) QﬂﬂmaﬂuﬂssLwﬂﬁaﬂiﬂ%uasﬂizmmﬂﬁuﬁmm
maniseyasnatugadesnensdnaidendr@nudelulsuieu sminerdonaznisvianuiinng
wieduge JUNATEIRRIUNIINITANYININ 31NN5AN®IYBS Russell (1997) wuin ndrfevay 70
vesinidsunnusenaeifonz ueanioufiaudouddouaudseudnuineusiy TusmsUsene
ansgouiniifivsioray 25 whily

defsanueniusieUssine Kaya uay Rice Wudwﬂizmm’ﬁﬂuﬁmmmemiwdw%u
Goutiorunn ($evas 4) GeavveuliifuszuunsAnuiidusuuuuioantu (homogeneity) dady
ANVAULIRNIZVBINITINNIANYILUUANETINEINIIAINAIUNA (Husen & Postlethwaite, 1994)
Tuwneiivsznadsnlusdanuin fanuutsiuresazuuuindsssnineduidsuganansdn seuy
nsfnulranudAyuarAoUausIAUNaINYA18YRLTEY  TUN1TIATIEYRANTTANYILATINNT
TIMSS Case Study Project ¥89 LeTendre uazanie (2003) ddlassnisiifumsinwnd3eudio
sTUUNSAnYT vangnskaznsinnisiiounsasuvesUsemanineg Midrsaulasanisnagey TIMSS
LeTendre  wazAznUi Uszimaansgeuidnuazysmaduindngnsfineuaussainuunnsng
sEriyarakarnsinngugiSeumuanuannsauanmsiuin Tulsemadu wuin msudangs
AseunuaNaln anuaulikazanuansaliivseiddesunlussruussaufnuiuasdliseudnum
powsiu NMsuingud3sunuauniinuasdnenmiduistulussdudseuAnyinoulats Saunnsng
MnUsznmaansgeling dansdanguiifouduununisifounuiudseduUssoufne Mudock
(2008) BsAnwUFsuiisundngnsineimanivesszmaiitnsinlasenns TIMSS damuin néngns
InenanivesUszimaanizoiniiidomasudanitniuariadnuimdngnsinemansly
Ussinmaidony fusen lnslanizegnadsludoniinemanimenin (anduaziad) lussduuszou
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Anunfaiseunuimeusiu uiiussmadUuuazUssimadsalusazilssuumsAnwinuugudsius e
Wufy wifinuin Uszimadealusiusunuvesasuuuaeussnindlsaieugenn 39 Tan (1998) 16
o5u1e71 UhanfunaduiilesnanseuulsaSeuiitinnsudsfuiugann msaeudadendidnwise
TulseSewhlmannisulsiuvedsadou (stratification) uaziramuin dndeuiifiasuguzifasd
dndugdlulsaouiiifedios nesunuin

Lam uag Lau (2014) lfdasgimvszduilefnuniladedidmarensuuumageulasnns
PISA 2006 wegend tneld Hierarchical Linear Modeling wan1siasevadfussenedanuin
fniSsugasnatuiefutindeululssmaedens Tueendug nut fedulsniadainelaeany
mMssuinnuansavesmueslunsBouinemans Aeuirsiudloleuiulszimedu Lam uay Lau
Isefuredn Wunamnanuiuniudsauuas SausssilinualuFeinisseutieudonnu (Modesty)
lLildendrumianazdndruviadunaunanauddnduivar madanina amnueisnainsyuy
NsERURIITY NsnegeuyNsEAuNElulsEnATNITLUTUBE1ITULTT LagRaN1INAdoULNaNTENY
9g19UNABNIANYIRBLAaTUTENBUDITNIUBUIAN NANITIHATIENNITUUIEILANNRUTUTIW WU
ANULUTUTINTENINLTASEulATaEas 37 waneil dANULANFINYEIATLLLUNATRUTENINLTISHY
TugaensApudwn

fusvheszdutinGeu Wi fulsaudnvauzvesinFeuldun e anuiifnaeu tul
flaou LaziasuguzveinTaUndl narenzuuuaey TnsiniFoumevhaziuldfnindniFounds
Shiseuiiinlusanasuwiuiulngvheswuldanitndsuiinfigenduss ety dhiseu
sefufigenihazuudldfnirdniSeuiiogsedudusniifetiony 15 By ogslsfmumud sy
suzvesnsavadinEsuidninansuindeudnetios Fuusudninenldun anudureuluie
WemansuaznssuianuansavewnuedlumMssewIInemaninud devsnaseasiuudey
Tudsuindeuiu anlunanisinszsigess wuin snsnaveunmanasniwmdadofiudwussn
e waned dudsiudaineunasiuduusdeinuresinusing faauledn dniseundgai
azuuuldtiosnindniFeursenadunnzdaudurey mvaulawaznisiuianuaansalunns
BeuiveenansvomuesiosniiinGeuyis 39 Lam uar Lau (2014) W6dlsifiuin wan1sidedanil
Faudsiunuddoves Sun  uavamy (2012) FseBuredesinaszmitamainunaingunasesdinny
maviauazawumansAnmdugnaninitgnane sudsiieadesiuiunaseanuinliflid Ay
oniunslinuAionsBsuivinermansdanuiiidninanuindnides anslvinaaidenis
Bovirinermaniveasiunasesgneuepilasiuusdsin Aedudsmsdnine owhoadulse
andvesdudinmslinuardenisisouineimaniananitaiailenruguiinusnieinine
Aanumineldin funasesiilinuaidenisisouiviinermansuiniiazatvayunisisou
3‘1/1mmam‘v1ﬂﬁunLiauummau%mmwmmammmmLLa gihpzuuudouladawddy diTuld
oUTBABIfUtesiesEiuwdlugesna danmmdrunilananudundinuuas Smusssuiudive
Hulg) (male dominant culture) winnuaddelédlffuanvndusuldudfuusmalnineds
Uhegiduinusdsihusudsiunenaned dddideiausuuzdmivagin avsdnuszaunisalnng
GoudililemadivinfensevinsdinSouronazdnSoundgs wsuasiruafdeunlituinEoy
FnRanssumsiSeusivime uiaule aynauiu ynauanusadidusiu
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dlefinsanduusiunesziulsasou 1iun auameesinSouiidrAnwidelulsadou
yunlsafou uasiasvurvedsadsunuivivuadidvninaderzuuuaeu TsnSoudifiasugiugs
wazdulsaFourunalngjasdazuuuasuindsgenitlsasoudifinsugrusmuazdvuinidn 3
NanTITefananaenAdesTUNUITeTed Sun WagAny (2012) uag Ho (2000) Fedunuiitnala
ot1wilefl Lam  uag Lau  wude WiehduusaunmiBoudunlulinaggnuin insugiuzves
TsaFeuarlifideddquarmduussansvesvunnlsafouananitfesas 60 lnsauamfifoudy
FulsiunefiiidvEnamniian Lam uay Lau ldnandsdedidnlunmsmAdeifeiudviwavesi
wdsdeiudn Wudododuivgutuiu wszauvesmudunsinwanduiusuas msiseudioy
Adulsydviiuusiueiaulademuguuarlinuauiulsiunedug welilddoasuiiuiuoy
didglaiaualiimssrlunaaunisiassadianyseaulaelusunsuadaie sy Mplus  agvinli
AR TIBAFUNRANUFNTUSRE LY sEaule

TaaasuufgIun1s3de

IINNIINTIVABUITIUNTIHU HIFBALTUNIsAREanmILUTYIIUeTsaesseaululuman1side
asUladiail

fkUsseaun 1 (nelulsasen)

AUsna bawn AZLUUNANAFNNTNINNISITEUINGIA@N3VOIUNL3EY TIMSS 2011 (Science
achievement: STUSCI)) @aduaadsvasadilulule 5 a1 (plausible values) a1nnsuUszana

udsvine laud anudunandgs (Female) tenlaldveunaseswionsiSeuvesyns (Parinv) N3

IiauAen1siseuInerans (Value) WiruARAeN15SWIY 1IN ImEns (At) n1s3us
a (% a val v

Anuaansavasmulun1sieu (Selfeff) wagninensnisseuininu (HmRes)

AIUTTEAUN 2 (SErI9lsatsen)

Mudsna TN AzwuuNanadugnsnIINIsEewInemansiadevadlsaieu (School Mean Science
Achieverment: SCHSCIj)

suwdsvine laud annudulsaeusuaidn (SmallSch) niwensmaiieus (Resource) Auwinday
IdInx (SocEnt) nsfldrusinvesunasedlunisdnnisfiny  (SchPar) ameanudugiives
HUIMT (Lead)



19

va o

AIYeduAT 1wl AaLNAZIUNTIIENY SEAUNAT U NEN NS EWINeeanslulasIng
PNAADUILAUUIUNPLEAAILARININ 2.1

e

A 2.1 eaauufgIun1Idey

Level-2 Predictive

Variables
[SnmllSch ] [Resourc.e ] [ Lead ] ____________ SCHSCIJ
N
g
h
et
Level-1 Predictive &%
Variables
[Female ] [ Att ] [ Selfeff ] ____________ STUSC'IJ

ESESEs

[

aunAgulunsivedunsd
1. ARATUBIABUTYUIeIUlLAa U LA USENALANANGL

2. AMUKUTUTIUVRINAFNA VBN 1IN T T8I I Aansuaslnizeululasinis TIMSS 2011 Aelu
wazsenIdlsassuvestniteulneuavinseulunduussmeeBuunasiolony Jusanuanediariu

3. uUsiueAnasINIYNAIN1a1115095U18ANLUTUTIUYBIHAFUYNINNITTHWIN
WeneansvasinEeu Tulasinis TIMSS 2011 Mmeluwazsenindlsaseuvesinseulnewasinizey
Tunquussinaondeunazioliens Jusanle



= ax a v
UNN 3 5N15798

luunilnseupguinteussrnsiaznguiiegns 1A3elade nsAnasshazasadnUsnlgly
lunani1533e nsisteyaanngiuteyassulal n1nsivdeu Bee1deyavianiey n1sianseyin
Joya nszviunswssulddeyateunsinasinnsedukaraiunTinziwazlunadeslunis

[

WAATIANYTEAUNADAIUANNTTINGITDI T18azLBunilfel
UsEuINIUasNguAeeng

Usznsfe UniSeuszAuUssaufnuln 4 wagseautudsoudnudn 2 anUseimely

a =~ Y Yo . ' Y o a9 v a =
pilnAedenyiueen loud Yseinagdu gaene landu wazinvdld uasdszmalugiininedeu
loud Useinalne Falds vna@euasduleids  wazgusmsanufnwissiudsvoufnwiuag

Hi5eufAnY Ineusemaunadswardulatdelidainssunageuluseauuseaudnein 4

| | a o a Y = Ny Al v & o = A

naued1s Ae UniSeussaulszaufnuUn 4 uagseautudseudnwiUn 2 nUseinealy
pilnAe@enzTueen loun UssmagUu geens laviu uazinvdle wazUszmalugiininendey
oA Usewelng daalus sadowasdulaili@enidisiulasenis TIMSS 2011 fldannisdusiiegns
NsguiieguuNguuAIguLUUTUNN 2 Juneu (stratified two-stage cluster sample design)
Taggud 1 laundenlsaseunudndin vaanaunieg veelseeing FIN1SHUNaUeIaLUInIuAY
deinvedlsasoy WwaUIMISNsAnwIvseduUINUTerInsmans Juglin 2 lawd n1siden
o = = & Y | | | ! Y a = A Y oa = = A |
Vieusey Fududuiiegieegisiny duduimsaniudnw fe Jusmsaniufnwannlsaieungng

fegnelid1saulasenis TIMSS 2011 asuladanisng 3.1

M58 3.1 nausegnliniFeunaglsauseulusyiuUszaufnuinazdseudnw

loWenziusan Wonzueanidedla
U4 F99n4 z:ijﬁu i | ewiu | duleil®y | vwady | Fealus e
i3y 3957 | 4411 | 4,334 | 4,284 . - 6,368 | 4,448
Tsai5eu 136 149 150 150 - - 176 168
U.2
Uniseu 4015 4414 5166 | 5042 5795 5733 5927 6124
15938u 117 138 150 | 150 153 180 165 172

VNI NGuFIBENNNBUN T8 1T0YaYINNIY
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a A av b4 o Pt a o
1A399I03YBUazNTEs19AMUSN LY TUN153TY

in3esilefildlunideusznouuuunade LAk UTABUN Y KUTABUN M IRNAT NN TSNS
Seuinermansliaduusta dunuvasuauldiafuushuneiaessziu wuvaeuauUndy
2 2ty lfunuuuasunudwiuiinGeutasiuuaeunmudmiududmslsadou nieslleteiivun
gnesnuuLLaEiLNiBomgiudemuarnsintssdunedadufumuanussmaidnsm
133715 2elein1381uen1TuaALTNNTV0IAUINSANIUILIYIFA TIMSS & PIRLS 7 Lynch
School of Education 4 Boston College Useineanigaiasn15iuiu Education Testing Service
(ETS) 1504 Princeton winnwusludszmaiidhiulasinsldlinwdinguaziinszuiunisuva
Tnefilsamgiuniu uenainigiaudsiisafodudauuas Tausssu 017 (Bendogis

o

&

dadirievsedavasluaniunisalimauntnseunnUssmanuay

UuUNAFaU
Snvardrdgueauunaaoufietnanuaiuisalunisysuinisanumdiladoniuay
auanunsamsdaanlunisuiaaiunisallond TneliinSewdonnou wie nevdu nieideu
f1e8une loansyinenmans (science  content  domain) YBnuUNAdEUSERUYTEONANW
ATauARUKIAAVAnluAWINeImansnienmiseas 35 Ineimanidininiesar 45 uag
Inermaniiiufinn Sovay 20 luseduiseufinwmeudunsouaguuunAandnluf e fesay
35 ailSoray 20 WAndSouay 25 wag Inenmansiufinndosay 20 TudiuresauaNTINNg
Ueyey1 (cognitive domain) lussdivuszanfnwinuadu duanuiSesar 40 dunmsussandiovas
40 wagsnunsliivauaieay 20 Tuszaudiseudny) wlaluiuanuisesas 35 dunisussand
Sovaw 35 wazdnunsliiveuadosar 30 wnRevdnludemanssusasiuuasinuznshndosves

Anuanunsanelyausaziuasulanwisne 3.2 n wag 3.2 9

A1514 3.2 N ATBUNNSNNSUTEEIUMULLDMMENSEINeFAEnS

#1UNIVINYIPNERNT WIAAAN
SEAUUTEOUANYY
Wemansmenm | MstuunuarAnanURveEas wsanaanukazaud iy
LSsMazNIsAFoud
WEIAERTTINN dnunrdfyuaznszuiunmsredddidin  Tndnsin Ufduius

JENIEWTINAUVAWINGDN  TEUUTIA FUNINVDINYLE

o

ANYIFENFATHURNN 1AS9E519 ANWAULNIINPAMNUBILAN NTNYINT NSEUIUANT
WaguwUaswadlan lanfussuugses
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FNVNIVINYIFERS LUIAAYEN
SEAULIBENANY

I Snwalz N15TRSILUN MIRsITInvesddiTin waduazniing
1ANTHIN NITAURUS N1EeNRaNBAENINUENTIN AL
naInnany NsUSUAY NISAALRDNALSITUTIR Syuulling
HUNMNVBIUYWE

Al N33 LUNLazaIUUTENOUTDIEENT ANANURYDIAAT N3
\Wasuulaamaadl

Wand anuEMeNeAMLaTNsUABULUABIEaNS mimﬁaugﬂ
WA AuSeulavganl wasuazides lihuazuaingn
LSIUAENNTLAROUT

Inermansiufion | Inssadreweddanuazautinianienin nssuiunisiuasunlag
vadlan nine1ns nslduazmseysneninenns lanlussuuase
4318 AN

A5 3.1 9 nsouNITUsETIUAUANEInsantstyan

Usgin vinwgnsAnTiides
sEAUUsEONANYY/
JisguAnw
AN M3sEanld Mtleny MsuTIens MmseSureniensndieg
AnulaIsMsldaunsalinerans
nsUssend MSsuifisy msdaduun nslduuudass maideslos ms
Anuvinedaya n1sundym n1sesuny
nsldvama MTNATIEY  NsdauATIed  Msaseauudigny nsvinng
MseRNLUY Msadudeasu msaddeasuinly msuseuiy
MIkaRIMNaATUAYLINEY

fuietoaeulsionazdntovosuunagoulasinis TIMSS 2011 AlASUNISNELNTd

a15150ug (Released item) Tiswazidsanenduillomarszineimansiazauasnsan1aloyyi

In wagAmau warisnshinzwuunsdhiluteaeudaily nasnruiosazvaainseunineugnlu

Useinarnee Lileewnigansekagaussausil TIMSS 9aen5indidnuiunn welinsauaquisvunsied

Tnanaauasauszanm 10.5 F7lug wisldlinisasumininulddmsuiniseu TIMSS 39193501590

wazleuYAveaeU (rotated test booklet) Fallinuiuyadedauiiuiu 14 4a Wdnseuvideasy

| N g 1 ' & 1% C | < v A
Weeafien MntuUszinuAYiesnzkuunageuilululsvesineuduneyanamninisey

yitaaaunnym (Plausible values) m1y Item response theory (IRT) Falgendidululgsiuan 5 6
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Anzvaeld
HUUFaUNIY

wuvasunuesinGsuazuImsanuAnulddradeyamlufetuinGeunarlsabou
pudiU uuvaeuaNvestinieunseunquioyaiedtume 01y Awvdndld niweinsans
Gouiithu szdumsinwivesiunases sefunsfnugeanvestinBouiiaeands msguatenlald
fumsiBouvesiiunases siauafvesiniFeuiafulsaieu Hauadsedvineimans nsid
salunszuiunsiBoul  nsdudanuannsalunisBevineimans mssuiifsafuaeuvesns
nsthu wuvaeunwdmiuuimsaniufinw aseunquieyaiieatu SuruinEeululsaseu
Srunutndeuluseduiuiidisualasins TIMSS Ak anwdsauiasusAavesurulagsou
ningnsmsiioud mstidiusmvesfunasedlunsinnisinuiveslsadou dandeumnsdsay

Uymmginssunlifielszasd ssuunsiimefianiy azanududiivesuims

o

nI5ARLEENAs WeMUSLTTUN1539

susvihunglussiudisousagszaulsassundnasslumnuideildududseilieseniud
= & = [3 Y & a [

wlsvualsasou (naudulsaiousundn)  wazduusina (@uduwang) azinainyn
WORNIINUIY (indicators) wasianusilnnune (target scale) Tunmsusziiumn (rating  scale) 4
sgaveniuiulsninensnisiseuiniiuwazn e anududiimanisfinu@aduninsuszfiuen
3 gAY Fanudn scale Nauadnudenafean1ely (interal consistency) viSaYANGANTIUULY
el scale  Werudanuduiusiuas lnefiansananerdudsednsueainvesaseuuinilen
513N 0.72-0.86 TunisaseiudseidelamAade scale (summated scaling) @4 scale wag

fegengRssuusdvesiwlsinunednassluaidetagulademnse 3.2 n uag v
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M99 3.2 N scale WAZAIDENNGANIINUIY FUsvinunessautinisey

Scale Cronbach’s | $wwausausd feghanginssuued
alpha (items)
JAULISYY
1. | Anudumemngs (Female) - - -
2. | maenlaldvasunasewio 0.83 4 fthuAnummnisaireluivesasudly
N35euVeIYAS (Pariny) o yowlnwdui MduSeueylsd
15a58ueg
o yawinuINEauAITUIULAINI DD
3. | diruaRAeafUIvInemans 0.76 5 iniSeuddnedslstiviviinereans
(Att) o JulifensiSeuirIne mans
o Jusunilide fsIneeanilunal
M
® JUBIUSHUITINYIANENT
4. | msfuianuannsavewmily 0.86 9 dusheiudemuseluiiuntosiedn
N19138U (SelfEff) o Juinlaazuuumiyinerans
o nemansilugnseuvesdu
o Juausountgynlandinermans
819 let
5. | msliinauAndensInermans 0.85 5 udetutennusieluiuntosifiods
(Value) o Tngmanigiglviduiinlamvanisallu
FinUszaiu
o nyimansazteliasnsadon
AR 1o
6. | minensmsiGouiithy 0.89 5 Tnissufidwieluiiidmiel

