5 1 2
(Structural Equation Model: SEM) 3

4

(Multilevel Latent Growth Curve Model: MLGCM) 5

¢ " (classical methods for measuring change)
(dlifference score)
(spurious correlation)
2 (residual change score)
(spurious  correlation)
3
(estimated true gain score)

4 (hased-free measurement
of change) (spurious correlation)

5
(relative gain score)
(2537) (ceiling



effect)

(classical test

theary)
0
3 ( , 2537, , 2539
, 230 ;540
15" " " (recent methods of measurement of change)
2
(measurement  model)
(linear structure equation model)
3 (measurement model)
(structural  equation
model with latent variables and predictors) 2
(longitudinal factor analysis model) 2
(baseline longitudinal factor analysis model) Tisak
Meredith  (1990) (2539)
2
(common factor score) (unique factor

score) 1



1

b, b,, b, b,, b, b,
v, | |, Y, | |v, . | | %
€41 €12 €5 €2 €44 €3,
S 7
1
2
2

Raykov (Raykov’s latent variable growth curve
model or longitudinal factor analysis model)

3
McArdle, Hamagami ~ Epstein (1998) (latent growth curve model
developed by McArdle, Hamagami and Epstein)
Raykov 5
(autoregressive mocel)
(constant)
2 Raykov
McArdle, Hamagami ~ Epstein
Y Y 3



Yt

L*

Bt

MI
Ms

DI

O &

L

8r

L, +Bfl [ +E.
Mjl) + Ds *
MIt) + DL*

1

(constant)

12



13
RLS L

(correlation  coefficient)

(A4 L.

Y.r
B, B, (factor loading)

(flexible)
B(t) McArdle  Hamagami 4
(latent
growth curve model with free parameter ~ FRC model)
(latent growth curve model with fixed parameter
FIC model) (linear growth model LIN model)
(no slope baseline growth model ~ NSB model)
( , 2539; , 2539; , 2541)



14

1% w8, :
Y. Y Y Y, 7
D, D, D, D,
(e O OENEC
o 5 '
MW 2 I;maiﬁaﬁeummﬁié:,:J‘;'uNﬂum'ﬁmswzﬁiawﬂaswwn
2 (Structural Filiation Model)
(Structural Equation Model SEM)
SEM
2 (factor analysis)
(path analysis)
2
(measurement mocel) (structural model) ( , 254))
1 (measurement model) 2

2



X = A N + 8
(px)  (pxm)(mx]) — (pxI)
Y oo= AW L
(axl)  (axm)(nxl)  (axI)
2

£,

endogenous variables) ~ *

variables)
= + |‘(2
(nxl) — (nxn)(nxl) - (nxm)(mxI)

NX

NY

NK

NE

2

15

(structural equation model)

(latent
(latent exogenous

t G

(nxl)
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5, —» X, [— n Y, [&—c¢,
Ax Ay
LAMBDA X LAMBDA Y
O, O 1§ B 0.
THETA-DELTA PHI GAMMA  BETA vl
W
PS|
d, —E<— n P YL
DELTA X KSI ETA ZETA Y EPSILON
3 (LISREL)
X = Eks : X (NXx)
Y =W = Y o (NYX)
¢ =X = K (NKxI)
- Fta = E (NExI)
0 = Delta - d X
(NXxI)
= Epsilon - e Y
(NYxI)
< -z = z E (NExI)
AXx = Lambda-X = LX = K X (NXXNX)
Ay = Lambda-Y =LY = E Y (NYXNY)

F - Gamma - GA - K E (NEXNK)
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(3 = Beta = BE = E E (NEXNE)
0 = Phi = PH =
K (NKXNK)

VW = Psi = PS =

yA (NEXNE)
05 = Theta-delta =TD=

d (NXXNX)

O e = Theta-epsilon =TE=

e (NYXNY)

- (variance - covariance matrix)

(Structural Equation Model: SEM)

(causal  relationship)

(independence)
(time
series data) 2
(time lag)
(Structural Equation Model: SEM)
SEM 3

(multiple correlation)
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SEM ' 1

SEM
: »
(construct validity) (model validation)
(chi-square statistics) (GFI)
(AGFI) (RMR) ( , 2542)
(Structural  Equation
Model: SEM) ,
(hierarchy)
(Structural Equation Model: SEM)
(hierarchy)
(measurement model)
3 1 1
(multilevel) 5 (
) ( 2
( ) (

