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SHolA & ARG S AHESh] ol v (RHE 3], 2014). Ml o] A ¢k
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wlo] x| ¢t FAWME FHo| Arjets m4el FAWle] AMF Ry=
MCMC(Markov Chain Monte Carlo)2} 72 FA4124 AALS o] &3] FE3]
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9 HolAYe Fal el RS A% BrAHS o] APREES @
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ot el gk W Ee] ATFEHATHEl: Gelman & Rubin, 1992

Heidelberger & Welch, 1983; Kaplan & Depaoli, 2012; Raftery & Lewis
1992). o]% w232 ARl 7t A8 7id A, Gelman¥}t Rubin(1992)
o] Aetst PSRF(potential scale reduction factor)E 7F4 de] AF&3ic).
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Depaoli, 2012). o] A+olA 83+ Mplus 86(Muthén & Muthén, 2018)
A= PSRFE 7} R4 5E 10004 wEnich 2kelshm, 1.05014 1.1 A
ole] & YEtd A9 st {J_r gcH(Muthén, 2010).

ol A WA A RGP L ok 2 (2-15)3 A (2-16)F o] ¥

_

_I

)

S

- - E]{]l—'ﬂ

l FEREAARYY] Aor AT %AE‘r olefoll A y= ple] E&5W

o] WE, p= mIle] AWl W, zv ¢S] SHWT WE ol e}
¢e A WEEN Z47F Fet 0, Bk E 0% vE /I

y=a+An+ Kz +¢ - 21 (2-15)

n=v+BntIz+( e A (2-16)

ol O ¥ PHL

EE5 178 E(block diagonal matrix)= 7F4 3, o}
o Ale} o] AT F

10},
wll 0 * O
w=| ) Yl - @2-17)
0 0 ---Y,
A (2-17Dl A iz A& 338 v = x3 BAF FEAEE (full variance

covariance matrix)°]t}h. ¢l & 5ol o] v,
ok A (2-18)0l A ki w0 Avlolv, ki BEwit ohE ghs zhet)h 3
2 0 A vel FdeA s

wjll wjl? o wjlk
g,jj — %21 %1‘22 Qp]zk Al (2-18)
i1 iz -+ Py

rm

o AAHEYE AAI7] Yste] v v, o, A, B, I, K &
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v N(707 Q,y)

ol
iz

ol w ol thalA obell 2 (2-20)3F 3]
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=

q= =

- 2] (2-20)

J

vy, ~ IW(92, . d, )

KeN
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= o

7] ol A

¥E

pA

SHH(Lee, 2007).
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[nl¥,©,, Y, priors]

3}7]:

194, n ddol&

v, 0,n, Y, priors]

3}7]:

2¢HAl. v dHlolE

(W, O, n, Y, priors]

3}7]:

3. w0 dHoE

I U7t PSRF7F 7]5X 1w} 2lolx]
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(Muthén, 2010).
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o] A 74A]
(Hierarchical Linear Modeling, HLM)

5742 9]
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o O WAESR AF

A EIe] FIAHS AEsE WHoeRE EFHO®E Sobel #HA
(Sobel, 1982), FE~E @3 (bootstrapping, Preacher & Hayes, 2008),
ZH 7S 2 WY (Monte Carlo Confidence Interval, MCCI; Preacher &
Selig, 2012)3} #& #WWEo] Qv 28|y o]F Sobel A} LEXE
g1 v wiad HIol A Zth(Preacher & Selig, 2012;
Geldhof et al., 2014). " A Sobel A2 wi/lad&E FAH= Z=2AF

=
X QA AFEEE o] E AL ARG 2y AA b9 BEE A
TEYZF old tgFE AXE o|E0he AHolA o] /MAHS F5317] o
9 A&ste=d A vk H, FEXEHFY] AF @dd FE
(single-level)®] w7l &3} HZFol+= d8] AFEHAT 2-1-1 %9 22
g i azte] A9, A EA (resampling) A ANA 25Fol HAE 15
= A e 25 JNA U WEske wAZE AT e (3
A, vh&3 2022), b EPoA 9 ol & AV|7F A& EX

|

& 7
oz g AP 1% /F/F 743 AXE dHel 9
(Fritz & MacKinnon, 2007; Fritz et al., 2012; Goldstein, 2011; Preacher
& Selig, 2012).