(HmRes)

® ARUNIADS
o Ifviaunmiede

o 5o 15ans (ldtiussiSenw)

WNNBwWe Foutsmineannisise

[

i

Nty TIMSS TfAaumzuundail (index score) 14l lugudieyaudn
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AN519 3.2 U scale kAEAIDYNAIUIT AWUSYINTUIESEAUTINSaY

Scale (dayanwal) Cronbach |  3uUAIMUS YN ANTIUUIY
alpha U
syAulsseu

1. | ualsaseu (SchSize) - _ ]

2. | n¥nensmMaTeus (GenRes) 0.78 13 TseSeunauaavdsieluiinndosiiodn

® LUULSYU

® 91AsLSU

o dnlanviayunsel

o lUsunsuppuimesdmsudeu
IneAans

L3 aa s
L4 QUﬂimLLﬁ%ﬂ'ﬁLmﬂWEﬂﬂ’]ﬁmi

3. | Awbndeunadsnu (Socknt) 0.72 11 TsaFsuddynmantuinosiiiadls
o inFeunnlsasyuans
e nFeulingfnssunaniu

o niSuulingAnIsunaing Saun

4. | msdmsuvesunasesly 0.73 13 lsaspudnfanssusisluiivesasadieda
n39AN1SANY (SchPar) o LimansiSeulvigunasemsiy

o Uszyuiuunaseugiiuuleuny
ngseleunneg vadlsaseu

o Jayunuiunaseaduamznssunis

l5a58u
5. | amwanuudime 0.81 13 uhdanansuseluiiissasuiieds
NSANYIYBEUIUNT (Lead) o Juaueideviay Wushatuyaaing

e Fanumsihuleuiggnmsuon

Y o <2 lﬂl U 1
o limusnuagieaiunisasuuayyie
Aty

AidelaulanuugeunuinSsulazguIsanuAnwatuAnassimuUsileluaidedly

AMARUIN N
< v a o
NI13NUVIYAINY

ﬂ’liLﬁUsﬂJa%aImL@'azﬂizL'Vl?i%ﬁwhEN’mMéJﬂ“UENLLGfaz‘lJ'izL%ﬁ%ﬂﬁ&m’iﬁ‘wﬁﬁﬁﬂiza’lu
$ATesEAUA (National Research Coordinators) siwithilliulagsiusiadeya dmsudseime
vy Ao anduduasunisaeuivermansuaziwalulad FesUszaunudsussaumidesiums
BUINIINAIUNAAF DI LTUNIINNATOUINTFIUNITUIMTIANTARUREINAIASA Tun1SiAY

Toua HERTITATLIINAUGNITANYIUIWINIA TIMSS & PIRLS  andananisiielminainulusala

Y
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& 9 A oA A | a & a a A 2 v = % v
waziluluauninsgiu Winaminwede LWifinaurainndeulasiond Weliudeyasouiasuad
AUsTauuIdeseivfvddlidveyandulunaudUssuianadoyauazideves Intemational

Association for the Evaluation of Educational Achievement (IEA) mwé’amﬁmwﬁsﬁagal,t,as

1 =

] aw a aa ¢ A o Y o v a ! v
ENYLLWINANTTIVUNTUCADFIANUNLASTDH N SLUTJﬂ@bL‘ULLa'J IEA "Ugu’]GUE)i{IJaWUGU@\TLL@@%‘Ui%LWﬂLG{J’]

4

s1uteuaseulal (EA StudyData Repository) weuwsnigiuled http://rms.iea-dpc.org wials

<9 Y

Y 1Y

inidelunsiasseinaldtoyanfaglidenaniieiTesssandoluiioUseloyin1amuiznnisuasnis

NAUTEINAYDIRY
nsnssudaya

N3A9 ANATS LdeenTeya uaznIsIANTyYveya

[ '
av a = o

foyafilflurAdedifuteyaniog Tsinwion iunazdaszuilaauauumdiiions
Usziiunadugninianisine vde EA Tudnwazvesndsioyaiiien1siduesulall (Data
Repository) luauwwsnsauled http:/rms.iea-dpc.org {ﬁ%’ﬁﬂé’ﬁﬁagamﬂﬂszmwiﬁﬁmmiﬁﬂm
lneidonlvldteyasuluguuuy savfile dmiumsliasielulusunsui SPSS usdazUszmadiuiu 4
nidldun InddeyaiinGoussduussounyuasisoune 2 Ind ddlniadasdiuusnauasiuys
yhnesziuinGou wazlnddeyalsafeusziuuszandnuuazisednuvesinGouiidiisiudiuu
2 I8 Fafiguusvhuneseiulsadou uenaini §idedmnillvan ailonsassia (codebook) tiald
n319deuiofuls Sufvresiiuls Arduds Arfeyavinnie uwariiuivesiiuusduain

wuudeuny MeaviBualnadeyanlilunsiduanunsoagulaninse 3.3

6

M5 3.3 Meavidualadeyanlvluniny

Uszinnliadeya Hlvivoya Joyalulvld
Inladayatinieu . 4 niseuy 1. dayamnluvesnauluudeuny
InlddoyatinGeu u. 2 2. AZLUUNAANGNENIINIIEY

AneFansveIdNEyUY
3. deyaneiuladeninarenadugns
NN UUTDITNLTIU

Inlddayalsasoulssandnw | dusmsaniufnm 1. deyamiluifeafulsaieu

Inlatoyalsaseusiseudny 2. deyaneiuladeniinasenadugns
NN URAEYRIlTNTEY

Ve

Werdeflnadeyasnadetayasoulatudy tnorulndlulusunsy SPSS  {iduAnass

wneiulsndeinsiine uwasdindudsliifeiteseandnnsnd 3.2 neunsdansevideyala 1a
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ATIAARUANNANYIIVDITBYAMIBAET explore  waTNAADUTT Tayavianiefing 1 duluugy

1 1 = 1

vIelid lnenadeu MCAR  enuideyaviavieiindueegeduisunuaidoyavianie  (Missing

q

value) 1me3% Expectation-Maximization tielilalnanideyansudiuauysal 3ntudanseyi

Y Y
¥ ¥

foyauazairafauuslml 1iun nmswasuutas (recode) nsdiitngAnssutsdyniviouisiina
duaduldinaviesunuauinuiensdidenudulseleaiias §Idediunisnduaiudng
Fanumnenuduatudievlidiauezavesudndululufimmaieafunndrfdifietesty
auduan uenanddsldnisuasdnfioadrsfudsdu Wun fuvsma uagauwielsaiou lne
fualilimendadu 1 wemeodu 0 Isadeuifvunadndandu 1 lsadeuvnedug Wilanudu
0 dmsunseuin (compute) Mmanadsresmgiinssutvesiudsaeiios fedudsluluina

N33y wiakazisnisasadwdsivi agulalumisne 3.4

AN 3.4 T YRAWALIDAS19AUT LV

Fosus iAo IilUs lECEL
Recoding | Summated scaling
Mg
ATLLUNASU S RRIGY - -
mUshueseautiniseu
1. | e (Female) lislaLiles v -
(Frudsviv)
2. | mstorlaldvesgiunasesdenisiiourasyns (Parinv) | siaiiles v v
3. | virupRslonsiseudvTinenrans (Att) seiilos v v
4. | msfuianuannsavewmulunisiieu (Selfeff) soiileq v v
5. | mslinmdsiodIngmans (Value) soiileq v v
6. | n3wenIMsBouiTu (HmRes) - -
mUshueseaulsuseuy
1. | vwnlsaseu (SchSize) lislaLiles v
(Fudsviu)
2. | ¥wernsnsiSeus (Resource) sioliles v v
3. | Awandeunsdsa (SocEnt) seiilos v v
4. | msfidwsmesifunaseslunisiansfinu (SchPar) | siaiiles - v
5. | amzanuiludivesduims (Lead) sioliles - v

PnUUITEAndunsulaeilUsHakas LU weisaesseaven iudwUsliseilies
< = %4 = = I a £ Y o (Y a L3
JuAzuuulnggu WeliaunsailSeuiguaduussansvesiiusviungnenainsia e ing

o vy % Y Ao I aa o v 1w
igﬂUlfﬂ 1 UD9A8ALUTNINUINNUINTUTEUIUAINUINUIUTEAUANNU
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Menasninisdnmssulndtoyauds gI3elainsenadiussens wAanud dnndeduy

o ! ‘ﬂl ¥ o o s L ‘ﬂl ! d‘ U o ‘NI
wmsgudUsdeilasuasmevavdmsududslddeiion lunisuvanadiadeduusiuned
AalaNNgAnssuUWluansUssiuen §Idemseeerineseninedulagiiaidensaiediuiu

SLAUTBNRNATUSEIEIUAT (UTeARY NTI0UERS, 2538) LAY T UAL LR aT

Wnesin1suUanauInsuseliiua 3 s¥au

1.00 - 1.67 Mg sedusviotion

1.68 — 2.34 #u18ds saulIunas

2.35 - 3.00 MY TEAUFMTOUN

WnanskUaranInsUsEEiuAn 4 Seeu

1.00 - 1.75 maneds sedusviotion

1.76 — 2.51 wu18ds saulIunans

2.52 - 3.26 Mg TEAUEITONN

3.26 - 4.00 Mg SEAUGWINUTBUINTIAR

¥
a
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1
v A
U

ANULUTUTIUMEFET (one-way ANOVA) wagailun1sinievideyanyseau duilseazidens

o o

AIdasaslng MOM Tulusunsy HLM 9nlnddeyatniseu (sedun 1) wavliddoyalseseou
(52Ul 2) Bawdenanlusunsu SPSS Tudn nldfaestisialsadou (School D) wiloudu Feay
Husdealnidifloadrdluld Mom Tulusunsu HLM  Tunsiinsizsinyseiulaglaina Hierarchical
Liner Modelling §3deUssenasinailauad Raudenbush ua Bryk (2002) Usenaumelunagey 4

Tuna ¥innsasawazyszanaanns1dwesiuluswnsy HLM faglumaniudinusadl
Tuwwai 1 Unconditional means model

9@ Unconditional means model #3a8nde a one-way random effect ANOVA W

lunadnsnaguidiengn lunatldnsiaaeuindinnuilsusiuvesaswuuingimansnielunay

q

1 a I | = o & A 2 2
syninglssfouluminle Jaunisasi We r ~N(0, 6?) waz ug~ N(0, ),
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STUSC/U = ﬁOj + Tij
Boj= oo+ ugy

Advdnaguivszanallduansluluszanana (output) Useneudie mnuLUsUTINSENINg
15938u (Between variance) 3o « wazauwlsUTIunnelulsadeu (Within variance) e o
naaeulnuadd chisquare  @nansamedudssavaanduniugseminety (ntraclass  correlation
coefficient: ICC)  Fududndruszninennuulsunusenigdsadoufuanuulsususy f ICC
LAnIERAINANULUTUTINTRIAZULAE U IS LT B U DALY SUSIUTRIAZ UL U VLA
AuInlANgns

72
Iee= 72 + g2

Fideanunsaudasan ICC  Wufesasaruususiussninlsaiounazmanfovasainy
wsUsunelulssSounudiu mdesaisansiarldiuiouiisuiuaieriuvedunadesdiu
seluin lumawmaiuannsaandosasanuuUsusiwiassseauldvihladmneinuaiunsaly
mia%m&JmmLLU'ﬁﬂs'sumaiul,t,azsijmisqL‘%&Jusuaﬂ@hLLiJivT'lu'lsﬂqummfuq WoNIINY 91nAN
AuuUsUTINTEMIElsadeu 12  sEnsntinUTsnataatesads s uunadug s ves
Uszimaiiseduanudesiufidesnnsaingns

Goo +1.95 (12)"*

luman 2 regression with means-as-outcomes

£%
v

luwaliliingusvasdioasuroanuuwlsusiunswuwingtmaniudazlsnsou lagnisiiy

nnzdnusvinunsluszeulsassud U luluea aunsaswduaunislasadl

STUSCI= By+ ry
Boi= o0+ yos(FIMUTIIINIE A) + uy,

WwulReiulueansn Tunadanunsanitaveaedunz lUUNadNgNEIvINeIMEnTUD S
Useinanseauanueduiaenista lagldgasnisauaniediy iwelnislddusviuneseeu
159581 ANANULUSUTIUSENING s B S euUssualaaziiAnanas F981U150A1uINdndIUAINY

wUsunuszaulsaseungnesuieslasmeimuusvineseaulsasoumegns

2 2
Tmodell — Tmodel2

2
Tmodell
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Va v a

& v Y 1 Ao Y Y v a Y] =
fi»lj'l EJﬁ'uJ']iﬂﬂﬂLUu5@EJangﬂ ﬂ'Wlﬂ']u’lml@ﬁ'uﬂiﬂ‘U@ﬂl@?? EJ\‘]QJﬂ'J']ﬁJLL"LJiUTJUi%@IUIiQLiEJu

widednvse kil Feriglunisdndulalunisiiusiuusvinunefimunsaululuma

Imma‘ﬁ 3 random-coefficient model

Iumaﬁlﬂumﬁaum5a§wqammsmaaaﬁwmaﬂzLLuumaﬁquéwnaﬂﬁiL%auiwmmmﬂmﬁa
wssesudnideulundaslsadou dumneds 9nTueall 15negldaunsanaeswiiusiuulseSey
Tunatiaztheneusnuhaiadevesaunsannesiiarasinun Y wagaaududuvinla aunis
annesusazlsaSeuuanmaiunnioswinla Tunauandagaunisaelud

STUSCI;= By + B, (FuUsv148 B) + ry
Boi= yoo + ug
Bi= v T uy

(%
o

TumailirUsranamesnruudsusiuresdinnudu (o) Jonnitoddymeadfaviedi
AndulsrananuduusiaslsaFouuandeiy tlugnisnsaaeuludusolui Sfuusihunessd
TsaSpulpfiaunsaasuremnuudsusiusanadls wudeaiulumansuntil 5amsafIuIam
PAnadarkuLnadugnEnadsuininemansanaanuUsususesuTsageulusefuay
Foruiidesnsle wwdsaturisrinuduedsvesdulsiuigananunUsusiuaesrnudui
Uszanamlinssruanudesufidesns sznuin amemuslssiumelulsadouiismanaieiiou
Alunad 1 JasiamnsadnadadnutayiosarauuUsunussiulisouiignesuislssneduds

° v o A a v v
weseautnseundiudunlulueg lagldans

2 2
Omodell — 9model3
2
Jmodell

luna? 4 intercepts- and slopes-as-outcomes model

luwatiadsvuiossuisluwad 2 waz 3 wINWuIEANNLUSUTIUYBIALUUNAZUA D

a N i o ] = = PN ° 19 1 o
‘V]'Nﬂ'ﬁLiEJuLQaEJLLaﬁﬂqﬂ'J']iJGUULLmagiiﬂLiEJu IWEJINW]@'V] 4 QZLWN@?LLU?W']U']EJLSU']‘lUVNaaﬂigﬂ‘U

v
v

Tuwad 4 anunsasuduaunisleasad

STUSCIj= By + By (26U B) + 1
ﬁoj = Yoo T V01(97U'3£LU5 A+ Ug;
ﬂ[j = vy T })11(97‘7/?“1]7 A) +uy
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[y

aun1snisluwagesmiasesinnseauluaidetagulanuandlunisen 3.5

q

M99 3.5 lnagaslunsinsginnszauladeiinadonadugnsiviinemansiaginis TIMSS

q

Iuma‘ﬁ 1 Unconditional means model

Level-1 Model
STUSCly = By + 1
Level-2 Model

By = Voo + ug

Tuwmafl 2 regression with means-as-outcomes

Level-1 Model
STUSCl = By + 17
Level-2 Model
By = Voo + Vor*(SMALLSCH)) + Yo, (RESOURCE) + V55" (SCHPAR) + Yos*(SOCENT) + Vo5 (LEAD) + uy,

I&lma‘ﬁ 3 random-coefficient model

Level-1 Model
STUSC, = By + Bi(FEMALE)) + B PARINV,) + By*ATT) + By*(SELFEFF) + Bs*(VALUE) + Be*(HMRES) + r;
Level-2 Model

,30/ =Yoo + uy

By =V
Bs =V
Bs = Vi
Bi = Vu
Bs = Vs
B = Veo

Tuinadl 4 intercepts- and slopes-as-outcomes model

Level-1 Model

STUSCl; = By + By FEMALE) + Bo*(PARINV)) + Bs*ATT)) + Bu(SELFEFF) + Bs*(VALUE) + By*(HMRES) + r;
Level-2 Model

Bo = Voo + Vor*(SMALLSCH) + Yo, (RESOURCE) + Yo5*(SCHPAR) + Yog (SOCENT)) + Yoos"(LEAD) + Uy,

By =V
B = Va0
Bs = V=
By = Veo
Bs = Vo
Bs = Veo
VU
fuUsihweseauinitey fuUsyhueseaulsusey
Female visngfia LnAnd Smallsch vsngis Tsassuvundn
Parinv vanefis to1laldvesgunasessienisiieuvesyns Resouce Mingfis niwgNsMaseu;
Value ynefis nslvinauadionisisewinemans SocEnt nuefia an1mkIngoun1adny
Att vnefia virueafsensseivInemans SchPar vsnefis nMsiidnsiuvesunasedlunisdanisfine
Selfeff vangfis n1suimuamnsavesnulunsisey Lead vanedis amwanulugihvesiuims
HmRes Mo n¥nenssBeusithy
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Tuunil athiauenansidonuinguszasiniside lneduannsienesiteyaiugiulag
adAussens maieuifisuuasvaaeumnuunnssvesatadefuU s uessdulieaifeveangs
feehalsazUsema tiauenan T eilineadl 1 Unconditional means model gafunns
ATvEUAMULUTUTINTRIATIULHAdUg VSN aFsunslukarserindsaTeuresssmaingg
mﬂ‘lfuﬁﬂLauamamﬁmi’wﬁimLmaIaJLmaﬁ 4 intercepts- and slopes-as-outcomes Faduns
naaoUA1BNSNaRINLaLBnENagurasiLU Y szRuTnSsuLarsedulsadsunuluing
aunAgnurealAUsEIA AuiumauLlsUTIuanawiessurslduasiusuidisudmnines
s iUsznaaly luneuievesuniifunsedusenanmsidonazidenloefunuivanised
‘At

NAN15IATIZRTBUANUSIUY
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HANTTIATIERTRY AU UM LU SHaLAEIUIeNIdRsERUTRsLAaz U seInalagldais

[

UsseenasUSeuiiou neunsulandupzuuuinnsgiudisil
seAUUsEaNfnw Ui 4

AzLUUNAdLg NSNS suine mansiadelasinns TIMSS 2011 vesdniFousedu
Usgau@nuusemanineg uandlumsng 4.1 Gegnuin Ysemmnmaldldnzuuugean aasnde
Useinedaaldd dmdvussimalngldazuuuosiian mnfiansauiuenaiune nui ynuseine
snuUszalng dnisurieviiasuuulannindniseundgs wuinusymelneiidesinswesnzuuy
sevidnBoundgauaginiSeumnenniigaie 9 Azuuy Sofimsunuenauasadonmuin Ty
airinemaniiinmussmaivhazuuldifanlfuiussmadealus muundedsemaniva
1§ Wudeduanuivinemansnienm Setiaessamalinzuuusiieiu 1 azuun luaiien
Inermansiufian wui Ussmanmaldiesuudlfdusudunis mumndeussnaliniu dai

