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Multilevel Model for Longitudinal
Data Analysis

Part 1. Cross-Sectional vs. Longitudinal Multilevel Data
Part 2. i At&2 MO HHEHN E N

Part 3. Centering in Growth Curve Modeling

Part 4. Multilevel Models for Panel Data Analysis

Part 5. Computer Lab

Part 6. Growth Modeling?ll M BIE =% 242 M, SEM,
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Part .1

Cross-Sectional vs.
Longitudinal Muliilevel Data

3| Multilevel Dat

1. students within schools

School 1 School 2 School T

student 1 student 1 student 1

student 2 student 2 student 2
student ny

student m;y student np




2. employees within branches

Branch 1

Branch 2 Branch J

employee 1 employee 1

employee 1
employee 2

employee 2

employee 2

employee m; employee np

employee 1y

3.

residents within Neighbors

(residents within districts of Seoul)

Neighbor 1  Neighbor 2

Neighbor I
resident 1 resident 1 resident 1
resident 2 resident 2 resident 2

resident m resident np resident ny




inal Multilevel Data /

1. Panel Data

repeated measures within persons (2-level data)

Person 1 Person 2 Person n
obs 1 obs 1 obs 1
obs 2 obs 2 obs 2

obs T, obs T» obs T,

7.

/B.—WIevel Data /

P

time—person-schools (3—-level data)

sch 1 sch 2 sch J
51 0 Sa 51 Sz 0 Sa2 51 Sad
obsl obsl - obsl obsl obsl obsl - obsl -  obsl
obs2 obsZ - obs2 obsZ2 obs2 obsZ - obsZ - obs2

obsT,, obsTy, obsT,, obsT,, obsT,, - obsT,, obsT,; - obsT,;




2. Cohort Data
repeated measures of cohorts

1970 1980 1990
sch 1 - schJ schl - schJ schl - sch J
51 - 31 31 - 31 51 - 51
Sal - Sat Sal B St Sal " Saf

3. Trends Data
students with a quantity variable within schools

f1 2 3
51 51 81

sch 1
Snl Spl Snl
51 51 51

sch 2
5n0 Sp2 Sn2

sch J
Snj Sng Sng




1. school x neighbor data (Cross—Sectional Data)

neighbor 1 neighbor 2 neighbor k

51 51 51
sch 1

Sy Sy Sy

51 N 51
sch 2

Sy Sp. Sy

5 = 51
sch J

Sny S, Sp.

2. school x year data {Trends or Cohort Data)

year 1 year 2 year 3 year k

51 51 51 59
sch 1

S S ) )

it T2 T Tk

31 31 31 31
sch 2

Sﬂzl S"”“zz 3”23 Sﬂ?k




1. underlying Latent changes are the same.

outcome

1 Time

U

] 1
o | olo
A2 X|HED QUAS

cross-sectional analysis is inherently limited.)

13

2. underlying Latent changes are not the same.

Y

Time

14




HH | st3kE | HUod (e Stmug.  otmug | St ofSIj e
oja (YP2001/ | Had | n8ijg  ZTHET g ot5-
(KLIPS) | YP2007) ojd (KEEP) (KELS) (PSKC) Haud
(KYPS) o
(NYPI)
AP | 1998t~ | 2001E~ | =2:2003~ | 2004EH~ | 2005~ 2008 ~ 20104 ~
7|zt %x4:2004~
B 7t Tt x45td, | B384 | 1M Tt X13H4
Chel (5,000 (11,000 st o QekTI3 | BED | (256171 - | X4BHAM
(H= b= ~12,000 | (2,500%) | MHD3 AL AlMOL H) | Z15A
37| Hy ZostM, | (242,000 | StuZ HoteEn
7h3) sted ) (6,9999) (Z22009%)
(3000%F)
s/ = s e AN e ol Sl + OtE + Ol H
e e FA2Af ol OUEY | e 717 v obil, + 7} 5 AE e
ZA |- OFY | =-CHEt 7)Ao st * X| G AR AR
Ha | Af o EFUMAL |+ WEEE |- SOlEE | H H
o F LAt * It e e i i
« O3 H Xt

