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3. (longitudinal
factor analysis with several indicator model)
Raykov
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(2539) 3

4, (latent growth curve model)
Tuker  Rao .. 1958
(MacCallum et.al, 1997; Duncan, and Duncan, 1994 , 2542)
(structural  equation
model) McArdle Epstein (1987), McArdle Hamagami (1991,1995)
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cohort sequential

5 McArdle ~ Hamagami ( 99111995)
(flexible)
B(t) McArdle Hamagami
4 4
4.1 (latent
growth curve model with free parameter = FRC model)
Bt)

(constraint)
McArdle  Epstein (1987)

(unequal  disturbance variance)
(unequal disturbance variance model = UOV model)
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4.2 (latent
growth curve model with fixed parameter - FIC model)
B(l)
B() B()
(0122 111) ) = 100 ()=10 5
1
Y(1,) 100 + B(1) (10) 100 +0(10) 100
Y(2, ) 100 + B(2) (10) 100 + 2 (10) 120
Y3, ) 100 + B(3) (10) 100 + 2 (10) 120
Y{4,) 100 + B(4) (10) 100 + 1(10) 110
Y(5,) 100 + B(5) (10) 100 - 1(10) 90
B(t)
4.3 (linear growth model = UN model)
5
, -\ B({) (0,1,2,3
4) Ln) =100 ()=10 ! 5
Y1) 100 +B(L)(10) = 100+0(10) = 100
Y2, ) 100 + B(2) (10) 100 +1(10) = 110
Y(3,) 100 +B(3) (10) = 100+2(10) = 120
Y@, ) 100 +B() 10) = 100+3(10) = 130
Y(5,) 100 + B(5) (10) = 100 +4(10) = 140
B(1) 0,1 ,2,3 4
4.4 (no slope baseline growth model =
NSB model) 0
B(t) 0,0,0,0,0
B(t) 4 3
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B(Y) (011,2,3,4) (0,2,4,6,8)
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/
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===t
latent growth curve model latent growth curve model

with free parameter - FRC model with fixed parameter - FIC model
+—+—+—HUYLALONGKORN UNIVERSLL e ¥ S S
linear growth model = FRC model no slope baseline growth model = NSB model
2.5 4

McArdle Hamagami (1991.1995)
Bollen (1989) 4
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L (chi-square statistic = X 2)

(degree of freedom)

4
(kurtosis)
100
20 1
2, (goodness of fit Index - GFI) GFI
1 GFl 0 1
GFl 1
GFl
3 (root mean squared residual -
RMR) RMR
(standardized variable) RMR
RMR 0
4, (largest  standardized
residual® '
2.00 (Bollen, 1989

- 2538)
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4
(2546)
3-9 10
2
Horn and Ramey (2003)
1-3 6,328
(latent growth curve model) (1) 1

(latent growth
curve model) (2)

(latent
growth curve model) 2.1
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Horn and Raniey2003

) 13
6,328
]
2
(2545)
5 (1)
(cognitive domain) (2)
(affective domain) (3)
(psycho-motor domain)  (4)
(process skills)  (5)
(integration)
(DAP : developmental™ appropriate practices)
Gestwicki (1940 2



(integration)
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domain) (psycho-motor domain) (process skills)

Gestwicki (1940)
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2.6 ( ;2536
, 2544)
T a4
J #
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2.6
(2544)
1 (2544)

- (2542)

(the process of science)

body of knowledge)
(scientific
process skill)

method)
(scientific attitude)
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(science
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Advancement of Science-AAAS (

(space)

- 2533)
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American Association for the
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Molitor George (1976

4-6
Padilla (1985
The test of basic process skills in science
4-8( 4-8)
6
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4 (5)
45 (6)
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12
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30
1 4
30
(2545)
Liu, X (2000)
2) 3) (4)
6) 30
4

Akerson, V. L (2002)
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(latent growth curve model)
(DAP developmental®  appropriate  practices)

(DAP developmentaly  appropriate  practices)

(DAP developmentally ~ appropriate  practices)
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USREL
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r "‘\
SXx  Syx

N Sxy Sy
(problem of identification)

(underidentified)
?
()
< < 63
LISREL
X
(maximum likelihood)
likelihood ratio
1 (X2 (degree of freedom =
) X
0
X



, 2544) (fit index) 1.0

nested

(DAP . developmental®  appropriate  practices)

LISREL
L

(DAP : developmentally appropriate practices)
2. (DAP . developmentally  appropriate

practices)
4-5

(moderator)
(TREAT) 2.8

SPSS LISREL
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