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Nannapat Pontema. (2007). The causal structural relation models of factors effecting Mathematical
Communication Ability of Mathayomsuksa 3 students in Educational area 3, Bangkok.
Master Thesis, M.Ed.(Educational Research and Statistics). Bangkok: Srinakharinwirot
University. Advisor Committee: Asst.Prof.Dr. Ong-Art Naiyapatana, Assoc.Prof. Chusri

Wongrattana.

The objective of this study was to discover the causal structural relation models of
factors effecting Mathematical Communication Ability of Mathayomsuksa 3 students in Educational
area 3, Bangkok. Six hundred and seventy eight students were three-stage randomly selected from
total population (as the sample of the study). The variables were 4 latent variables which were
measured from 14 observed variables: Independent variables included 1) Mathematical Problem
Solving Ability (Understanding the Problem, Devising a Plan, Carrying out the Plan, and Looking
Back) 2) Group Work (Group leader, Group member, and Group process) and 3) Teaching Behaviors
(Teaching preparation, Arrangement of teaching and learning activities, Usage of instructional
media, Creation of classroom atmosphere, and Measurement and Evaluation). Dependent variable
was Mathematical Communication Ability (Verbal Communication and Writing Communication).

The research instruments included the test of Writing Communication and Mathematical
problem solving ability and the questionnaires of Verbal Communication, Group work and Teaching
behaviors with their reliabilities of .71, .72 , .96 .96 and .95 respectively. Measurement model of
latent variable was fit with the empirical data with the weight of standard components of .43-.90 at
the significant level of .01. The data were analyzed by Confirmatory Factor Analysis (CFA) and the
Structural Equation Modeling (SEM) of the hypothetical model with using SPSS and LISREL
Programs.

In summary, organizational citizenship behaviors structural model was well consistent
with empirical data by XZ: 61.228 , p =.165, GFI = .987 , AGFI = .974 , SRMR = .024 and RMSEA
= .017. The latent variables on Mathematical Communication Ability were most affected by latent
variables Group Work followed by Mathematical Problem Solving Ability, and Teaching Behaviors
with their effects of b1, .25 and .18 respectively. The variables that indirectly affected to
Mathematical Communication Ability were Group Work and Teaching Behaviors, with their effects
of .04 and .03 respectively. All causal variables could co-explain the variance of Mathematical
Communication Ability up to 53 percent. It was recommendation that we should arrange teaching
and learning activities for students by using group learning for solving Mathematical problems.

That could be able to consequently increase students, Mathematical Communication Ability.
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6 v
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3 3
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(3¢5 ef3te. 2538: 105)

2 2
K NQSQ
>
g=1 W
_ g
TN «
+YN gSS
al? 9=1
Wo  n WK RYBINANGIREN
N W% WIUINISEUNIANG
K W% S WIMIWIAT8I S5 (4 W®)

S22 wm  eemsulsnuresmsioslaglinmya

e W% eenNeMaRAKIMISUSEIIen (e = 1.1)
N, wm dwawdin Suwlunsazds

NQ
Wg LN W

2. idnFlumamemnmietasile oA
21 MIMANNFENETIFINGR (Face Validity) loamamensaiinnugonndad (Index of
Consistency : 10C) 1¥gnsv0slshinad uazuasiuadh (i Seee; uay S9nnn suae. 2643: 248-249;

v A

#9893 Rovinelli: & Hambleton. 1977) ¢t

|oC:Z_R
N

H 10C wnw  daflanwsonndssimagssning -1 8 1
TR WY WATINYRIMITNAITONYaIN Y

N WK AW TERTRY



88

2.2 Seneitesoudumeds (ftem  Analysis)  WayNANNENNNELALASINATUNYDS

uuimesaulealdnedie 27% sawinGunidauriomue Snuasdunei

2.2.1 mameemaherasuuunasauiansaaaslaglfnwidou 1dgasmsdmnives

DR. Whitney and D.L. Sabers (871 §elelel; Lae d9ADN &Bed. 2543 199-200: 9198931 D.R.
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J Aaa ;:9!/ v dl X 1 (%
N 4 @Wﬁﬂ@]W%ﬁ?%ﬂl@ﬁ@]’JLLﬂﬁ‘VIGL‘ﬂ%ﬂﬁﬂﬂ‘]ﬁﬂa%LLaEWﬁﬂﬂWﬁLLﬂaﬂ@%Lm‘%

. _ NOULLAIALLIL NAIUUAIALLUL (normal scores)
gus  x  SD. CV. ; ;
Sk Ku pvalue of Sk Ku  pvalue of

coM
COML 2.82 .50 18 039  -.035 911 .000  -.007 999
COMW  8.09 378 47 156 -.562 .000 008  -.054 975
PROB
PROB1 3.13 1.27 41 -390 -.348 .000 -128  -.449 .004
PROB2 2.24 1.36 61 177 -621 .000 047  -480 .003
PROBS3 2.07 1.38 67 297 -780 .000 096  -488 .002
PROB4 2.14 1.28 .60 245 -603 .000 065  -.36b .064
GRO
GRO1 3.44 b1 15 -183 213 .078 -002 -.018 1.000
GRO2 3.60 b4 15 .038  -.020 920 -002 -.019 1.000
GRO3 3.39 b4 16 124 .015 411 .000  -.006 .998
TEA
TEA1 3.60 .58 16 103 .060 501 -.018  -.091 897
TEAZ 3.46 .56 16 .066 220 .349 000 -.012 1.000
TEA3 3.44 61 18 A7 -.144 143 002  -.036 .994
TEA4 3.49 .59 17 138 -.064 .326 002  -.032 .996
TEAbD 3.46 59 17 202 -134 079 001 -.018 1.000