Y X2 2

10




Had ojd Xtz (2 08)

Data :
N—SO':':I
V=30 Siet W@ S=
X=8tH(=52~12 = 0,1,2,3)
[raw data : obs within persons]

stMo| Bt W@ 2E(Y) 200 44,990 29,023.468 2,000 150,000
BHA(X) 200 15 1121 0 3
s HE 2HX2) 200 35 3509 0 9

o3 HSE AMEE EANS F FEE
AEEA=S | 8.520E+10 Z | 8.260E+10 101,509 000®
by 8,243E+10 197 | 418429442
A 1,676E+11 199
a HSah (&), W2 R
b, B SHMO SR B EF
B
E=SHH
HE=SE H =
o3 B EZ27 HIEL t SoHE
[T (@27 | 22040.000 | 2a19.603 7817 000
b 5570000 | 4528.029 215 1,230 220
%2 4170,000 | 1445426 504 2,683 004
a E&HZISHIS| SR EZR 85

18
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=

_—

] 2442 : times within persons (2 stage analysis)

Y, = o + By + Oyay; T e e ~N0,0%)
g 0i = Yoo T Toi

B = Mo T Ty

B 2 = Yoo T Toj - [7’05 T1i0T9; "~ No.T)

//AILHLéﬂ Xl"’* |=|)k-|9 I:II-I:HEI-l %A-I/G”AI/

= ol

,/"’gjji;

B Level-1 OLS regressions

Level-2 Unit INTRCPTH1 X slope X2 slope
1 16750. 00000 1750. 00008 6250.00000
2 38500.00000 -14500. 00000 12500.00000
3 30000.00000 10000.00000 8.00000
4 16000. 00000 21000.000800 50080.00000
5 38750.00000 758.00000 1250.00000
6 58250.00000 108250.00000 -1250.000008

45 36500.000688 CCO0.00000 2580.00808
46 36500.00088 CCO0. 00000 2500.00000
47 40500.00000 5500.00000 2500.00000
48 26250.00088 2750.00008 1258.68688008
49 31506.00088 -8500.00000 12500.00000
58 22500.00000 17500. 008000 2500.00000

22040.00000
5570.00000
4170.00000

The average OLS level-1 coefficient for INTRCPT1
The average OLS level-1 coefficient for X
The average OLS level-1 coefficient for X2

ATE X2 2HS e Sg ol

20




76000

35300

-5400 - - r » age
=2 =3 11 2
2R ?

21

Wblems Address

Growth Curve Analysis

» Assess reliability of instruments for studying
change

» Estimation of correlation of initial status and
growth rate

= Study correlates of change

» Incorporate time-invariant and time-varying
covariates

» improved estimation of individual growth

22
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S PreblemSMh Modeling

research topics

(5

Mo

A
=]

Jor

1)

EFAH
= e |

(risk factor)

—C.Problems of Growth-Modeling

research questions

) ZHO| XtO[7F A=71?

I.

(|
Pl

ol

(

ol
|
Hr
KO
X0

-

jol
Jo

I

ul
olo

gl

"For studying individual growth, change itself should be

modeled." Collins & Sayer (2000).