4) ( )



type | eror (Raudenbush &  Bryk, 1986

B5A)

Hierarchical Linear Model ~ HLM

=P +P > +
Yg
pi
P!
[
( | 2541)

(slope as outcome)

(1978)
equation approach)
/

)
*)

Raudenbush  Bryk (1980)

Burstein, Lin & Capell
(ordinary least square separate

X) Y X

19
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X (Raudenbush

& Bryk, 1986; , 2534) 2
(micro level) (macro level)
1 (micro level analysis)
Y1 X1
= «HP X»t |
Y13
| )
X
[¢)
| J
a, intercept 0
(G =F-m)
P,
1
R} Y E-N
ag By
2 (fixed effect)
2 (macro level analysis)



ISfituke ", 1 \hmy.zvims
*TC it e5;

a = a +tPaZ +8,

P, =Po+Pb +

Pb

unique effect
unique effect

(OLS separate equation approach)
(Raudenbush & Bryk,

1992)

(hierarchical data)
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(Structural Equation Model)

4 ] (Multilevel  Latent
Growth Curve Model: MLGCM)

(the total covariance matrix, 7)
(within group covariance matrix, )

(between group covariance matrix,  9) /= + B,

Muthen (19%) (Duncan et , 1997)
[ = + 0 5 C
(common group size)

(fitting function)

fitted function = G{iIn  w+ cZ B +trace[(Zw+ ¢Zg)1SB - Injsp| -p) +
(NG) lIn w| +trace(Zw'SpJ - In |sp - p]

(fitting function)
(between group model)

©)
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(within group model)

(N-G)
C
(full information maximum likelihood estimation ~ FIML)
C
FIML
2 (multiple group
analysis 1) (within group model) 2 (between
croup mOdED 4
(hetween
group mOdel) C 4
(within - group
level) (between group level) 1
(slope) (within group level)
(between group level) 1 0 2
1 2
(1 (2
(3 5
T ( )
A
d

c (common sample size)



Group 1 /

MLGM)

Between

Intercept

Within

Intercept

24

Within ~ Between

(multilevel latent growth model
(Duncan et ., 1997)

w
|
T
S,, = H
[
N
Group 2
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Group 1

Marital Status Family Status Economic Status |

Between

Intercept

Between
Slope
[-w
A4
dl
e
T

d1 di
c V¢ Ve
b \ b b
T T 1, ]
0 ‘
‘ |
1 \ 4
1 ;
H
|
Intercept
N

Gender

Age Age Quadratic

S

Group 2

i 5 lueanannManA LSRN LA UTUEAITEA Within

) Between ( ) (Duncan et ., 1997)
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L
2 [ ' (intraclass correlation) 2
21=0
LISREL (multiple group strategy)
[
3.
(within variance-covariance metrix = ) (variation) [,
pooled - within metrix
(total variance - covariance metrix = )
4,
(between variance - covariance metrix = )
()

b W+ cEh



27

multilevel covariance structure model
model SEM

Fries (1948)

3
Stewick (1972)

2,000 3-6 6
50,000-80,000 22
18
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(cognitive variable)

50 (intellectual
ability)
( . 2528;
, 2921 , 2536)
(Travers, 1958
, 2529, , 2525, , 2531, , 2531,
, 2532, 12533, , 2533; ,
2533, , 2537)
2
2
]



©

2549)

29



30

5 (goal and
(maximum  opportunities to

(student motivation) (principles
(facilities, equipment and resources)

objectives begin sought)
achieve multiple goals)
of learning)

(Travers, 1958 , 2509; , 2505; , 2531,
, 2531 , 2532 , 2533; ,
2533; , 2533: , 2537)
o > WO YDA BY
ANWUTTDIHISHY ,
wni - v . AIUMTNAANY ---p ASUUU
FUNWNTWEY " o
(ANNTUURLINAAUNY y)
sduvumsdEeu v
AnNg &
Jszaumsal r
6
1
4 2

(within slope & within intercept)

3



3

) (between  siope &
between intercept)

6 SEM
Raudenbush & sryk, (1986)

[
i
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-l s & & -l
UTNAZANGS MSANMITURIGANAS
. & |
sduuunisdau MIANE AFINTANEY ——
Between Intercept Between Slope
(IARAUNUTENINTEAY) (AMdusTNINNTEAL)

e \

b b b b

" J
=

Within Intercept

Within Slope

(amsaunumsluszav) (Amdumeluszav)

N

LS
iwauUunn
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