NNENIN 4 Lﬂ%ﬁﬁﬁﬁaﬁugmmaqﬁ’;Luhriaml,amé’qﬂmmmmuuuﬁiﬁuﬂﬁﬁﬂm MDD
Fasanlsdaziulsuldenoluit
susudsanasnssalumsaasnsmeadinenaes (COM) wut tindeuslenassnsalums
ﬁamﬂ@ﬂmwmwmﬂmmummm@ (X=282) mummmmﬁﬂumsﬁamﬂ@&flfﬁm‘mLmauaﬂmmu
¢ (X = 8.09) mmhiLLN@@m34mmiﬂmmmﬂmmm@mmmmﬁm (PROB) WU umimwmuﬂammam@
mﬂmymmmmmmagslmz@mmmmmma loeshutsmaliengitym & m:jl,mumaaq@q@ (X= 3.13)
LLﬂmdwﬁﬂL‘%&Juﬁtﬂumjmﬁf;a&hadaﬂmy’ﬁmmmmsﬂumﬁmesﬁﬁzymag”i(’lmz@ﬁ’uﬂmﬂma eIBIRIVAN
MIYUNGa (GRO) wuh ﬁﬂl,%imﬁLﬂ%ﬂ@:&lﬁ?aEi']ﬁﬁ’mslﬁtylﬁwZ]aﬂiié\lmiﬁ'm%ﬂﬁj&laQﬂ%ﬁ%ﬁﬂﬂ?%ﬂmﬁd
3N I@aﬁmﬂwwmwﬂm%m&jmﬁmuwm?alafgjqq@ (X = 360) LLﬁmfhﬁﬂﬁ&mﬁLﬂmamﬁqaa'mﬁ'mimy’ﬁ

unmmadussngnngaag luseiusnn wazsudsusdena@ingsumason (TEA) wuh wofinssumasausad
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ageumssuirasinGaufifungadhothsingdinssumssouag lussiuthunansiiosnn lesfinndinssams
FOUMUNIGEENMIFOUAALARUEIER (X = 3.60) WaAITMAFNTINMITHaURIngeNMISLITaINEY
. . p
sumsiesssmssaua lussiuann WaRamaneduudsauusnasgiu (SD) uazeduszansmsnszans
té [ ! A::::\::il v ¥ | L [ Y 1Y A 4

(V) Faduadidnldlumsiamsnszansrasdoyn wuh dulsdanaldsmlvifoyaiinenszaeion
Y o 1% Aﬂl ¥ a (% [ 1% L v

snushulsdonaldnsiasnslasldmmiden uasshutsdanaldosihutsussenassnsn lumsudiiam
Aa 6 L% 1% a v oA Aﬂl [~ | L% | a tﬂl

mendinenansyneuls deyaimanszansann ugashrinGeuiidunguinathaflenaansansalumsiaans

InelEmmidenuasanasansn wmswitymmeadiaenaasuansiaiv

|
A A

WaRNTNAMANNLT (Skewness)  FDIFIUTUGRLFTINOULLAINLIUY WU ANBLUDI
saudsdulmaidusuuiden @nudiduuan) LLamWLﬁu’jmszmamaj;q@%a&iwa’aﬂmjﬁmﬁamdw
Aadgrnsiulstiu endiududsmeiemgitigm unnmdings TnomsnEnngy wasmaa3uNms

A v % [~3 757 p N ~S 1 1 [ 1 1 1
0% HANWUELNTHANLAIVDIF U IULUULITE (AN L) LLamfmzLLumamqmmamqmﬂﬂm
fienannneindeasinuylsiu uasiudsmafomslaaldmummne nezumwmavhaunga wazmsiams
a va v v v 6 | o o v A A A | i .
LﬁaugzummmmmﬂﬂaquaLLam’mmmﬂmemmuﬂimﬂmﬂﬂ@] wazsilafasonenanales (Kurtosis)
YDIF I TUFIAZTIN AU THU AINZIAL wudwﬁﬂwmzﬂmmﬂmeaq@’mﬂidaﬂmjlﬂmu LEAINANIALNTT
LanuasrasdusmaiisnlReLng endususummgthngs nszuMYhauNgN MaleSaamaEaY
[ a 7 1 [~$ [ £ = 1 1 v Aa
WAEMIAAMSITEUS fenanalaaduunn LLac-mmm:mznmmﬂmemmmhmmﬂmgamﬂmﬁﬂm
Ineagasfiundnsasmauanuassuamaitiazanalssasiulsdanalavis 14 duds
i : ¢ o A Y@ o ~ ' a
NAUNTUUAINLUUUALUANGNEULYNA LT Fauaes IR azuuuagiLLsaainmsanuas lung
Aﬂl o [~3 v Aa v 1 Aaa 6 1 [ d{ 1% a
wavidavnmanasauanuiiulaslnuaaddla-auads wud drudsnisieaslasldnmsnden
MIAATZATEYIN MINIUAUUATEIN MIMUAUMALANG LEZMIATIREALNG S Ay mestanTzey .05
waaINELUsmaRimsuanuas liUng eetiwie lsnudsimsuanuasduldsng ﬁ%’yﬁﬂé’uﬂm@ul,m
maqﬁ’nmmﬂﬁﬂﬁLﬂummmummgm (Normal score) fawih MaRELANNNANNAUIBILLL 18N
ﬁmajmﬁu%ga@aﬂi%ﬂﬁ FINAMTAATIZANAINTUU AIAZL WU Faulsnnadaiadelasain
Woswusnasgineinis feranuiogszning -128 fa 096 uazeanaldoagszning -.488 T -.006
dl [~ i A Y 1 6 1 a o o o aad‘ (% [ v A
danesauanuduldsndensemla-suaas wumn Vlmuammymmmmz@m 001 waIhELUIYNEE