AYBLUUAINUDT 50 AZLUY



34

A o £ S a 3 o o = Al
»1519%n 4.1 ﬁ5LLUUNaaNQWﬁW’NﬂqiLiﬂuqmﬂqﬁqamim@QUﬂLiEJuSUUﬂigﬂllﬁﬂ‘Uﬁlﬂm 4

goans | QUu | nwd | Awelus | ne | iy

UniSey 535 559 587 583 ar2 552
Mﬂjﬁ 532 556 583 581 476 548
it 538 561 590 585 a67 555
197377

AINYIFANTTININ 524 540 571 597 480 538
WYIAE@ATNIDAN 539 598 597 598 462 569
Inenansiuion 548 551 603 541 460 553

A1ADAUTTENEYRIMILU TN SEAULISEUsTEAUUTEAUANYTANE (11519 4.2 uag 2w 4.1)

a £% a

n1stelaldvesiunasesrenisieuvesynsuasinuafsenisiieuinemans wuil Usenelne

a1 LY Y

UssmedaalUsuazUseinaldniunmseduunn fuwdsnissuianuaiunsalunisseuineimansves

AuLRINUIN Usemalsniulinadegeiian wuin YsewadduiasUseinenivaladanaietosnin

Y 9

va v ]

UsgnUsemasy lusuvemineinsnisileuiniiu wuidr ynuseinaliaadedssuiu 1.5

& Y a a v a Y
ALLUUINNASLUULHN 3 ﬂ%LLuu&JﬂL’Jut]ﬁ%LWﬁIVlEJ Nﬂ']LQﬁEJu@EJVI?j@WﬂﬂU 0.73 AZLLUU
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GRNGR i A demlus ng laniu
S (n1) 3,957 4,411 4,334 6,368 4,448 4,284
freq. % freq. % freq. % freq. % freq. % freq. %
Female 1839 46 2177 49 2085 a8 3135 49 2211 50 2029 at
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Parlnv 2.85 0.87 2.67 0.82 2.81 0.81 3.11 0.80 3.14 0.70 3.04 0.87
HmRes 1.52 0.56 1.50 0.64 1.48 0.61 1.43 0.58 0.73 0.74 1.47 0.61
ATT 3.26 0.69 3.19 0.58 3.04 0.64 3.37 0.64 3.43 0.52 3.40 0.67
Selfeff 2.84 0.69 2.81 0.59 2.76 0.60 2.84 0.72 2.88 0.57 3.21 0.66

Female M99 WA

ATT BUN809 NAUARADNNSISIUIVINSNFERS

Parinv nedie olaldvessunAsesan1sisuuveyns

HmRes s n3nenInsseuslutiu

Selfeff vungis M3Fuauansavewulunssey
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NN 4.1 ASNLYLERIANLRAEAWUSYINUI8SEAUTINSaY (U.4)

4
3.5
3 Ry = w
X 8
25 +— N & Parlnv
ATT
2 | SelfEff
B HmRes
1.5
1 =4
0-5 T T T T T
Hongkong Japan Korea Singapore  Thailand Taiwan

PNATNANITIATILRAULUTUTIUNGLAED (one-way ANOVA) La¥NISNAFBUALRAY
wuuduanvAn (Multiple comparison) (1571971 4.3) WU Fauus Parinv AN F (5, 27796) =
257.24, p < 0.001 WefuimA3nEnan eta squared SiAvindu 0.04 Jsfinnulédn Aaded
U3 Parinv udazUssmaiauuansisiuegsdosnisussme Tnanuuansstulidninaneudig
o aunuesERUBENaT@uslay Cohen (1988) dusuianys ATT wuin den F (5, 27796) =
206.87, p < 0.001 WIABNEWATAWINAY 0.04 Fafirud wiazUszmalianadesatuegnad
toddynsainesnslionnilianna anuuandnstiueglusedusin dmsufauus Selfeff wudn den
F (5, 27796) = 273.48, p < 0.001 WUINBNTWAIAWYINAU 0.04 AAulAa AnadesulsluLfaz

UTLNABANFANNNUDE 1N UDNTIUTENA ANULANANNYDIANLRAEDETLAUADUTINUDY A1UNSUAILUST

Y

HmRes WUl §A1 F (5, 27498) = 1049.99, p < 0.001 aumdndwaianviiu 0.16 fiaulain

AnademwlsluusazUsemaunnaiuegraloenileseme AMULANANNYDIALRALDE TEAULN
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AN 4.3 NANNSNAFDUAULUTUTIUNIAEIFILUSYINUIESEAUTNS ey (U. 4)

Sum of
Squares df Mean Square F Sig.
Parinv Between Groups 846.336 5 169.267 257.235 .000
Within Groups 18290.488 27796 .658
Total 19136.824 27801
ATT Between Groups 481.162 5 96.232 246.871 .000
Within Groups 10835.100 27796 .390
Total 11316.262 27801
Selfeff Between Groups 570.978 5 114.196 273.481 .000
Within Groups 11606.581 27796 .418
Total 12177.559 27801
HmRes Between Groups 2047.774 5 409.555 | 1049.987 .000
Within Groups 10725.783 27498 .390
Total 12773.557 27503

adausseremuUTIwgszaulsaseulanslunsn 4.4 wazam 4.2 wud Useindlnewas
UsgwagUuilsssouvwndnuniigaminiudesas 54 wag 50 aua1diu aun1ssusvesduims
anufnulusesrnuniouvemineininsiteuinilulsasounud UssmagUu Useinanvald

wazUszinadaalusiiaadeuinnitusemady Tuvasivssmalnedanafetesiign Weasuaiy

€

a =

UInsAnwiigiiunsidiusiuvesdunasedunsdanisfing  wud Ussinmanmvald Ussna

) e

dealdsuazUszinalaniuianadsuinnituseinadu Useinalneddnadedesngn ludiu
ANTNWINRNNNFIAN WU LN InTINUsEImAlAREEANLMINZ Al EHIndunednuly
lsaSeusgaunniign negdesniuasUseinaldniulinsuuuasan Tusuresnngaudugiing

nsAnw ynusemaliddvegluszauin IngUssmanivaladenniaaniuuinigyssmelng



A15199 4.4 ANERRUITTTIEAMNUIYTTAULTII8U (U.4)
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GRNGR i \NMA demlus ng laniu
ulssseU (n2) 136 149 150 176 168 150

freq. % freq. % freq. % freq. % freq. % freq. %
SmallSch 24 18 74 50 18 12 1 1 90 54 25 17

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Resource 2.03 0.39 2.98 0.61 3.48 0.79 3.02 0.79 2.11 0.79 2.25 0.77
SocEnt 3.73 0.31 3.56 0.46 3.60 0.54 3.62 0.35 3.46 0.51 3.72 0.32
SchPar 3.00 0.40 2.86 0.42 3.24 0.43 3.16 0.39 2.68 0.40 3.23 0.47
Lead 2.39 0.26 2.21 0.31 2.79 0.30 2.54 0.30 2.69 0.27 2.50 0.32

SmallSch Muneda 15uSsuvUIALEN

SchPar munefia nsiidwsinvesunasedlun1sdanisiny Lead munefis arzanuduiiveaduims

Resource vin8ie NSWeININIEUS  SocEnt vaneia dan1MLIneUNNdIAY
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NN 4.2 NSNLVILERIARREALUSYINUNeSEaUlsseU (U.4)

4
3.5
=
3 N
N Resource
2.5 : SchPar
T W SocEnt

2 M Lead
1.5 -

1 N T T T T B T

Hongkong Japan Korea Singapore Thailand Taiwan

mﬂﬂ'ﬁwaﬂ'}ﬁl,mwﬁmmLLU‘iUi’JumaLﬁmLLazmﬁmaaUmLa%LLUU%’U@JWWQ (915747
a..) fuusvinnessiulsaSouseiuUssaufnuna 4 wudn fuds Resource TR F (5, 923) =
120.45, p < 0.001 YuIAdvEwadiAwIAU 0.39 Fsfinulidn urasUsumaiaadounnsafueeng
fiddunsadnesneosniaszina LLazmmLmﬂ@mﬁ?uagﬂuszé’fumr\ s SchPar wuin A0
F (5, 923) = 46.05, p < 0.001 VWABNINAIALWIAY 0.20 FeimnumneAadssyniaUsemes
anauanAiueesiteddyegnatosnilassmatazuansstudeudann d1ususuys SocEnt
WU 8@ F (5, 923) = 8.61, p < 0.001 YUIABNIWALYINAU 0.04 LangI ANRALLAUSTIARN Y
g atpenilsUszmanazdanuuanssiuinaios dmsusuusviunedgaine Lead wuin dan F
(5, 923) = 77.02, p < 0.001 VWMBVENATAWINTU 0.29 wansin urarUsemeiaadeiatunasy

wANFE9NUlusEAULNN
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AN 4.5 NANNSNAFBUAULUTUTIUNNGRELUSTIUNSEAUlsSau (U. 4)

Sum of
Squares df Mean Square F Sig.
Resource Between Groups 269.117 5 53.823 120.445 .000
Within Groups 412.461 923 447
Total 681.578 928
SchPar Between Groups 40.168 5 8.034 46.051 .000
Within Groups 161.015 923 174
Total 201.183 928
SocEnt Between Groups 7.843 5 1.569 8.615 .000
Within Groups 168.065 923 .182
Total 175.909 928
Lead Between Groups 33.068 5 6.614 77.016 .000
Within Groups 79.260 923 .086
Total 112.328 928

syRUlsIUANYITT 2

wadugrivnantseuinenmanslulasanis TIMSS 2011 westiniFeuseiuiseudnu
Uszinanineg uandlumsns 4.6 Jewuin Uszmedsalusldnzuungsgamuanseussimanivald
Uszimadulafidelfazuuuiosiign dmivuszmalnefnamsusuanineildazuuumiian wn
NATAULBAAINA WU F0ns Uszinalyy Bulati@suayUszivanialde dnissundainnziuula
AntnSeure wunusedlnesuagyseimana@e e 1119 U0InruuusE nIeinIS U way
nFsunsanniiaaitiu 15 avuuy Yssalimiuliivesineziuusznitane Wofiansanuen
puanssilevnui Tuaein@ine) Ussmaiiesuuuldafianldudussmedeelus e
Uszinanmalduaz gy UsemadealufHiazuulddnanluauiviaiuazidndse Tuaunin
Igenansiuinn wui YssmelinTuhesulddusudunis asndelsanagsalus Useine
fvinazuuldialuaruied Fineuariandde Ussmedulaiide Tuanuinermansiufinn
fie Uszmantiade Tudiuvesdszimealnenuin eglunguinamsusugaiiennaiviien Tnesi

a a e‘dy a ydd‘ aa Y Y d‘
AELUUENY IV AR SIuTanlaANaauwasiEndlnioeign
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A o £ S a 3 o o o = Al
M99 4.6 ﬁzLLuuwaaNQWﬁ‘m’NmiLiEJUWIEﬂmamﬂJmuﬂLiauﬂjumﬁﬂuﬂﬂ‘mﬂw 2

goans | suleids | gu | inwid | wedds | dwlvi | lng | lendu

v 535 406 558 | 560 426 590 451 564
AN 536 409 554 | 558 434 589 458 564
ald 534 402 562 | 563 419 591 443 564
197397

FAINEN 535 410 561 | 561 427 594 460 557
\Adl 526 378 560 | 551 426 590 436 585
Wand 539 397 558 | 577 435 602 430 552
Inenenansiufian | 539 412 548 | 548 401 566 466 568

ANUTUAILUSYNUNIETEAUTNLSEY (A1579 4.7 hag NN 4.3) luauweaniseentalaves
AUNATEIBNITITUYDIUA ST UTIRINNTARAILNInTUINUNSISEUYREUNATRINUI Useinail
a a a a A % a PRy A vy 1 o
finlndeasgnne Useinasulaige auuisigUsemelng vugiussinanidadesiilaun geang
UsgimagUu inwidld Tuaunissuianuaiuisavesnulunisiseu wudr Yssmaglu Useine

g v Y o Aa a v | A Av v v
wnmalauazUseinalavniundanafodesnitusemady lagdssmaniniseusuianuaiunsoves
auledluN1ssewIngImansuingalannusswmedenlus (2.68 Azuuu) ausaedsenalng (2.64
AZLUL) FeUaAUNUAINaIAnAT It URLUSTIALARAENITIEWINEAEAsIaENSIAMAHENNT
a a L1 d! 1 = v d‘ 1 v v} a0 d‘ v 1
SeUINgIAEns Fanudn Ussmanmals UssmadduuwazUseinalaniu Tanadeteenitussma
2u Turneuseinagdanlys InewasUsewmanamedanadsuinnit 3.10  agwuuduld Tusiu

) =~ vl v ' a A A 1 YR a A v
NiNeININTIEUINUIL WU UssinalneuasUssimadulafi@eloglusvduioslnaianaiiotos
Vign (1.52 wag 1.59 310 3 ABLUWAINEIGU) vaueiisenanmaladaaionniian nuuime

UsgagUunazyssinadenlus



A15199 4.7 ANERRUTTE1EAUTNIUIYTLAVUNLIEU (U.2)

42

§09N9 dulatide G NMA WALy damlus g Loy
U U 3991 5788 4364 5165 5733 5924 6121 5042
freq. % freq. % freq. % freq. % freq. % freq. % freq. % freq. %
Female 1988 50 2968 51 2180 50 2663 52 2918 51 2932 a9 3414 56 2448 49
Mean | SD. | Mean | SD. | Mean | S.D. | Mean | SD. | Mean | S.D. | Mean | S.D. | Mean | S.D. | Mean | S.D.
Parlnv 222 | 082 | 309 | 0.76 | 223 | 082 | 228 | 0.79 | 250 | 0.79 | 260 | 0.84 | 289 | 0.75 | 249 | 0.90
HmRes 191 | 052 | 152 | 052 | 212 | 045 | 229 | 053 | 169 | 054 | 198 | 049 | 159 | 0.59 | 2.04 | 0.52
Selfeff 254 | 0.60 | NA. N.V. | 220 | 058 | 232 | 059 | 250 | 055 | 268 | 0.67 | 264 | 049 | 220 | 0.71
ATT 299 | 0.65 | NA N.V. | 258 | 0.65 | 253 | 0.64 | 320 | 0.62 | 3.13 | 064 | 3.16 | 053 | 2.63 | 0.75
Value 288 | 0.72 | NA. N.V. | 240 | 0.70 | 258 | 0.0 | 3.17 | 070 | 3.11 | 0.68 | 331 | 054 | 241 | 0.77

Female 1318809 LWARES

Parlnv visnede laldvegunasesrianisiseurasyns

Value 18ds N1slinaAfon1si3ewIng1eans

ATT ga virupfdensiseudimeneans  Selfeff munetia n1suianuaunsaveswulunisiseu HmRes nunedia niwensnisseusludiu
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NN 4.3 NSNLVILERIANRAEALUTYINUN8SEAUTNS Y (1.2)

3.5
N arh
N ]
2.5 - ] ,
i ! ! :T ! | ¥ | @ Parlnv
2T ! N st t : SRR AT
% N ! % % | N x W SelfEff
1.5 -+ N ! — % : N " B
% % | x N ! % ¥ B HmRes
¥ ¥ ! ¥ ¥ l ¥ i @Value
1 N ! ! % I N 1 -
0.5 ! i 5 b ¥ ! ¥ ' -
0 :I T :I T : T I: T I: T ! T :I T :I Ll
Hongkong Indonesia  Japan Korea  Malaysia Singapore Thailand Taiwan

PNNTHANTTIATILRANULUTUTIUNURYD (one-way ANOVA) LarNIINAAOUALAAY
wuuTugnan (Multiple comparison) (113137 4.8) fuusvunesesuiniEeu wuin ynusemed
fudsinennfuansstusgsiosnisszimaegdiduddamieada Tngfuus Pariny a0 F
(7, 42208) = 809.91, p < 0.001 dlofuanAaunsvsnaan eta squared Wui1 dAIAY 0.12
Reumnedn Anadeduds Parny TuwdagUsemeuansaiuseduuiunans (Cohen, 1988) fauUs
ATT Wuin :ﬁasmﬁawﬁwismﬂﬁﬁmLﬂﬁﬂLLﬁﬂ@iN@ﬂNﬁﬁ’&Jﬁﬁﬂg 1ag 3@ F (6, 36414) = 1132.51,
p < 0.001 AvuABvEHaTiALITY 0.16 fAud AuandsvesAndsfnanAeudisnn fuds
SelfEff wuin flegnateeniliUsymaiifinnadownnsiesaditudfalaedan F (6, 36414) = 576.30,
b < 0.001 AwUIASVENATAWWINGU 0.09 Famunefrnadesiuls Selfeff wandnsluuiasUsena
szAulIUNas MInUs Value wuinllan F (6, 36414) = 1,611.04, p < 0.001 vundvsnaiaiiiu
021  FaRanwledn fanuuandiesznineanedsusasysemeluseduain dmsusunus HmRes

WU A1 F (7, 41981) = 394.58, p < 0.001 A19UIRBNSWALALYIIAUY 0.19 FemnedudazUsuine

a

UAasf LU SelfEff WanNAINUSEAUNIN



AN 4.8 HANNSNAFBUAULUTUTIUNIAEIILUSTIUNTEAUTNNS o (1. 2)

44

Sum of Squares df Mean Square F Sig.
HmRes Between Groups 2762.080 7 394.583 | 1435.790 .000
Within Groups 11537.189 41981 275
Total 14299.269 41988
Parlnv Between Groups 3715.111 7 530.730 809.914 .000
Within Groups 27658.569 42208 .655
Total 31373.680 42215
ATT Between Groups 2778.779 6 463.130 1132511 .000
Within Groups 14891.168 36414 .409
Total 17669.947 36420
SelfEff Between Groups 1245.437 6 207.573 576.298 .000
Within Groups 13115.705 36414 .360
Total 14361.142 36420
Value Between Groups 4524.276 6 754.046 | 1611.035 .000
Within Groups 17043.597 36414 468
Total 21567.873 36420

[

Y

Aususmuusrinuneseaulsasey (11519 4.9 haz 2 4.4) 21nN15E1TIAUAALIIUVD

Au3msanufnenszaulisenfnuinuit Ussmaduuliduwulsaseusuadnuiniign (Gesas 54)

aunmeUssinadulaiide (Sevaz 50) Ussmanddwiulsaiourwinaniesfianlaun sesnsuas

Useimadealus dnsulsemelnedilsassusuindnsosas 40 TuSa9ANunsauvansneInsnis

= % a = Y = v Y a s 1 a v i a
Seu3 Usemaluginnaedens JusenideddduniiudsemadsalusiniafetesnitUssmeluginng

a Y a a v d' Y a ] v Y] =
LOLYYRNEIUDBN Uﬁ%LVIﬂlWEJ@Jﬂ']LQaEJu@EJqu@ IUWWUﬂqiﬂJﬁQU?JNSU@QE\\!Uﬂﬂif‘]ﬂi“ﬂqﬁ‘ﬂ@ﬂqiﬂﬂ‘l‘fﬂ

wu31 Ynusewmaeglusziuaniuld IngdsemanianafsaingafoUssinaninalauasseine

lanTu dudsdanndeunsdenslulsaseu nuhmnussweegluseauuniuld Ineusemeldniud

' a .:4' 9 a 1 ' i Ay oA a v PN v
ﬂ’]LQﬁEJ@JWﬂqu@ m’]llll’]@l']ﬁﬂi%LWﬂﬁQﬂIUiLLagaa\iﬂﬂ NUIN UigLVlﬂﬁJ‘LJUNﬂ']LQaEJu@EJW?jﬂ 114@']‘1«!