3 Preacher®} Selig(2012)e] 2]&] A<ty =4
24 1 FAAE] AoA B4 W FRAL olgd ab o BRR
3 (sampling distribution)& Atk ZHZFEZ WA= 4 (2
B o] v AFREE shAEH, olw a9 b #t

o
2 ogdE & g, g 2zedel slwel o us A4

’

Y
Ll
ot
ol
L
rlo
td
ot

(pseudorandom number generation)S AF-&3kch T3E Al sfe] W<l ZH

—~

of WwAyetE b V1 BAQ Fxo] wMAET] A 0,8 002 AT

t}(Preacher & Selig, 2012).
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* R
[a*}NMVN H %a Tcb A (221)
b b Uab JZ

Ew o] X 25%, 975% @S o4 959% AT
interval) S AlAbgtct, o] 2 A gk A= Hzbo] 0E E2ESHA] Fow wH)
NEaH7F frelstttar d A s (Dunkley et al., 2014).

MAES AF dHeRAN BEHssSE e oy g 3Hs 2
=9 AA, 9AE(raw data)S Fo= A ¢kow wx| ufsf g}
dHE FRATY] FHAAEY o5 FEO RFAR JdowW s
NE TS AL S QAT B4, A SE7F w9 el fEHe o

94
A AZke]l dad mye] Zpoe vifaste] =3k Alo] &oldt
o}

Fi
—~
aQ
o
=]
=h
(o
@
=)
(@]
@

2 &7} 55tk (MacKinnon et al., 2004; Preacher & Selig,
2 = FHotara, o] AT E EHMER WS
of 3 wphEHe FY8E HFetna g

3. #gad

2-1-1 7z v5 mMiAEs BgddA s Wgads glde Aol F
83k ol F shytoltt. W= g Y(contextual effect), 155 WSl 1+ &
A7 ol wet 24 Yehdes 232 A o5 M (Raudenbush & Bryk,
2002), 1579 oW Wl FEFH S g Foll A3 297FdA &
Ag Welo] g3FHo] nX= A4S s (A, 2013). W E o

of| Al 23+ Marsh(1987)9] 7] 22 A% &3 (big-fish-little-pond

=€
L
effec)® 5 5 oAtk & Ba7] Ao A% wde, FUT FAYAES
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ols} o] wWelEai [y U] Ee} ek 7 EIE MmFoRA 7
A} g ol 2-1-1 Fxo BF uAEdls WEnE s
A, AR FEeIA HARADM0] FEHEA(Y )l WAL A v &

= %@tw@@ﬁﬂ g 5 olrk old ﬂ“ﬂ;@ﬁ Aa 2 gk ga W 7
J_,/]"O/] i]—o]’ % Vbetqueen_fywithin‘g‘i -irxé —(ﬂ_q’(o]w Z'E 7H?—]-, jl‘z‘ @%% 'o/]
1 Eh.

olA§ WFEHeE JiJIFETE W) FJd ST ) 2] vuE
3l gRdetr] W AR e tERE v 7 e B fAA
A¥E s UMM(unconflated multilevel model), th& 242 R2E)S
e Ho

g} FstH, ol& ol &3] Wetads FAHLA 3= AlREe
th(oll: Ludtke et al., 2008; Pham, 2017; Preacher et al., 2011; Zhang
et al,, 2009). 15 B2 AlEHA AFE Fa WEEH FAH Qo] o
T TENAAEYE A&t Blo] A4ttt FHEHAY. vF 2
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o] dATeA+= OECD7F F#ete= sgAd3H= =4 vl AT
(Programme for International Student Assessment, ©]3} PISA) 2018<]
g HolH & o] &ato] st IPFTE, T Fdde], 1eal ¢7]
2% AAE Fetetaak stth PISAE A AA v 164 SAES U
dE el 7, #A8 e AR Vs ® vu, A7 9g
A Hla BrrE v Fr)uig ¢}, 8 #3ek T 3 4o

T [¢]
o} PISA 20182 217 998 A 9oz dAse Al

o2 MAAd
= AT

PISA 20182 -¢-#jutetell A 1887HL 8] A 6876 = HAF o=
A A3ATHOECD, 2019). 744 o2 8w 347/0% 9179, 153w