myuanuaaduldang
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i a 6 1 A‘ v o 6 6 o (%
aaudl 2 MIBanERAENLs RVDARENNUSHULLNE ST UGS
a 6 1 o a Qs o o € | o [ \'LSjL X o a’I 1
MIAATINONFNUTeEND AT ILlITINe Lo lumsenmztuuuaNaRununlaseEe
L%@mmmmmwmmmmiumsﬁamimmtﬁ@]ma@w% dumamaseusnndgiude 1 fa 29ntsenay
% A 6 4 (% (% ¥ (% % I a 6
AnNanIInlumMswtieadiaensas Usenaudiasaudsdaunals 4 dauds Toun medeneitiaym
(PROB1) M3V MUAuUUALIeYm (PROB2)  mseiiiuamuunis (PROB3)  Wavnsasiadauxa (PROB4)
sAtsznauMaThunga dsenaudesulsdanals 3 fuds Toun unumdngs (GRO1)  umim
ENNgN (GRO2) WaENTELAMINIUNGN (GRO3) azasAtsznaunnfinssamssan Ussnousmesudls
(%] 4 (% % | A (% A v DA: A
Janald 5 dhuts eun mawSaunssew (TEAL) MIAAM3LSEu; (TEA2) 3 lfiemISeumIsen
(TEA3) M3ssussenmelutuEeu (TEAY) waemyianalsufiung (TEAS) Remaduiusivasdlsenay
d{ A 6 v (Y (%] v (% v I di [
ANNEINTD WMsRasTIndiamaes Ussnausmeshutsdanals 2 shuds leun miaamﬂ@mslfﬁmmwu@w
d a 6 1 o a Ag o o € 6 o
(COML) uagmsdasnslaeldmmniden (COMW) laamslianeienduyssavoavdiusuouiesan
[ a g (% v 6 | [ | [ | 1
NI 5 WANIATIAFIUMFNLUTEANTanSNTUTIEnI9sugs wuh daudsdinlngd
v o 6o 1 A v o @ nan{ (% a v o 6 Y] d{ ¥
AanNdNiusiuathafiliud fymesiansesdy 01 laefenadaiusmauin endiudaudsmsfesslaels
[y ° | [ Aa 6 (Y] [ Aa [
MIWBUUTULVILNEINGN FanLsmaeneAtlymiumswseansson wasnsianatssiiugg s
ManaruAtymiums e asuumsseu waemsianaUssfiung sauLsmIsinanNuNuTIMS
(% a 2 (% Aa a v v 6o 1 Ao o o aaa{ (% | (Y a{d
ANNTTUUS WATMTIANAUTTAUNE Aanudunuonuaeadltgdaymeaianszay .05 §auaiulsng
v o 6o 1 Ao o w Aaa 1Y Aa 6 (% o |
anaduiusiveens ity dymesiafe s MR NEATYNAUNTELAUMIYNOUNGH TSR3
0w uazm3¥FomsBuumasan futsmsmdiumaunuiunszummhaunay uazmsliiomsGon
MaEaL
di A (I a Ag [ o 6 | (9 o Dc{ | [ 6
LmawmiwmawﬁgamawamwuﬁzmwmLmﬁmm@fl@‘maqmﬂumuﬂﬂmgmﬁﬁsﬂau
LY | v v 6o 1 o o @ aa Y (% o o 6 I o
et WU HenaduiusieeheditiudAymesdanseeu 01 LLazﬁmmﬂquﬁagslmfz@uﬁmnma lon
(9 (% [ { A 6 Y3 a a‘
fulsdanaldrasudsurianumaninlumsfemamendinenaas (COML-COMW)  fenduisyand
(% v 6 1w [ o/ [ A 6
avdNubiviL 307 dhudsdana ldrasiudsusanusaninlunmsuitymmeadiasaas (PROB1-
(Y} a Qg v o € | | [ [y (% o |
PROB4) AendnlssAnpamndssiudoglugig 460- 608 shusdanaldunsshudsunsmsynaungs (GRO1-
(Y2 a a; o o € | | LY [ (% A
GRO3) ﬁmamﬂizamﬁ‘wamwmagslmm 586-.702 WarsuUsdane levasdulsunanninTsumsen

A 1 v

(TEA1-TEAS) Slendnslseandandaniusorlugag 543-785



6 |
fIN b QWHNﬂigﬁWﬁﬁ%ﬁNWWE‘JSW’JNG]’DLL‘]_liﬁd Lﬂ@]\l@ﬂuzﬂLLUU@WNGNWWEI@?TOE{%’NL“N’m L‘M@]"ﬂaﬂ9(1@ﬁ‘ﬂigﬂa’i_lﬁS:jlB‘V]‘]S'W?ﬂG]a@’N&Iﬁ?Nﬁﬂsluﬂﬁﬁaﬂ?iﬂ?ﬁﬂ%@]ﬂ?ﬁ(ﬂ%

(N=678)

Gkl COML COMW PROB1 PROB2 PROB3 PROB4 GRO1 GRO2 GRO3 TEA1 TRA2 TEA3 TEA4 TEA5
COML 1

coMw  .307** 1

PROB1 129%* 327** 1

PROB2 164** 427 b36** 1

PROB3 204** 311 484 b23%* 1

PROB4  .218** 324** A460** .608** 509** 1

GRO1 .336** .096* 1277 A77* 133%* 163%* 1

GRO2 .381%* A71* 193*%* 227* 116%* 216%* b86** 1

GRO3 375%* 116** 078 159%* .048 153%* .658** 702%* 1

TEA1 2677 182%* .06 .138%* 107 1677 .338** .286™* .399** 1

TRA2 289%* .186** .083* 106%* .095* .168%* 319** 307 A1b** 731 1

TEA3 2627 131%* .048 .094* .048 118%* 274%* 266%* 372%* 639%* 785%* 1

TEA4 275%* 176** 114 163%* 116%* .184** 3727 .328%* .389** .b99** 693** Bo7** 1

TEAb 286 182%* .081* .089* .096* .103** 3127 296%* 392%* b43** 691+ 642** B51** 1