3 Y o = ! Aa = PN 14 J a6 v
ﬂ']’J%ﬂ’]']:LILUu%U'WINﬂ'ﬁﬂﬂH'] ‘W'U'J']‘Ui%Wlﬂﬁ/lllﬂ%ﬁﬁﬂ?ﬂﬂ%?jﬂlﬂl,m Usenen1uale agussine

dulailigy dulszmanildnadedosign loun Ussmaguuazgans
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ANS19N 4.9 AERRUTTENRILUSINUIESEAULSISEY (1. 2)

loLEnzIuaan oWgenziusenidesls
§09N9 dulatide Jiu A WALy demlus g Loy
U 1.9 117 153 138 150 180 165 172 150
freq. % freq. % freq. % freq. % freq. % freq. % freq. % freq. %
SmallSch 1 1 7 50 75 54 14 9 4 2 3 2 40 23 14 9

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Resource 312 | 0.74 | 235 0.55 3.08 | 0.63 | 3.39 0.63 | 254 | 0.85 3.28 0.85 2.13 | 0.69 3.03 | 0.66

SocEnt 349 | 034 | 322 | 0.76 312 | 0.85 3.21 0.68 3.23 0.36 323 | 0.36 3.27 | 047 359 | 0.36
SchPar 2.76 0.41 207 | 045 2.81 0.43 328 | 043 | 270 | 048 | 2.84 | 045 264 | 0.36 3.27 | 045
Lead 2.29 026 | 274 | 022 | 212 | 034 | 275 0.25 262 | 0.29 2.45 0.29 2.65 0.30 | 243 | 031

SmallSch vunede 15aSsurunaan  Resource M8dd NINYINTNISITEUT  SocEnt MuNeh anmuIndeuN1day

SchPar nunedis Msidusinvesunasestunisdnnisfine Lead unefis anazauduiihvesu3ms
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NN 4.0 NSNLVILERIANLRREALUTYINUN8TEA UL 8U (10.2)

4
3.5 S < E Resource
3 [ SchPar
25 o] - B SocEnt
[ B Lead
2 2
1.5 H
1 4]
0-5 T T T T T T T
Hongkong Indonesia  Japan Korea  Malaysia Singapore Thailand Taiwan

PNNTHANTITUATIERANURUTUTIUNUAYY (one-way ANOVA) LaTNITRdeUALRAE
wuuugnugal (Multiple comparison) fudsyiunesysulsadou (51afl 4.10) wui ynuseimed
Fudsyiuneynfunnisiuegateeviasumaeesiifodifynieadi fuus fuds Resource
fien F (7, 1217) = 70.29, p < 0.001 YundndwadiAwiiu 0.29 FamuedausdarUsemaiaaded
wUs Resource upnasiuluszAuun dmsudinys SchPar wuan a1 F (7, 1217) = 52.61, p <
0.001 wanein Useimaidnwrfidnadeunndsfuegadteddyesisiesniessme Ta1dnSna
Wiy 0.23 Shimnennad udarUsamalinnuuansnwesrnedslussduan d1mSudauy s
SocEnt WU ALadsuanasiuegtoenilslssimanaruansnsiusesuUunans Taedlan F (7,
1217) = 1492, p < 0.001 VUIABNSWALMINU 0.08 FuUT Lead WU AnadsluLdazUsune
wansnafuegstiosniaussma tnedlen F (7, 1217) = 89.92, p < 0.001 wavARAwANAIe Uz

170 INSEA1dnSnawiniu 0.34
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AN 4.10 HANISNAFBUAIULUTUTIUNAEIFILUSTINUNESEAULSHS 8 (3. 2)

Sum of
Squares df Mean Square F Sig.
Resource Between Groups 256.011 7 36.573 70.289 .000
Within Groups 633.237 1217 .520
Total 889.248 1224
SchPar Between Groups 69.616 7 9.945 52.616 .000
Within Groups 230.026 1217 .189
Total 299.642 1224
SocEnt Between Groups 31.456 7 4.494 14916 .000
Within Groups 366.628 1217 .301
Total 398.083 1224
Lead Between Groups 50.522 7 7.217 89.915 .000
Within Groups 97.689 1217 .080
Total 148.211 1224
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NANISILAIIZUNITHUIEIULAZ DS U8R ULUSUSIY
seaUUsEOUAN®ITT 4

Tuszduuszonfnudi 4 ynusemaianuuusununelulsaSeugainitnnuuususu
581i19l9958U (1159 411 waz N9 4.5) ﬂizLwﬂﬁﬁmmwiﬂsaumaqmLLuumaé’qué
InenmaninielulssSeugsiian 3 Suduusnliun Ussimadu (Fesas 94) 1nmald (Govas 94)
uazUspnAldunu Gevaz 85) mudidu aAnuulsunussnilsudsurssmamaiidindos
fapiilafisuiulssmadu wanrilsadoulszan@nulundassemadnaniinunmluudyosnns
Fanseudinermansindidsetu Wunalsflauuysunuvesnzuuuadousaslsadouliseiy

4N

M319% 4.11 N15UsEINUABVENadUsEAUUSEaNANYUN 4 (luwad 1)

Ussnd | sewindlsadeu () | aelulseSeu () | aduuszans | Sevazanu | Sosasainy
Variance | SD Variance | SD ANAUNUG wUsUTIU wlsUTIu

component component syminadu nelu FENIN

(ICQ) 15958y 15a58u
GRNIN 0.43%** 0.66 | 0.73%** 0.86 0.38 62 38
iﬁ‘l!u 0.07%** 0.26 | 0.98*** 0.99 0.06 94 6
LWN%A 0.06*** 0.25 | 0.94%** 0.97 0.06 94 6
RGN 0.25%** 0.50 | 0.75%** 0.87 0.25 75 25
e 0.34%** 0.58 | 0.577%** 0.76 0.37 63 37
Tawiu | 0.17% 0.41 | 0.96%** 0.97 0.15 85 15

*p < 0.05, *p <0.01, **p <0.001
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A7 4.5 Asmilansn1skusduauLlsUTIunglulas serninglsassusEauUsaufne

100 94 94

90 B Within qc

30 2c Between

70 67 63

60 -

50 A

40 - 38 37

30 A 25

20 - 15
10 - 6 6 |
0 - T T T T T )

Hongkong Japan Korea Singapore  Thailand Taiwan

TuseiuUszanfne Wennasuiulsvhwessfutindouididninadenzuuunadugn’
nensEewInemansuisld (11519 4.12) wui dawlungfudsarudumandgs (Female) lidl
AMLANAsEENTtd1AeY v30naaladn inATIBLaZINARANYIAzLUULUUNAdDU TIMSS 16
avwuullinet snviy desnauasUszmaliniu Fauindanuuanaegnaiodday (P < 0.05) was
findudsyansonnoaduau Tumnoaui weinarorzuuuaeulasimevsyhazuuuldaniuma
ni TudnuveminensnsBeuiiv wuin f8vsnamauin (P < 0.001) Tulszimmnualiuay
Uszinadealuf Tuussimasiaaes avdninadenanundududuans sesandaudsnisiud
Auanunsalunues  luduvesidsnmsienlaldvesunasesienisiieurasyns (Parinv) wuindl
\igeaesUszimauiiiy TduddesnsarUssmaldniuiiddudssansildeddy Tnadosns dn
Fuuseaniiduau Famuneds asuuuaeuuaznisguatonlaldudswniuiu nisquatenlaldann
funaseannlfnzuuulien danssiruiulsemaldniudadanduuin dnEeuiunesesguatonlals
Werrussunaglfnziuuasugs  fudsdounde iauaddonisiSeuineimaninuinfiavina
neuInlugenuazUszmalne (P < 0.001) lneilrdnsnageroudige dudsnissuinuause
yosnulunmaiFou (Selfef) wui mdugnsannssnnussimaiteddamnaada (P < 0.001) uazdd

v

Juuan mneaiud dniseuniuianuaiuisalunisseuremuiennasyiazsuuulags lneidle

Y

a

Wigulgumuusiusiwesgaun 1 fmdu mMssuianiuaunsavesmulunsiSeudiuniigavsed

dnENaseAzIULABULINTIEA
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ludiuveinisnaasud1dninansfifuusinugseaulsuseu (1519 4.12) wudn fdawds
audulsassuswndn (Smallsch) TuynUszimasniiudszmedenlys Se1duuszavsanaaein
= = = v v o R a1 [d g =2 a [ a A
aadlamesuiumuusvinemdusaziianduay dumneds lsassupziuuaniazlsassuruindy
= a = W = 2 = o ] | Y
finzuuuasuiadgvedlsussuseiu lnelsusouvuiadniavuuuasutesndt Tudiuveaiiuys
ninensmaeuslulsasounieonzanudugiimanisnymuinlifidvdwe dwsududsnisd

=

duswvesunasedtunmsdnnisfinwivedseioy wui Svddglulssmaldniunasdnluslaed

[
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Fixed Effects GRNGN G A demlus ng Loy
Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE
Intercept, Yoo 0.65%** 0.06 0.96*** | 0.04 1.33%*x 0.04 1.38%** 0.04 | -0.197* 0.10 0.87*** | 0.05
FLUTIUIESEAUTNIS U
Female, Y10 -0.11* 0.04 -0.04 | 0.06 -0.07 0.05 -0.02 0.02 0.03 0.04 -0.12* | 0.05
HmRes, Y20 0.01 0.02 0.02 | 0.02 0.11%% 0.03 0.06*** 0.01 0.03 0.02 0.02| 0.03
Parlinv, y30 -0.07*** 0.02 0.02 | 0.02 -0.01 0.02 0.00 0.01 -0.01 0.02 0.12*** 1 0.03
Att, Y40 0.13%** 0.03 -0.04 | 0.03 0.01 0.03 0.02 0.02 | 0.18** 0.02 -0.05| 0.03
SelfEff, pso 0.13%** 0.02 0.27*** 1 0.03 0.32%% 0.04 0.27%** 0.02 | 0.12%% 0.02 0.37*** 1 0.03
FuUsIuIgsEAUlIITaU
SmallSch, Yo -0.42% | 0.16 | -0.25**| 0.05| -0.31**| 0.08 030 | 052 -0.31**| 0.11| -0.40%*| 0.11
Resource, Yoz -0.02 0.05 -0.01 | 0.03 0.00 0.03 -0.03 0.04 0.10 0.06 0.05| 0.04
SchPar, Y3 -0.09 0.05 0.00| 0.03 -0.01 0.04 0.08* 0.04 -0.03 0.06 0.09* | 0.04
SocEnt, Yo4 0.17% 0.08 0.01| 0.04 0.02 0.02 0.06 0.04 0.11*% 0.06 0.07 | 0.07
Lead, Yos -0.17 0.10 0.04 ]| 0.03 -0.01 0.03 -0.07 0.04 -0.07 0.08 -0.03 | 0.06

*p < 0.05, *p <0.01, **p <0.001

SE = Standard Error, Coeff. = Coefficient
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Random effects GRNGR i A demlus ng Taniu

Var. comp. SD Var. comp. SD Var. comp. SD Var. comp. SD Var. comp. SD Var. comp. SD
S¥IINLTUTEU, U 0.31 0.56 0.05 0.23 0.04 0.21 0.24 0.49 0.29 0.54 0.11 0.34
aelulsasey, r 0.68 0.82 0.92 0.96 0.82 0.90 0.67 0.82 0.50 0.71 0.82 0.90
Level 1 variance 14% 6% 13% 10% 9% 15%
explained (%)
Level 2 variance 28% 17% 33% 4% 12% 31%
explained (%)
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Useine seninalsaseu (uy) | melulsaseu () AN . Sovay
. _ < | SewazAIY
Variance SD Variance SD AUUSLANS AU
o o . wUsUsIU
component component AVAUNUD wUsUsIU
L ey ,
LWINITUY . YNNI
15958u .
(ICQ) 159584
g99N4 0.60%** 0.78 | 0.54%** 0.73 0.53 a7 53
dulatligy | 0.33*** 0.57 | 0.65*** 0.81 0.33 67 33
flj‘l!u 0.09%** 0.30 | 0.84%** 0.95 0.09 91 9
LANR 0.05%** 0.23 | 0.90%*** 0.95 0.06 94 6
RIGIGTS 0.69%** 0.83 | 0.32%** 0.56 0.69 31 69
adsalus 0.45%** 0.67 | 0.56%** 0.75 0.45 55 45
Tne 0.33%*x 0.57 | 0.51%** 0.71 0.39 61 39
T Q.21 %** 0.46 | 0.80%*** 0.89 0.21 79 21

*p < 0.05, *p <0.01, **p <0.001
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Fixed effects §09N4 dulafide A A ALY danlus g Ly
Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE | Coeff. SE Coeff. SE Coeff. SE
Intercept, Yoo 1.02%** | 0.06 | -0.99** 1 0.07 1.37%** | 0.05 1.40%** | 0.04 | -0.68*** | 0.07 | 1.87** 0.06 -0.29*** 1 0.07 1.46*** | 0.06
FrUsvinune
sgAuliniseu
Female, Y19 -0.16*** | 0.03 0.03 | 0.04 0.13*** | 0.03 0.03 | 0.05 -0.07* | 0.03 -0.03 0.03 0.08 | 0.04 0.12** | 0.04
HmRes, Y20 0.02 | 0.02 0.04* | 0.02 0.15*** | 0.02 0.18*** | 0.03 0.03* | 0.01 | 0.12%** 0.01 0.05 | 0.02 0.20*** | 0.02
Parinv, Y30 -0.06*** | 0.01 -0.03 | 0.02 0.04** | 0.02 0.01 0.02 -0.03** | 0.01 -0.02* 0.01 -0.03 | 0.02 0.03 | 0.02
Att, Y40 0.14*** | 0.02 N.A. | NA. 0.03 | 0.04 0.10"** | 0.03 0.15%* | 0.02 | 0.11%** 0.02 0.17%** | 0.03 0.18*** | 0.05
SelfEff, Y50 0.15%** | 0.02 N.A. | NA. 0.35*** | 0.03 0.37*** | 0.02 0.02 | 0.02 | 0.11%** 0.02 0.04 | 0.03 0.19*** | 0.04
Value, Y60 -0.01 | 0.02 N.A. | NA. 0.06 | 0.04 0.09*** | 0.03 0.02 | 0.02 | 0.06*** 0.01 -0.01 | 0.03 0.02 | 0.03
FruUsvinune
szAUlsaTeu
SmallSch, Yoy -0.26*** | 0.43 -0.36*** | 0.11 -0.07 | 0.06 -0.11 0.07 -0.44 | 0.35 -0.58* 0.23 -0.32** | 0.11 -0.43** 1 0.13
Resource, Yp2 0.04 | 0.06 0.21%** | 0.06 0.05 | 0.04 0.00 | 0.02 0.15* | 0.07 0.02 0.06 0.09 | 0.07 0.01 | 0.05
SchPar, Y3 -0.11 | 0.06 0.07 | 0.06 -0.01 | 0.03 0.08* | 0.03 -0.01 | 0.06 0.05 0.06 0.06 | 0.06 0.00 | 0.05
SocEnt, Yo« 0.38*** | 0.06 0.05 | 0.07 0.11* | 0.04 0.09*** | 0.02 0.25%* | 0.07 | 0.21%** 0.05 0.02 | 0.09 0.00 | 0.05
Lead, Y05 0.06 | 0.06 -0.04 | 0.07 -0.07 | 0.05 0.01 0.03 0.07 | 0.07 -0.08 0.06 -0.09 | 0.08 0.01 | 0.05

*p < 0.05, ¥p <0.01, **p <0.001

SE = Standard Error, Coeff. = Coefficient
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Random effects §09N4 dulatide A A ALY danlus e Ly
Var. SD Var. SD Var. SD Var. SD Var. SD Var. SD Var. SD Var. SD

comp. comp. comp. comp. comp. comp. comp. comp.
SEMINLTAUTY, U, 0.35 0.59 | 0.23 | 047 0.07 0.27 0.04 0.20 0.62 0.79 0.40 0.63 0.29 0.54 0.18 0.42
melulsasew, r 0.46 0.6 0.65 | 0.80 0.65 0.81 0.60 0.77 0.29 054 | 042 0.69 0.47 0.69 0.63 0.79
Level 1 variance 13% 0% 23% 33% 6% 14% 8% 20%
explained (%)
Level 2 variance 40% 30% 22% 20% 13% 11% 12% 14%
explained (%)
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output NM3AATIZINRIZAVLAAN 4 vasUssmalnesEaudsaufnunUN 2

Specifications for this HLM2 run
Problem Title: THA GR8

The data source for this run = Thai_GR8

The command file for this run = DATIMSS 201 1\HLM\GR8\THA\Modeld.hlm
Output file name = DATIMSS 201 1\HLM\GR8\THA\hImM2_avg.html

The maximum number of level-1 units = 6080

The maximum number of level-2 units = 172

The maximum number of iterations = 100

Method of estimation: full maximum likelihood

This is part of a plausible value analysis using the following variables:
ZBSSSCI0

V35 A

V36 A

V37 A

V38 A

Weighting Specification

o Weight ]
Weighting? , Normalized?
Variable
Level 1 yes TOTWGT yes
Level 2 yes SCHWGT yes

Precision no
Summary of the model specified
Level-1 Model

ZBSSSCI0; = ,BO, ,8 (FEMALE,) + B*(ZHMRES) + B5*(ZPARINV,) + B,(ZATT,) + B5*(ZSELFEFF,)
+ B,(2VALUE)

Level-2 Model

Bo; = Voo + Yo *(SCHSIZE) + Y ,,X(ZRESOURC)) + Yos"(ZSCHPAR) + Yo, (ZSOCENT))
+ Vs (ZLEAD) + uy

18 = Vzo

:32/ Yo

st Yo

B‘U = V40
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:85/ = Vs
:86/ = Ve

ZHMRES ZPARINV ZATT ZSELFEFF ZVALUE have been centered around the group mean.

ZRESOURC ZSCHPAR ZSOCENT ZLEAD have been centered around the grand mean.

Mixed Model

ZBSSSCIO; = Yoo + Yor*SCHSIZE; + Yo" ZRESOURC; + Yos*ZSCHPAR,;
+ Voi*ZSOCENT, + Vo5 ZLEAD,

+ Vi FEMALE,

+ V" ZHMRES,

+ V5" ZPARINV,

+ Vi ZATT;

+ Vs ZSELFEFF;

+ Vs ZVALUE,

+ Ugt Iy
The Averaged Results for this Plausible Value Run
0’ = 047358

Standard Error of O'2 =0.01835

.
INTRCPT1,8,  0.29112

Standard error of T

INTRCPT1,B,  0.03522

Random level-1 coefficient  Reliability estimate

INTRCPTL,, 0.963




Final estimation of fixed effects:

Fixed Effect Coefficient Standard t-ratio Approx. p-value
error df.

For INTRCPT1, B,

INTRCPT2, Voo -0.258962  0.069694  -3.716 166 <0.001

SCHSIZE, Vo, -0.318641  0.096964  -3.286 166 0.001

ZRESOURC, Vo -0.090448  0.057692  -1.568 166 0.119

ZSCHPAR, Vo3 0.064262  0.043287 1.485 166 0.140

ZSOCENT, Vo4 -0.015529  0.042295  -0.367 166 0.714

ZLEAD, Vo5 -0.085839  0.039853  -2.154 166 0.033
For FEMALE slope, 3,

INTRCPT2, V1o 0.083323  0.030488 2.733 10 0.021
For ZHMRES slope, ,32

INTRCPT2, V20 -0.047652  0.019761  -2.411 9 0.039
For ZPARINV slope, B3

INTRCPT2, V30 -0.034491  0.013517  -2.552 15 0.022
For ZATT slope, ﬁ4

INTRCPT2, Va0 0.169506  0.018026 9.404 13 <0.001
For ZSELFEFF slope, Bs

INTRCPT2, Vso 0.040840  0.022222 1.838 7 0.109
For ZVALUE slope, 3

INTRCPT2, V5o -0.007195 0.017305 -0.416 15 0.683
Final estimation of fixed effects
(with robust standard errors)
Fixed Effect Coefficient Standard t-ratio Approx. p-value

error daf.

