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Comparison of Confirmatory Factor Analysis of Measurement Model of Students’ Digital

Citizenship Between Maximum Likelihood Estimation and Bayesian Analysis
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Abstract

This article aimed to present comparatively between two confirmatory factor analysis methods
of measurement model of students’ digital citizenship, namely, the Maximum Likelihood Estimation,
which is widely used in research and is based on the concept of frequentist statistics, and Bayesian
analysis. The sample, randomly selected using two-stage sampling, consisted of 450 secondary school
students in schools under the Office of the Basic Education Commission (OBEC), Bangkok. The instruments
used in this research was a 46-item digital citizenship scale. Data was analyzed using confirmatory
factory analysis using Maximum Likelihood estimation and Bayesian analysis. The research findings were
as follows: 1) Bayesian analysis compared three models and concluded that the model with informative
priors on cross-loadings and residual correlations fitted the data better than alternative models and 2)
the results of confirmatory factor analysis of measurement model of students’ digital citizenship using

Maximum Likelihood estimation and Bayesian analysis was different.

Keywords: Digital Citizenship, Confirmatory Factor Analysis, Maximum Likelihood Estimation,

Bayesian analysis
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LUULUA (Bayesian Analysis) (Muthén and Asparouhov, 2012; Asparouhov et al., 2015; Dombrowski et al.,
2018)
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aa o 3

aaAUsENaUN 1 N133A%a aedusznoun 4 n1silasessaulumslinivia uaresiusenauil 5 msundesmuies

Tulanfava s1eavdenfInisne 3

A9 3 Anthundnesrlseneuvedlunanlidlvasaumaniswantasnnuuiaz dunounin

no informative priors

First-order factor loadings Digital Digital Digital Digital  Digital
Literacy Participation Identity Ethics Protection

1. Basic IT Literacy 0.917*
. Information Literacy 0.906*
. Creation and Adaptation 0.803*
. Digital Access 0.818*

2

3

il

5. Civic Engagement 0.691*

6. Digital Communication 0.903*

7. Digital Commerce 0.820*

8. Self-identity in Digital 0.582*

9. Digital Footprint 0.837*

10. Digital Etiquette 0.867*

11. Digital Law 0.862*

12. Digital Rights and Responsibilities 0.851*

13. Cyberbullying Management 0.823*
14. Privacy and Security Management 0.827*

15. Digital Health and Wellness 0.748*

Second-order factor loadings Digital Citizenship

1. Digital Literacy 0.931*
2. Digital Participation 0.981*
3. Digital Identity 0.972*
4. Digital Ethics 0.927*
5. Digital Protection 0.887*

*95% credible interval does not include zero

2.2 wansieszAlunadiiasaumanisuanuasauiasunauntinves cross-loadings
Tutpaf e sawnan1swaniasauunaziduneuntiives cross-loadings Wuluimainle

A3AUNANITLANLIIANYIEITuRBUNTILUUUNAYBY cross-loadings MAMLUSUSIUENTBER Y

A ~N(0,0.01) FapuuUsusiudnties 0.01 Mu8AIU31 Uszana 95% ¥89A cross-loadings MLAnTu

v
o a

nteearegluyig -0.2 fia 0.2 Inenansiasieiludsl
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v %
1 a1 o

B3AUTENRUN 1 M33ARTa Usenausiy 3 Faus fAndmtinesdusenauey seying .808 - 1.342

lneA1mENeIAUTENaUYRWILWNNNINTA fo Aruiiugumalulagansawmna sesmanae N33

o

ANTEUNFA harnsas9EsIAkaznsUsUltemadva

aa v

29AUTENBUN 2 NMIRAIUTIUNIIATIA Usenousie 4 Ar1Usd deumidnesduseneavey

S¥NI9 474 - 1.104 1ngA1U 1M No9AUsSENauVBIR1UIT NUNNTAER AD N1SABANTNIIRINE T0989U1AD

q

v
o aa o ~ aa o

nsndeRavia nsiiausinlugiusnallieaddva wagn1sBeuennmava

v
a1 o o I3

osdUsEnoudl 3 nsdnwishdnuallulanddvia Usgnouse 2 fusd Sanimiinesddszney
0g3E1I19 645 - 0.769 TagAntmiinesdusznouresisdiunniign Ao msnwdndnunififveanuios
sesaunfe Useiinsldanululanadvia

osfUsEnoudl 4 mafiasesnilunslindva Usenouse 3 fausd deniwdnesduseneu
ogj3eming 637 — 1.045 laAniwminesdusznevsesiasdfiinniian Ao uselunislindve sesasunie
AvizuarANNSURATEUNIRITIA Wagnsiansnsengineuas liasdndvsadva

osfUsnoudl 5 maundesmuiedlulanddvta Uszneude 3 fusd dandmiinesdusznen
98T 669 - .843 Tneaiminessusenourowinusdfiuniign fo nissnwianududiuiauazai
Uaenfensidvia sesasnie msmduguaguamlunsléidva uaznisdanisiunisnduundslulanfdvia