**p<.01, *p<.0b
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i a 6 6 [ o
aaudl 3 MmslieziasadsznauiBstingiuaaslunan1sia (Measurement model)
Usunsudsisatidnuuseudnathaniifie dnuaivadluealulsunsudasa loaluaa vnlu
IﬁimeﬁaﬁaﬁizﬂauﬁwhLﬁaﬁﬁwﬁmaaﬂma fo lpama¥e (Measurement model) Las MLAENMT
1a598579 (Structural  equation  model) %ﬂmmaﬂﬁ"i@%ﬁﬂﬂﬂﬂmﬂwﬁﬁﬁammiaLﬁﬁtymmm
A o % Y o A ¢ ¢ A A o A A ¢
AMALAADIMTIA (Measurement error) b W luanMIaTIEinsdUsenauBedutin Wiamadamw
Butiasditsenay (Confirmatory factor analysis) 1WNILTZaNIANEILLTHIN O ALEAIANNE NS
v a 1% 1 1% (v 7Ry 1% % 7Y Aa 6 Y ;’j
1 A9a T d Iz TE NG LTS LT LLa’JsL"m’JLLﬁiLLNQVLﬂ’JL@’ﬂt%“ﬂ@éﬁﬂ $ANIINUUNT
A ¢ ¢ v @ aa AnAl va o o & @ o % A 1 a o
’JL@’??W@G@‘U?W@‘UmL‘]J%’J‘EmimﬁﬂmW‘VIEL"H@TN‘EH@’JWGN‘W%‘E?BWJN@]’JLLﬂiﬁJLﬂWVLGW“QGMMJ’NLﬂﬂmﬂﬂﬂ’sLL‘]J?
A o A ¢ , : A ¢ & Y v oav Y A A
LmeaqmawmszJwLﬂua@ﬂﬂizﬂauamﬂi Lmsluﬂmmmwaa@ﬂisnauummamz@]aammmgwuﬂﬁ
Av n{ 1 A 6 I A A v (%} 2 A v Ay Y F% (Y} v €
Wauvnownilasdlsznavladedvina lUdesulsdanald waasnitedamnulasaeanuduwus
| (Y o [t A v Y o é’ﬁ Aa 6 6 @ A Y A
sywhsdudsiazivuafnlanansisyly deiwmaiengiesdlsznaufiae MIATIFDUIYDY AT
v 6 (% Aav Aa 6 [3 Aa YY) A KI 6
Uszansaanndasuliaamaisy waymaeneiasdlssnoudsduiudadumaieneinalseloaiannls
A (%] 6 AV o
MIATREOLANNGTIEILATIE (construct validity) (Wanns 39368, 2542: 10, 37-39)
[} 3.// Aav g‘: X A v o A 6 6 A (%} (Y} { [
muﬂmm%m&ﬂﬁnH?N‘mmﬁmezwaa@ﬂimaumﬁuawnaﬂumamm@ WaaTIAERUN
a v 6 [y [} 1 A
ﬂﬁaaﬂamﬁwawﬁamﬁaaﬂﬂmL@mmifa@w'%aiu LALFITRRALANNGTIEILATIEE (construct validity) 984
dutauels e liudlandudsdona l lundazsudsuasiadustimmsasaialimansandsumsie
(Y nl o v | a{ A v A | 9: %} 6 A |
shutsunsfirmaly Toaenlldlunmseaseuenuassilasedsfamhninasdlssnauasiensnnnmh
12 (% VA v v 1 (% [~ A
30 (7% JNUUET: LAE DIADL FEE. 2543; 264) LLaszqmaVL@LLmImaﬂm@aamﬂu 2 luea Ao laea

myiasudsunsmeuan wagliinamyiasaulsunameli
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3.1 guuumMsIadintlsualsnmauan
stuuumsiadaulaursmanan dssnauaaadaulauas 2 duds fa dautaudsnsriiam

AN (GRO) wawshudsuslsng@ingsnmssosn (TEA) Wuamsiemehidaenss 6

M9 6 NaMTAIATERIALTENUEIEMER (Confirmatory factor analysis) IAaMISASLUWMEMDN

(n=678)
. dhwinosdszney  eaemaLAAeY amatEashs

a9nLIEnay o X t ,
b(SE) YINILNT (e) R)

GRO
GRO1 74(.27) 45 21.31 .bb
GRO2 77(.28) 40 22.41 .60
GRO3 .90(.35) 18 27.60 .82

TEA
TEA1 77(.12) 41 21.82 59
TEA2 .86(.36) .26 26.48 74
TEA3 81(.12) 34 24.34 66
TEA4 80(.12) 36 24.08 64
TEAb .80(.16) 36 23.72 64

Chi-Square = 21.959 df = 15 P-value = .109 RMSEA = .026 SRMR = .019 GFI = .992 AGFI = .981

NN 6 WU namIeTasRUsEnaudsEuiulunamsiadudsudsmeuaninng
v A v v A o 6 A v | aa Ao o w an 2
sonndasnasnauiudoyaifelseing Rasonldnneadiale-aunshiltuddymeada (= 21.959 |
df = 15 , p = .109) AETHIATLALANNNANNGY (GFD) WL 992 LarmerhInTeauaNunaNnand
[y Y 3 1 1 6 ! 1 [ 1 Y o ! .
USUUAWED (AGFD) Wiy 981 Falengendnnowt (>.90) dammsnsagiudainnaaseiaiemasosdand
wae (SRMR)  wihrfu 019 uazenanasgudaiisinmdssaaadsaaseansuanslagnszsna, (RMSEA)
[ A A1 o | 1 [N A A v v A v €
WAL 026 Feienehnd .05 waeeNIUUULMITadulTuHMananiaNAnaNNEUN LYoy BIUTEAne
A | goJ 0 3 | [ Y -E(I
lneusnfiamanenihminasddsznaveasusiazasedsznauldid
[3 ° 1 v 1 X v 1 ° | A
p4ALszNaLMIvhamNga (GRO) Sldhiisd 3 ¢ Tdun uminmeihnga (GRO1) umumsann
| ° 1 (% . 1 5: £ 3 .
Nax (GRO2) UAXNTELMMISOUNGN (GRO3) laeiiulsfiflenshwinaseidssnatsnnfigade nsvwnums
vhownga Seniminasddsznauhiy 90 SehansiTaiuhiiu 82 sasasniie LMUmaENENNgN waz
uninvshngs Seshvsinasddsenaunihtu 77 uay 74 maadn Taedeenandasiurhiu 60 waz 55

