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o ALY ZEC mE F e Y AZEAE FIY 5 AkGSelig &
Little, 2012).

ZA) A 8} A 4=(latent change score model; LCS, McArdle, 2001, 2009;
McArdle & Hamagami, 2001) 232 FAZZEEZ I waAAA7]3]ARY
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T A A -9 3LE =(Two-wave Latent Change Score; 2W-LCS)E & &
T AH TEATE A8 FANISATEYY SAHAANAES 28 1A 2y
o] th(Henk & Castro-Schilo, 2016). FAWMeHF2g > FAAIHFE F4
skl AlZbo @& iR W WHIE FRlste FERUAHAER
AAAS A FRE & AHEst W3 A NA BAsE d5HS FAs,
sl thek 7HE S ASE + AdokFerrer & McArdle, 2010).
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o ZRF (i JWA AR ZAWME Xo| BAHS 2,5 AAAHS

()

fourSt LA-SF €, 2 FAEY, 4 (99 Zo] Yebd 4 th(Usami et al.,

2 (100e.2 JebdH(Usami et al., 2016). & A1™ o AEw F£XH7 Wi
of, 2W-LCS &L 3 Al T o] AWMt d 47 =4 E).

frio = en T Af v 2] (10)

22 W 3} 8 4=(Latent change score; LCS)e] dA#H3 EAS 002 wAHH

o F A AHECA FARE AR Af, v BEE AAC

X
S
o

g+ W3k (constant change)E YElH= 7127 8%, « 5,3 ol A
Hl# 3l wWsHproportional change)E WelW & 8215, « [, )22 E¥3
=, 2 QD3 o] Yepdth(Usami et al., 2016).
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2 Vet dde FAMsel 2w BI@ gL %7 WEel 4

(12.1, (12.2)2 YepAH(Usami et al., 2016).

L;=fn 21 (12.D

L= foa 21 (12.2)

71e7] 8]l A7E

ko

Bl 717 8219 8RA¥3} o AlF wet
Hale=d, ARt o s =19 A5 04, oy =0), t =29 A% 108 1HH
o, o, =1). AT AA AF G dutHoR BE AFHNA F
g3t 71E&7] 8JFBSE(A. a=1)< 7FAHH(Usami, Hayes, & McArdle,
2015; McArdle, 2009). F+ A H-FAHSHFRYE F AT ZE 7127

2dde FAL F 7] Wi, AR 7

T pe@ olel digk MJAEY B4 U2 FAHE = FAEFHoIH, 4 (13)

° 2 YebdthKaploma & Wickrama, 2020).
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H 3} 4~(Two-wave Bivariate Latent Change Score; 2W-BLCS) &=
Ho, F Af-oliF AP A2RFe 19 (D

3R FoAR-oldF AANNEFRIS F AN T RANGT}

Af e Afp7F F2EH, 2 14, 15E JeEpATH(Usami et al., 2016).

Yir :fyit_'_eyit’ Ty = frir T €0 2} (14)

fg/i2:fg/il+Afg/i2’ foio =Foa TAf vio 2} (15)

T AR ESE AR B o v Al B 5, 2ol od AH
A TE Hl Al vEsts 820Gy, ¢ foas v o f)°l FIHEH, 4

(16.1), (16.22 e 4= Ao}

Azy=(a, « G)+(B, « z,)+(y, * yy) 2] (16.1)
Ain :(ay * Gy)+(/8y ° y11)+(ryy ° 'ril) /'\Jl (162)
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T A1A 9@ 23 (Two-wave panel model; 2WPM)2-& #}7] 3] A nl2pA| A =
ol AlH F£E 22 A3 =¥ o|th(Little, Selig, & Card, 2007). =713 A
AAAEF S F HF 1Y T JAE FHIY] A% RPeE, BE
A Aol ghol HAC W FFE o] FoyA= Ae THETTH

=
Yo 7S EdE A &4 wE WHEso AzAAE HAFEh,

g El
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20120 39 A7 IARAA ARG S AL WA =7 F 45%7F F
52 A3 Ao Z(Hamaker & Grasman, 2015), B AF+AE
o] F AH HWIrFL AEE T ATt 1 d2 $E, 928 2D AFFH A