24
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= Hof 7| 2ot SAH 2oL
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gl
ol
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25

Sy S K=1
2]

A K]
oo

D. 71Qlo}

=4ot7| flot A" =7

& (One-way nested structure) :

gd LS

(m]

& (Two-way nested structure) :

| CFE

o
=

m O

for
o

26
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E. GeneralModel for Growth Curve Analysis

e, ~N(0,0")

7
a. +e,.
pi i

+

3
(i

314

14

=7Z'O.+7T.Cl.+7l' Al TR
i AT

i

Y.

e, ~N(0,67)

7[01 o ﬂ-llah i etl

[
S

5

M A}
o]

0

o

28
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E. General-Model for Growth Curve Arily;is/
/ z

@ Time variant covariate 2 &
el Li M Hoto] S22 == 292l (time variant
variable) &7} 7=

2 - 2
L@ dao e Wl g e s de e VDo )

o) : 7hele] ArANRH(RE O], HI-HE T Ard)

29

E. GeneralModel for Growth Curve Analysi /

2. =%-2 29 Hal D2=(change parameter)9| 7jQI7t =% M
Toiim ﬂoo +z ﬁOqul T 1y
a0 ey 0 s qer Pl 0 Bl e

{TOO’TQI ----- TOP‘I
be.r o2 1 N T
| |
LTPO’TPI ----- TPPJ

=) otk (0, 7,2, JO| S S ol P By (X, )/} o
z2 7ts

30
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B Lo D, 0

ﬂpqi :7p40+zypquv+upq/

U~ N(0,T,),

T
u

11 o Wy e U o ]

31

Part .3

Centering in Growth Curve Modeling

18




AT H R M R Centering
—a

r 1. 1) Time effect in one person

- No centering model

Y Y
4 Times obs.
o_\> Yti=n01+nuat1
nl‘l — =,
T, —> Yzl_n01+nua21 +e21 { t e
1=1
0 1 2 3
32 3 al 32

Ty, = initial status of person 1.

status of person 1 at a,;=0
m,; =Growth rate of person 1 over obs period.

Growth of person 1 for one unit change in time metric.

ATt oot ErE - Centering
-
- Centering at time = L

Time effect in one person
MOde| Yti:T[Oi+T[1i(aﬂ '2)+eti

Y.
Yti=1[01+n11(at1 _2)
nl)l
n,
[} 1 z 3 Ay
2 . 8 G
2 3 Al a2
LYY —l 9' DP
my; 2| 2|O|?

34

19



A ZECtTol Gl 9P Centering

5 Yi=m,+ma, +ey

Ay =[8)9’10’11]

grade
8 9 10 1 ay
0 | 2 3 (a8
- 0 ! 2 (a-o)
=2 =3 al 12

A ETrmuolBal 9Tt Centering

1. 2)Time Effects for two persons
Model : Y;=Tg+1m(a,; -8)+e 4

= o personi

Y,

ti=1

Yt1=n01+nu(at1 _8)
person 2

Yt2=noz+1[12(at2 _8)

grade
0 I 2 3 (a,;-8)
-2 -1 0 I (a;-10)
32 %3 il 2

Centering at Time Level (within person) Model

Options Predictor (coding) S| HAx=2| QO]

Toi T
no centering a; =[8,9,10,11] Bojn| =& | HAE
centering at some (ag-L) =[8-L,9-L,10-L,11-1] Al LOM 2 MNEE
meaningful time L =

36

20



 ASTI el ST Centering

=" 2. 1) Person variable effects in one school

\n oij=Booi+ B o1j Xl]

Ty = status at &2 a*; =0

SES
0
Bogj ?
Bou ”
Model : Tt g=Bog+ B oy (% - X-) + 1
T

0ij

\9“ oij=Booj+ Boij (Xii 'Y--)

SES (SES - SES )

~EChmstol-oi s} U af Centering

— 2. 2) Two schools (excellence vs. equity)

Model : Tt o3;=Bog+ B oy SES*j + 1 o

0 9 SES (SES - SES )
* choice of comparative status

* choice of meaningful status
X What variability do you want to explain?
Boor > Booz : Excellence

Bo11 < Borz : Equity

38

21



: ; . S| A2l oo
Centering Options Predictor bAlT ] S
Bog; Boy;

Group mean centering X; -Y.i Sty WA B4 Xo| MEZ 1k

Grand mean centering X - X.. St ™A The same
/ st JAED

Centering at a constant X - C _‘LQE| é‘é’ S The same

No Centering X; HH The same

Part .4

Multilevel Models
for Panel Data Analysis

22




=

W Curve Analysis.