A uaeshdusdanaleii 3 dhuus HwintdviedtieimansanrasnuLsusmavinungs
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¢ A Ao 1 X o Y A
amﬂssﬁaqummﬁmmiﬁau (TEA) ALY b a1 1®LLﬂ N8 NNIIdaN (TEAT)
[ a v 9Jd| a v Zj a
M3y (TEA2) msldFemsBeunsson (TEA3) msasussenmeluduGen (TEA4) wayms
[} A [} ::lld 1 9: o 6 :i A [y a Y A 9: o
TONAUTLNUND (TEAB) I@amLmimmummamﬂizﬂaumﬂmj@ma M3vANITSuUus Aanhnsin
6 [ = d{ qI/ [ A 9/;:1 a v
DIRLTLNOUYITY 86 LarilaAMNTadwyinty .74 599891100 M3 IERaNMIEUUNITHS N1TEE
UsstnmeluinEen warmsianalsufiung dehvinasdlsznauwhiy 81 way .80 snuaey lagns
A NLTINME G U0 ey T aNaLTuAuNaR e vinasRsenauwhiv uasieanudadiwyity 66
LAY 64 NN SUMIeBuNMIFan Senhvinasatsnauwniufe 77 delehmvtinasalsynassiay
o .y A4 e e y vy . - I
150 upslamaNNwaduvniy 59 waesNeusdanalavia 5 daus ushiavdadasafimansanang

FLsuHnnAnTINMIEaY

3.2 gﬂLmunﬁ’a'mé’l"auﬂitmmzﬂu
s ieadusudsmalu Ussnaudediudsusls 2 dhuds fa dhutlsunsanaanansali
A A ¢ o o a ¢ o
MIFDATNNAUNFNFHT (COM) LLazmLL‘}J‘;LLN@mmmmsﬂuﬂmmﬁ@mmqﬂmmmam (PROB) Gnanms

RN 7

M 7 HaMTIATIARIAUsEnoLBIE e (Confirmatory factor analysis) Lueamaiasausussmely

(n=678)
. sniminesdtstney  enalmaLAADY Amsigasiy
p9ALsENaY Lo x t ,
b(SE) YDIGILNT (e) R)
coM
COML 43(.49) .82 8.6b 18
COMW 72(.24) 48 11.27 52
PROB
PROB1 .66(.05) .57 17.629 43
PROB2 .85(.05) .28 22.90 72
PROB3 .70(.06) b1 17.39 49
PROB4 .70(.05) bl 19.02 49

Chi-Square = 11.192 df = 6 P-value = .083 RMSEA = .036 SRMR = .017 GFI = 995 AGFI = .981
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| A 6 6 Aa A [ [y (Y =
PNMTN 7 WU WamMIIeTeRassUsznauideiniulieamsiadiudsunsns lunians
v A v v a o 6 A v | aa Ao o w aa 2
NOAANBINANNAUNLYYAITILTeany Wmmﬂmmmﬂmmﬂ,@-mmﬁ\lumaﬂmmmam@ (X'= 11192 ,
df = 6 , p = .083) MeTHIRTEFUANNNANNAY (GFT) Wiy 995 LasmaaiinseiuanNnaNnauilswn
A (AGFD)  whifu 981 Zsflehgendunmidt (>.90) shuesnaspudainnuaseaiufmassasdimiivbe
(SRMR) wnny .017 u,a:j@hmmgmﬁ%ﬁﬁﬂr‘hé’@aaaLa:?\‘maq@hmmmﬂ@hﬂ@aﬂszmm (RMSEA) winnu
‘é a0 ol 1 1 o £ A A o }% a [ 6
.036 FINAGINI .05 LLamfngﬂLmumi’mmLLﬂiLmeﬂummmamamma;ﬂamﬁizaﬂw Taauen
A | 9: o 6 | 6 Yo é’
Ansonehvrinesslsenaurasusazasitsznau laesd
¢ A A ¢ Ao 1 X o I A
DIRUTENaLAMNENNTO UM IFomTIAdiaeaas (COM) Hehisd 2 61 laun mdass
¥ d{ ¥ A A 9: Y 6 [
I@ﬂfﬁmmm (COML) Ltazmiﬁamﬂ@ﬂsﬁmmmm (COMW) HMmihnunadnlsenauimny 43 ay 72
o W A dl lZIJ [ o @ [ %2 (v 9J§j £ [t % |;§l/
ey Taeflenanu@asiuyiu 18 way 52 mMNaey  uaaseulsdanalev 2 dauds Wudales
A v zu ;:ll 9 d{ A 6
PRI AT E NI LN A NNENINTO TR e Tendiaenans
a@ﬁ‘ﬂisﬂau@mmmmiﬂmmlﬁﬁmmmqmﬁ@mam% (PROB) 6197 4 ¢ ldun
MRty (PROB1) MITNuamiALEym (PROB2) m3snifinmauns (PROB3) WaymMInTIadauMa
(PROB4) I@aéhu;ﬂiﬁ53mmmﬁﬂaqﬁﬂizﬂaumﬂﬁq@ﬁa mMINuNuitym denhminasdusznauwhm
85 Larilmanadaduyhiu .72 989891A8 MIAUARMNLKEG MINTIVFDLHE KAZMIINATIEAT MM
SenihmiinasdUsznauyhiu 70 uay 66 Mmaaey laemaeiumutng wasmIaTadaNaaevin
p9edaznauyintiu AenenaFaduyinitu 49 uay 43 eNa1eL LEAIILLTFUNG LT 4§ty
[~ [ 1 ;Zl/ A o zu a{ [} ¥ A 6
Lﬂumm%mamsm@mmm:ﬁﬁmaqmLLﬂiLLm@mNﬁmﬁﬂuﬂmmﬂmmwm@mmmﬁm
NNHANTAATLADIALTENAUTIE UL Lﬁaﬂmimmaﬁaﬁf@mmaa@mé’aqLLﬁmfiwgﬂLm‘u
(% (9 ;:; o f Y ~S A:iln:i v [ % a [ € A 9: £
mytashudsursmeuanuazme luirmua 13 WugtuuuvnianudanaaanuIayalTilseans Ha1huin
¢ A @ 1 A ve A 1% ' ¢ A ! Ao o o Aa
asrisznavdafiuenild aemnuasadslassadraiusarasdilssnauienanni .30 LAYNTA A YNIED&
::ll % % | 1 dl nlz i [ =3 R [~ A 9 F Y] [ % | (%]
nisgey .01 nenuls mummmlﬁﬁamaﬁmmummmamga aumstuilandulsdana lausagsn