=3 AHY F59 A435BA d+(Yao & Zhong, 2014), 47 % wkEe} =}

7] & 9@ Fo A3 AA AFBoyraz & Waits, 2015) So] ot F A
A EREES F HEE F ARCAA SAHS Ao= AZte] Aol wzt
Zk AgT7E o DA W= o &lstar, 3 W] e A A AR 9

N

# o] tH(Finch & Shim, 2018).
2 Y AEdRRelA F ue X9 ve d4d 29 wAE 29 9

2) & AE-id eyl A & AgtelA] &2 7|E myo] tigt gt FAdo] AR T HOJE
95t £ AlR-TdRYoR NHst

3) A1 HUAIR]| A2 & (Bollen & Curran)S Zshsto] Q1vt@ 3 (Bentler, 1980; Kenny, 1979),
WA 1jd 23 (Mayer, 1986), A3 12 23 (Greenberg & Kessler, 1982) & t}ofst o]
Zo] QAR £ =RoA W AplelfRAR Ao Hasteirt.
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r_\;
Lo

AAS o fonS ATFAT A" BAS AASH, =28 5 AR

o

AZE Al ge AL ARV DA £ f,e BN FAS T oA

He] @A AIE 4 (18.D), (18.2)2Z YeErE 4 tHUsami et al., 2015). F

W 7te] 29 AAE= A Ay goow AL () AE &3, 2 A7)
37 &3, (3) wAAAG
Yo = Yo1r T Bpys T2y 6 2] (18.1)
Ty = Loy + B8 Ty T 2] (18.2)

A AR 29 y,r,e ALERZ, I G 3k AH oM BE
#HF F9d FFAA AHE BHRE FASIE Aol HEHo=2, mE #F

T HA 29 A7137A &F(autoregressive effect; AR)= T L3I W50
gk o]d Al HF=E o]F AHe HFE dFste et A =

Pge A PR FAY Fool o8 AAANE Fxoy] WE
o, B9 ZRAF WAE A2 Fad 2AGL T 5 oIS,

2014). =3 27137 &5 T F AN T AF7A Y 4 Y
FAAS AT & vk A A (stability) Al rell EAke]l LA A
As = Aoz, FAAF7E ARto] 250 wEt dASA FAHE BEE
om A& 3] & 2FY, 2016).
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2 JqA FAZ%e] dIHE AEEe]l & AL Y. dE Eo, A7]3
A AF7E 0o 77bE 22 gholH, Azto]l Adol| wep FA47de]l o 2
A W3t sE AL gt vz, 2737 AFrE 10 R E, T
ANde o SAAQ] dHgr & 5 Aok A3 A AST 09 AS T
Aol tigd AA AHe FEel HA FFEo EHAHA AL ot
(Zyphur et al., 2019).

w 2R A &3 (Cross-lagged effect; CL)= 3 WMol thdh o] d A|Hol <
Fo2 t& HFdd dd dA A FES AFss aHeIY. F, f,

Lo

=

WO [, dEeieu Zze aAd A5

A= AP =M7F EAE] dEol, F

th(Bentler & Speckart, 1981).
oAE S0, &7l T8I 27 8@ FTEHHA
2 Ao 7pddnh ¢7] e8e ASA Al g= A HA AR ¢l

mlm
z
b
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e
o
ofl
o

=2
2
>,

b
1o
o
N
off
1
flo
2
AN
>
o
3
-
rr
ol
bt
i
1o
=)
r
u)
@

AR 27 sHer A AFe ¢V sHe dSste AL ondnh

N
T aAAAAFE 2 W, ¥ F 223E axA AT Ae
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off

ol QAo A5
A WNA ARANA 28k y T W o= Adgre] EAE] W, 3 WA

A NA A AEHTE BAD T wiAE] fe Mo 27 FF

K
:?L_',
2
et
o
X0,
i

o EAG Aol aANAETAE s Bk F, f,9 27 £
fuE AT A £ 02 f .5 dZEH, wAAR [0 27] F
29 £, 8 BAR HUAA f,,02 f,F =30}

