5 Basic Concepts
W'
The set of possible outcomes
of the random experiment W=W," Ws, " .” Wg 7 W,

Test-score variables Yi: W® IR

Projections U: W® W, person projection
S W® W situation projection
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Theoretical Variables

tii =EY |U, S) Latent state variable
€t:=Yi- ti Measurement error variable
Xit = E(Y; V) Latent trait variable
Zit :=ti- X Latent state residua
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Path Diagram
o il

Yip ¢ tg)¢ X11
\/\{/221

Yoy ¢ {21 ) X 21
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Properties of Latent Variables

Decomposition of variables
Yie=tit + €

tit = Xit + Zit

Decomposition of variances
Var(Y;) = Var(ty) + Var(e)
Var(t;) = Var(x;,) + Var(z;)




m'i Expected Values and
M‘f Covariances of the Residuals
E(e) =0
E(zi) =0

Cov(em ZJS) = 0
Cov(em tJS) = 0
Cov(em XJS) = 0

Cov(zi, Xj) =0

D

Expected Values and
Covariances of the Residuals

g.;'..::

Proof of: E(zy) =0

E(z;) = E(ti; - %) (Inserting the definition)
=E(t;) - E(x)  (Ruleiii of RuleBox 5.1)
= E[E(Yic | U, S)] - E[E(Yi:|U)]  (Inserting the definitions)
=E(Yy) - E(Y) =0  (Ruleiv of Rule Box 6.2)
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Expected Values and
Covariances of the Residuals

Proof of: Cov(zi, xs) =0
First we proof E(z;; [X9 = O, which implies Cov(z;;, Xs) = 0.
Ziy =ty- X  (Definition of z;)

=ty- E(Y¢|U) (Definition of x;)

=ty- EE(Y | U, ) |U] (Rulevi of Rule Box 6.2)

=ty- E(ty|U)  (Definition of t;)
Thisshowsthat z;;is a residual with respect to the regressor U. Hence,
itsregression on al functions of U iszero and x;s := E(Yjs | U) issuch a
function of U. Furthermore, its covariances with all functions of U are

zero, because the covariances of aresidual with all functions of its

regressor are zero.
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Important Coefficients

Reliability
_Var(ty) _ : _
REICY) = oy = CONCY) + Speti)
Consistency
Con(Yit ) - Var (Xit )
Var(Y;;)
Occasion Specificity
_Var(zj)
pel¥iy) = var(Y,)

Stability of the latent state variable Kor(ti;, tis)
Stability of the latent trait variable Kor (Xt Xis)
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Singletrait Model

i!_ ﬁ'_ Path Diagram o

=2 Singletrait Model

i! ﬁr Definition 10
Yii =tii+ 6

=lio+1iuXx+e

Covierg9)=0 (i,9)* (J,9)




Singletrait Model
Fixing the scale and I dentification

gg

11

Fixing the scale of the latent trait variable x:
E(x)=0 and Var(x)=1

or |110:O andlmzl

ldentification inthe casel 110=0 and | 111=1
E(x) = E(Y11)
Cov(Yit,YjS) Cov(Y,,Y,,)

| 2,Var(x) =
I COV(Yjs ’qu)

L9 (49" (ku

Var(t;) =1 &, Var(x)

Cont¥) = Re(v;) =R E)
it
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Singletrait Model
Testability
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Var(Y;) = Var(t;) + Var(e,)
=1 {yVar(x) + Var(e)

Cov(Yiy, Yis) = Cov(tintis) = liuljaVar(x), (i,t)* (j,9)




V= ) Multistate Model
;‘! ﬁ' path diagram 13
= Multistate Model y
;‘! ﬁ' Definition

Yii= tic + &

tie=lio + linhe + &

Cov(e,89=0 (G, (,9
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Multistate-Singletrait M odel
path diagram
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Multistate-Singletrait Model
Definition

Yie=tic + 6
=lip+ iuhi + &

hy=go+ X + 2z

Covie, 6) =0 (i,)* (j,9)
Cov(e, h) =0
Cov(z, z5) =0
Cov(z;, 69 =0
Cov(z;, x) =0




Singletrait Model with Method Factors

= ;F path diagram v
m‘ Singletrait Model with Method Factor
= ; Definition ?
Yie =i + 6
=l + X +di+ 6
Y33 =t33+ 653
=X +éx

Cov(en ) =0 (i,)* (i,9




Multistate Model with Method Factors
path diagram

Singletrait-Multistate Model with Method Factors
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