For INTRCPT1, B,

INTRCPT2, Voo -0.258962  0.071533  -3.620 166 <0.001

SCHSIZE, Vo, -0.318641  0.113594  -2.805 166 0.006

ZRESOURC, Vo -0.090448  0.066652  -1.357 166 0.177

ZSCHPAR, Vo3 0.064262  0.060610 1.060 166 0.291

ZSOCENT, Vo4 -0.015529  0.089298 -0.174 166 0.862

ZLEAD, Vs -0.085839  0.080128 -1.071 166 0.286
For FEMALE slope, 3,

INTRCPT2, V1o 0.083323  0.043789 1.903 a5 0.063
For ZHMRES slope, ,32

INTRCPT2, V20 -0.047652  0.024400  -1.953 22 0.064
For ZPARINV slope, B3

INTRCPT2, V30 -0.034491  0.017866  -1.931 ar 0.060
For ZATT slope, ﬁ4

INTRCPT2, Va0 0.169506  0.028824 5.881 91 <0.001
For ZSELFEFF slope, s

INTRCPT2, Vs 0.040840  0.034130 1.197 41 0.238
For ZVALUE slope, B3

INTRCPT2, V5o -0.007195  0.031030 -0.232 158 0.817




Final estimation of variance components

Standard Variance 2
Random Effect o af. X p-value
Deviation ~ Component
INTRCPTL, uy 0.53955 0.29112 166 4094.58767  <0.001
level-1, r 0.68817 0.47358
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A Multilevel Analysis of Factors Affecting Thai Students’
Science Performance on TIMSS 2011

Pongprapan Pongsophon’

ABSTRACT

This study examined and explained the variation of Thai secondary school students’
performance in science, based on the country sample data retrieved from The International
Association for the Evaluation of Educational Achievement (IEA) Trends in International
Mathematics and Science Student (TIMSS) 2011 database. The data were obtained from
6,124 students nested within 172 schools. A two-level hierarchical linear modelling (HLM)
was utilized in the analysis using HLM. The explanatory variables in level 1 included students’
educational aspiration, self confidence in science, value in learning science, the amount of
homework, parent involvement, the possession of a computer, and the number of books at home.
The exploratory variables at level 2 included school size, resource for teaching science, computer
availability, and school discipline and safety. This indicated that 37 % of the total variance
of science achievement is accounted for by school-level and 63% by student-level differences.
At level 1, the variables could explain within school variance by 21% with the psychological
variables accounting for a greater part of the variation than other variables. The differences in
student performance across schools were explained by school size by 13%. This study suggested
policies and strategic plans for policy makers, educational administrators, school principals and

teachers to improve the quality of science education in Thailand.

Keywords: TIMSS 2011, Science Achievement, and Multilevel analysis
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Introduction

TIMSS is an international large-scale mathematics and science assessment
project providing comparative data in order to assist participating countries in making
informed decisions about education in mathematics and science. TIMSS was first
administered in 1995 and is conducted on a regular 4-year cycle. Many Asian countries
have led achievements in mathematics and science. For grade eight students, Singapore
led in science, followed by Taiwan and South Korea, according to the results of the
latest cycle of Trends in International Mathematics and Science Study in 2011 released
by the International Association for the Evaluation of Educational Achievement. In 2017,
Thailand was ranked at 25th in science among students from 45 countries and 14 states.
Thai students’ scholastic performance has dropped sharply three cycles in a row; from
482 in 1999 to 471 in 2007 and to 4571 in 2011. Thai students have never been beyond
the international benchmark score of 500. They have lagged behind their East Asian
counterparts (Udompong, Kopaiboon, & Sermsuk, 2012). The TIMSS results are reliable
evidence of the failure of educational reform efforts in Thailand. Therefore, it would
be of great value to examine and explain the variation of Thai students’ performance
within and between schools, so policy makers and educators could change the course of
education before it is too late. The implication of this study would guide the policy
makers to make a research-driven and well informed decision on science education
policies and implementation to keep Thailand competitive in a global community in
the 21% century. In order to explain the difference in educational attainment, one needs
to consider a number of factors frequently considered important at various levels of

education systems.

Research purpose

To investigate the student and school level characteristics that combine best to

explain Thai students’ science achievement.
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Theoretical framework

Socio-perspective of learning

This study is based on socio-cultural perspective of learning that learning is
an act of enculturation. Student’s thinking and development are based on his or her
participation in social interactions and culturally organized activities. This participation is
guided as Rogoff (1990) writes, “Children’s cognitive development is an apprenticeship;
it occurs through guided participation in social activity with companions who support
and stretch children’s understanding of and skill in using tools of culture” (p. vii).
The students are guided by their parents, teachers, librarians, classmates, and resource
persons who help shape their homework or assignment which, by this fashion, is
regarded as a cultural and social activity. In other words, student learning is situated
and affected by a complex system of factors. In order to fully understand the impact
of each of these factors on students’ science achievement, this study selected a set of

variables and modelled them not in isolation but in relation to others.

There have been extensive studies on the factors influencing student achievements.
To guide predictive variable selection, the Rand model (Oakes, 1986; Shavelson,
McDonnell, & Oakes, 1989) was adopted as theoretical framework. The Rand model
provides the holistic view of student learning. In this model, there are a number of
factors that can be grouped under three components of a general system: input, process
and output. The input variables are, for examples, human and financial resources
available to education (Damrongpanit & Ruengtrakul, 2013). The process variables are
what is taught and how it is taught. The output variables are the concretely measurable
outcomes of schooling such as academic achievement, attitudes, required skills and
content, and reduction of youth unemployment. Oakes argued that all components of
the system must be taken into account to understand together for the overall health
and determine to the conditions under which a particular goal is met. By nature, these
factors are organized into different levels — from macro to intermediate and from
intermediate to micro levels. The economic status of a country, region, or city serves
as a proxy for a system’s available resources and is located at the macro level of an
education system. Factors associated with school and teachers are considered to operate

at the intermediate level. Factors such as student gender, ability, familial support and
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attitudes toward school and future education position at the micro level.

Since the variables are organized at more than one level. The students are
nested within a classroom. The classrooms are nested in a school. Taking this into
consideration, a hierarchical linear modelling is used in this study. The units of
analysis at a lower level were individual students who were nested within a classroom,
and in turn classrooms within a school—more contextual/aggregate units which were
the units of analysis at a higher level. However, a 3-level model was not adopted for
this study because in the Thai sample of TIMSS 2011, only one teacher was nested
in each school. The number of teachers in the sample was equal to the number of
sampled schools. The author opted not to remedy this problem by aggregating the
scores for the teacher variables to the school level since the score based on just one
teacher was not representative of the school. This study therefore included school-
associated and student-associated variables but excluded classroom associated variables

in modelling.
The development of a hypothetical multilevel modeling of Science Achievement

Since the TIMSS data were collected in 2017, Thailand’s educational policies,
programs and projects between 2006 and 2011 were content-analyzed. The extracted
variables should logically explain the variation in science achievement within and
between schools in 2011. From the critical review and the analysis of four Prime
Minister’ Policy Statements of the Council of Ministers to the National Assembly
(Chulanont, 2006; Sundaravej, 2008; Vejjajiva, 2008; Wongsawat, 2008) and related
documents archived in the website of Ministry of Education, the policies that mentioned
improving the quality of school to enhance student learning were (a) to promote the
intensive use of information technology in school to enhance learning efficiency;
ensure access to the necessary infrastructure, technologies and software to complement
learning and (b) to establish the equality of educational opportunity and narrow the
achievement gap. Some corresponding programs and projects were Interactive e-Learning
Project, One Laptop per Child Project, Teacher TV and Tutor TV Channels,
National Education Network (Ned-Net), Supporting Small Rural Schools, Laboratory
School Project, One Outstanding School for Each Sub District, and White School and
Sport Ground for Youth against Drugs. The school size, the availability of computer,
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educational resources for teaching and learning science and school discipline and safety
were extracted from these policies, program and projects and selected as predictive
variables at the school level in the hypothetical model. The previous studies suggested
that individual, familial, and cultural factors played essential roles in students’ achieve-
ment; Asian students, in particular (Liu, Wu, & Zumbo, 2006). This present study
included student-associated variables previously found to be strong predictors as
predictive variables at the student level in the model. They were students’ educational
aspiration, self confidence in science, value in learning science, the amount of homework,
parent involvement, the possession of a computer, and the number of books at home.
The hierarchical model comprises science achievement as an outcome variable and
a number of predictive variables organized into student and school level structure

illustrated in Figure 1.

DISC &

SAFETY
cOoMP INDIVIDUAL
AVAIL /— SCHOOL'S MEAN OF

/ SCIENCE
,f 2nd LEVEL ACHIEVEMENT
L &
[  NmBook _/ ;‘I‘
[ Poss 7 —— f
‘.‘f COMP// VAL ] [ INDIVIDUAL
/ — A <,— STUDENT’S
/ / Asp // NM / SCIENCE

WORK / ACHIEVEMENT

Figure 1 The structure of a hypothetical 2-level hierarchical linear model.

Level-1 student-associated variables: Educational Aspiration (ASP), Self confidence in Science (SELFCON),
Value in Learning Science (VAL), the Amount of Homework (NMWORK), Parental Involvement
(PARINVOLVE), Possession of a Computer (POSSCOMP), and Number of Books at Home (NMBOOK)

" Leverl-2 variables: school-associated variables: school size (SCSIZE). Resource for Teaching and Learning

Science (SCIRES), Computer Availability (COMPAVAIL), School Discipline and Safety (DISC&SAFETY)
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Method

Procedure

This study used the data of students’ science achievement in secondary school
(Grade 8) and related factors from the fourth cycle, TIMSS 2011 that were released
in December 2012. The TIMSS 2011 database is available online at the International
Association for the Evaluation of Educational Achievement (IEA) Data Repository
(International Association for the Evaluation of Educational Achievement, 2009). The

Thai sample included 172 schools, 172 teachers, and 6,124 students.

TIMSS is conducted by the International Association for the Evaluation of
Educational Achievement (IEA). The IEA is an independent international co-operative
of national research institutions and governmental agencies that has conducted cross-
national assessment. The TIMSS & PIRLS International Study Center at the Lynch
School of Education at Boston College, USA is responsible for the overall direction
and management, working closely together with a team of experts around the world.
Education Testing Service in Princeton, New Jersey consults on psychometric
methodology. The IEA Secretariat in Amsterdam, the Netherland, works closely with
the IEA member states. It is responsible for coordinating the verification of translations
of the TIMSS test instruments and for recruiting the personnel responsible for quality

control.

Statistics Canada in Ottawa is responsible for the weighting of data and, in
cooperation with the IEA Data Processing and Research Center (DPC), for drawing
representative school samples in the participating countries. TIMSS samples are drawn
based on internationally specified criteria, and are designed to be representative of the
national population of students. The sampling criteria for each country are designed
to address key characteristics of the nation’s school system. Each participating country
designates an individual to be National Research Coordinator (NRC) who is responsible
for implementing the study in his/her country in accordance with the international
study guidelines. The TIMSS & PIRLS International Study Center together with the
IEA Secretariat conducted an independent quality control program. The IEA DPC
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provided data entry software and variable codebooks to standardize data preparation
and conducted extensive training seminars in the use of both sampling and data entry
software. The IEA DPC is also responsible for processing, verifying the data submitted

by the participants, as well as for assembling the final international database.
Instrumentation

Given the broad coverage required by the TIMSS framework (see table 1), the
TIMSS assessment required a rotated test booklet design with a total assessment time
for individual students of 90 minutes at eighth grade. Overall 217 mathematics and
science items for eighth grades were used in the assessment. The items were
administered in 28 item blocks, 14 mathematics blocks, and 14 science blocks. Each
block contained either mathematics items only or science items only; 12-18 items
in each block. About half of the items were multiple-choice and the second half
constructed-response items. In each subject, 8 of the 14 blocks contained secure items
from TIMSS 2007 that were used to measure trends, while remaining 6 blocks

contained items newly developed for TIMSS 2011.

All eighth Grade blocks together are estimated to contain almost 10.5 hours
of testing time. The mathematics and science blocks were rotated among 14 booklets
administering only one single booklet to each of the participating students according
to a scientific sampling design in order to not overburden the students. Each booklet
consisted of four blocks. The same block appeared in two booklets in order to allow
linking between the different test-booklets. The assessment was organized into two

two-block sessions (Parts I and II), with a break in between each part (see Table 2)
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Table 1 Content domains and topic areas

Content Domains Topic areas

Biology Ecosystems

Life Cycles, Reproduction, and Heredity

Characteristics, Classification, and Life Processes of Organisms

Ecosystems

Human Health

Cells and Their Functions

Diversity, Adaptation, and Natural Selection

Chemistry Chemical Change

Properties of Matter

Classification and Composition of Matter

Chemical Change

Physics Light and Sound

Physical States and Changes in Matter

Electricity and Magnetism

Energy Transformations, Heat, and Temperature

Forces and Motion

Earth Science Earth’s Processes, Cycles, and History

Earth in the Solar System and the Universe

Earth’s Resources, Their Use and Conservation

Earth in the Solar System and the Universe

Earth’s Structure and Physical Features

Table 2 Booklet Design for TIMSS 2011 - Fourth Grade and Eighth Grade

Student Achievement Assessment Blocks

Booklet Part I Part 1II
Booklet 1 Mon Mo2 So1 So02
Booklet 2 So02 So3 Mo2 Mo3s
Booklet 3 Mo3 Mou4 So3 So4
Booklet 13 M3 M4 S13 S14
Booklet 14 S14 So1 M4 Mon

Mathematics block are labelled Mo1 through M14; science blocks are labelled So1
through S14.
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Complementing the students’ mathematics and science achievement results,
TIMSS collected information about key factors impacting on student learning gathering
data from the tested students(student’s home background, self-concept and attitudes
towards mathematics and science, as well as about classroom instructional practices),
teachers (teacher‘s preparation and professional development, their pedagogical activities,
beliefs, and perspectives, and the implemented curriculum), and school principals
(school’s demographic characteristics, the resources, and the school environment as well
as about the curriculum and the use of materials to teach mathematics and science).
In this study, the science achievement, the outcome variables, some selected variables
gathered by student questionnaire and principal questionnaire were included in the

model.
Data analysis
Data screening and cleaning

Each of the variables is a manifest measure of a single-item indicator or
an index derived from a set of indicators reproduced by TIMSS. POSSCOMP is a
categorical variable. It was recorded into a dummy variable with 0 and 1 representing
not having and having a computer at home respectively. The other variables gathered
from Likert scales were treated as continuous variables. Some of them were recoded
inversely to prevent misleading results. According to the codebooks of TIMSS 2011’s
questionnaires, these variables originally had a smaller number signified higher value
of the variables. These variables included PARINVOLVE, NMWORK, VALUE, and
SELFCON of the level 1; and DISC & SAFTY, SCIRES, and COMPAVAIL of the
level 2. The outcome variable and all predictive variables at both levels except
POSSCOMP were standardized using SPSS prior to the HLM analysis. HLM output
would then give standardized coefficients as results so the regression coefficients of
predictive variables can be compared with one another in terms of relative strength

(Dallal, 2012).

Like many large-scale survey, there is a lot of missing data in TIMSS 20171.

There were a number of the students and the principals respectively skipping some or
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all questions in one or more parts of the questionnaires. The percentage of missing
data among variables ranged from a high of 2.50% (NMWORK) to a low of 0.60%
(POSSCOMP) at the student level data; and a high of 6.10% (COMPAVAIL) to a
low of 0.60% (DISC & SAFETY and SCIRES) at school level data (Table 4). The cases
with missing were not excluded from the descriptive data analysis. Chepete (2008)
found from the exploratory data analysis of TIMSS 2003 that the students with missing
data performed significantly lower than those with available data in all variables.
Chepete pointed out that deleting missing cases would have biased parameter-estimates.
In this study, therefore, the cases with missing value was treated by matching imputation
using LISREL 9.1 hence 3,716 and 152 complete cases at student and school levels
respectively included as the number of observations before making MDM files in the

HLM analysis.

The multilevel analysis employed in this study was guided by Hierarchical
Linear Modelling technique (HLM) of Raudenbush & Bryk (2002) using the HLM
statistical package developed by Raudenbush, Bryk, Cheong, Congdon, & du Toit (2011)
[version 7.01; December, 2013]. Three HLM models were built to examine and explain
the variance of science achievement within and between schools. They will be referred
to as Model-A, Model-B, and Model-C (see the equations in Table 3). The Model-A
is a fully unconditional or null model. It served to partition the total variance in science
achievement into within and between schools. Model-B is an unconditional model
or a random-intercept-and-slope model. The model aims to explain the variance of
the outcome variable within school by adding student-level variables. Model-C is
a hypothetical model or an intercept and slopes-as—outcomes model. The Model-C is
to investigate whether the school variables are still significantly related to science
achievement after controlling for student variables by adding school level variables to
explain the variation in the intercept and slopes at level 2. All models in this study

were estimated using the restricted maximum likelihood.
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Table 3 Modelling Building in HLM analysis

Model A Model B Model C
Yij = Boj + 1 Yij = Boj + By X + 1 Yij = Boj + ByX + 1
Boj = Yoo T Uoj Boj = Yoo T Uy Boj = Yoo T YaW + Uo;
B1j = Yo T Wy Bwj = Yo T YW+ Uy

Plausible values, sample weighting and centering

TIMSS uses an incomplete or rotated-booklet design for testing student on the
major outcome variables. Each student completed only a small proportion of a very
long achievement test. However, the author wishs to give each student a score for the
full test. Instead of one score, there is a distribution of plausible scores that the
student might have obtained had the students completed the full test. This procedure
estimates a range of distribution of plausible values for each student’s proficiency
rather than an individual observed score. TIMSS drew five plausible values at random
from the conditional distribution of proficiency score for each student. In an HLM
analysis, with either two or three levels, the parameter estimates are based on the
average parameter estimates from separate HLM analyses of the five plausible values
(Raudenbush, et al., 2011). Data at level 1 were weighted using the sample weight
Total Student Weight (TOTWGT) while the data at the school levels were weighted
using the sample weight School Weight (SCWGT). Regarding centering, the predictive
variables at the level were group-mean centered while those of the level 2 were

grand-mean centered.
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Results

1. Descriptive statistics

The descriptive statistics of the predictive variables at level 1 and level 2

of the hypothetical model are summarized in Table 4.