5,9 0,5 5 WA AMA 29 yol bl BRolT. 6,5 Bol 0, B

3thHBollen & Curran, 2006)
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3. % AH-gANSHFRIS T AY-gdnge) vm

S OH-AANSAS 2YT T ARG e 27 AN SR

i)
X
N
tob
e
El
N
A
re
td
o2k
lo
>,
)
>
Ll
Do
fru
__>,4_“
rok
e

=1
wgs A SARAAARG e F W5 X Ve Fu
AR, F 2P0 Ao 4 FZ o= zkolrt ATHGER

AWM TEEd S FAGEIAAEZY FHoz AeSH FEokalA
5] Atk (McArdle, 1986, 1988; McArdle & Anderson, 1990; McArdle &
Epstein, 1987, Meredith & Tisak, 1984, 1990; Steyer, Eid, &
Schwenkmezger, 1997). FAZZAFHARH L F W 1Y W izt T
FAH ] A

we] AWML RY S HAFIHRGS FASAY, E3be] Py

re
o

o
Y
olN
ek
&
X0
D)
=
E
ot
o
o
ot
o,
filo
o
N
et
4
£
rr

AFrEyg e FE4 Fd 72 Ads 73, At & AH3sE 253
= Aol 2 EFZAoJti(Usami, Hayes, & McArdle., 2015).

A7 ARAA ARG & AT A me] ghe AFsr] Hal AAL
kg AHEE A AV ARICEHEE AVIARY EE EUSERY;
Joreskog, 1974l A AZ+= A tH(Wold, 1938). #7135 A2 (Yule, 192D x!
2 A A4 #(Campbell, 1963)0] T2 mg ol EoA i mgo] A7)
S AnAA ARG ot} FAHSHFRYE A= G, AV ARLAADLE

AT AT ZASE At WE W3 E &l ti(Usami, Hayes, &



Aol A 3to

=
T

Hr7F o

tt(McArdle & Grimm, 2010).
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_04
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e

;:-l_

o

H 3}

FA R, 7] Q1

o

ol A

o

o2 ygd 4 AdkMcArdle, 2009). wetA, F

L,
T

¢)tF. Usami et al.(2015)
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o #a7t 7l
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sgol wet
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Usami £](2015)

£ #s&l, 4 19.D,
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o
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H
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o

tel 21 2LD, QL= =

S}
SIS

=
=

(19.2)¢F 2] (20.1), (20.2)

21 (19.D

:fyil +Afyi2
f;vil +Afzi2

fyi2
fmi?

21 (19.2)
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Afyz? Oél'syyl +/8 fyz] +’nyg‘7] /'\‘1 (201)

Afzi? z xz+6 fle—i_fyxfml /_\J| (202)
fyiz :fyil +ﬁyfyi1 +,yyfzi1 +5yi2 /'\‘1 (211)
Soio = Foa T8 TVl yin T 00 21 (21.2)

oA =2l d o], 4(20.1), (20.2)8] 71&71 2R3 o= 12 LA

g

=g e BAE A LD, QLYANA 1+8y, =85, 1+8,2, =6,& 74
g uf o gz

d

Syn =S +ﬂ;fyil FYf e T 0y 21 (22.1)

Sen :5;1"'5210111 %Sy +5yi2 21 (22.2)

21(22.1), (22.2)9] 71€7]18%l0] =E <l s =AUt
Sy S T ANH-WERF Y 2, yp,H TLHIH F, 5, 5, U o
FAEARIL old yAHEFHRZ I AYY HHY FLS ou|E A Ao F
AA-ZARstd g o] 77|k F AF-IERgEe HyHol FLIth

(S =yp Oy =we)a 7HE3te AL 717l adF ol ddd 5 4

2 2 . _
(¢Sy7 ¢Sx)j7+ =l el %_%ﬂ-(gb&/&ﬂ’ ¢Sy[y ’¢sy1x’ ¢ﬁ/5x7 ¢[x5x>0] 25 0=

IAE As AT Ter1ale] BAE 022 unAge w7

to
N,
P



& ot

s}
=

SEEREE

}o] Usami et al.(2015)= #HA)wH 8

J

E]l_

€]

