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S

e Homogeneity —> dAZL JIE T = EH AIE2JIs

rn

« Observed Heterogeneity —> & 125 A4S &=
S=20|L} S & 2 A (multiple group analysis) Jts

 Unobserved Heterogeneity —> latent class & latent
categorical variable AI2 (Z 22 BIHEXN XIXN)

Latent Variable & & &4
Ul Oo| ©&
(a3 — TT O
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Latent Variable AIE2| & &

N 24M
Measurement error — errors in predictors, errors in outcomes
Multiple indicators — different aspects of a construct

. .0@

E=ECIN 2 M
O - T — T
* Flexible curve shape

 Random coefficients — individually varying parameters, relationships among
random coefficients

* Population heterogeneity — unobserved group membership, latent class

oy

==

Path analysis — mediators, distal outcomes, multiple processes
* Multiple populations

« Missing data 24 &2Jts

Latent Variable Models Overview

continuous latent |categorical latent

variables variables

Cross-— factor analysis, latent class analysis,

sectional SEM latent profile analysis

models factor mixture analysis

longitudinal |growth analysis latent transition analysis,

models (random effects) |latent class growth
analysis, growth mixture
analysis

28 ot=OtEIE SAHR
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Categorical Continuous

B A

u y

General Modeling Framework

Latent Categorical variable
Cross—sectional models

« Latent Class Analysis
Categorical indicator / no within class variation

o Latent Profile Analysis
Continuous indicator / no within class variation

* Factor Mixture Analysis

Continuous, categorical indicator / within class
variation

Factor analysis + latent class analysis

oootEmE SAHIE 29



Longitudinal data: Three approaches

» Single regression analysis using all n x 7
data points

e nnregression analyses using each individual’s
[/ data

« Single random coefficient regression analysis
using all 7 x 7 data points

—

1) yi=noi+ ni Xt + €
2a) Noi= Qo + YoWi+ o
(2b) Nii= a1 + Y1 Wi + &

—~
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By =0 By >0 By >0
B2 =0 B2 >0 B <0

B <0 Br <0
B2 <0 B >0

Hypothetical trajectories for Bo + By Age + B. Age?.

HLM (Raudenbush) GMM (Muthén) LCGA (Nagin)
Outcome Outcome Outcome
Escalating Escalating
Early Onset /->< Early Onset
o T Normative Normative
Y t+1 Y t+1 Y e
> VYt > Vit > Vi

Longitudinal (Growth) modeling paradigms
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ol @& FHAEZ (13-18Al)

Violence Seriousness Scale

Examining average violence
for the full sample suggests
a low level of violence with
little developmental
variation over time.

13

Age

0

Seriousness of Violent Offense

M

Zado| LA (13-18A)

+Chr9nic (16%) OF B Y| sH A

16 - Desister (15%) ECHS H| A C
—A- Late Escalator (9%) | S &S H|H & C

SH x|

14 - Non Offender (60%)| JI8I 2 &

1.2 1

1.0

0.8 A

0.6 A

0.4 A

0.2 A

0.0

Age
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dEUSSAS 22 Al I =&

o MOl H=3} (Subjective Categorization)
« O|CtH Z&E 24X (Two-Stage Cluster Analysis)
- 588 2

& (Mixture Modeling)
= A 2H (Semi—Parametric

Mixture Modeling2| & &

Z2EUHASAEE B2 Jls - Unobserved heterogeneity
modeling

* Prediction of trajectory class membership

» (Classification of individuals — early prediction of problematic
development

Ctst 2482 s

* Growth functions — different classes correspond to different
growth shapes

* Antecedents — different predictors have different importance
for different classes

* Consequences — class membership predicts later outcomes

34 oRotsmE SAYAE



Y1 Y2 Y3

A
Frequency of
Heavy Drinking

Mixture modeling

Y4 yﬂ

Gender

Heavy Drinking over time

Ethnicity
Family history

Adolescent Measures
(Onset, ASB, HSDrp)

Ct

Growth Factors

Trajectory
Class

Alcohol
Dependence
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C al
I =

for

Che

o

RS EPARS

J

Shape of developmental trajectories
Predictors (time invariant, time varying)
Consequences

Joint trajectory (comorbidity, heterotypic
continuity)

Mixture Modeling

« Latent Class Growth Modeling,
Semi—Parametric Group—Based

Modeling (SAS Proc Traj) — joint model

ol Jt=, Non—Normal Data Handling (Count Data,

Psychometric Scale Data)

« Growth Mixture Modeling (Mplus) —

multiple indicator2| Jt=, Growth Factor Variance

and Covariance Estimation
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ZR4AR UENDY