W aNa1suNsERURIAUsENaU NUl1 dA1UndnesrUsenausening .807 - .977 tag

v
d ° o 3

BIRUTENOUN 2 N13ildusumAdva duminesduseneugegn seswmanfe asAusznauil 3 N133NYIEn

anwallulanfdvia esdusenauil 1 N133A%a sedUsenaui 4 mMsdasesssulunmsliniia uazesdusenaud

5 msuntesmuiadlulanfavia s1uavidenfinisna 4

A1579 4 AnlmnesrusyneuvadlimaiivEnsaumanishantasnNitaziduneuntinues cross-loadings

informative priors on cross-loadings

First-order factor loadings Digital Digital Digital  Digital Digital
Literacy Participation Identity Ethics Protection

1. Basic IT Literacy 1.342* -0.073 -0.208 -0.173* -0.125*
2. Information Literacy 1.049* -0.027 -0.076  -0.138% -0.040
3. Creation and Adaptation 0.808* -0.023 -0.010  -0.156* 0.028
4. Digital Access 0.416* 0.623* -0.072  -0.155* -0.056
5. Civic Engagement 0.210 0.474* 0.012 -0.141* 0.054
6. Digital Communication -0.126 1.104* 0.027 0.006 -0.174*
7. Digital Commerce -0.039 0.606* 0.001  0.227* -0.047
8. Self-identity in Digital -0.215% -0.035 0.769* -0.070 0.054
9. Digital Footprint -0.224 0.033 0.645*  0.294* 0.031
10. Digital Etiquette -0.090 -0.048 -0.047*  1.045* -0.033
11. Digital Law -0.023 0.011 0.010  0.637* 0.183*
12. Digital Rights and Responsibilities -0.182 0.008 0.029  0.854* 0.071
13. Cyberbullying Management -0.094 -0.012 0.035  0.19¢6* 0.669*
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informative priors on cross-loadings

First-order factor loadings Digital Digital Digital  Digital Digital
Literacy Participation Identity Ethics Protection

14. Privacy and Security Management -0.113 -0.013 -0.016  0.087 0.843*
15. Digital Health and Wellness 0.095 -0.013 0.017  -0.085 0.687*
Second-order factor loadings Digital Citizenship

1. Digital Literacy 0.944*

2. Digital Participation 0.977*

3. Digital Identity 0.972*

4. Digital Ethics 0.877*

5. Digital Protection 0.807*

*95% credible interval does not include zero

23 wamswnzilueailiassumanswanuasanuinasdunountitves cross-loadings

wae residual correlations
Tumafiliansaumaniswanuasanuyrasidunouminaes cross-loadings wag residual
correlations \Julunaiiliasaunanisuanuasnuiivzifunountiiuuy Wishart nniu (inverse Wishart
distribution) 84 residual variances a1e IW(dD,d) lang D A® A1 residual variance 31AN15USEUUAN
Bayesian CFA uay d Ao 04A18a55083n15WnNLaIRNYaz 8y Wishart nnffu wazisunisiasizilay

fuunen d 1w 1000 ud23LAs129 Bayesian CFA Wuinen Posterior Predictive p-value (PPP) #1031 .05

LY
v v '

fatudunauneliisanan d Wiesas wasviinisiwsizriginieal d vl Jumnsuildyingrauninaglalumag

Awingay dudafvuaal d 1Wu 100 agldA1 PPP 11nn11 0.05 Taenan1sinsigsmdusiat

a o
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lngArmtinesAUsznouresinuwninian Ae anuiiugumalulagaisauna s8emunfe N33

o
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v
o P o o
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aa o

9rUsenaun 5 Msuntesnuadiulaniava Usenaunie 3 AUl da1divinesrdsenay

Yo '