- - ZHAMHE
xIC}h =3 % SHA
R el ol T1 T2 T3 T4
sii - - - -
Sch 1 .
Snl
Ay '
et .
s1)
Sch J, s2)
SnJ
si1
Sch 1 .
Snl
H|Z :
et
s1)
Sch J, :
SnJ
X g0l Saol U B3 2E B2 EtE)
X ZF =E(AMZE 72, FEHAIM AFRL| 7HEEE 7.
AlZt: o E49sko| Zat, Critical Eventl| &1k
74Ol : EEtell vs. Of3Hl, ZX|sHd vs. Uutst, SESKLO|
T A vs. K[, B8l vs. 1SS, CIEA vs. M A

41

%Basi%w Curve Analysis.

SHRRO| SF: MYATKLR vs. HIAY AR R >

B Experimental Study:

- Two Groups are Equivalent. (FMH{X| &)

- 84 S8 BAle OfH.

- Complete data (2= 7iA|Q| BtE=d 2+ 58)
- A5 K= A0l M X 2

- Fixed time interval ( S™8A|E 7 HE| )

- AR SEAIE SA.

2 M8t — Anova Model(Split-Plot Design),
Multilevel Growth Modeling

42
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A. Basic-Design for Growth Curve Analysi e

B Non-Experimental Study(Quasi-Experimental Study):
- Two groups are not equivalent.(XK}H & & A}

- SAH SH EAr &

- Incomplete data

CHHE 558 = TS
=0 A2 24 7tSooF g
Variable time interval (Z™EA| A7 2| CHR)
AR Ay ME SEAE U8 7ts.
EAHAREO] AEE £ B Ths

| s

r
0

S MEtH — Multilevel Growth Modeling

43

A. Basic Design for Growth Curve Analysi /

W HEETY 2AEM OSH(R-ANOVA)Q| 2| H

1) 71 48383 oK A3,

2) A AT (FEMHIX| HE) Atx 240 Aot &.
AR AAK R, ZAIA AR 2A0 £

3) SHEMAIE I 2ESI=TF = Qo)A S Est]

— MEA|IEO| JHQIZE CEEALE, AT} L2

He| £ X2 E HAGOF g

4) time variant 38 £9| £ 0| 27t

5) A& E ERIHE2 EQ 271 (K-1740] 72 X 2|EH

6) HAX X2 EMEHOM 2K (Error term)2| A7 02 2.

gl

|:‘c‘>‘|-

0= -

ZxH 2

2 o

44
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—— . Linear Growth Model ——

=

Y,

@] Underlying principle is the linear function of time

m The latent change (linear) is the same for all subjects

45

/,‘,W-‘—B.—fu;nf..arcs\romModel =

=]
o g2 TN BudEdoM ol Y BiiE 4

rir

b2

46

25



—— B-Linear Growth-Model =
/ —

1. Two-level Linear Model

o
Level‘l(tlme) P . .

Level-2(person)

Zoi = Boo T Fos

TR ﬂlO o,

B o
o U
LN 9] L7100 7oo |

€ £32 3 (Combined Model)

Yy = (Bop +rp) + (B +1ny)a,; +ey
=PBoo + Broay + ro; +ra, +oey,

47

. —B.Linear Growth:Model //

~ 1. Two-level Linear Model
@] Fixed Effects

Boo - Average Status at «. =0
If «. =(0,1.2,..), Average initial status.