Table 4 percentage of each value of the predictive variables

Variables Values (percentage)
1. Student level (n = 6,124)
1.1 Number of books at home (NMBOOK) 0-10 books (24.30%) Missing data (0.7%)

11-25 books (42.80%)
26-100 books (21.90%)
101-200 books (6.10%)
More than 200 books (4.20%)

1.2 Possession of a computer at home (POSSCOMP) | Yes (59.10%) Missing data (0.60%)
NO (40.30%)
1.3 Educational aspiration (ASP) I don’t know (12.10%)

Primary schooling (0%)

Lower secondary schooling (3.40%)

Upper secondary schooling (14.70%)
Vocational education but not university (6.70%)
First degree (32.00%)

Beyond first degree (29.80%)

1.4 Parental involvement (PARINVOLVE) Every day or almost every day (34.00%)
Once or twice a week (38.90%)

Once or twice a month (15.80%)

Never or almost never (9.30 %)

Missing data (2.00%)

1.5 The amount of homework the teachers assigned Every day (10.70%) Never (1.20%)
(NMWORK) 3-4 times a week (32.70%) Missing data (2.40%)
1 or 2 times a week (44.90%)

Less than once a week (8.00%)

1.6 Value in learning science (VAL) Value (49.20 %) Do not value (8.00%)
Somewhat value (41.50 %) Missing data (1.10%)
1.7 Confidence with science (SELFCON) Confident (4.90%) Not confident (37.60%)

Somewhat confident (56.30%) Missing data (1.20%)

2. School level (n = 172)

2.1 School size (SCSIZE) Mean = 1,436.54

S.D. = 1,111.33
2.2 Instruction affected by science resource shortage Not affected (4.90%) Missing data (0.60%)
(SCRES) Somewhat affected (75.60%)

Affected a lot (18.90%)

2.3 School discipline and safety (DISC&SAFETY) Hardly any problem (32.30%) Missing data (0%)
Minor problem (62.80%)
Moderate problem (4.90%)

2.4 computer availability (COMPAVAIL) 1 computer for 1-2 students (25.60%)

1 computer for 3-5 students (36.00%)

1 computer for 6 or more students (32.30%)
No computer (0.00%)

Missing data (6.10 %)
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The data of level-1 predictive variables were collected from the students.
It was found that the majority of students (42.80%) had 11-25 books at home; followed
by 24.30% of them having none to 10 books. Only 4.20% of the students have more
than 200 books. When asked about the possession of a computer, 59.10% of students
had it. In terms of educational aspiration, the majority of students (32.00%) reported
that they were ambitious to finish undergraduate study. This is followed by the aspiration
to finish beyond first degree and upper secondary schooling with the percentages of
29.80 and 14.70 respectively. Notably, 12.1% of them reported that they had no idea
about their highest education. This indicates that this group of students had no
educational aspiration at all. When asked how often their parents asked about their
school and learning, the majority of students (38.90%) reported that their parents asked
them once or twice a week. It was found that, by 34%, the students reported that their
parents asked them about their school every day or almost every day. By 9.30%, the
students reported that their parents had never asked them about their school or almost
never. About 44.90% of the students reported that their science teachers had assigned
them homework 1 or 2 times a week; followed by 3-4 times a week by 32.70% of
students. By 10.70%, the students reported that their science teachers had assigned
them homework every day. It is noticeable that 1.20% of students reported that their
science teachers had never assigned them any homework. When asked about their
value in learning science, nearly half of them (49.20%) reported that they valued
learning science; this is followed by “somewhat value” by 41.50%. 8.00% of the
students reported that they did not value learning science at all. In terms of their
self-confidence with science, only 4.90% of students reported that they were confident.
The majority of the students (56.30%) thought that they were somewhat confident.
It is remarkable that up to 37.60% of students thought that they had no confidence in

science.

The data of level-2 predictive variables were collected from the principals.
It found that there is a great variation in school size; the mean of 1,436 and SD of
1,111.33 When the principals were about opinion on whether science instruction in

their school was affected by the shortage of educational resource, 75.60% of the
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respondents reported that their school were somewhat affected. It is an alarming call
finding that about 19% of the principals reported that the instruction was affected
a lot. Only 4.90% of them thought that the instruction was not affected at all. In terms
of school discipline and safety, the majority of the principals (62.80%) reported that
their school had minor problems; 32.30% of the principals reported having hardly any
problem. When asked about the number of computers in their school, 36% of them
reported that there was 1 computer available for 3-5 students, followed by 32.30%

reporting that there was 1 computer for 6 or more students.

The descriptive statistics of the outcome variable of the model are summarized

in Table 5.

Table 5 the mean and standard deviation of the five plausible values of science

achievement of Grade 8 Thai students in TIMSS 2011.

n Min. Max. M SD
1st plausible value 6109 203.17 753.52 463.27 83.74
2nd plausible value 6109 160.15 764.17 463.51 83.49
3rd plausible value 6109 177.57 731.78 464.31 83.17
ath plausible value 6109 171.11 747.98 462.98 83.55
5th plausible value 6109 180.73 741.86 463.33 83.91
valid n (listwise) 6109

2. HLM analysis
2.1 A one-way random effect ANOVA model (Model-A)

The fully unconditional model included a random intercept f,; and a

level-1 residual (rij). The level-1 was specified as

Y = ﬁoj I

where i denotes individual students and j denotes schools and the random intercept of

level-1 was the outcome of the level-2 model,
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ﬁoj = Yoo * Uyj s

where y,, was the grand mean of the science scores for school level distribution and
u,; was the variation between schools. The results of the fully unconditional model of

the student-school were presented in Table 6.

Table 6 Multilevel estimates for a one-way random effect ANOVA model (Model-A;

student-school model)

(6a) Final estimation of fixed effects (with robust standard errors)

Standardized Standard
Fixed Effect . t df p
coefficient error

For INTRCPT1, g,
INTRCPT?2, vy,, -0.39 0.07 -5.61 151 <0.07

(6b) Final estimation of variance components

Random Effect SD Variance Component df x’ p
INTRCPT?T, u, 0.55 0.30 151 2501.67 <0.01
level-1, r 0.72 0.52

The one-way random effect ANOVA model was estimated to provide
the answer on the total variance in science achievement of Thai students accounted
for by student and school-level differences. This model gives a statistical index which
is so-called “intraclass correlation coefficient” (ICC). It is defined as the proportion
of the total variance of the dependent variable that could be attributed to the higher

level of the model. (Raudenbush & Bryk, 2002). The ICC is usually expressed by p

T
(rtho) and given by this formula p = % Where, T,, represents between-group
T00+0
variability (at level 2) and o’ represents within-group variability (at level 1). Thus,

0.30
the ICC for science achievement of students was 301052 0.37. This indicated
.30 + 0.

that 37.00% of the total variance of science achievement is accounted for by school-level

and 63.00% (1-0.37) by student-level differences. This means that there is considerable
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variation at student and school levels that could be explained using student and school-

level variables respectively. The reliability estimate for this model is 0.94.

To assess how much Thai science achievement scores vary between
schools we can construct “plausible value range” around the school level means using

the estimate of t,, (Raudenbush & Bryk, 2002).
Yoo +/— 1.96 (15,2) = —0.39+/-1.96 (0.30”) = (-1.46, 0.68)
2.2 A random-coefficient model (Model-B)

This model aims to test the relationship between student variables and
students’ science achievement. It primarily tests if the level-1 variables were random
across schools. If the slopes of the level-1 variables were not varying across schools,

they should be fixed. For Model-B, level-1 and level-2 models were specified as:
Level-1 Model

SCIACHIEVEMENT; = f,; + f3,*(NMBOOK,) + f,;*(POSSCOMP,)
+ By (ASPy) + B,*(PARINVOLVE;) + B, (NMWORK;) + B,*(VAL;) +
ﬂ7j’>"(SELFCOij) + I

Level-2 Model

The results of the above model were presented in Table 7.
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Table 7 Multiple estimates for the random-coefficient model (Model-B; student-school

model)

(7a) Final estimation of fixed effects (with robust standard errors)

Fixed Effect Stand:jlr.dlzed Standard ¢ df p
coefficients error

For INTRCPT1, f,

INTRCPT?2, y,, -0.40 0.07 -5.70 157 <0.07
For POSSCOMP slope, f,

INTRCPT?2, y,, 0.01 0.06 0.20 142 0.84
For NMBOOK slope, £,

INTRCPT?, y,, 0.09 0.03 3.29 25 <0.01
For ASP slope, £,

INTRCPT?, y,, 0.13 0.03 4.51 38 <0.07
For PARINVOL slope, f,

INTRCPT?2, y,, -0.06 0.02 -2.67 76 0.01
For NMWORK slope, S,

INTRCPT?2, y,, -0.08 0.03 -2.35 52 0.02
For VAL slope, S,

INTRCPT?, y,, 0.06 0.03 2.13 151 0.04
For SELFCON slope, f,

INTRCPT?2, y,, 0.09 0.03 3.26 36 <0.07

(7b) Final estimation of variance components

Random Effect SD Variance Component x2 df p
INTRCPT?, u, 0.55 0.30 1111.23 131 <0.01
POSSCOMP slope, u,  0.22 0.05 182.35 131 <0.01
NMBOOK slope, u, 0.06 <0.07 152.72 131 0.09
ASP slope, u,  0.13 0.02 235.42 131 <0.01
PARINVOL slope, u,  0.06 <0.01 160.59 131 0.04
NMWORK slope, u,  0.13 0.02 192.92 131 <0.01
VAL slope, u,  0.12 0.02 187.13 131 0.07
SELFCON slope, u,  0.08 <0.01 170.47 131 0.01
level-1, r  0.64 0.41

Note: The chi-square statistics reported above are based on only 132 of 152 units that had sufficient data

for computation. Fixed effects and variance components are based on all the data.
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The effect of possession of a computer (POSSCOMP) on science
achievement was not statistically significant (y,, = 0.01, p = 0.84). This indicates that

POSSCOMP has no effect on students’ science achievement.

The effect of the number of books at home (NMBOOK) on science
achievement was statistically significant (y,, = 0.09, p < 0.01). This indicates that
students with one scale-point higher on NMBOOK tend to achieve 0.09 point higher
in science. NMBOOK served as a random effect and the result indicated that the
relationship between NMBOOK and science achievement varied insignificantly from

school to school. (u2j= <0.01, p = 0.09).

The effect of educational aspiration (ASP) on science achievement was
statistically significant (y,, = 0.13, p < 0.01). This indicates that students with one
scale-point higher on ASP tend to achieve 0.13 point higher in science. ASP served
as a random effect and the result indicated that the relationship between ASP and
science achievement varied significantly from school to school. (u,= 0.02, p < 0.01).
A plausible value around range the ASP-science achievement slope is between -0.11

and 0.38.

The effect of parental involvement (PARINVOLVE) on science achievement
was statistically significant (y,, = -0.06 , p < 0.01). This indicates that students with
one scale-point higher on PARINVOLVE tend to achieve 0.0587 point lower in science.
PARINVOLVE served as a random effect and the result indicated that the relationship
between PARINOLVE and science achievement varied significantly from school to
school. (u 4 <001, p = 0.04). A plausible value around range the PARINVOLVE-

science achievement slope is between - 0.19 and 0.07.

The effect of the amount of homework (NMWORK) on science achieve-
ment was statistically significant (y,, = -0.08, p = 0.02). This indicates that students
with one scale-point higher on NMWORK tend to achieve 0.08 point lower in science.
NMWORK served as a random effect and the result indicated that the relationship
between NMWORK and science achievement varied significantly from school to school.
(u,=0.02, p < 0.01). A plausible value around range the NMWORK-science achievement

slope is between -0.32 and 0.17.
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The effect of value in learning (VAL) on science achievement was
statistically significant (y,, = 0.06, p < 0.05). This indicates that students with one
scale—point higher on VAL tend to achieve 0.06 point higher in science. VAL served
as a random effect and the result indicated that the relationship between VAL and
science achievement varied significantly from school to school. (u,; = 0.02, p < 0.07).
A plausible value around range the VAL-science achievement slope is between -0.18

and 0.29.

The effect of self-confidence with science (SELFCON) on science
achievement was statistically significant (y,, = 0.09, p <0.01). This indicates that
students with one scale-point higher on SELFCON tend to achieve 0.09 point higher
in science. SELFCON served as a random effect and the result indicated that the
relationship between SELFCON and science achievement varied significantly from
school to school. (u;= <0.01, p = 0.01). A plausible value around range the SELFCON-

science achievement slope is between -0.08 and 0.25.

Level 1 residual variance (¢”) has been reduced to 0.41 compared to
0.52 in the random effects ANOVA or Null Model. We can calculate the proportion

of variance explained by level 1 predictors by comparing the ¢” estimates of these two

dels that i o’ (random ANOVA)-¢” (random coefficient)  0.52-0.41 .

m i = = 0.21.
odels Tl B o (random ANOVA) 0.52

Adding the level 1 variables as predictors of science achievement reduced the within-

school variance by 21.00%.

We can also see that the variance in the intercept, Var(f,) = 7., is
0.30 with a y° of 1111.23, to be compared to a critical value of with J-1 = 131. We
infer that a large difference exists across the school means. The level-2 predictive

variables are required to explain this variance.

The HLM output also provided information on the correlation of the
random effects. The correlation between f,; and two predictors (8, and f,;) are -0.50
and -0.19 indicating that the schools with higher average science achievement tend to
have less of a relationship between science achievement and NMBOOK (f,) and ASP

(B;) than the schools with lower average science achievement. In an opposite way,
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the correlation between f,; and the other predictors (8, B,; B, and f8,;) are 0.06, 0.24,
0.05 and 0.19 respectively indicating that the schools with higher average science
achievement tend to have more of a relationship between science achievement and
PARINVOLVE (p Aj), NMWORK (ﬁ5j), VAL (S éj) and SELFCON (ﬁ7j) than the schools

with lower average science achievement.
2.3 An intercept and slopes-as—-outcomes model (Model-C)

After estimating the variability of regression equations across school,
we can focus on building a model to explain why some schools have higher average
science achievement than others and why some schools have a stronger association
between level-1 predictors and their achievement. When hierarchical models involve
both random intercepts and slopes, Raudenbush & Byrk (2002) recommended that a
tentative model to explain between school variance in the intercept, 3 be formulated
before proceeding to fit models for the random slopes. School variables were added
to explain the variation in the intercept at the level-2. Level-1 and level-2 models

were specified as:
Level-1 Model

SCIACHIEVEMENT,; = f,; + f,7"(NMBOOK,) + B,*(ASP,) +
B, (PARINVOLVE,) + p,*(NMWORK,) + B.*(VAL;) + f*(SELFCON,) + r;

Note: POSSCOMP (,BQJ-) is taken out from the level-1 model since it is a non-significant

predictor.
Level-2 Model

ﬁoj I ym*(SCSIZEj) + yoz*(SCIRESj) + yos*(DISC&SAFETYj) +
Yos (COMPAVAIL) + u,

ﬁU' =9,+0

ﬁzj = Voo T Uy

ﬁaj = Vit Uy

Bij= Vi * Uy

ﬁgj = Vso T Us;

ﬁéj = Yoo T Uy

The results of the above model were presented in Table 8.
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Table 8 Multiple estimates for the intercepts and slopes-as—outcomes model

(Model-C; student-school model)

(8a) Final estimation of fixed effects (with robust standard errors)

Fixed Effect Standarc!lzed Standard ¢ df p
coefficient error

For INTRCPT1, g,

INTRCPT?2, y,, -0.23 0.06 -4.14 147 <0.01

SCSIZE, y,, 0.25 0.07 3.87 147 <0.01

SCIRES, y,, 0.10 0.07 1.51 116 0.14

DISCSAFE, y,, 0.09 0.07 1.24 147 0.22

COMPAVAL y,, 0.06 0.07 0.93 147 0.35
For NMBOOK slope, £,

INTRCPT?, y,, 0.09 0.03 3.40 36 <0.01
For ASP slope, f,

INTRCPT?2, y,, 0.13 0.03 4.63 66 <0.07
For PARINVOL slope, £,

INTRCPT?2, y,, -0.06 0.02 -2.75 110 <0.01
For NMWORK slope, S,

INTRCPT?, y,, -0.08 0.03 -2.39 71 0.02
For VAL slope, £,

INTRCPT?2, y,, 0.06 0.03 2.18 151 0.03
For SELFCON slope, f,

INTRCPT?2, y,, 0.09 0.03 3.40 46 <0.01

(8b) Final estimation of variance components

Random Effect SD Variance Component X df p
INTRCPT?, u,  0.57 0.26 2549.18 142 <0.01
NMBOOK slope, u,  0.06 <0.01 192.73 146 <0.01
ASP slope, u, 0.13 0.02 277.47 146 <0.01
PARINVOL slope, u;  0.06 <0.01 177.09 146 0.04
NMWORK slope, u, 0.13 0.02 236.15 146 <0.01
VAL slope, u,  0.12 0.01 218.50 146 <0.01
SELFCON slope, u,  0.08 <0.07 188.38 146 0.01
level-1, r  0.65 0.42

Note: The chi-square statistics reported above are based on only 147 of 152 units that had sufficient data

for computation. Fixed effects and variance components are based on all the data.
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The effect of school size (SCSIZE) on the school’s science achievement
was statistically significant (y,, = 0.25, p < 0.01). This indicates that the school with

one scale-point higher on SCSIZE tended to achieve 0.25 point higher in science.

The effect of resource for teaching and learning science (SCIRES) on
the school’s science achievement was not statistically significant (y,, = 0.10, p = 0.14).

This indicated that SCIRES had no effect on the school’s science achievement.

The effect of school discipline and safety (DISC & SAFETY) on the
school’s science achievement was not statistically significant (y,, = 0.09, p = 0.22).

This indicated that DISC&SAFETY had no effect on the school’s science achievement.

The effect of the availability of computer at school (COMPAVAIL) on
school science achievement was not statistically significant (y,, = 0.06, p = 0.35). This

indicated that COMAVAIL had no effect on the school’s science achievement.

Variance in the intercept, Var (f,) = 7,, = 0.26 with a x° of 2549.18
was compared to a critical value of y° with df = J-5 (intercept plus 4 coefficients
estimated) = 142, and was found significant. We can compare the variance in this

model to the variance reported in the random coefficient model (z,, = 0.30) by

1,, (random coefficient)-t,, (intercept and slopes-as-outcome) 0.30-0.26

. = 0.13
7,, (random coefficient) 0.30

Adding the level-2 variables as predictors of intercept reduced the
between-school variance by 14 percent. There remains significant variance in the

intercept left to be explained (H,: Var (Boj) = 0, reject with < 0.01)

Discussion

This study found that a sizable proportion of the total variance in science
achievement was attributed to school-level differences. This finding added evidence
to those from previous studies that schools make a difference in students’ academic
achievement. The proportion of the variance that was attributed to school-level
differences (ICC) in this study (37 %) is beyond range found in previous studies.

Boey & Dindyal (2010) investigated Singapore Grade 8 Students’ Performance in
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Science by Gender in TIMSS 2007. They found that the intra-class correlation (ICC)
was 9.00% suggesting that Singapore had much smaller proportion of variance in science

scores accounted for by school variation than Thailand..

The effect of POSSCOMP on science achievement was not statistically significant
(y,, = 0.01, p = 0.84). This reflects the inconsistent findings of previous studies
(Attewell & Battle, 1999; Schmitt & Wadsworth, 2004). Schmitt & Wadsworth (2004)
found a significant positive association between home computer ownership and
performance on the British school examinations using the British Household Panel
Survey. In contrast to their findings, Fuchs & Woessmann (2004) found a negative
relationship between home computer and student achievement using the international

student-level Program for International Student Achievement (PISA) database.

Among the significant level-1 variables based on the Model C, ASP is
the strongest predictor (y,, = 0.13) followed by NMBOOK (y,, = 0.09), SELFCON
(y40 = 0.09), NMWORK (y,, = -0.08), PARINVOLVE (y,, = -0.06), and VAL
(ys, = 0.06) respectively. The attitudinal variables are stronger predictors compared to
other explanatory variables. This finding is consistent with the study of Liu, Wu, &
Zumbo (2006) who investigated the relationship between factors and mathematics
achievement in US and five top-performing Asian countries in TIMSS 2003 and found
that students’ attitude, beliefs and self concept clearly play more salient roles than
other student-level variables in Korean, Taiwan and Japan and that self-confidence
was the strongest predictor explaining mathematics achievement in US, Japan, Korea,
Taiwan, Singapore, and Hong Kong. A number of scholars have explained the roles
of task value and self-confidence on student’s achievement. Greene, Miller, Crowson,
Duke, & Akey (2004), for example, pointed out that when students perceived a subject
to be of value for their future goals, they aspire and are willing to study hard to
master and develop competence in the subject, and are likely to exert efforts to do
better than their peers on the subject. Elliot & Church (1997) validated a hierarchical
model to explain students’ achievement. In the model, Elliot & Church suggested
that individuals’ self-efficacy (confidence in one’s own ability to complete tasks and

reach goals), exerted a direct effect on their achievement goals, which in turn serve
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as a proximal precursor to achievement-related processes and outcomes. Individuals
with high perceived competence are inclined to adopt mastery and performance

approach goals.