Ej3¥1iNg 569 - .882 lagAimiinesdusznauvesnuadifiinniign Ae n1sdnnisiunisnaunnaslulansava

o °

sosaanfe Msshwianududuiuazanudasndenandva warnisiiuguaguainlunsldnia

VW BN A1TUNTEAUBIAUSENDOU NULT HANUINTNIAUTENBUTENRING 821 - .953 1ag

aa v

peRUsEnaUNSidI MR T minesdusenauasan seewmwunfe N133aavia n1ssnwdndnwallulan

o

favia NsiasesssuluNsuRdva warnsunteswuedbulanfava sneazdunfaniss 5

A1519 5 AminesAuseneuveslumanliasaumanisianiasnudiagiduneuninves cross-loadings

way residual correlations

informative priors on cross-loadings

First-order factor loadings Digital Digital Digital Digital Digital
Literacy Participation Identity Ethics  Protection

1. Basic IT Literacy 1.353* -0.128 -0.149 -0.147 -0.183*
2. Information Literacy 0.880* 0.001 -0.027 -0.026 -0.043
3. Creation and Adaptation 0.639*% 0.003 0.002 -0.027 0.023
4. Digital Access 0.172 0.768* -0.054 -0.083 -0.082
5. Civic Engagement 0.047 0.573* 0.003 -0.026 0.030
6. Digital Communication 0.024 0.782* 0.044 0.038 -0.079
7. Digital Commerce 0.031 0.562* 0.011 0.096 0.028
8. Self-identity in Digital -0.139 -0.043 0.688* -0.032 0.035
9. Digital Footprint -0.025 0.049 0.467* 0.153* 0.096
10. Digital Etiquette -0.065 -0.043 -0.017* 0.893* 0.001
11. Digital Law -0.001 0.018 0.011 0.618* 0.145
12. Digital Rights and Responsibilities -0.025 0.011 0.028 0.611* 0.109
13. Cyberbullying Management -0.096 -0.042 -0.021 0.028 0.882*
14. Privacy and Security Management -0.052 0.000 0.008 0.040 0.727*
15. Digital Health and Wellness 0.065 0.005 0.022 0.002 0.569*
Second-order factor loadings Digital Citizenship

1. Digital Literacy 0.946*

2. Digital Participation 0.953*

3. Digital Identity 0.921*

4. Digital Ethics 0.857*

5. Digital Protection 0.821*

*95% credible interval does not include zero

N 212



21361301 TIANANTTANEN Ui 40 avdud 107 unsax - guieu 2566

lunafilansaumanisuanuasaudiaviuneuniinves cross-loadings wag residual correlations

LEAIAN residual correlation Y89FUITLALALUTDIAUTENDU S18ALLDYARINITIS 6

A13149 6 AN residual correlation lapafiliansaunAnIsLanuasANazdunauntnues cross-loadings