Ao : Average of Linear growth rate over the observation period.

m] Random Effects

7y oa, =0 O|A ZF 74 Qo] FIF Z=(latent value)
=3
=

o EFET|ZE SO NRl o] M

Too %HEI-E 7Ho|_III'9| _E'_Al_l-

o D SYEL MUK 24

- == s

48

26



— 8- Linear Growth Model =
/ 7 —

/ .
1. Two-level Linear Model

=

(w]

OFl

T3y

8|S

A

—

i

.= BPoo + Lioa,-

m Hoth

2l

Ko ME|E:

T T

rel (mqy;) = 007 rel (y;) = ”?
Togo + O /T, Ao

-dE2|E0 2o, Q18 S| Tts

-AME| RV HOH, MY dESM SR o4

49

———B.Linear Growth:Model
/

/
1. Two-level Linear Model

2) ¢l 3 & (Conditional Model); A&t &

S| eIkt 2
LeVQ'-l(time) Y, = 7Tq; & T,y €y e N(O,o‘z)
Leve|-2(per50n) o, = Boo + Bor 1= ) + Z ﬁ()por T oy

Ty, = Bro + B (1A )+Z BirpX pr + 71y
Ir’”oz—| 5 N(((’—}’(Too "01—I
71| LO] %10 i1 |

€ £32 Y (Combined Model)
Y

e c*. 2 (3 s 0
o ('810 1 ﬁll(illi‘l ) + Z Bl/)X/)i )a”,

ol [rf)i %5 rllati] + eti

50

27



/

r Growth-Model

B.

1. Two-level Linear Model

=

m] Fixed Effects

S BN))

Kad
ol
Kh
]l
od

F

“h

For =,

50

51

_———B-Li

Growth Model

1. Two-level Linear Model

@ Random Effects

i

Pl
il

52

28
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1. Two-level Linear Model

Level 1

ATTIT=my+11,,(2gel6)+ e

Level 2
Toi=Boo+ Bor(female)+ ey,

;=1 + Bz (female)+ ey

53

Problem Title: NYS

Summary of the model specified (in equation format)

Level-1 Model
Y = PO + P1*(AGE16) + E
Level-2 Model

PO = B0OO + BOL*(FEMALE) + RO
P1 = B10 + BLI*(FEMALE) + R1

54

29




- -:~_B.~L'Ln£.arG\row\thModel

| /
HLM 24 21} of|A|

Tau
INTRCPT1,PO 0.04470 -0.00097
AGE16,P1 -0.00097 0.00318

Tau (as correlations)
INTRCPT1, PO 1.000 -0.082
AGEl6, P1 -0.082 1.000

Random level-1 coefficient Reliability estimate
INTRCPTZ, PO 0.835
AGE16, P1 0.456

55

/-‘—WModel agses

The outcome variable is ~ ATTIT
Final estimation of fixed effects
(with robust standard errors)
Standard Approx.
Fixed Effect Coefficient  Error T-ratio d.f P-value
For INTRCPT1, PO
INTRCPT2, BOO 0.523577  0.020252 25.853 239 0.000
FEMALE, BO1 -0.069763  0.029206 -2.389 239 0.018
For AGE16 slope, P1
INTRCPT2, B10 0.033804  0.007659 4414 239 0.000
FEMALE, B11 -0.002887  0.010578 -0.273 239 0.785

56
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=

—— . Linear Growth Model ——

_—

Final estimation of variance components:

Random Effect Standard Variance df Chi-square P-value

Deviation =~ Component

INTRCPTL, RO 0.21143 0.04470 234 1703.16415 0.000
AGEL6 slope, R1 0.05636 0.00318 234 44629282  0.000
level-1, E 0.16943 0.02871

Deviance = -92.836635

Number of estimated parameters = 4

57

/»»W-J&Nwm Model

2
Ytl =Er,tE e, t7TLa, (]_])7

1

personl

2
S e e
i 0 i

it 2i7 U 4

Y yaS
& 3
person2 er % 7[02 A7 ”llat2 i+ 7[22ar2 (l = 2)
+ + + + ..
ti
0 1 2 3

m Underlying principle is a quadratic function of time

W The latent change (quadratic change) is the same for all
subjects

58
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= -
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2

o
=

FEE-1

2

Ok 3

L

—

Ay
Sl A
32

o O
= 9

o= X
21t =3

i

X The growth curve is non-linear in nature!!
¢ Non-Linear model is more appropriate for growth modeling