There was positive relationship between number of books at home and science
achievement found in this study. This finding is consistent with many previous studies,
for example, that of Even, Kelley, Sikora, & Treiman (2010) who investigated the
influence of parental education, occupation, and the number of books at home on
academic achievement using data from 27 countries and no fewer than 58, 944 participants.
Their findings indicated that there was strong relationship between the number of books
in the house where the participants grew up and their later educational and career
success. This was found to be true across rich and poor countries, communist and
capitalist, and in North American, Africa, Asia and Europe. A great number of books

at home creates a scholarly culture and environment where learning is valued.

There is negative relationship between the amount of homework assigned by
a teacher (NMWORK) and science achievement. This negative relationship between
this variable and achievement has been reported in literature. Baker & Le Tendre
(2005) analyzed data from the Third International Study of Mathematics and Sciences
(TIMSS), which in 1994 collected a large amount of data from schools in 41 nations
across the fourth and eighth grades. Their findings indicated frequent lack of positive
correlation between the amount of homework assigned and academic achievement.
Many outperforming countries such as Japan, the Czech Republic and Denmark, had
teachers who gave little homework. “At the other end of the spectrum, countries with
very low average scores—Thailand, Greece, Iran - have teachers who assign a great
deal of homework,” Baker and Le Tendre noted. Thai students study many subjects
each day. The teacher of each subject assigns them homework. This is a big load for
the students. Baker and Le Tendre also reported that many teachers assigned homework
mostly as drill and repetitive exercises to improve memorization. It is advisable that
quality of homework matters more than the quantity. The homework should reinforce
what has been taught in school. It should allow students the opportunity to practice

and apply principles so that they can fully embrace and strengthen their new skills.
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The appropriate amount of homework can build study habits, self-discipline and time
management skills but too much homework brings about diminishing returns. Cooper’s
analysis of dozens of studies found that students who did “some” homework in middle
and high school score somewhat better on standardized test, but doing more than 60
to 90 minutes a night in middle school and more than 2 hours in high school was
associated with lower scores (Cooper, 2007). Too much homework sours students’
attitudes towards school and subjects and strains parent-kid relationship. It could damage

students’ interest in learning and undermine their curiosity.

The negative association was also found between science achievement and
parental involvement in their child’s education which was specifically defined in this
study as the frequency of the parents asking their child about their school and learning.
This finding corroborates the ideas of Steinberg, Lamborn, Dornbush, & Darling (1992),
and Grolnick, Ryan, & Deci (1991), who found the negative relationship between the
two variables and explained that parental involvement was the reflection of parents’
expectations. Parental expectation is more often considered as an important variable
necessary for better academic performance. However, excessive expectation would
become pressurization causing children to feel frustrated and stressed, which in turn,
can cause a dislike for studies and lower academic achievement. The pressurization from
parents tends to curb the development of “inner resources” which are very important
for academic achievement. These inner resources include (1) self-interest or intrinsic
motivation, (2) self-esteem or self-regard, and (3) self-regulation or psychological

autonomy.

The effect of school size (y,, = 0.25, p < 0.01) on the school’s science achieve-
ment was statistically significant. The variable is significant positive relationship with
the school science achievement. Remarkably, the effect of school size compared to

that of the availability of computer at school is much weaker.

The findings of previous studies on the impact of school size on school’s
achievement are contradictory. More studies find negative effects of increasing school
size on student academic outcomes (Fowler & Walberg, 1991; Lee & Smith, 1993).

For example, using data for 11,794 students in 830 high schools, Lee & Smith (1993)
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find that students learn more in math, reading, history, and science in small schools
than in large schools. Similarly, examining data for 293 New Jersey secondary schools,
Fowler & Walberg (1991) find that school size is negatively related to student outcomes.
Students in small schools participated more in extracurricular activities, had better rates
of attendance, had more interaction with their peers and teachers in classroom, reported
greater positive attitudes towards learning, and were less likely to face school-related
crime and violence. The authors added that the administrators and teachers were often
more able to identify problems, responded innovatively and effectively, and adapted
to change. Their parents and community were more likely to become involved in the
school. It was more feasible for curriculum integration and specialization. However,
small schools often have problems of finances, shortage of teachers, and educational
resources. On the other hand, few studies such as the studies of Sander (1993),
Schreiber (2002), Kantabutra & Tang (2006) revealed the positive effect of school
size on student academic outcomes. Kantabutra & Tang (2006) found that school size
contributes positively to both urban and rural schools in the Northern Thailand. They
suggested a policy to improve school efficiency in rural schools by expanding school
size while reducing class size. Liu, Wu, & Zumbo (2006) also found that school size
was positively related to Singaporean and Hong Kong students’ achievement and, so
is class size. They discussed that well-performing schools attract more students; hence,

as a result, school size and class size got larger.

Implication of the study

Based upon the findings of this study, Thai educators and policy-makers should
rethink on educational policies by taking into consideration the significant factors that
are controllable by the school system. It was found the attitudinal factors including
educational aspiration and self confidence were strong predictors of an individual’s
science achievement. Students grow in self-confidence and aspiration as they experience
success in learning, just as they lose the twos in the face of repeated failure. Thus,
science teachers need to provide students with challenging but attainable learning

tasks and help them succeed. The teachers and parents should trust their students and
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children’s ability to succeed and give them mental support because they are quick to
pick up the expectations of success or failure that others have for them. Regarding
the number of books at home and the possession of a computer, this study found that
the former had positive relationship with scientific achievement while the latter had
no relationship statistically. In response to these findings, the parents should create a
reading culture at home. They should provide sufficient good books and arrange a
reading corner for their children (Kaemkate & Boonsorn, 2012). The parent should be
a role model. They should lead children to read, talk about what they are reading,
discuss the main ideas, new words and concepts, and ask about their favorite section.
The possession of a computer was a non-significant predictor of science achievement.
This, however, does not mean it has no educational value or is unimportant. A computer
is a great learning tool but how to optimize the technology in individualized learning

at home deserves more attention.

The school and teachers could promote value of learning science and boost
students’ confidence. To nurture the value, science teachers should not outweigh their
lesson with a body of knowledge and scientific inquiry. They should keep balance by
presenting the application of science, the roles of science in society and the intertwining
of science, technology and society. The teachers should link a theory to the real world
application; medical, technological, agricultural etc. The student should engage, make
a decision and take action on current socio-scientific issues such as genetic engineering,
gene therapy, GMOs food, among many others. This learning experience would mirror

the value of science.

This study found that the amount of homework was negatively related to science
achievement. The teachers should still assigned students homework but it should be
less in quantity but more in quality. Projects that require nonacademic skills (such as
cutting, gluing, or drawing) are often inefficient and tedious. This idea also applies to
parental involvement which this study found that it was negatively related to science
achievement. Parents should still get involved and provide support for their children
but they should be in the middle of the road; firm but flexible. The parents should

expect the best from children in school but would understand if sometimes they are
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not perfect. They should always be out there providing unconditional love, understanding
and caring. At school level, the government should allocate more budgets on computers
and maintenance so it would be sufficient for the number of students in each school.
It is argued that every classroom and science laboratory must have a minimum of
a computer or a laptop computer, modem and dedicated phone line, one LCD for
overhead projector, and one printer (National Science Teacher Association (NSTA),
1990). In addition, a well equipped library should have sufficient computers available
for students to search for the information and the school should have a computer
laboratory where students can individually use computers for producing reports, analyzing

data, practicing skills, etc.
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Abstract

This study aims to examine and explained within- and between-school variance of science scores of grade 4 students in
TIMSS 2011 from sixAsean and East Asian countries. The level-1 predictive variables were gender, parental involvement,
perception on teacher’s teaching practice and self-efficacy. The level-2 predictive variables included school size, learning
resource, parent-school partnership, social environment, and principal’s leadership. Multilevel effects were examined by
Hierarchical Linear Modelling with HLM 7 software using TIMSS 2011 dataset. Regarding descriptive and one-way ANOVA
statistics, most top performing countries had lower means in all level-1 predictive variables but higher in level-2 predictive
variables of general and science learning resource and social environment. All countries had relatively higher means score on
school-parent partnership. Korea and Thai had highest means in educational leadership. In terms of variance components, Japan
and Korea had the lowest between-school variance. Gender and self-efficacy had effect on science achievement in all countries.
Being a small school and social environment had negative and positive effect on school means respectively in most countries.
Educational leadership had no effect whatsoever on the school means. These findings have implications for policy makers and
practitioners on how to raise quality of science education in poor performing countries.

Keywords: Multilevel Analysis, Science Performance, TIMSS 2011, ASEAN, East Asia

1. Introduction

Trends in International Mathematics and Science Study or TIMSS is an international evaluation of
mathematics and science achievement. Started in 1995, TIMSS has been conducted every 4 years to compare
mathematics and science performanceof Grade 4 and Grade 8 students froma number ofeducational systems
worldwide and examine the growth or recessionin the achievement over the cycles. The project was initiated, has
been administered and organized by The International Association for the Evaluation of Educational Achievement
(IEA). Apart from measuring student achievement, TIMSS collects data on learning contexts covering home,
classroom, school and curriculum factors that may have effect on student performance. It is widely accepted that
TIMSS results are a reliable indicator for a country’scurrent and future science and technology- based economy and
quality of science and mathematics education. TIMSS’s achievement test and contextual questionnaires aredesigned
and developed by collaborative teams of content experts, science educators and educational assessment and
evaluation experts who are the representatives from the participating countries. At national level, the test is
administered by national country coordinator who is trained by TIMSS and PIRLS International Study
Center, Lynch School of Education, Boston Collegeand it strictly follows the IEA’s guideline. The test
administration ismonitored by independent outside observers as a quality control mechanism. Examining the TIMSS
results comparatively, in particular from outperforming countries, broadens our views on effective science education
policies and practices that would help guide policy makers and practitioners to make an informed decision on
science and mathematics education) Baker &LeTendre, 2005; Chepete, 2008; Lee, & Smith, 1993; Schreiber, (2002
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This project was started narrowly since the author had had a concern on Thailand, his home country’s
plunging performance and later extended his concern to many other poor performing countries in Asia. Having
participated since 1995, Thai performance has been falling below the international benchmark. The gender gap has
been widened over cycles in that girls outperformed boys while top Asian countries like South Korea, Japan,
Singapore, and Taiwan have been clustered in the top end in the ranking and could successfully close the gap
between girls and boys. Respond to this alarming call, the author would like to examine and compare the variance in
science scores within and between schools in all participating countries in East and South-East Asia (ASEAN) and
develop a hypothetical model from intensive reviews and test if and how well it could explain such two level
variances. The findings would explain why and how the top performing countries get to the top of the world and
what lessons that the poor could learn from and take to improve their science education to make them stay
competitive in the global economy.

This project used data from TIMSS 2011, the latest cycle when this project was conducted. In TIMSS
2011, there were more than six hundred thousand Grade 4 and Grade 8 students from fifty two and fifty five
education systems participating respectively. The data were retrieved from IEA’ s data repository website that was
provided and maintained for public use to promote further advanced studies. Taking into account the structure of
data in TIMSS in which smaller units were aggregated to a higher level unit, multilevel analysis was used. In this
project, hierarchical linear modeling was developed and tested using the analytical technique proposed by
RaudenbushandByrk (2002) with the assistance of HLM software.

2. Research proposes

1. To compare the means of selected predictive variables in the hypothetical model
2. To examine and explain within and between variances in science scores of the participating countries
3. To compare the tested models of the participating countries in terms of strength and weaknesses

3. Theoretical framework and the hypothetical model

This study is based on socio-cultural perspective of learning that are based on students’ participation in
social interactions and culturally organized activities. This participation is guided as Rogoff (1990) writes,
“Children’s cognitive development is an apprenticeship; it occurs through guided participation in social activity with
companions who support and stretch children’s understanding of and skill in using tools of culture” (p. vii).
Learning is regarded as a cultural and social activity and is situated and affected by a complex system of factors. To
fully understand the impact of each of these factors on students’ science achievement, this study selected a set of
variables and modelled them not in isolation but in relation to others.

There have been extensive studies on the factors influencing student
achievements(Damrongpanit&Ruengtrakul, 2013). To guide predictive variable selection, the Rand model (Oakes,
1986; Shavelson, McDonnell, & Oakes, 1989) was considered. The Rand model provides a model of a general
system that comprises three components; input, process and output. Applied to education, the input variables are, for
example, teacher quality, students’ socio-economics status, learning resources. The process variables are what and
how it is taught. The output variables are the concretely measurable outcomes of schooling such as academic
achievement, attitudes, required skills and content, and reduction of youth unemployment. By nature, these factors
are organized into different levels — from macro to intermediate and from intermediate to micro levels. The
economic status of a country, region, or city serves as a proxy for a system’s available resources and is located at the
macro level of an education system. Factors associated with school and teachers are considered to operate at the
intermediate level. Factors such as student gender, ability, familial support and attitudes toward school at the micro
level. Taking this into consideration, a hierarchical linear modelling is used in this study. The units of analysis at a
lower level were individual students who were nested within a school—more contextual/aggregate units which were
the units of analysis at a higher level.
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Based on the availability of variables in the original TIMSS contextual questionnaires, two set of predictive
variables at student and school level were included in the model. These were found to have significant effect on
science achievement in literature (Liu, Wu, &Zumbo, 2006). The predictive variables at student level were gender
(Female), parental involvement in child’s education (Parlnv), student’s perception of their teacher’ teaching practice
(Teach), and student’s self-efficacy (SelfEff). Those at school level include school size (SmallSch), general resource
(GenRes), science resource (SciRes), social environment (SocEnt), school-parent partnership (SchPar), and
principal’s educational leadership (Lead). The hypothetical model of multilevel factors influencing science
achievement in TIMSS 2011 is illustrated in figure 1.

Figure 1: A hypothetical model of multilevel factors influencing science achievement

Level-2 Predictive

Variables
[ Smallsch ] [GenRes] [ SciRes ] """""" " SCHSC'J \

G

Level-1 Predictive

Variables

[ Female ] [ Teach ] """""" STUSC|”

) )

Aggregate

3. Methodology
3.1 Sample

The samples of grade 4 students and their schools of each country were randomly selected using stratified
two-stage cluster sample design (Table 1). First, the schools were sampled with probabilities proportional to their
size from the list of all schools in the population that contain eligible students. The schools in this list may be
stratifiedaccording to important demographic variables. The second sampling stage consists of the selection of one
or more intact class from the target grade of each participating school.

Table 1: Samples of primary students and schools by countries (before data screening)

East Asia ASEAN
Hongkong Japan S. Korea Taiwan Singapore Thailand
Students 3,957 4,411 4,334 4,284 6,368 4,448
Schools 136 149 150 150 176 168
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3.2 Instruments

TIMSS 2011 uses a matrix-sampling approach that involves packaging the entire assessment pool of
mathematics and science items into a set of 14 student achievement booklets, with each student completing just one
booklet. The assessment time for each booklet was limited to 90 minutes; 72 minutes for science and mathematics
achievement tests and 30 minutes for a student questionnaire. TIMSS achievement test integrated content
knowledge and cognitive skills. The content covers biological, physical and earth science. The cognitive skills
cover knowing, applying and reasoning. The achievement test consists of four item blocks; two for science and the
other two for mathematics. The students took 18 minutes to complete each block. In each block, about half of the
items were multiple-choice and the other half was constructed-response items.The items were administered in 28
item blocks, 14 blocks for science and 14 blocks for mathematics. Student booklets were assembled from various
combinations of these item blocks. Booklet design is illustrated in Table 2.Each item appears in two booklets,
providing a mechanism for linking together the student responses from the various booklets. TIMSS uses item-
response theory scaling methods to assemble a comprehensive picture of the achievement of the entire student
population from the combined responses of individual students to the booklets that they are assigned. Five plausible
values forthe individual student’s total score were estimated. These values were included in HLM analysis.

Table 2: Booklet design for a student booklet in TIMSS 2011

Booklets Assessment Blocks for Achievement Test questionnaire
Part I Part 11
Booklet 1 MO1 MO02 S01 S02 v
Booklet 2 S02 S03 MO02 MO03 v
Booklet 3 MO03 MO04 S03 S04 v
Booklet... v
Booklet 13 MI13 Ml14 S13 S14 v
Booklet 14 S14 S01 M14 MO1 v

3.3 Data screening, cleaning, and creating new variables

The secondary data were retrieved from IEA’s repository website. There were two files downloaded;
student and school files both in sav.file format. Only items of predictive variables in the hypothetical model were
selected; others deleted. Except Female and SmallSch, the predictive variables were continuous. The files were
screened for any missing values. The cases with missing values of continuous variables were treated using
Expectation-Maximization algorithm. Cases with unsuccessful imputation of missing values and those with missing
value of discrete variable were deleted before running multilevel analysis in HLM. For the continuous variables,
their values were the means of underlying items; summated scaling. For particular items, recoding of data is
necessary to prevent misinterpretation of the final results. These items used small numbers to represent large values.
The recoding is also used for making dummy variables for Female and SmallSch; designating the value of 1 for
female and O for male; 1 for a small school and 0 for other school sizes. Data screening,treatment, and manipulation
were done in SPSS software. The predictive variables, samples oftheir underlying items, and Conbrach’s
coefficients were summarized in Table 3.
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Table 3a:Level-1 predictive variables, number of items, underlying items, reliability coefficients.

Predictive variables Cronbach’s | No. of Sample of the statements
alpha Items
Student Level
Female - - -
Parental Involvement 0.83 4 How often do the following things happen at
(Parlnv) home?

- My parents ask me what I am learning in school
- I talk about my schoolwork with my parents

Student Perception of 0.76 5 How much do you agree with these statements
Teacher’ Teaching Behavior about your science lessons?
(Teach) - I know what my teacher expects me to do

- [ am interested in what my teacher says
Self-Efficacy(SelfEff) 0.86 9 How much do you agree with these statements

about science?
- I usually do well in science
- Science is harder for me than any other subject

Table 3a: Level-2 predictive variables, number of items, underlying items, reliability coefficients.

School Level

School Size (SmallSch) - - -

General Learning 0.74 6 | How much is your school’s capacity to provide
Resource(GenRes) instruction affected by a shortage or inadequacy of the
following?

- Instructional materials (e.g., textbooks)
- Supplies (e.g., papers, pencils)

Science Learning Resource 0.77 7 | How much is your school’s capacity to provide
(GenSci) instruction affected by a shortage or inadequacy of the
following?

- Computer software for science instruction
- Science equipment and materials

Social Environment(SocEnt) 0.72 11 | To what degree is each of the following a problem among
students in your school?

- Classroom disturbance

- Intimidation or verbal abuse among students

School-Parent Partnership 0.73 13 | How often does your school do the following for parents
(SchPar) in general?

- Inform parents about the overall academic achievement
of the school

- Discuss parents’ concerns or wishes about the school’s

organization
Principal’s Educational 0.81 13 | During the past year, approximately how much time have
Leadership(Lead) you spent on the following school leadership activities in

your role as a school principal?
- Promoting the school’s educational vision or goals
- Initiating educational projects or improvements
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3.4 Data analysis

3.4.1 Descriptive statistics and one-way ANOVA
To summarize each set of the data, means and standard deviation of all predictive variables at both levels
were calculated. Next, one-way ANOVA was utilized to determine whether mean scores of the predictive variables
between countries differed. If verified that not all mean scores were equal, multiple comparison tests were run to
analyze the exact relationships between them.