way residual correlations

residual

correlation IT IL CA DA CE DC DCO sI DF DET DLA DRR (@] PS DH
IL -0.020

CA -0.062 0.249*

DA 0.253* 0.044 -0.056

CE 0.021 0.130* 0.153* 0.002

DC 0.018 -0.046 -0.041 0046 -0.017

DCO -0.045 -0.037 -0.014 -0.055 -0.132* 0.122

Sl -0.008 -0.080 0.033 -0.062 0.022 0.059 -0.040

DF -0.063 -0.114 -0.092 -0.018 -0.072 0.149* 0.105 -0.020

DET 0.016 -0.077 -0.081 -0.006 -0.115 0.075 0.147*-0.003 0.207*

DLA -0.049 -0.042 -0.042 -0.054 -0.022 0.045 0.074 0.022 0.022 0.053

DRR -0.021 -0.134* -0.141* -0.044 -0.128* 0.096 0.144* 0.039 0.140* 0.150* 0.142*

™M -0.023 -0.014 0.012 -0.052 0.015 0.012 0.069 0.088 0.056 0.113 0.050 0.114

PS 0.005 -0.101 -0.060 0.045 0.028 -0.060 -0.024 0.013 0.068 0.004 0.131* 0.054 0.012

DH 0.036 0.009 0.079 0.024 0.059 -0.063 -0.131%0.125* -0.051 -0.086 0.077 -0.054 -0.045 0.145*

DLIT DPAR DIDE DETH DPRO

DPAR 0.119

DIDE -0.013 -0.002

DETH 0.014 0.011 0.062
DPRO 0.016 -0.015 0.075 0.128

*95% credible interval does not include zero

%

2.4 wan1siATziesRUsznauldeBuduvaslumanisinanulunaiissidnavesinGeu
argsnsuszanaAianuinaslugedauazmsiasziuuuiud
nATedlETAswRlumaitesziuuuiud 3 lunanande lumailildasaumanisuan
wasenutazsfunownih uwaslumadliasaumaniswanwasnnaniesduneuntives cross-loadings Wui
faaodluanddlifianumnzautuioyn (PPP < 05) laswsulunaisves 95% tasmnuindodetidigs e
Fadiunshiansaunaniswanuasnnuyvzdunouniiuuu Wishart wniu (inverse Wishart distribution)
9849 residual variances 18 W(dD,d) laefiuualiia1 D Ae A1 residual variance 21nA15USEUIUAY D
Bayesian CFA wagza d tJu 100
NMIATIEUANLIUNTANYDlUNAN15aRASULARNAT Posterior Predictive p-value
(PPP) fiAnfivanyaylasmaus .05 wagasialndsiu 5 (Muthen and Asparouhov, 2012) Wu31 Taaadi b
ansaumAnNIsLINUIIANNLIsIduRpUNNveS cross-loadings Wagresidual correlations \ieslueaiiieniidl
ANLMINEAY UATTBULIATBY 95% FaAnuydeded Lifinudsiueysie uansiluealinnumanzas
(Nozaki, Puente-Martinez and Moira Mikolajczak, 2019) & anu31 Tataafl bl ansaumean1swanasniy

Unaziduneumin wavlumad anisaunanisuanuasauiiavidunsuntives cross-loadings AA1%
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wzay MnduinsSeuiieulumanuuuddaee Bayesian Information Criterion (BIC) waw Deviance
Information Criterion (DIC) Adiifisnndn aeliluinafifinrmaenndesiuteyaiind1 wuin ardvil BIC uang
T lusaildliasaumanisuanuasanuinazduieunh Wulnaiiaenndeatudeyaunnnilunadu
druandil DIC wanslimiuinlunaiilfansaumanisuanuasnutiasdunouniinves cross-loadings waz
residual correlations ifulanafidenndesiutoyamnnilunadu duainnsfiansanaada s 9 1¢
Foaguin Tumadimngauiigade lumailiarsaumanisuanuasanuiiagiduneuntives cross-loadings

way residual correlations S18azLduARINNTI 7

A1519 7 ANFYTNTIVEBUANUMUNILFUVDIIULAAAIENITIATIEVDIAUTENBULTIE UTULUULUE

95% C.I.

Tuina Lower Upper DIC BIC PPP
2.5% 2.5%

1. TpaitlyllransaumanIswaniasnang 462.111 539.620 12722.796 12925857 0.000

Wazduneunt (no informative priors)

2. TumadliansaumAnISUaNLasAILLNey  104.653 203.199 12368832 12931.525 0.000
Wuneuntihwes cross-loadings (prior

variances = 0.01)

3. lmailvasaunenIsuanuasaainy -11.460  87.826 12316737 13472173  0.084
WHuneuntves cross-loadings ag residual
correlations (prior variances = 0.01) and

residual correlations (d = 100)

a a o
2AUTIENANIIY
1. wan1siesziesausznauleBududienisuszanaaiauinandugegn

aa o '

NaN1sMIIERUANNEIRAdsvadlunanIsIaAuTunale e nudn luwallnudasnndng

layalieusedny lneAnminesdusenauvesdiuadndiliadaws .500 89 .843 agrelifadAgmneadia

£

1Y o o '

sy .01 wanslmiuinmusnmueifinnudfynennudunadiehiaa

2. WANITAATIZNBIAUTTNDULTNEUSURIINITIATIZARUULUE

Tunsiesgiieisnisuszanananuiislugee Mulsdunalaudazisiegneduiesie
fuUsesAUsznouLiissdaiien (unidimensional measures) %30 cross-loadings SiA1L¥1AU 0 egslsfini
Imaa%’wma‘mqwﬁlgjmmaawuﬁam%ﬁaﬁaLLUiﬁlﬁmﬂmiﬁﬂmmﬁamyimﬂﬁmmﬁ%ﬁa Fsivisesuds
Algnmsdanmazannrdedeslutamuseiures constructrelevant association sty e cross-loadings
annsanduldidnies (Onen, 2019: De Beer and Bianchi, 2019: Taylor, 2019) 91nuisenuidn e
cross-loadings AiAnTuintosgnazias iwur sl 0 Tu CFA wuudafy agldnadnsifanduiusues
Paduiimudndeannieiu (Gnen, 2019; Asparouhov et al., 2015) agnslsinnu Tu CFA wuusady lalanansa

fiagUaneA cross-loadings laogaas 1esainagvilmiindgym model identification Usgiiuduiieaiu
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&