[~ [ 1 é’ A (Y zu a{ [ (%] Zj KR A ;:ll o xR gj é’
HushiszrsasmieaflimayaneassulsurseiE s numsnzaa i lanm lun e
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a 1

a a 6 v o [ 6 dda 1
faut 4 ms'amswwgﬂLmnmmauwuﬂﬂsaaﬂaL%ammqwaamﬂﬂsznawuawﬁwammwmmﬁn umMs
y a 6
fassmsasaans
MYATA LA a RS msmwaaummnamﬁwnaﬂuma@n34ﬁm@imﬂwﬁﬁaﬁ%’fﬁwuﬁuﬁu
Foyaidaulsvang sunsavhld 3 wwma (gnen govswdng. 2545 183; #9892 Joreskog & Sorbom.
A
1993: 115) A
1. manedauiudulunaaenadune (strictly confirmatory : SC) wmanasauluead
XY o Aa Aav a v [~3 2 Aa [ 6 Aﬂl :i :il v
qm&Jmm@hlL@waaumgwumiwmmm 1 s udufudayadalssinmionesaulinad WaTlgaInme
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Normal Q-Q Plot of PROB3
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AAILLRINLLIAL (normal scores)

Normal Q-Q Plot of PROB3
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Mdslasaa n

Raw Data from file "D:\Data Research\DataCFAtrf.psf~
Sample Size = 678
Latent Variables COM PROB GRO TEA

Relationships
COML = COM
COMW = COM
PROB1 = PROB
PROB2 = PROB
PROB3 = PROB
PROB4 = PROB
GRO1 = GRO
GRO2 = GRO
GRO3 = GRO
TEA1 = TEA
TEA2 = TEA
TEA3 = TEA
TEA4 = TEA
TEA5 = TEA

COM = PROB GRO TEA
PROB = GRO TEA

Path Diagram

Iterations = 250

Number of Decimals = 3

Method of Estimation: Maximum Likelihood
Lisrel outputs: mi rs ef ss sc ad = off
End of Problem

Adslaea 2

Raw Data from file "D:\Data Research\DataCFAtrf.psf"
Sample Size = 678
Latent Variables COM PROB GRO TEA

Relationships
COML = COM
COMW = COM
PROB1 = PROB
PROB2 = PROB
PROB3 = PROB
PROB4 = PROB
GRO1 = GRO
GRO2 = GRO
GRO3 = GRO
TEA1l = TEA
TEA2 = TEA
TEA3 = TEA
TEA4 = TEA
TEAS5 = TEA

COM = PROB GRO TEA

PROB = COM GRO TEA

Let Path from PROB to COM = Path from COM to PROB
Path Diagram

lterations = 250

Number of Decimals = 3

Method of Estimation: Maximum Likelihood

Lisrel outputs: mi rs ef ss sc ad = off

End of Problem
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Raw Data from file "D:\Data Research\DataCFAtrf.psf-
Sample Size = 678
Latent Variables COM PROB GRO TEA

Relationships
COML = COM
COMW = COM
PROB1 = PROB
PROB2 = PROB
PROB3 = PROB
PROB4 = PROB
GRO1 = GRO
GR0O2 = GRO
GRO3 = GRO
TEAL = TEA
TEA2 = TEA
TEA3 = TEA
TEA4 = TEA
TEA5 = TEA

COM = PROB GRO TEA

PROB = GRO TEA

Set the Error Covariance of PROB2 and COML Free
Set the Error Covariance of PROB3 and COMW Free
Set the Error Covariance of PROB3 and PROB1 Free
Set the Error Covariance of PROB1 and COMW Free
Set the Error Covariance of PROB2 and COMW Free
Set the Error Covariance of PROB4 and COMW Free
Set the Error Covariance of GRO3 and PROB3 Free
Set the Error Covariance of TEA5 and TEAl Free
Set the Error Covariance of GRO2 and PROB2 Free
Set the Error Covariance of GRO2 and PROB1 Free
Set the Error Covariance of TEA2 and PROB2 Free
Set the Error Covariance of TEA4 and GRO1 Free
Set the Error Covariance of TEA5 and PROB2 Free
Set the Error Covariance of GRO3 and PROB4 Free
Set the Error Covariance of TEA3 and TEA2 Free
Set the Error Covariance of TEA4 and TEAl Free
Set the Error Covariance of GRO1 and COMW Free
Set the Error Covariance of GRO3 and COMW Free
Set the Error Covariance of GRO2 and COMW Free
Set the Error Covariance of TEA5 and PROB4 Free
Path Diagram

lIterations = 250

Number of Decimals = 3

Method of Estimation: Maximum Likelihood

Lisrel outputs: mi rs ef ss sc ad = off

End of Problem
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1. WANISIASIZN Structural Model

LI SREL 8.52
BY
Karl G. J’reskog & Dag S”rbom

This program is published exclusively by
Scientific Software International, Inc.
7383 N. Lincoln Avenue, Suite 100
Lincolnwood, IL 60712, U.S_A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140
Copyright by Scientific Software International, Inc., 1981-2002
Use of this program is subject to the terms specified in the
Universal Copyright Convention.

Website: www.ssicentral.com

LISREL Estimates (Maximum Likelihood)

LAMBDA-Y
COM PROB
CoML 6.669 - -
COMW 1.708 - -
(0.306)
5.591
PROB1 - - 0.812
PROB2 - - 1.107
(0.076)
14.605
PROB3 - - 0.862
(0.060)
14.306
PROB4 - - 0.936
(0.065)
14.494
LAMBDA-X
GRO TEA
GRO1 5.719 - -
(0.264)
21.635
GRO2 6.384 - -
(0.274)
23.256
GRO3 9.641 - -
(0.350)
27.536
TEAL - - 2.918
(0.122)

24.009



TEA2 - -
TEA3 - -
TEA4 - -
TEAS - -
BETA
COM
COM - -
PROB - -
GAMMA
GRO
COM 0.509
(0.068)
7.470
PROB 0.182
(0.055)
3.280

9.069
(0.342)
26.493

2.855
(0.124)
23.053

2.867
(0.118)
24.323

3.781
(0.157)
24086

0.179
(0.064)
2.788

0.126
(0.053)
2.397

Covariance Matrix of ETA and KSI

CoMm
PROB
GRO
TEA

PSI

0.518
(0.032)
16.027

Note: This matrix is diagonal.

