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Basic Concepts of Latent State-Trait Theory

The set of possible outcome of the random experiment:
Q=Qy xQg, x..xQg, x..xQg, xQo, x..xQo, x..Q0,
Test-score variables:

Yi i Q—R

Person- and situation variables:

U:Q— Qp personvariable
St:Q—Qg, situation variable
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Theoretical Variables

T+ :=E(Y;;1U,S;) Latent state variable
gir =Y —Tit Measurement error variable
Eir=E(Y; 1U) Latent trait variable

Ciri=Tir—Eiy Latent state residual
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Path Diagram
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Properties of the Latent Variables
Decomposition of the variables
Yit=Tis+ei;
Tit =Cir + iy
Decomposition of the variances
Var (Y;;) = Var (ti;) + Var (€;4)
Var (t;,) = Var ;) + Var ({ ;)
www.metheval.uni-jena.de 7122




Expected Values and Covariances of the Error Variables

Implications of the definitions of the latent state- and latent trait variables:
E(gj) =0
Eli)=0

Cov (g, () =0
Cov(gj,7Tj) =0
Cov(gjt,¢js) =0
Cov(Cir,Sjs) =0

Assumptions:
Cov(e,-t,(js)zo S#EL

Cov(e,-t,rjs)zo S#L
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Proof

Proofof E((;;) = O:

Eli) =E@ir—¢&ir)
=E(ri) —E¢y)
= E[E(Y;;|U,S)] - E[E(Y;; | U]
=E(Y;)—E(Yj)

=0
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Proof

Proof of: Cov ({1,¢js) = 0.

First, we show that E({;; ¢ js) = 0, because this implies: Cov(;y,¢j5) = 0.

Cir  =Tir—Sit
=71t —E(Yj¢ 1U)
=1 —EE(Y;; |U,S0) | U]
=7j—E(r;|1U)

Hence {;; is a residual with respect to the regressor U. This implies that the regression of {;; on each (measurable) function of
UisequaltoOand¢,:= E(Yjs|U) is such a function.
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Important Coefficients

Reliability
Var (i)
Rel (Yj;) = WYZ) = Con(Y;,) + Spe (Y;;)
Consistency
\V/, .
Con(Y;;) = Var@ir)
Vdr(yl't)
Situational specificity
Var ;)
Spe(Yi;) = ————
PetYio) = Vur v

Stability of the latent state variable: Kor (t;;,7;s)

Stability of the latent trait variable: Kor (¢;¢,¢;5)
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Path Diagram of the Singletrait Model
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Definition of the Singletrait Model

The following assumptions define the Singletrait Model:

Yie =titte

Aitg+Ain $+ei;

COV(Eitrgjs) 0 (Zrt)?f(jys)
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Fixing Scales and Identification

Fixing the scale of the latent trait variable ¢

E@ =0; Var@) =1 1

Ao =05 A1 =1 2

Identification for A\j;9 = O and Aj1; = 1:

E() = E(Y11)

COU(Y”,Y]'S) Cov (Yis, Yiy)
Cov(Yjs,Ykl,)

Var (vj;) = N2, Var (&)

A3, Var (&) = i,0 # (9 # (kv

Con(Yj;) = Rel(Y;;) = Nig Var ©
ot = FEEI = Tty
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Testability

The variance-covariance structure is:
Var(Y;;) = Var(z;;) + Var(gy)

= A2

“n Var (&) + Var (g;¢)

Cov(Yl-[,Yjs) = Cov(rl-[,rjs) = )\,-ﬂ)\jSIVar({) (i,n) # (j,9)
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Path Diagram of the Multistate Model
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Cov (gj¢,€fs)

Definition of the Multistate Model

The following assumptions define the Multistate Model:

Tit+€ir

Aito+ i1 Mt

=0 @G0 # (9

www.metheval.uni-jena.de

19 /22

Multistate-Singletrait Model
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Path Diagram of the Multistate-Singletrait Model
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Yiy

ne

Cov (gj¢,€5)
Cov (€i4,Ms)
Cov(t,¢s)
Cov(r,€js)

Cov ((1,¢)

Definition of the Multistate-Singletrait Model

The following assumptions define the Multistate-Singletrait Model:

TittEt
Aito+Ain Nt +€i;

Bro+tPr ¢+ (s

0, G0 #3s
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