=
TE

7]
™

o YAR AAs e

FA,

S|

=
- 5

o

24718 7] 1L

(A7) BAA o g

=
ZrAH 8 5

=

48

stk TAH R,

o Ao

7122108, 8, )7 AWM )

o7 Al A

;ﬂ_

[e]
=

oA 7]

€]

_T‘(fyit*l’fzit*l) Z—]‘—oﬂ
(3, 8,4

A

oo we}, &

o AAA Ao

( Iy Sy’ ¢[7c$z)o]

baz, el w

J]

a7

I 71e7] 8%

& An

OO]:

= o

ATl A

_25_



(2WPM)

il
(2W-LCS)

[0

i

W =0
X0 B
o N
—_
ol X
_ﬂo ﬂ
w H ®
o
S
T B ¥
= N o8
Sx o F o
ol ,@l
T W B N o
T F M X W
| | |
w
M T R
=L
R
T N o
= 0
M.o_e_ﬂqu”
_O_OOE
BTU,_ Moo
' R RO M
N %o %o Bl
m R ®X K
KR KRR
| I |
—_
)A
8

< M ~ ~ X
T il - .
sy o5 w0
‘I__/l ﬁﬂ _FOL CT ‘mo
X ™ nH X
T B oz W=
MEF N T T
e oy o Bl o
R I NG SO}
T e ol R W o o
Mo B M R ® HEH o B o
| |
T T m# N o T B
==
L™ % N N =
N . _W,__ o (S oﬂ
Ia i ° ~ T W B
O Ml_. P %o w oF
laax T0 —
EMM Jmow_wwﬂx w_wﬁ,u_ %%_m
K N P S
2% GZedlimowmw
BE BT T
Ho o N & M N B X R Mo =
| | | | |
dﬂ TO
ﬂgl X
‘w-,._ _ZT

a
oy
B
o

- A 8 22 AR

_26_



AFEA R 7

III.

Fo = AlE-AE

< A, 283 Aty A5 A

7}

e &

g A%e
74 1-1] =8 =Z7], 4

How o

Np

3t 7]

hy:

of wet F

Np

a3t 7]

hy:

[7Fd 1-2]1 =8 =7], 4

™
i

I 71&7] 39

u

|

7], A

7Hd 1-3]1 +

o

Aol

Al

E}

b 5 A=A s

S

Ao &

A1 €l
2

i

o

M

Q17}?

al

X

od

il

[7Fd 2-11 =8 =Z7], 4

3} 7]

o)A CFI2} RMSEA®

]

hy:

A% oAz

1
.

—0ol®

_27_



3} 7]

R

[7}d 2-2] 25 F37], A

2 3}

=
T

o A s A2 o

AR oA

=
¢}

ad
m__m

oju

ol
ol

ruze]

1
1__

yetd o, CFI9} RMSEAY

=
=

_28_



L A5 A4

) ZH7IEZ AEH)A
B AfME B4 T2 Mplusst Rl BT 7H3AES Ze7tER

Al Ed o]d(Monte Carlo Simulation) HHH o2 B o zmxn B Ao A7)

rulru

H AFEA} #d 7pES HAE39 T RR Development Core Team, 2019)

HeA A 2 23y Jles AFske AFH ZERIOfoR, AR
x4 9 AL gt =x9 EF9o] Jbesith(Venable & R Development
Core Team, 2009). R& 7|E A o7 A F%+= WA $4Buit-In Function)d <
A= AREATE AR FF o Fiste= AR Ao (User-Defined
Function)e] F &<l 7] A(package)s 7f¥tsle] Wiz & = &FF 713
ZZIo|th Mpluse ¢ 2 FaAs, A3 5ol 23E Ot A5

H

BAseE #9493 54 Z2ao|th Mpluse ZHZIEE AEHAS Y
ato] Thekg @9 dHolHE AP & doH, ZHIEE AEHNAE F
3 APE A5 HA L IHE ALNAY EHE
tHMuthén & Muthén, 2017).