0.474

(0.181)
2.612

0.927
(0.112)
8.279

1.000
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Squared Multiple Correlations for Structural Equations

GRO TEA

COM 0.553 0.210
(0.067) (0.064)

8.198 3.272

PROB 0.182 0.126
(0.055) (0.053)

3.280 2.397

Squared Multiple Correlations for Y - Variables

COML CcoMw PROB1 PROB2 PROB3 PROB4

0.450 0.204 0.410 0.662 0.395 0.540
Squared Multiple Correlations for X - Variables

GRO1 GRO2 GRO3 TEA1 TEA2 TEA3

0.559 0.621 0.798 0.706 0.734 0.607

Squared Multiple Correlations for X - Variables

Goodness of Fit Statistics

Degrees of Freedom = 51
Minimum Fit Function Chi-Square = 62.026 (P = 0.139)

Normal Theory Weighted Least Squares Chi-Square = 61.228 (P = 0.155)

Estimated Non-centrality Parameter (NCP) = 10.228
90 Percent Confidence Interval for NCP = (0.0 ; 34.074)

Minimum Fit Function Value = 0.0916

Population Discrepancy Function Value (FO) =
90 Percent Confidence Interval for FO = (0.0 ;
Root Mean Square Error of Approximation (RMSEA)
90 Percent Confidence Interval for RMSEA = (0.0
P-Value for Test of Close Fit (RMSEA < 0.05)

0.0151
0.0503)
= 0.0172
; 0.0314)
= 1.00
Expected Cross-Validation Index (ECVI) = 0.250
90 Percent Confidence Interval for ECVI = (0.235 ; 0.285)
ECVI for Saturated Model = 0.310
ECVI for Independence Model = 11.238
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Chi-Square for Independence Model with 91 Degrees of Freedom

Independence AIC = 7608.173
Model AIC = 169.228
Saturated AIC = 210.000
Independence CAIC = 7685.442
Model CAIC = 467.262
Saturated CAIC = 789.510

Normed Fit Index (NFI) = 0.992
Non-Normed Fit Index (NNFI) = 0.997
Parsimony Normed Fit Index (PNFI) = 0.556
Comparative Fit Index (CFI) = 0.999
Incremental Fit Index (IFI) = 0.999
Relative Fit Index (RFI) = 0.985

Critical N (CN) = 845.705

Root Mean Square Residual (RMR) = 0.667
Standardized RMR = 0.0243
Goodness of Fit Index (GFI) = 0.987
Adjusted Goodness of Fit Index (AGFl) = 0.974
Parsimony Goodness of Fit Index (PGFI) = 0.480

BETA
CoM PROB
CoM - - 0.245
PROB - - - -
GAMMA
GRO TEA
COM 0.509 0.179
PROB 0.182 0.126

Correlation Matrix of ETA and KSI

COM PROB GRO TEA
COM 1.000
PROB 0.410 1.000
GRO 0.662 0.247 1.000
TEA 0.497 0.220 0.518 1.000
PSI
Note: This matrix is diagonal.
COM PROB
0.474 0.927

COM 0.553 0.210
PROB 0.182 0.126
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Completely Standardized Solution

LAMBDA-Y
CcoMm PROB
COML 0.671 - -
COMW 0.452 - -
PROB1 - - 0.640
PROB2 - - 0.813
PROB3 - - 0.628
PROB4 - - 0.735
LAMBDA-X
GRO TEA
GRO1 0.748 - -
GRO2 0.788 - -
GRO3 0.893 - -
TEA1 - - 0.840
TEA2 - - 0.857
TEA3 - - 0.779
TEA4 - - 0.811
TEAS - - 0.805
BETA
CoMm PROB
CoMm - - 0.245
PROB - - - -
GAMMA
GRO TEA
CcoMm 0.509 0.179
PROB 0.182 0.126

Correlation Matrix of ETA and KSI

COM PROB GRO TEA
CoMm 1.000
PROB 0.410 1.000
GRO 0.662 0.247 1.000
TEA 0.497 0.220 0.518 1.000

PSI
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Total and Indirect Effects
Total Effects of KSI on ETA

GRO TEA

CoM 0.553 0.210
(0.067) (0.064)

8.198 3.272

PROB 0.182 0.126
(0.055) (0.053)

3.280 2.397

Indirect Effects of KSI on ETA

GRO TEA

COM 0.045 0.031
(0.017) (0.015)

2.585 2.012

PROB - - - -

Total Effects of ETA on ETA

CoM - - 0.245
(0.066)

3.735

PROB - - - -

Largest Eigenvalue of B*B" (Stability Index) is 0.060

Standardized Total and Indirect Effects

Standardized Total Effects of KSI on ETA

GRO TEA
CcoMm 0.553 0.210
PROB 0.182 0.126

Standardized Indirect Effects of KSI on ETA

CoM 0.045 0.031
PROB - - - -

Standardized Total Effects of ETA on ETA

COM - - 0.245
PROB - - - -
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2. NaMFIessRasAlsznauBsiuduaaslunansiadawdswas (Measurement Model)

2.1 suuumsiaaaudsuesniauan

ISREL Estimates (Maximum Likelihood)

LAMBDA-X
GRO TEA
GRO1 5.679 - -
(0.267)
21.308
GRO2 6.237 - -
(0.278)
22.405
GRO3 9.755 - -
(0.353)
27.598
TEAL - - 2.661
(0.122)
21.823
TEA2 - - 9.122
(0.345)
26.479
TEA3 - - 2.973
(0.122)
24.343
TEA4 - - 2.819
(0.117)
24.079
TEAS - - 3.736
(0.158)
23.720
PHI
GRO TEA
GRO 1.000
TEA 0.522 1.000
(0.033)
15.807
THETA-DELTA
GRO1 GRO2 GRO3 TEAL TEA2 TEA3
GRO1 26.215
(1.781)
14.716
GRO2 - - 26.020
(1.899)