© 29A SshEd U
s

1 %, 2019)
PISA 2018 A5+ oA ¥ dug x5 F S FH6H7] dEel s
Qbell Aol AlE vS7E2E Ha dval = 7 duh o2/ ¥
6,876 ] A T AA SAIA= 18870 uLe] 6,650 o] AT} o]F 5%
A 15470 0Le] 57647, A 367]ae] 886T ottt 15 o] AT
Mz atestal 1shd sk B a1e skl o] wAbR AT tide A
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A (multilevel confirmatory factor analysis; MCFA)S A|etslich #zE
Al parde] W gy = ok A 3-D3F 2ol Al 7HA 824(V] yg), Yy
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wgi
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U 0)S T5E 2 A5ES] pAk WE, ¢
)& WEE oabsel pAd WEoln @, A%
(pxm) ALelth p,,=

nugl~MVN(0 v 7S FESe 29 AFEY makd wEoH,

H
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3. Mplus ZE: b3 AFE 4 (d: Fd29 W)

TITLE: Multilevel Reliability_McDonald’s omega (variable: attitude)
DATA:

FILE = merge.dat;
VARIABLE:

NAMES = schid gender escs schtype pl-plO al-a3 bl-b3 cl-c6 d1-d6
el-eb f1-5 gl-g5;

USEVARIABLES = schid al-a3;

MISSING = all (9999);

CLUSTER = schid;

ANALYSIS:
TYPE = TWOLEVEL;

MODEL:
2%WITHIN%
engagementl BY al*x(WL1)
a2 (WL2)
a3 (WL3);
attitudel @1;

al (WR1);
a2 (WR2);
a3 (WR3);

%BETWEEN%
engagement? BY al*(BL1)
a2 (BL2)
a3 (BL3);
engagement2@],;

al (BR1);
a2 (BR2);
a3 (BR3);
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OUTPUT: SAMPSTAT;

MODEL CONSTRAINT: NEW(NUMW DENOMW OMEGAW HW
NUMB DENOMB OMEGAB HB);

NUMW = (WLI1+WL2+WL3)**2;

DENOMW = ((WL1+WL2+WL3)**2)+(WR1+WR2+WR3);
OMEGAW=NUMW/DENOMW;

HW = 1/(1+(1/((WL1#%2/WR1D)+(WL2#x2/WR2)+(WL3#%2/WR3))));

NUMB = (BL1+BL2+BL3)**2;

DENOMB = ((BL1+BL2+BL3)*#2)+(BR1+BR2+BR3);
OMEGAB = NUMB/DENOMB;

HB = 1/(1+(1/((BL1##2/BR1)+(BL2%*2/BR2)+(BL3**2/BR3))));
WR1 > 0; BR1 > 0;

WR2 > 0; BR2 > 0;

WR3 > 0; BR3 > 0;
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4. Mplus Z=: H]o]X| ¢t b F FRYAHAEY

TITLE: 2-1-1 mediation (MSEM) - PV1 example
DATA:

FILE = merge.dat;
VARIABLE:

dl-d6 el-eb f1-f5 gl-g5;

MISSING = all (9999);
BETWEEN = el-eb;
CLUSTER = schid;

ANALYSIS:
TYPE = TWOLEVEL;
ESTIMATOR = BAYES;
PROCESSORS = 2;
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MATRIX = COVARIANCE;

MODEL:
2%6WITHIN%
gender escs al-a3 pvl schtype;
attitudel BY al-a3;
attitudel ON escs schtype;
pvl ON attitudel(c);
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al-a3 gender escs schtype pvl el-eb;
attitude2 BY al-a3;

class BY el-e5;

attitude2 ON class(a);

attitude2 ON escs schtype;

USEVARIABLES = schid gender escs schtype pvl al-a3 el-eb;

NAMES = schid gender escs schtype pvl-pvl0 al-a3 bl-b3 cl-c6
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class ON schtype escs;

pvl ON attitude2(d);

pvl ON class(b);

pvl ON escs gender schtype;

MODEL CONSTRAINT:
NEW (indb context);
indb=ax*b;

context=d-c;