Y XX 2




/wc Nwm Model —

| /
1) 7|ZEH(Unconditional Model): 7918 Mat= Ao =M
Level-1
Vo=mgtola,-L)+7,(a, _L)z e e N(O’O_Z)
Level-2
HOi:ﬂOO +r01 |—r01—| |—0—| |—T00’ T()l’ T(12—|
7y = Bro + 1y | | | | |
|ru|NN(|0|’|Tlo’ The Ty |)
m] Fixed EfféctsT P20 + 72 L”zzJ LOJ ero’ Tors TzzJ

SFAE Lati=L)o M2 TH &

E¥

Boo =
Prot =x7|7t 0t Jhas(Zba) MR

Byt (acceleration rate)

61

,,,,,, MWth Model
/

@] Random Effects
T - A LOA S| 74 QUKL A

T, BHIIT NEARES| ARkt it
T, BT A HBEL| oKt it
TooToTo NI TN B47E0| BRA

Yt_ = ﬂoo _'_ﬁO](at'_L)_'_ﬂZO(al._L)2

33




_—

=

/MA(ZTNWW Model s /

2) 7B H(Conditional Model) : &2 MO| 7| QIK} A

L1 v v r(a -l)ir (a -1) e, o - N(D o)
- - .
. . . .
2 5. B ye e e v
m E3ny
e e e L e
+ (8, + 8, AA Na, - L)
trobr (o L)ty (a L)2 +e,
63
——C-Non-Linear Growth.Model

(1) %EA{XF_T'_A

SCho| Ha dESH(HX[=0)
1 :ﬁ()fj+ﬂ|(1(az_ +ﬂzo(a/_l‘)2
MAGEe| B d™SHH™X=1)

I ('Boo +ﬁ01)+(ﬁm+ﬁ11)(ar._L)+(ﬂ20 +ﬂ21)(ar._[’)2

64

34



1ear Growth Model

(3) M X|2| Net Effect(Value Added Progress)

B

atfime=3 ¥ rt oy org oy

attime=4 v’ - +A")=4(8,, +8,)

(4) Z 7101 time=t O A2 HEE
dey

= 27r2i(ar’_ - L)
d(a,)

X BE )00 MBS A7t (a,)0f [} CHE.

65

Part .5

Computer Lab
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[ MLD.sav ]

L (level 2 variable) vel 3 variable)

(level 1 variable) (Aggregation)

[ MLD1.sav

MLD2z.sav ] [

MLD3.sav

=

N

[ MLD.MDM ]

HLM A_L_Awqm

*BASE MODEL
*STUDY MODELS

[FILE NAME: Nys21.sav]

List of variables on the working file

Name
ID student id
Print Format: F4
Write Format: F4
ATTIT

a 9-item scale assessing attitudes favorable to

deviant behavior

Print Format: F3.2

AGE16

Write Format: F3.2

age of students

Position

1
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[FILE NAME: Nys22.sav]

List of variables on the working file
Name
ID student id

Print Format: F4

Write Format: F4

FEMALE an indicator for gender (L=female, 0=male)

LEHHCY.

o H}EF 3}HHO||A [hIm6] E= [whim] B icong

Stephen Raudenbush
Anthony Bryk
Richard Congdon

mu -o

£ = gt

o| otHO|A Ot A2 [File] B& +28 21t




n Analysis  Help
Create a new model using an e: MDM file - |
Edit/Run old command(. him/.ml g

tephen Raudenbush
Anthony Bryk
Richard Congdon

| M file ASCIl input
Stat package input

View Output
Graph Equations
Graph Data »