EHER ARdold Ee 58 Wrlshs AWA el B4 =

do

o
e
N
ol
filo
2
o
et

Ad A BFE Hrtsts dF9 AFo|h(Paxton et al, 2001). AFEH T2
WO Z 7ol BXE tSsle ARE S AAZE WSS ofE

AAHel 2ANA FAHA FHH 5L AT & AThAFY & 43

o
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71¢7) 2909¢ THEIAE Y Wb = b = Ssn = s = Onss =
@, =¢%, =00), T AF-drge] AEdolA wlolEst BT B A
32 golapl ) fsl Wa X9 ¥ ol B9 waghe 2ok A
A2l Usami(2016) £ A5 st
A, AE ko] Ad Al 7R F2 A

of AAsEAH. Al 7HA] Al °

£

r
N
r\!
Yo
2
>
d
£
o
r
jn)
o
o
il
0%
ox
ol
ol
N

AToNAM = AFE 27D X4EAFH 71€7] 1 A X3(F W A
el Aeh=4870e] BA =2ad A E)KIAH 3t

E)XIALANA JAAT B)X12(T A Al el ik 24ke] B]&)=32471 9
7} z7g9 o2 A8E AAYT. agla A 9 dolE MEES A
Hom A Z 48x32UX5=T7,7607H2] A= TZ ©vlolE HEES WA
AT

5 & Aol W ®iste] eV UYEtde ad
6) 7]<7|Qolo] wAEW=E  spAstd 7]e7]  @olw AW Qo 7ho]  ZEA}

¢SUST7¢SU[U7¢SU[T’¢[TJSZ’¢[ZST I 71871 299 H}\}Qwa’(ﬁSgpol H5F 00r vAHN.
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() T8 =27]

TRV AYPAFE Fuste] BASYT. TRI7|E= 200, 500, 1,500,
B2 AFAEe]l FERUAA
2o B8 Ir|E AAT w ‘Ng 7D o ZAS AAsH, g A

TAE0] 20:18 FAStE QuHKline, 2011; Jackson, 2001; Jackson, 2003;

o
o
S
S
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N
N
A
(e
o2l
ofr
ol
ate
5
c
(9]
[ab]
3.
)
@
o,
[\
S
)—A
(o]
=

Tanaka, 1987). & A H-FAWHIHFE2EH ] A7 249 = 17, T AH-7
dugol A nge F

_[Ql_
L 38700ty T mEo ARG mo 2 1E
& =

rd
rlo
E
-
o
B
=
)
=
o\
)
o
N,
lo
oy
it
o
AW
o,
Y
&
B,
4
o
iy
1<)
A
N
o Mo

7] zkel &, Yo dux 7ler) e Al =r,g =)< 0, 2, 4, .
vl ZHR 2 AAs T dEy 7]er] e AR A 232 FATY
(Usami et al., 2016).

o (/J)IySy _ (Z)[TSz
s -
¢[?/¢S?l ¢[Z¢ST

2 (23)

AYATE Fuste] T wse] du a9l 7o Awe MYsiarh 4w

=
>
rlo
=]
rc
|
~
@
(0]

=

k=3
@

@,
N

L)
uju

. ¢= *F3 R4(free parameter)?] £5 LERHATEH

_3’]_



A
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fu
A
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2
R
El
ol
N
do
-
£
[\
(@2
(o]
=
X
N
u

s

Ty —
- ¢fy¢[%

4 A=
AYATE Faste] A WA AR AHRES dAsAT. FEATelA
A =E Az & wiste] kS 9w dri(Tisak & Tisak, 1996). A==
o] & Z, 3 &, F #HeE U nlusy] Y3t 2, 5 8 Al VA=
[e)

AAsIR o, AFEE 2] 252 FAScHUsami et al., 2016).