(Semi—Parametric Group—Based Modeling)

« SHAM T2 E HIEOZ A0|E 2 Rd9s &=
ol=0 2ot SHIIEY
g dOZ SECAN T2 E 0|2e 2AEEAN |
Ak
Panel A
£
z
Panel B
72
Zs
2z _
Zs
Zs
| ——

Using groups to approximate an unknown distribution
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= HZ2AJl= d3EE

inflated Poisson) 28, 0|& 2 %! (binary logit) 2&

> A

| — T =

(et B2, A A (censored

normal) 28, Z 0= (Poisson), S H2l Z 0t (zero—
|

Al
L

 s—

(a=)

Two Major Questions in SGM

e X MPAOl Z2H : How many trajectory
groups (latent classes) are statistically
optimal

e JjOIO Tl A : How an individual’s group
membership can be determined

38 oIotsmE SAUAE




FAEHMDHO AAH : How many trajectory
groups are statistically optimal

« Bayesian Information Criterion (BIC) for selecting a best-
fitting model in SGM,

* For any given model, the BIC is calculated as:
BIC =log L — 0.5 log(n) * (k),
where L is the value of the model’s maximized likelihood,
nis the sample size, and kis the number of parameters

 The decision rule for judging statistical optimality is to
choose a model with the smallest absolute value BIC

Jelol Bty A @ An Individual's Group
Membership

- Individuals cannot definitely be characterized as
belonging to one of the groups.

- Based on the model coefficient estimates, the
posterior probability is computed conditional on
his/her being a member of each group.

« XIHAIZEE #30 [HE YTl E
The individual is then assigned to the group with

the highest posterior probability (maximum posterior
probability rule).
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Xi X2 X3 Xa X5 ceeeeeeeeees Xm

Probability
of trajectory group

membership

Trajectory 1 Trajectory 2 Trajectory 3 Trajectory 4

ZH 22t Z3‘t ............ th

The overall model

Atedl 1
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- S=0t2 JIE

Nature? Nurture?

« JE2 et RKE0| =Mot=It?

HA20te JHE A X0l (individual differences)?

e SOIEHARAD} ASHotE SH20tSTHE 1-5X =
2 82510 24 KE, (A 9L20H= OF 0-4A4(1-
5HI)

* YRote| YN A

v gQotol =M HAMAL Buss@t Plomin(1984)2] EAS 7| Z

=
=
=

2 1.8 (The EAS-Emotionality,
=
o

Activity, and Sociality: Parental Ratings) =& 0|23} 0]

mjo
utot

v EAS ME B EEA MMM BEE S 22 8

v % 2ge 5H NEE 227} SHIEE 7y

T8 M7t w=SE

rir

= B0}

Hr

Y BATH £S4E YR0L B2 WAL RHEH 7|
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2) 92| ofol Cha ZHEEQl Holct
3) 92| ofols EF BATM L& Holct
4) 22| ofo]= & 7|20| LhwzEIcH

5 22| Ot0|= 27t &= W ZASHA BhSotLt.

A=A

Oote] 28N FMHE JI&E0= Het &<
O| _E_XHC)"C f

jo 09

-
TT
(=)
o

ol et

- S (mixture) 282 S0 =241
=&l 2 S (Semi—Parametric Group
Modeling)2 &8t (st 22 RH ==

42 st=otsoiE A3

o



2.9
2.85 1
2.8
2.75 7
2.7
2,65
2.6
2.55

2.5 - - -
2008 2009 2010 2011 2012
(1A1)  (2H1)  (3A1)  (441)  (5A1)

—&AEX =0

« Bayesian Information Criteria (BIC)0fl ((t2t = &
2 A (best—fitting model) & &4

Z| U AF= = E (maximum posterior probability) 01
[[PE} HelE IOtE &&0| =2 &0 &
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5
4
| -7 | ARITIE 2.5%
—=6 S}EIEIEF 6.1%
—g=5 X}t Elct 11.7%
§ ———4 STHEC 38.2%
—lpe3 A= ACE T7.4%
=2 X}Sr2] T ot 28.5%
| =1 2|59 T 5.7%
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1
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PHAES AN H 2!
A &2 H (latent growth curve modeling)
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* Yy =B0 + BT X

[ J [ J ~—

Y 00 +YOx x X, + €0,

A

=1

*B1,=Y10+Y Ix x X; +el,

+ B O,
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a8 8
=& HUSAMDA (Semi—Parametric
Group—Based Modeling)
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20| CIst YRy X5

« 2= et 2 X2 A (Multinomial Logistic
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Panel A : Conventional approach