Preferences

Exit

Mixed| v

o 2|9 3IHE HLMO| EQJXIEZE Ascii code A2t 7|&9| EA
Package (e.g., SPSS, SAS, SYSTAT)O| Xt2 £ 2+ 2838
Ho|1 QIC}

71

4 HLM for Windows |- 18X
File Basic Setings  Other Setiings  Run Analysis  Help

Select MDM type

Hi ical Linear Models
( @ | ¢ HLM3

Hierarchical Multivariate Linear Models
’7(‘ HMLM © HMLM2 “

Cross-classified Linear Models
’7  HCM2

Cancel

* HLM3: 359 Xt=0 M= (o, =t-sta-<tu)
o (2IASL 1997 W7l LM 1908 al S dl7hai o)
HMLM: CtHEF 2-level Model.

HMLMZ2: CtHEF 3-level Model.
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= MENSIOH, CF29o| $HO| LIEtLET 07| A MDM file

?lel =t HOM HLM2E

=2 = "
o] RE @S MENSt S0j| [Make MDM] CHEEZ =20 MDM fileO| A4 &l

Make MDM - HLM2
[~ MDM template file
File Name: I

Input File Type |SPSSMWindows -

ch

MDM File Name (use .mdm suffig

Opanmdmtﬁ\el Savzmdmtﬂlel Ed\lmdmlﬂlel

Nesting of input data
€ persons within groups

Level-1 Specification

Browse Level-1 File Name:

Delete missing data when:

" making mdm ol

Missing Data?
’7 @ No ( Yes

running analyses

Level-2 Specification

Browse | Level-2File Name:

Choose Yariables

Done

Make MDM | CheckStatsl
?lof 2O MDM file 2| $d5 fIet =& MESE =M= CEat 20
1.MDM file name; 2Input File type; 3.Nesting of input data; 4.Model
Specification 5. Save Responsive file(MDMT file); 6. Make MDM -

mputer Lab

=0 R os Rajuy
[Make MDM] Et£8 =281, MDM file0f Qi #1450| 7|2 84 20| 280 LtetLt
1, 0|2 &olshA EaiT Check Stats] CHEE =20 03 &D0| LIEIL}, 0| Z2|
= el e
FBX

File Basic Setings  Other Settings  Run Analysis  Help

. vov“f':v‘"“c LEVEL 1 MODEL tboltt: group-mean centering; bold talic: grand-mean certering)
33 LeverT K] ATIT = & +
Level-2 Shre
INTRCPT! LEVEL 2 MODEL (bold italic: grand-mean centering)
ATTIT =y
AGE1B e o "0

Mixed| v
20| BHBOIA 2-level HLM 242 98t DS 23S FAs & + At 20| 2
FAISHE level-LT} level-20| DO O Z#AT} gl 2Ho|CE

74
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& WHLM: him2 MDM File: Nys.mdm Command File: Nys.him
File Basic Settings Other Settings  Bun Analysis  Help
Outcome ]

LEVEL 1 MODEL (kold: group-mean certering; bold italic: grand-mean centering) =
ATTIT = 2, + 7, (AGETE) + & m

T

>> Level-2 <<
INTRCPT2 LEVEL 2 MODEL (bold ftalic: grand-mean centering)
FEMALE 1y = Bog *+ Boy FEMALE) + 1,

Ty = Pyg +ByyFEMALE) +7,

Mixed |~

o 2|9| SIHO| A [File]E MEHSIO] [Save As]Z *.him fileE &St =0
[Run Analysis] =& =28 Xtz £40| O|F0{&ICH
75

Part .6

Growth Modeling®ll A BIE2 =X
SAESEM, HLM b2

40




—=—

\
/

/

1 g3 24ikEAM DHR-ANOVAS| 2

1) ol dE8=5M2 F=EoK| EE.
2) A A(EMHX| M E) A2 2M 0 X2t E
FAAMEARKIE, ZAIARXIES| 2M0 EXE.
3) 2HEA|Eaf BEET 22 Q10 H =25 OF 2.
==> ZEA|T™O| 7{QIZE CtEALE, 2EZIF=T CIEH
A=K 2 Ne| Ee A28 HE| O o
4) time variant 30| £Ql0| E7}=%.