CFA TumsU{TR Ae residual/error correlations Ussafsiiluina CFA lumnzaududoya Liuusaziings
fuuaen error covariances ntoelaeimualidunisfiwesdasyau M ilswnsuuuzthuly e
FAins1zsilaianansanianisallsin residual/error covariances lamsudeelidudass Taslamzednadale
AuAaUnfveslunaoi1aingn residual/error covariances fiA1tantasd1urunn waznisli residual
covariances fmuaLdudase daasvili degree of freedom sy denaliiAnlunmaiilianunsnseyls
Tana CFA fiflen cross-loadings wae residual covariances Wiavuadiu 0 o1aiduluinaiiszy
ligndes Inelunadidauauasedsiudenisougaliiian cross-loadings uaw residual covariances
Faanunsarlelaenisld Bayesian lun153iAs129 (Muthén and Asparouhov 2012; Asparouhov et al. 2015;
Dombrowski et al., 2018) Fdluluna Bayesian CFA A1 cross-loading tiag residual covariances ﬁ]xliigﬂﬁﬂwum
0w 0 v3edaselazauysal wivzliarsaumeanisuanuasenuiiazilunountives cross-loadings waz
residual correlations TlnéiAesrfu 0 Wilevililumamzantudayamniu fadu annswisuiteulueg
3 uuy anituilnaiivnzauiigaie lumailvasaumanisuanuasaaniazidunountiives cross-loadings

wag residual correlations

3. Wan1sUSEUIBUNISIATITBIAU TN UL EUs U lNan1sInA ULl B 9RINAYDS
L | v ad 1 1 I a '4
UniFeudigdsnisuszanauainuinasdugegauaznsinseikuuiud
WanasaadrinesausenauluseauasrUsenau N153LA1EY a9 USeNauLTad ugun9n1s
Ussanaanuiezdugean selinaiiosivsznoui 4 msfivsesssulunsldndvia Sumdnesdusznouggn

[

5998917A B 89AUTENBUT 3 N1SSA¥IeRanwal bulanAana ssausenaudl 5 nnsuntUesnutasiulandivia

'
aa v =

BIAUTENOUN 2 NMIRAINTINNATNA wazesdUsenoun 1 N133Ad%a Fansaiuduiunan1siiasiziesn

ia
UENausTeE udUAIENITAATIETRUULWE 22 TRa1189AUsENaUN 2 NSHEIUTINeRava Juminesrusenau

a Y s 0 3

g9an J09a8NA0 BsUsENBUT 1 N33AdTTa ssdUsEneudl 3 mssnwidndnuallulanddvia esdusznouil 4
nsfiasessailunslifava uazesduszneuil 5 mundeswuiedulanidsa
defirsandniminesddsznauresiived andtuin msliessiesavsznouidsdusudaens
Ansesiwuuiud aglirndntnesdussnouvesiaed il fuiu el sesdusznauiude agns
ARTERLUULIUdIYEINTa IR SEUIMANISHANKIIAULNazduReuntnee cross-loadings Taeivua Ll
mswanuasautasfuneuniuuuUnfves cross-loadings Aifleunususiudntessae A ~ N(0,0.01) 92
uanAn cross-loadings MiAnTuEnToseylutas 0.2 §1 0.2 wavannsaliarsaumanisuanuasruas
ADUNTIWUU Wishart HARWYDY residual variances Ae IW(dD,d) 3gwandan residual correlation YoIFIVT
wazfuUsesiuszneu MlAldilunafiauntaniu Sdunmsinseidensussaudanuinag dugen
a¢liansnssyen cross-loadings way residual variances ¢ uonainiiAiiniinesdusenouvesiaysd
Tuusiazesdusznouiiiaszisemsusssnumanuhasdugaauasmnseiwuuuddamuandnety
faifu nmemTIeTzitsiuasitui milnssiesdUszneuddudumeduinamsinandy

wallesRdviavesinSewiedinisussinamanninsdugeanuaznsiaseiuuuud alinan1siinsieii

LANAIAL
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Jolauauuy

1. msiimsinsiesinguny (multiple groups) ieFouiiisungumegnaididmsdimesluluea
wileufundeunnsieiy Wy fegeidudnisoussruduisendneneulanslulsassudaindidneu
pznTIUNIsMsAnYItuugu AulseSeuwenuiludsindinnuauenssumsanasunsinyienyu

2. msiinsdnudedeiidmanennudunadienstavesinissusssuduisondnwineulats

Weanaglsanuisathtadendwaluimuitarduasunnudunadiomialiiuinseussldle
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