= = — — Al
AT Vo) Vo) e gt drg

APATE st F AH 3P |9 B4k vles AASAY AA
of EAte] vl &2 FHAWMGFIL Aol EEe wEt A FAHEE A=
£ 9ush= b8 (stability)ol]l @3S W Hth Pl A2 =4, T3k =
A, & oA vlwstr] fsked 1.05, 1.50, 3.00 Al 7IxZ HAsA . AH
bt W] B4 vgs FAEE A2 4 26002 YebdtHUsami et al., 2016).

k= V(yz2) V(‘S;/z + (1 + B )yz'l +ng/le + 51/22 + 61/12) Al (26)
- - =
My, ) &+
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V(wly) V(Sm +(1 + 8, )xﬂ +7,yq T0,,, €

_ _ : T2 ziQ)

Vi, ) b7, TR

ARATE Farste] F HA ARoA 4 22.2)9] 2AAFE 245U
AARA T A s dEEe ousiy, 27|17} 19 7besE 28
o] & A& mdtt 4 (22.2)° AAATE Fohe A2 A @DH 2o
ARASF RS A %, T #HoE ol miasly] fEke 2, 5,
8 Al 7MAE AT R'ol 45 F WA A 3Tl dHEE

Z AL ougch(Usami et al., 2016).

2
R2:1_M:1— Yy 21 (27)
V(in) V<Syi +(1+ ﬁy )yil +yTn t 5@/1‘2 )
1 V((S:m?) 1 ‘Ui
B V(%z) a V(ng: +(1+ B, )xil Y T 552)

(6) TyollA &4ke] Hl&

.

APATE Faste 71€718%09 EAHP), A7 ART] E4HP), AFE
FAA DR BHP)e 28T Al 7HA B2 24 4 (28D,
(28.2), (28322 FAHE (P, PR, P,)=/(0.080,0.900,0.020),(0.050,0.900,0.050),
(0.020, 0.900, 0.080), (0.000, 0.900, 0.100), (0.320, 0.600, 0.080), (0.200, 0.600, 0.200),
(0.080, 0.600, 0.320), (0.000, 0.600, 0.400), (0.560, 0.300, 0.140), (0.350, 0.300, 0.350),
(0.140, 0.300, 0.560), (0.000, 0.300, 0.070) 0.2 & FF 7IA =2 At E4ke

ol 25 F WA AFAA 4 mgoA A B4te Tl & Ae

=



oulgth. P =02 71&7]9] #4ko] 0(¢3, = ¢y, =02 LA AN NAHER
AlEHolA HolH e F AlF-gdrnddoA A= AL o v dth(Usami et
al., 2016).

B (s, P, N

T Viy,) — V(5m) Vi) — w; A1 (28.1)

s
V(xﬂ ) ( 202 ) V(:EZQ) - wi
Vi) Vo5
P = = 2] (28

T V- Vo) Vi) e
_ V('Yzyﬂ ) _ ’Yiéf)?y
V(xiz ) - V((sz i2 ) V($12> -

P,=1-P —P, 2] (28.3)

QEEEE:
Fa 22 a9l Ay AL goldtA 7] YY), 717188l He] TE
Mo, THE MFe] AT 7127] b T A FEAKG,6,,), A

/&(wym)% 002 APy, 270w ¢ Do ko] mT ol WA

8) B Aoz AW LYol BE BaE TRSE oz 1S
9) Ztxp BALS 002 uAste By AL ZIHA|7|
(Usami et al., 2016).



Viz,)=¢j, + =102 44 5AcHUsami et al., 2016).
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<FE 2> AEI)A =4

z2 #
N8 aels AW a9l gl A p
(r;) 4
15" 6
200
B4 \
ZZ]—B_O] EH‘ 3_7] 500
i e (1) 1500
3000
= Wl 7127 22l 7k AH 2
5
(rpy ) 8
A WA A|-ANA SA AF= 2
5
(/01) 8
A WA AR F wA A e 1.05
MEe) Babe) vg 1,50
(k) 3.00
T A A ARAS 2
5
(R?) .8
71E 0.080, 0.900, 0.020
z21 90l 0.050. 0.900, 0.050
0.020, 0.900, 0.080
0.000. 0.900, 0.100
T RA A A 0.320, 0.600, 0.080
0.200. 0.600, 0.200
X == 0 'E‘ﬂ‘o Hl L ’ ’
U aine o g 0.080. 0.600, 0.320
(P, P,P) 0.000. 0.600, 0.400
0.560. 0.300, 0.140
0.350, 0.300, 0.350
0.140. 0.300, 0.560
0.000, 0.300, 0.700

