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LATENT VARIABLE MODELS

Latent = Not (directly) Observed

e true value, scaling model, latent structure model

clustering, underlying typologies

unobserved heterogeneity, random coefficient mod-
els, multi-level models

random and systematic misclassifications and er-
rors

missing data



LATENT STRUCTURE MODEL

NOTATION
W, X, Y, Z: latent variables

A, B, C, D: manifest variables

BASIC MODEL
A e,
B (I
X
C ec
D €p

- latent and manifest variables
- local independence

- error term, probabilistic relation latent-manifest
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TYPOLOGY OF LSA

LATENT

nominal ordinal interval

nominal Ica Itr.
MANIFEST ordinal olca
interval Iprof fa

in addition: continuous versus discrete
estimated versus fixed scores
link between latent/manifest

‘seneral’ (categorical) Ica: in all cells



BASIC LATENT CLASS ANALYSIS

Essential responsibility of government towards
(1 =yes 2 =no):

ABCD

1111 59
1112 56
1121 14
1122 36

N =808

A - equal rights men/women

B - good education

C - good medical care

D - equal rights guest workers

ABCD

1211 7
1212 15
1221 4
1222 23

ABCD ABCD

2111 75 2211 &
2112 161 2212 68
2121 22 2221 22
2122 7115 2222 145

X is categorical and unobserved; one has to deter-
mine number of latent categories (classes)



A - equal rights men/women
B - good education
C - good medical care

D - equal rights guest workers

ABCDX  _X_AX_BIX_CX_DIX
= T nbxncx Tcdx

abcedx xYax

ABCD Z ABCDX
Nobed = x T bedx

ABCDX A B C D X AX BX CX DX
nabcdx - T]TaTbTCTdeTabexTcx de



ABCDX A B C D X
1nﬂ:abca’x - ¢+)“a +)"b +)\‘c +)"d +)\‘x

AX A BX A CX +aDX
+)"ax +)"bx +)"cx +)"

fAX,BX,CX,DX}

A- equal rights men/women
B - good education

C- good medical care

D- equal rights guest workers

X A B C
1 2 1 2 1 2
1.41 .40.60 .95 .05 85 .15
259 17.83 47 .53 35 .65
AE=0,303 A77=0,772 A= 0,590

L’=13.99 df=6 p=.03
X*=13.97

e INTERPRETATION

« TESTING ‘usual’ chi-square statistics (L*, X?,
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dx

1 2
46 .54

12 .88

ADX= 0,464



BIC); also L?,, (NOT for X=2 vs X=3)

r/u

e MODIFYING MODELS inspect residuals; in-
spect ‘loadings’; more
latent classes; more la-

tent variables
ESTIMATION

e Maximum Likelihood Estimates; (prod-
uct)multinomial sampling

e Table ABCDX is not observed (X is latent)

 EM, NR, etc.

- ey . ~ ABCDX
« EM: -initial estimates T,

. ~ ABCDX ~ X|[ABCD ABCD
-E-Step‘ Pabedx = Tcxabcdpabcd

- M-step: ‘fit’ appropriate model
(AX,BX,CX,DX} to p

- repeat E- and M-step, using latest ‘up-
dates’ untill convergence

PROBLEMS: - local/global maxima
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- ‘terminal’ estimates (boundary -)

- identifiability: necessary and suffi-
cient conditions



RESTRICTED MODELS

AX  _AX
Ty = Ty
AX  _BX
nix - nix
AX _ _BX
sz - Tix

o L3 L3 L3 AX
linear/ordinal restrictions on A"



TWO LATENT VARIABLE MODEL

A - equal rights m/w

Y
D - equal rights g.w.
B - good education
Z
C - good medical care
A% = 1.136
A =0,393 AT = 0,663
AT =0,776 AST = 0,619
YZ A B
1 2 1 2 1 2 1 2
11.26 .51 .49 .95 .05 .85 .15 .65 .35
12.01 .51 .49 .45 .55 .33 .67 .65 .35
21.18 .18 .82 .95 .05 .85 .15 .12 .88
22.56 .18 .82 .45 .55 .33 .67 .12 .88

L’=5.76 df=4 p=.22
X*=5.75
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LATENT (CLASS) SCORES

Determine modal latent class x*, given observed
scores

X|[ABCD
xx abed

Assign all respondents to their modal class

Error measures

ABCD X|ABCD
eabca’ =1 - Tcxabcd

ABCD _ABCD
E = Za,b,c,d (nabcdeabcd)

A‘XIABCD = [(1 —nf*)—E]/(l ‘Wf*)

Identifiability of latent scores
Biased latent scores
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COMPARATIVE ANALYSES

Nation, Time, Group are just (independent) vari-
ables

Main Issue: Comparability of Measurement Model

Relevant Models
{GAX,GBX,GCX,GDX}
{GX,AX,BX,CX,DX,GA,GB,GC,GD}
{GX,AX,BX,CX,DX}
{G,AX,BX,CX,DX}

Differences between parametrizations in terms of

the loglinear parameters or
the response probabilities
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