13.701



GRO3 - - - - 21.052
(3.206)
6.566
TEAL - - - - - - 4.969
(0.373)
13.327
TEA2 - - - - - - 2.377 28.894
(0.696) (2.674)
3.417 10.807
TEA3 - - - - - - - - 3.187 4.598
(0.718) (0.345)
4.441 13.336
TEA4 1.398 - - - - - - - -
(0.504)
2.775
TEAS - - - - - - -1.152 - - - -
(0.320)
-3.604

THETA-DELTA

TEA4 TEAS
TEA4 4.548
(0.314)
14.472

TEAS - - 7.966

(0.583)

13.662

Squared Multiple Correlations for X - Variables

GRO1 GRO2 GRO3 TEA1 TEA2 TEA3

0.552 0.599 0.819 0.588 0.742 0.658

Squared Multiple Correlations for X - Variables

Goodness of Fit Statistics

Degrees of Freedom = 15
Minimum Fit Function Chi-Square = 22.233 (P = 0.102)

Normal Theory Weighted Least Squares Chi-Square = 21.959 (P = 0.109)

Estimated Non-centrality Parameter (NCP) = 6.959
90 Percent Confidence Interval for NCP = (0.0 ; 23.603)

Minimum Fit Function Value = 0.0328
Population Discrepancy Function Value (FO) = 0.0103
90 Percent Confidence Interval for FO = (0.0 ; 0.0349)
Root Mean Square Error of Approximation (RMSEA) = 0.0262
90 Percent Confidence Interval for RMSEA = (0.0 ; 0.0482)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.964
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Expected Cross-Validation Index (ECVI) = 0.0945
90 Percent Confidence Interval for ECVI = (0.0842 ; 0.119)
ECV1 for Saturated Model = 0.106
ECV1 for Independence Model = 7.417

Chi-Square for Independence Model with 28 Degrees of Freedom = 5005.347
Independence AIC = 5021.347
Model AIC = 63.959
Saturated AIC = 72.000
Independence CAIC = 5065.500
Model CAIC = 179.861
Saturated CAIC = 270.689

Normed Fit Index (NFI1) = 0.996
Non-Normed Fit Index (NNFI) = 0.997
Parsimony Normed Fit Index (PNFI) = 0.533
Comparative Fit Index (CFI) = 0.999
Incremental Fit Index (IFI) = 0.999
Relative Fit Index (RFI) = 0.992

Critical N (CN) = 932.212

Root Mean Square Residual (RMR) = 0.836
Standardized RMR = 0.0194
Goodness of Fit Index (GFI) = 0.992
Adjusted Goodness of Fit Index (AGF1) = 0.981
Parsimony Goodness of Fit Index (PGFI) = 0.413

Completely Standardized Solution

LAMBDA-X

GRO TEA
GRO1 0.743 - -
GRO2 0.774 - -
GRO3 0.905 - -
TEA1 - - 0.767
TEA2 - - 0.862
TEA3 - - 0.811
TEA4 - - 0.798

TEAS - - 0.798
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LISREL Estimates (Maximum Likelihood)

LAMBDA-X
CoM

COML 4.239
(0.490)

8.651

COMW 2.725
(0.242)

11.270
PROB1 - -
PROB2 - -
PROB3 - -
PROB4 - -

PHI

COM

CoM 1.000

PROB 0.654
(0.057)

11.422

THETA-DELTA

COML
COML 81.118
(5.203)
15.591
COMW - -
PROB1 - -
PROB2 -1.039
(0.390)
-2.662
PROB3 - -

6.8
(1.1
5.7

0.835
(0.047)
17.629

1.156
(0.050)
22.902

0.967
(0.056)
17.388

0.893
(0.047)
19.016

66
88)
81

PROB1 PROB2
0.924
(0.059)
15.539

- - 0.519

(0.071)

7.315

- - -0.178

(0.058)

-3.082

PROB3 PROB4

0.966
(0.080)
12.070



PROB4 - - - - - - - - - - 0.828
(0.057)
14.450
Squared Multiple Correlations for X - Variables
COML COoMwW PROB1 PROB2 PROB3 PROB4
0.181 0.519 0.430 0.720 0.492 0.491

Goodness of Fit Statistics

Degrees of Freedom = 6
Minimum Fit Function Chi-Square = 11.675 (P = 0.0696)
Normal Theory Weighted Least Squares Chi-Square = 11.192 (P = 0.0826)
Estimated Non-centrality Parameter (NCP) = 5.192
90 Percent Confidence Interval for NCP = (0.0 ; 18.721)

Minimum Fit Function Value = 0.0172
Population Discrepancy Function Value (FO) = 0.00767
90 Percent Confidence Interval for FO = (0.0 ; 0.0277)
Root Mean Square Error of Approximation (RMSEA) = 0.0358
90 Percent Confidence Interval for RMSEA = (0.0 ; 0.0679)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.731

Expected Cross-Validation Index (ECVI) = 0.0608
90 Percent Confidence Interval for ECVI = (0.0532 ; 0.0808)
ECVI for Saturated Model = 0.0620
ECV1 for Independence Model = 2.298
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Chi-Square for Independence Model with 15 Degrees of Freedom = 1543.563

Independence AIC = 1555.563
Model AIC = 41.192
Saturated AIC = 42.000
Independence CAIC = 1588.678
Model CAIC = 123.979
Saturated CAIC = 157.902

Normed Fit Index (NFI) = 0.992
Non-Normed Fit Index (NNFI) = 0.991
Parsimony Normed Fit Index (PNFI) = 0.397
Comparative Fit Index (CFI) 0.996
Incremental Fit Index (IFI) 0.996
Relative Fit Index (RFI) = 0.981

Critical N (CN) = 975.872

Root Mean Square Residual (RMR) = 0.167
Standardized RMR = 0.0168
Goodness of Fit Index (GFI) = 0.995
Adjusted Goodness of Fit Index (AGF1) = 0.981
Parsimony Goodness of Fit Index (PGFI) = 0.284

Completely Standardized Solution

LAMBDA-X
CoMm PROB
COML 0.426 - -
COMW 0.721 - -
PROB1 - - 0.656
PROB2 - - 0.849
PROB3 - - 0.701

PROB4 - - 0.701
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