N
‘
1

718t 2222l 3(p) X 3(k) x A(R*) X 12(P,, P,, P,)=324
A 22891 X 7]EF 222 Q1=48 X 324=15,552
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Vel Aol fel¥ A% i@ =y BE Adslor skn, foahA

Hlwske= Zol7] wiiel, & 239 D

“HARASHFREY T T AF-ERY L 7|27 a1 FEAE 7127 8

L'OJ E‘}‘\J—_ Q%'y :¢Sz ¢I.LST ¢Iy5y :¢Sylz :¢SySI ¢]TSL _OE 7]—24% HH }\]

| W2l D &% Afr=e 70l o FoFE
3

T= 5%NA

x
5=
<
.
o)
!
N
N
~
oh
rr
N
o
N

X
=2
>
_>|i
N
iy
ﬂ
r (]
><l\')
M
b
1o
oo
a)
ﬁ
rr
—
~
o
<)
\]
o
I
:|

L

4) A 1B 2 4=(Information Criterion; CI)

ARAFE 29 s AT Ax2 =¥ A4 vz A
Al 2y HluE {8 AbEol 7hssiH, WAHA %2 A EFE A
w7} 7Vssith i EAQ AR XA G2 Akaike AR A 9(Akaike’ s information
criterion; AIC, Akaike, 1973), #|o]A|qt A H Z|<(Bayesian information
criterion; BIC, Schwarz, 1978), sample-size adjusted BIC(ssBIC; Sclove, 1987)
ol Atk ARA G Azl FE= 4 33)3 Zoh
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—2log [ML(k)] +a(n)m(k) 2} (33)

AICE 2¥eo Ag=e PSS 1Hst= AFolH, BICS ssBICE =¥
AAE, tHA Qo= R FV|E A adEste A golth AIC, BIC, ssBICE
Z+z; A1 (34), A (35), 2 (36)e. &2 eEFATHScolve, 1987).

AIC=—2log[ML(k)] +2[m(k)] 2] (34)

BIC= —2log[ML(k)] +1og(n)[m(k)] 2] (35)

n+2

) 4 30

ssBIC= —2log[ML(k)] +1og(

21 (329 an)E oAGA AYs=A wet AE 2 JARAFI F
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ABSTRACT

A Comparison of Statistical Models for Analyzing

Two—wave Longitudinal Data

2W-LCS and 2WPM

Park Eunseo
Department of Psychology
The Graduate School of

Sungshin University

This paper is a simulation study comparing two—wave latent
change score model and two—wave panel model, which are
statistical models used for analyzing two—wave longitudinal data. To
achieve this study, controlled factors of followings were set the size
of correlation between intercept factor and slope factor, the sample
size and correlation between intercept factors. Other controlled
factors of followings were set; measurement reliability at the first
time point, the ratio of variance of the variables between the first
and second time points, three kinds of proportions of variance (slope
factors, variance due to the autoregressions and variance due to the

coupling (cross—lagged) parameters) in the regression at the second



time point. Accordingly, 5 sets of data satisfying 15,552
(4X4X3X3X3X3x12) conditions were randomly created and
analyzed using statistical programs Mplus and R.

The simulation results show that different coupling (cross—lagged)
parameter estimators were estimated in two—wave latent change
score model and two—wave panel model. Specifically, the parameter
bias of two—wave latent change model was smaller than that of
two—wave panel model. In addition, different results were shown
for the statistical significance of the coupling (cross—lagged)
parameter estimator. Also, the estimated value and statistical
significance of the coupling (cross—lagged) parameter were
significantly affected by the number of sample size.

When comparing the model selection procedure of two models, in
regard to the proportion of selecting the correct model, the
performance of BIC, ssBIC and RMSEA were found to be the
highest. In addition, performances of AIC and RMSEA were highest
when comparing the ratio of selecting the correct model while the
two models showed different results for the statistical significance
of the coupling (cross—lagged) parameter estimator. Therefore, it
was confirmed that model selection based on RMSEA is the most
desirable procedure when selecting a model by comparing the
two—wave latent change score model and the two—wave panel
model.