Behavior X @ Xy Xz Xz weeeeeee X7

Comorbidity I I I I
Behavior Z : Zy Zp Zz e s
Behavior X : Xy Xz Xz weeeee Xr
Heterotypic continuity \\H\‘
Behavior Z: It Zrey Zreg e Zr+k
Panel B : Dual trajectory approach
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| v
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Comorbidity i
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Behavior Z @ Zy Zp Zz s 77
Behavior X = Xy Xz Xs e X
Y.
Heterotypic continuity \
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Measuring comorbidity and heterotypic continuity

Joint Trajectory Approach

* Conventional Approach

Behavior X: )(1 X2 XS .................. XT
Behavior Z: Zo Zipq Zpep oo A

« Joint Trajectory Approach
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Constrained model

Childhood
School bonding

l i

Adolescent
violence
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General model

Childhood
School bonding

Adolescent
violence

Two dual trajectory models
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Transition Probabilities of Being Different

Types of Violent Offender Conditional on

School Bonding Group(& 0|
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{Figure 1) Autoregressive cross-lagged model of negative emoctionality and maternal parenting styles
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{Figure 2) Autoregressive cross-lagged effect of negative emotionality
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Semi—Parametric Group—Based Modelingdt Growth Mixture Modeling2l Bl : Chung, |.-J., Nagin,
D. S., Hawkins, J. D., & Hill, K. G.(2001). A didactic example of mixture modeling applied to the
gt1u8dy of development in adolescent offending. Korean Journal of Social Weltare Studies, 17, 197—

Predictor@ AFZ : Chung, |.-J., Hawkins, J. D., Gilchrist, L., Hill, K. G., & Nagin, D. S.(2002).
|dentifying and predicting offending trajectories among poor children. Socijal Service Review, 76,
663-685.; Chung, |.=J., Hill, K. G., Hawkins, J. D., Gilchrist, L. D., & Nagin, D. S.(2002).

Childhood predictors of offense trajectories. Journal of Research in Crime and Delinquency, 39,
60-90.; 24= (2008) |dentifying and predicting adolescent smokmg trajectories in Korea. At =
?'2%4;165’9 5-28.; AAUZ (2007). A ED| Aot 22 LAY 050, st=2HAEHHAZ, 18(3),

Distal Outcomes?| AFZ : Hill, K. G., White, H. R., Chung, |.-J., Hawkins, J. D. & Catalano, R.
F.(2000). Early adult outcomes of adolescent binge drinking: Person— and variable—centered
Sg?lyses of binge drinking trajectories. Alcoholism. Clinical and Experimental Research, 24, 892—

Joint Trajectory2l AtE : Herrenkohl, T. I., Hill, K. G., Hawkins, J. D., Chung, I.-J., & Nagin, D. S.
(2006). Developmental trajectories of family management and risk for violent behavior in
adolescence. Journal of Adolescent Health, 39, 206-213.; Chung, |.=J., & Chun, J. (2010). Co-
occurring patterns of smoking and alcohol consumption among Korean ‘adolescents. The American
J(Ijijlma/ (()/7)/11(1%01‘402%3 19(3), 252-256.; AU SE (2009). B2 H|& LY AsH 2H. Ofsst
2|

Time-varying covariate2l AtZ : Hill, K. G., Chung, I.-J., Guo, J., & Hawkins, J. D.(in press). The
impact of gang membership on adolescent violence trajectories.

Q)

Mixture2d 2tdd = =

SAS @ Proc Traj — Semi—parametric group—-based modeling

Jones, B., Nagin, D., & Roeder, K.(2001). A SAS procedure based on mixture models for estimating
developmental trajectorles Sociological Research & Methods, 29: 374-393.

Nagin, D.(1999). Analyzing developmental trajectories: A semi—parametric, group—based approach.
Psychological Methods, 4: 139-177.

« Nagin, D., & Tremblay, R. £.(2001). Analyzing developmental trajectories of distinct but related
behaviors: A group—based method. Psychological Methods, 6: 18-34.

Nagin, D.(2005). Group—based modeling of development. Cambridge, MA: Harvard University Press.

« Jones, B., & Nagin, D. (2007). Advances in group—based trajectory modeling and an SAS procedure for
estimating them. Sociological Methods Research, 35(4): 542-571.

http://www.andrew.cmu.edu/user/bjones/

Mplus — Growth mixture modeing
Muthén, L., & Muthén, B. (2012). Mplus user’s guide(7th ed.). Los Angeles, CA: Muthén and Muthén.

Muthén, B., & Shedden, K.(1999). Finite mixture modeling with mixture outcomes using the EM algorithm.
Biometrics, 55: 463-469.

http://www.statmodel.com/
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