6) ?IAA Azl 22

77

2. Advantage of HLM

1) R-ANOVAOI N X|HE B E HatE 3=,
2) BHEBIS0L BEAIHO| felzt XO] 518,
3) 2t £Z0M o] M2 H 2.
4) 2 459 g4 xF| WX F=

T

L-1 2 1 2(3320) = r(@5)+ e (330
VAR(7) =1 + 0% = B3k + 2324t
L-2 B 1534 A) = (EF)+e,(ZHLA)

78
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3. HLM vs. SEM

HLM SEM
. HERE
AEel FE LA =
A (modeling difficulty)
CtERE2| multi-way,
) only one-way nested
Chakd multi-layer nested
ZHARS
- F flexible fixed
ZHEPAIE
ZHEE flexible fixed
Missing values delete, robust
at Micro level impute (use covariance matrix)
EAEAE
= ) F, account for MAR account for MAR
(case missing)
2 . _
_ RIQ N RQQ N X (}[[)'29_25)‘
Model Mgt , GFI, AGFI, RMSEA, NFI,
—2 Logl ~ X NNFI, CFI

Hold

Easy to use? choice of the software.

79

K
_Olll,
¥
ol
I
-

42



X
§
SN
A
=R
o

=]
N
i

A
=)
=
ot
o
EJ
O
o
40
_lT_l
X







NS E2E(LGM)

07|15
Zoithstm @Kt}
rhee0408 @kookmin.ac.kr.
02)910-4736, 010-9900-2277

Model fit

H: > = 5(0)

Exact fit

ez FI7HE0| =5t R 7t
test statistic: chi-square, (N-1)F

Fyr= log | S(©) | + tr[S=(O)7'] - log |S |- (p+q)

45




Close fit
712 0| ZAHH|=)SHA| RCr = 71HE

test statisticc RMSEA

[F
RMSEA = /—
T T Vo
/ d
= -meaX[F— leLO

Parameter fit

FHE 224

0

7t

test statistic: student t
If alpha = .05, GT 1.96 in absolute value

Check improper solutions
Heywood case, negative variance
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Olo ™

o K
m|_ _/m I_n_Ol_
R RO R
ARG
K B
RO X
EREEPU

— 1
KD &
1° <0

s

1o K

A=)

=C}
O -

Longitudinal data(

« cohort data

« panel data

ol  Jol
ol ol

A= 0
H — =

=
X
e
1 I o
T H Ko

—X0 i1

- 10
1 84 ralll

Ufu =7~ &0
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SEHA=R 9

I HXOf LAjE Ol +=

AL W E X

L Rl B

AlEL Al AlEn
=5 = =5
k- = =
ul (4 ul

(28 8-1)2837=x 0

Unconditional model G| A

wuz.zx={ afach
1.00

v za={  miach 1.00 4.55.
1,00 K
1. 00 =36 .85

wuz.zx={  hisch 1.00
z.09
¥, 00

11E .23 = hach
4. 00

wz.zr=l hisch |

Chi-Square=164.34, df=11, P-value=0.00000, RMSEA=0.179
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Quadratic term 0| A|

MYz Qo
#=4l(deadby99)0|
. 7| SH,
7|1=7|0

o ofsh 2HA1?
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9 9§

X1t X122 X113 X1t4

=-d0] of-Jof| s
Z7| e H HetE0M

AHOI 7t (= 7F?

LGM 24 Heed

:

il
C
—

7t HEHO0[O{OF
H2| 7} 2

| 2010}, equating 7+s
N, three waves

Zk2{0|0f Of

Q |

7 =
< 33|9]
PEIE

> 13 % oy
N @ od 1

mo 4
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