This paper confirmed that different conclusions about the

longitudinal relationship can be drawn based on the model selection



in a two—wave longitudinal study. If there 1s no theoretical
justification of model selection In a two—wave longitudinal study,
this paper suggests to compare two models and decide based on
RMSEA. In conclusion, the limitation of this study and suggestions

for follow up study are discussed.

Key Words: Two—wave longitudinal study, Two—wave latent
change score model, Two—wave panel model, model selection,

causal inference



<HFE 1> F AR ARG EEE S Mplus

TITLE : Two wave latent change score

DATA:
FILE="data.csv";

VARIABLE:

NAMES = x1_t1 x2_t1 x3_tl
x1_t2 x2_t2 x3_t2
y1_tl y2_t1 y3_tl
yv1_t2 y2_t2 y3_t2;

USEVARIABLES = x1_tl1 x2_t1 x3_tl
x1_t2 x2_t2 x3_t2
y1_tl y2_t1 y3_tl
v1_t2 y2_t2 y3_t2;

MODEL:

" x variable

! latent variables

x1 by x1_tl@1
x2_t1(L1)
x3_t1(L2);

=



x2 by x1_t2@1
x2_t2(L1)
x3_t2(L2);

[x1_t1@0]; [x2_t1@0]; [x3_t1@0];
[x1_t2@0]; [x2_t2@0]; [x3_t2@0];
x1_t1 (psix); x2_tl(psix); x3_tl (psix);

x1_t2(psix); x2_t2(psix); x3_t2 (psix);

[x1@O0]; [x2@O0];
x1@O0;
xX2@0;

'diff scores
dx by x2@1;
[dx@O0]; dx@O;

lautoregressions

x2 on x1@1;

'proportional change

dx on x1;

!constant change

sx by dx@1;



[sx@20]; sx;

ix by x1@1;
[ix@50]; ix;

'y variable

latent variable

vl by y1_tl@1
y2_t1(L3)
y3_t1(L4);

v2 by yl_t2@1
v2_t2(L3)
yv3_t2(L4);

[yl_tl@O]; [y2_tl@0]; [y3_tl@0];
[y1_t2@0]; [y2_t2@0]; [y3_t2@0];

y1_tl(psiy); y2_tl(psiy); y3_tl(psiy);

yv1_t2(psiy); y2_t2(psiy); y3_t2(psiy);

[yl@O]; [y2@O0];
y1@O0;
y2@O0;



'diff scores
dy by y2@1;
[dy@0]; dy@0;

lautoregressions

v2 on yl@1;

'proportional change

dy on y1;

!constant change
sy by dy@1;
[sy@20]; sy;

iy by yl@1;
liy@50]; iy;

"coupling
!proportional
dy on x1;

dx on v1;

'constant
sy with sx @O;

sy with ix @O;



iy with sx @O0;
iy with ix;
1y with sy;

1Xx with sx;

OUTPUT:



<F= 2> F ARA-I9Yr23 o Mplus &

TITLE : Two wave panel model

DATA:
FILE="data.csv";

VARIABLE:

NAMES = x1_tl1 x2_tl x3_tl
x1_t2 x2_t2 x3_t2
yv1_tl y2_t1 y3_tl
v1_t2 y2_t2 y3_t2;

USEVARIABLES = x1_tl1 x2_tl1 x3_tl
x1_t2 x2_t2 x3_t2

v1_tl y2_t1 y3_tl
v1_t2 y2_t2 yv3_t2;

MODEL:

'latent variables

'x variables

x1 by x1_t1@1
x2_t1 (L1)
x3_tl (L2);

=



x2 by x1_t2@1
x2_t2 (L1)
x3_t2 (L2);

' y variables

vl by y1_tl@1
v2_t1l (L4)
y3_tl (L5);

v2 by yl_t2@1
v2_t2 (L4)
yv3_t2 (L5);

! specifying autoregression effects
x2 on x1 (betax);

y2 on yl1(betay);
! specifying cross—lagged effects
x2 on yl(gammax);

yv2 on x1(gammay);

! specifying covariance between x and y

x1 with y1;

OUTPUT:
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