2.4.2 Multilevel analysis

The outcome variable and all predictive variables at both levels except Female and SmallSch were
standardized using SPSS prior to the HLM analysis. HLM output would then give standardized coefficients as
results so the regression coefficients of predictive variables can be compared with one another in terms of relative
strength (Dallal, 2012).MDM files were prepared in HLM. These were read and used for modelling in HLM.
Raudenbush and Bryk (2002) proposed a technique for multilevel analysis in which four models were run in order.
The models were increased in complexity. The results of the former models determine model adjustment and guide
the decision on the creation of the latter. The first model was a one-way random effect ANOVA, the simplest
possible random effect linear model. This model examined within-and between -school variances when no
predictive values added in the model where rj;~ N(0,6") and ug;~ N(O, 7%). Interclass correlation (ICC: p),
proportions and percentages of variance of both levels can be calculated from the variation at level-2(z? ) and the
variation at level-1 (o2 ) estimated by this model. The intraclass correlation coefficient represents the proportion of
the variance in outcome between the schools. As such, this model serves as baseline for comparison with
subsequent, more complex models. The ICC can be computed in the following equation.

2

ICC = ——
T2 + g2

The second and the third models are named regression with means-as-outcomes and a random-coefficient
model respectively. In the second model, only level-2 predictive variables are added to the model and were tested
their effects on the school means. The model also helps us examine if and how much the addition canreduce level-2
variance. The third model works similarly to the second model but only adds level-1 predictive variables to the
model. The third model examines the effect of the level-1 predictive variable and examines if and how much level-1
variance is reduced and explained. The equations of variance reduction of the second and third models are shown in
Table 4.

Table 4: Equations for variance reduction in models 2 and 3

Variance reduction

At Level-2 At Level-1
2 ) 2 2
Tmodel1 Tmodel2 Omodel1 Omodel3
2 2
Tmodell Gmodell

The forth model is called an intercepts- and slopes-as-outcomes model. It is the hypothetical model of the multilevel
analysis. Both level-1 and level-2 predictive variables are added to the model and tested for their effect on the
outcome variable. In this model, the reduction and implied explanation of variance at both levels can be computed.
The equations of all model are summarized in Table 5.
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Table 5: Multilevel models and their multi-equation and mixed equation formats

Modell: Unconditional means model
Level-1 Model
STUSCIL; = By + 1y
Level-2 Model
Boi = y00t ug;
Model2: regression with means-as-outcomes
Level-1 Model
STUSCI; = g + 1y
Level-2 Model
Boi = voo t Yor*(SMALLSCH,) + 99;*(GENRES;) + y5*(SCIRES)) + 79s*(SCHPAR;) + y9s*(SOCENT))
+ y()ﬁ*(LEAD/) + u(;,
Model 3:random-coefficient model
Level-1 Model
STUSCI; = By + Bi*(FEMALE) + p2*(PARINV ) + p3*(TEACH)) + B4*(SELFEFFy) + 1y
Level-2 Model
Boj = voo + ug

ﬁlj =710
ﬁz/ =20
ﬁsj =730
B4 = va0

Model 4:intercepts- and slopes-as-outcomes model
Level-1 Model

STUSCI; = By + Bi*(FEMALE) + p5*(PARINV ) + p3*(TEACH)) + 4 *(SELFEFFy) + 1y
Level-2 Model

Boi =00 + 701 *(SMALLSCH,) + yp;*(GENRES)) + 795*(SCIRES;) + 79,*(SCHPAR)) + y,5*(SOCENT))

+ v06*(LEAD;) + uy;
ﬁij =710
ﬂzj =720
ﬁsj =730
Bi=vu0

4. Research Findings

Comparing country means of science achievement at Grade 4 level (Table 6), South Korea had the highest
score followed by Singapore. Thailand had the lowest and was below the international benchmark of 500 scores. By
gender, boys outperformed girls by 4-7 scores in all countries except Thailand. Singapore had narrowest gap in
scores between boys and girls. Thailand, reversely, girls did better than boys by 9 scores, the widest gap compared
to other countries. Regarding performance on specific areas of science, South Korea had the highest score followed
by Singapore in Biological Science. Japan and Singapore did best in Physical Science followed by South Korea by
just one score. South Korea had highest score in Earth Science; leaving the second place Taiwan by 50 scores. In the
three areas of science, Thai primary students did best in Biological Science; they got 20 scores or so lower in the
other areas.
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Table 6: Grade 4 students’ science achievement by gender and areas of science

Mean Scores
HKG JPN KOR TWN SGP THAI

All 535 559 587 552 583 472
Girls 532 556 583 548 581 476
Boys 538 561 590 555 585 467
Areas of Science

Biological 524 540 571 538 597 480
science

Physical science 539 598 597 569 598 462
Earth science 548 551 603 553 541 460

4.1 Descriptive statistics

Descriptive statistics showed that (Table 7), for level-1 predictive variables, primary students in Japan and
South Korea had lowparental involvement in their education, lowperception on their teachers’ teaching practice, and
lowself-efficacy compared with their counterparts in other countries. Thai students had their parents involved in
their education the most and had the highest score onthe perception of their teachers’ teaching practice. Taiwanese
students had highest self-efficacy. Regarding level-2 predictive variables, most top performing countries; Japan,
South Korea, and Singapore, were least suffered from the shortages of general and science learning resources in
school. South Korea and Singapore, in addition, had more pleasant social environment in schools. School-parent
partnership was generally high for all countries. Principals in Thailand and South Korea had higher educational
leadership than those of other countries.

Table 7: Descriptive statistics of two level predictive variables

East Asia ASEAN
Level 1
Hong Kong Japan Korea Taiwan Singapore Thailand
# of students | 3,957 4,411 4,334 4,284 6,368 4,448
Predictive freq. % freq. % freq. % freq. % freq. % freq. %
variables
Female 1,839 | 46.50 2,177 49.35 2,085 48.11 2,029 | 4736 | 3,135 | 49.23 2,211 49.70
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Parlnv 2.85 0.869 2.66 0.81 2.81 0.81 3.04 0.87 3.11 0.80 3.14 0.71
Teach 3.16 0.69 2.74 0.64 2.92 0.61 3.27 0.64 3.27 0.62 3.40 0.49
Selfeff 2.85 0.70 2.82 0.59 2.76 0.60 3.21 0.66 2.84 0.72 2.88 0.58
Level 2
# of schools 136 149 150 150 176 168
Predictive freq. % freq. % freq. % freq. % freq. % freq. %
variables
SmallSch 24 17.65 74 49.66 17 11.33 25 16.67 1 0.57 89 52.98
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
GenRes 1.87 0.50 3.15 0.68 3.57 0.56 2.27 0.86 3.11 0.89 2.31 0.83
SciRes 2.27 0.46 2.75 0.68 3.36 0.68 2.21 0.79 2.90 0.81 1.83 0.76
SocEnt 3.00 0.40 2.86 0.42 3.24 0.43 3.22 0.47 3.16 0.39 2.68 0.40
SchPar 3.73 0.31 3.56 0.46 3.60 0.54 3.72 0.32 3.60 0.35 3.46 0.51
Lead 2.39 0.26 2.21 0.31 2.79 0.30 2.50 0.32 2.54 0.30 2.69 0.27
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4.2 ANOVA results

A one-way between groups analysis of variance was conducted to compare means of predictive variables at
both levels of all countries under the study. There was a statistically significant difference at the p <0.0001 level in
all level-1 predictivevariable scores; Parlnv, F (5, 27580) = 254.12, p <0.0001; Teach, F (5, 27527) = 732.47, p <
0.0001; and Self-Eff, F (5, 27516) = 268.60, p < 0.0001.The actual difference in mean scores between groups was
quite small in Parlnv and Self-Eff and large in Teach according to Cohen (1988). The effect size of the countries of
the predictive variables, calculated using eta squared (n?), was 0.04, 0.04, and 0.11 respectively. Post-hoc
comparisons using the Scheffetest indicated that the mean score of all variables in most countries differ. Regarding
level-2 predictive variables, the difference in means of all variables in all countries was statistically significant;
GenRes, F (5, 923) = 115.44, p < 0.0001, n? = 0.38); SciRes, F (5, 923) = 94.47, p< 0.0001, n= 0.33; SchPar, F (5,
923) = 46.50, p < 0.001, %= 0.20; SocEnt, F (5, 923) = 8.60, p < 0.0001, n%=0.04; and Lead, F (5, 923) = 77.116, p
<0.0001, n?= 0.29. The effect sizes of the countries on level-2 variables are very large except SocEnt that is quite
small. Post-hoc comparisons using the Scheffetest indicated that the mean score of these variables for most
countries differ.

4.3 HLM results
The analysis of variance components in the Model 1 of HLM analysis showed that at Grade 4, Japan and
South Korea had the least variation in science achievement between schools (6%) while Thailand and Hong Kong

are the two countries that varies the most in science achievement at school level by 37 and 38 percent respectively
(Table 8).

Table 8: The estimation of between- and within-school variances by countries in Model 1

Countries Between School(u) Within-School Percentage of Percentage of

Variance D Variance(r) D ICC withiq-school betweep-school
variance variance
component component

Hongkong 0.44*** 0.66 0.73*** 0.86 0.38 62 38

Japan 0.07*** 0.26 0.98*** 0.99 0.06 94 6

S. Korea 0.06*** 0.25 0.94*** 0.97 0.06 94 6

Taiwan 0.17*** 0.41 0.96*** 0.97 0.15 85 15

Singapore (0.25%** 0.5 0.75%** 0.87 0.25 75 25

Thailand (0.34*** 0.58 0.57*** 0.76 0.37 53 37

**%p <0.001

The amount of two level variances provides the baseline for subsequent analyses. To explain within- and
between-school variances, the model 2, 3, and 4 were run; adding one level or both levels at a time in multilevel
model to examine the reduction in the variance. Due to the page limit in this publication, only the results of testing
hypothetical model in model 4 will be presented. The effect of a particular level-1predictive variables on the
individual student’s science achievement varied across countries (Table). Female had no significant effect in all
countries except Hong Kong. Parental involvement showed mixed results. In Hong Kong, parent involvement
negatively related to science scores while in Taiwan, it had positive effect. Others had no effects. Perception of
teacher’s teaching practice had effect on science achievement in Singapore and Thailand. The relation was
significantly positive.Self-Eff was the only predictive variable that had effect in all countries. Moreover, It is the
strongest and positive predictor. Regarding level-2 variables, their effect varies across countries. SmallSch had
effect on school’s science achievement in all countries except in Singapore that had no effect. Consensually, among
level-2 variables, being a small school has strongest effect; it effects was negative meaning that small schools did
more poorly than schools of other sizes. GenRes and SciRes had effect only in South Korea in negative and positive
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way respectively. SchPar had positive effect in Taiwan and Singapore and SocEnt had positive effect in Hong Kong
and Thailand. Lead, interestingly, had no effect on school achievement in science in any countries.

Table4.8: The robust estimation of fixed effectby countries (Model 4; hypothetical model)

Fixed East Asia ASEAN
effects
Hong Kong Japan S. Korea Taiwan Singapore Thailand
Coeff. SE | Coeff. SE Coeft. SE Coeff. SE Coeff. SE Coeft. SE
Intercept, 0.65%** | 0.06 | 0.96*** | 0.04 | 1.33*** | 0.04 | 0.87*** | 0.05 | 1.28*** | (.04 -0.19%*%* 1 0.10
Y00
Level-1
predictors
Female
Y10 -0.12%*% | 0.04 -0.03 | 0.06 -0.06 | 0.06 -0.11 | 0.05 -0.04 | 0.03 0.04 | 0.05
Parlnv,
Y20 -0.06** | 0.02 0.02 | 0.02 0.02 | 0.02 | 0.12*** | (.03 0.003 | 0.01 -0.01 | 0.02
Teach,
Y30 0.02 | 0.02 -0.04 | 0.03 -0.06 | 0.04 -0.04 | 0.03 0.04** | 0.01 0.13*** | (.02
Selfeft,
Y40 0.20*** | 0.02 | 0.26*** | 0.03 | 0.37*** | 0.04 | 0.36%** | 0.03 | 0.26%** | 0.01 0.15%** | (.02
Level-2
predictors
SmallSch, - - - -
Yoi -0.41* | 0.17 | 0.25%** | 0.05 | 0.30*** | 0.07 | 0.42*** | (.11 -0.29 | 0.52 -0.28*% | 0.28
GenRes
, Y02 -0.03 | 0.08 -0.002 | 0.05 -0.08* | 0.03 0.11 | 0.09 -0.02 | 0.05 0.05 | 0.05
SciRes,
Y03 0.02 | 0.06 -0.01 | 0.05 0.08*% | 0.03 -0.07 | 0.11 -0.01 | 0.05 0.04 | 0.04
SchPar, R
Vo4 -0.09 | 0.05 0.005 | 0.03 -0.02 | 0.04 0.09* | 0.04 0.08* | 0.04 -0.04 | 0.04
SocEnt,
Y05 0.18*% | 0.09 0.01 | 0.04 0.03 | 0.03 0.07 | 0.08 0.06 | 0.04 0.12* | 0.12
Lead, y ;
06 -0.17 | 0.10 0.04 | 0.03 -0.006 | 0.03 -0.04 | 0.05 -0.07 | 0.04 -0.07 | 0.07

*p< 0.05, **p<0.01, ***p <0.001
SE = Standard Error, Coeff. = Coefficien
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Table4.8: The robust estimation of random effectby countries (Model 4; hypothetical model)

Random East Asia ASEAN

effects
Hong Kong Japan South Korean Taiwan Singapore Thailand
Var. SD Var. SD Var. SD Var. SD Var. SD Var. SD
comp. comp. comp. comp. comp. comp.

Between- 0.32*** | (.56 0.05%** 0.23 | 0.04%** | 0.20 | 0.11%*%* 0.33 0.24*** 1049 | 0.30%%* | 0.55

school, u,

Within- 0.69*** | (.82 0.92%** 0.96 | 0.83*** | 0.90 | 0.82%%*%* 0.91 0.67*** | 0.82 | 0.53*** | 0.73

school, r

Level 1 5 6 11 14 11 7

variance

explained

(%)

Level 2 27 28 33 35 4 12

variance

explained

(%)

*p< 0.05, **p<0.01, ***p <0.001
5. Conclusion
5.1 Discussion

It is noticeable that the between-school variance in Japan and Korea was the smallest (6%) while that of
Hong Kong (38%) and Thailand (37%) was much higher. This confirms the previous study of Kaya and Rice (1990)
that between-school variance of science achievement in Japan in TIMSS 2003 was very small (4%) in contrast with
Singapore that between-school variance was higher than 50 percent. Kay and Rice explained that such small
between-school variance in Japan was due to its homogeneity in school systems that rooted in the society. Japan is
a relatively homogenous country in terms of migration and ethnicity. In Japan, most students attend public schools
through the lower secondary level; diversification in schooling starts at high school. Less than 1% of the primary
schools are private. Primary school classes are also large. On the contrary, Singaporean schools are more diverse
and westernized due to the racial make-up and the policy of decentralization in education. Influenced by Goh
ChokTok’s “Thinking Schools, Learning Nations” policy since 1997, Singaporean schools have been given
autonomy in deciding their own curriculum and materials and student-ability driven. For example, to cater
intellectually gifted students to their top potential, Singapore Ministry of Education launched the Gifted Education
Program (GEP). Currently, there are nine primary schools offering this program.

This study found that the between-school variance was explained more than the within-school variance. This
variance reduced and explained in most countries was less than 10 percent. This means that the hypothetical model
must have ignored some key predictive variables that had been found having strong effect on science achievement
such as student’s socio-economic status, the time spent on doing homework, levels of literacy. Some of these
variables had been initially considered by the author but later were excluded from the model because there was no or
limited information about the variables in the original questionnaire.

When looked at the effect of individual predictive variable, only self-efficacy and being a small school had
effect on school science achievement in most countries. Others showed mixed results. Gender generally has no
effect. This confirms many previous studies that had found that there was no or narrow gender gap in science
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performance at primary level (Grenfiled, 1995; Kahle, 2004). However, the gap was later widened in the secondary
level. This is explainable in lenses of social psychology that secondary students like to work with their same-sex
peers. Boys like to take a risk, get challenged, lead the group, and express their ideas in classroom. That is why
boys outperform girls in previous TIMSS studies at secondary level. Boys are more recognized and paid more
attention by their teacher (Dimitrov, 1999). This scenario is quite common in Asian context. The small gender gap
in TIMSS 2011 at primary level can be pointed to successful policies in closing gender gap in education in some
Asian countries. Korea, for example, has ensured gender equity in education and career. In 2012, Koreans celebrated
their first female president-elect, Park Geun-hye, an engineeringgraduate. This is significant in the history of Korea
and reflects the shifting normin the society. Founded in 2001, Korea Ministry of Gender Equality and Familywas
established to promote gender equity for sustainable development. Regarded as equal humanpower, there were a
number of related acts launched including Equal Employment Act in 1995, Women's Development Actin 1995, and
five-year Comprehensive Plan for the Development of Women Resources and the Female Employment Expansion
Measures in 2006.

This study found that parental involvement had mixed effect on science achievement; negative in Hong Kong
and positive in Taiwan. The positive effect confirms the studies of Russell (1997) and Kaya and Rice (2010).
Parental involvement means mental and financial support for more and better learning opportunity for the children
but too much involvement can cause pressure, stress, and negative attitude toward learning science (Grolnick, Ryan,
&Deci, 1991). Russell pointed to the big difference in the parental investment for their children in tutoring between
the United States and top Asian countries. About 70 percent of parents in East Asia had paid for extra-school
tutoring, almost three times higher than American parents. East Asian parents had higher expectation for their
children. They thought this expense would guarantee better future for their loved ones in the increasing competitive
job market.

The finding on the self-efficacy as the strongest and positive predictor on science achievement in all
countries confirms the findings of Lieu, Wu and Zumbo (2006) and Elliot and Church(1997). Students with low
self-efficacy toward a task are more likely to avoid it, while those with high self-efficacy are not only more likely to
attempt the task, but they also will work harder and persist longer in the face of difficulties. Studentswith low self-
efficacy don’t have expectation and motivation in learning. They do not believe they have sufficient knowledge and
skills to do well so they don't step out.

The finding on the negative effect of being a small school on school science achievement in most countries
adds weight to some previous studies (Fowler & Walberg, 1991). In literature, the effect of being a small school on
achievement varied; no effect, positive (Sander, 1993; Schreiber, 2002; Kantabutra& Tang, 2006) and negative
effect. In western context, a small school has a number of advantages. A small school invites strong support from
parents and community members as well as closer working relationships among the school staff. Teachers are more
apt to know their students as individuals. The students are generally given more and equal learning opportunity in
classroom. They interact more frequently and informally with the teacher and with each other. However, small
school in some contexts, Thailand as an example, suffered tremendously from limited budget and shortages of
science teachers and learning resources (Lieu, Wu &Zumbo, 2006).

5.2 Implication

We can learn how to raise science achievement and promote educational equity by examining models of
science education in successful countries. Singapore and Korea have put much emphasis on inquiry based learning
in science classroom. Both male and female students have given equal opportunity and are expected to work
collaboratively and contribute to the community of learning; posing a question, designing and conducting scientific
investigation, collecting, analyzing and interpreting data, drawing conclusion and applying scientific knowledge to
solve real world problem. The teachers play vital role in establishingequitable classroom environment. They should
be a facilitator providing thought-provoking yet attainable challenges, moral support and scaffolding for all students.
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Regardless of gender, students grow in self-efficacy as they experience success in learning, just as they lose it in the
face of repeated failure. Today, there are more world-recognized female Asian scientists;this could be brought in
science classroom toinspire and motivate the girls. This could boost up their self-efficacy and positive attitude
toward science. Love and understanding areindispensable in parental involvement in their child’s learning. They
should not over-schedule their child and listen to what their child loves and is good at and back it up. The parents
should be a role model for learning. They might even establish a joint study time; for example, setting aside time to
read together. The parents should lead children to read, talk about what they are reading, discuss the main ideas, new
words and concepts, and ask about their favorite section. Regarding small school issue, rather than closing, as the
case in Thailand, the government should ensure that children in remote areas have access to quality education and
enroll in a school nearby their homes. Teacher capacity is built up whereas class is reduced in size and fully
equipped with ICT. The government should engage communities in local decision-making on school management
and governance.
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