OUTPUT: standardized; TECH1 TECH3 TECH8 TECHI16 CINTERVAL;
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Abstract
The Effects of School Climate

on High School Student’s
Reading Literacy Mediated by

Engagement

— Application of Bayesian Multilevel SEM -

Dayeon Lee
Department of Education

The Graduate School

Seoul National University

This study aims to investigate the structural relationships between
the school academic climate, students’ academic engagement, and
reading literacy. Specifically, we examine how the school academic
climate influences students’ reading literacy by considering student
academic engagement as a mediator, thus confirming the relationship
between these three variables. The analysis utilizes data from the
PISA 2018 South Korean study, an international comparative research
on academic achievements conducted by the OECD. We employ

multilevel structural equation modeling (MSEM) to identify the impact
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of school climate on students’ reading literacy. Considering the
model’s complexity, the Bayesian estimation method is adopted to
estimate the MSEM. The significance of the estimates is determined
by whether the 95% credible interval includes 0. Additionally, we
assess the significance of multilevel mediation effects by examining
whether the 95% confidence interval, calculated using the Monte
Carlo method, includes 0. Moreover, we investigate the contextual

effect of academic engagement on reading literacy.

The research questions are as follows:
1. What are the structural relationships between the school academic
climate, student’s academic engagement, and reading literacy?
1-1. What is the impact of the school academic climate on
students’ reading literacy?
1-2. How does the school academic climate influence student
academic engagement?
1-3. How does students’ academic engagement affect reading
literacy?
1-4. Does student academic engagement mediate the relationship

between school academic climate and reading literacy?

2. Does a contextual effect of student academic engagement on

reading literacy exist?

The main research results are summarized as follows. Firstly, the
study found a positive overall effect of the school academic climate
on students’ reading literacy, with a significant standardized

coefficient of 0.34 (95% CI = 0.23, 0.49). Moreover, it was confirmed

that the school academic climate positively influenced student
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academic engagement, with a standardized coefficient of 0.42 and a
95% credible interval of (0.19, 0.64), which was also deemed
significant. Additionally, the effect of academic engagement on
reading literacy was found to be positive both at the student level (8
=0.08, 95% CI=(0.05, 0.11)) and at the school level (5=0.48, 95%
CI=(0.26, 0.66)). These findings were significant as the 95% credible
intervals at both levels did not include zero. Finally, regarding the
decomposition of the total effect into direct and indirect effects, by
considering student academic engagement as a mediator, the direct
effect of the school academic climate on reading literacy was not
significant  (B=0.14, 95%  CI=(-0.02, 0.30)). However, the
unstandardized coefficient of the indirect effect, representing the
mediation of student academic engagement in the relationship between
school academic climate and reading literacy, was 44.15, with a 95%
CI of (4.55, 118.28), thus confirming its significance. In summary, the
results suggest that the positive effect of the school’s academic
climate on higher reading literacy can be attributed to its impact on
increasing student academic engagement rather than directly
influencing reading literacy.

Secondly, the study revealed that there was a contextual effect of
students’ academic engagement on reading literacy. The difference
between the unstandardized coefficients of student’s academic
engagement on reading literacy at the two levels was 52848, with a
95% CI of (203.66, 939.68), indicating significant. This means that a
student with the same level of academic engagement attending a
school with a high average academic engagement may exhibit higher
reading literacy than a student attending a school with a lower
average academic engagement. These differences may arise due to

the school characteristics shaped by the attributes of the students. It
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can be inferred that students who associate with peers exhibiting
higher academic engagement may have elevated expectations or
standards for their academic achievements due to their surroundings.
This study delved into the relationships between the academic
climate of schools and students’ academic achievement, an area that
has received limited attention in South Korea. The results underscore
the significance of cultivating an academically friendly climate to
enhance students’ academic achievements. Furthermore, in terms of
statistical methodologies, this study introduced and applied techniques
suitable for addressing multilevel data, including multilevel
confirmatory factor analysis, multilevel reliability analysis, and
Bayesian multilevel SEM. Additionally, we discussed the necessity of
employing appropriate statistical methods that account for the
structural properties when analyzing multilevel data. Lastly, to
facilitate a comprehensive comparison, we presented the results of
model coefficients and mediation effect estimation analyzed using a
single-level SEM, along with the results of testing mediation effects

using Delta test in the appendix.

keywords : reading literacy, academic climate, academic
engagement, Bayesian multilevel structural equation modeling,
multilevel mediation effect, contextual effect

Student Number : 2021-29808
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