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Basic Concepts of Latent State-Trait Theory

The set of possible outcome of the random experiment:

Ω=ΩU ×ΩS1
× ...×ΩSt

× ...×ΩSn
×ΩO1

× ...×ΩOt
× ...ΩOn

Test-score variables:

Yi t : Ω−→R

Person- and situation variables:

U : Ω−→ΩU person variable

St : Ω−→ΩSt
situation variable
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Theoretical Variables

τi t := E(Yi t |U ,St ) Latent state variable

εi t := Yi t −τi t Measurement error variable

ξi t := E(Yi t |U ) Latent trait variable

ζi t := τi t −ξi t Latent state residual
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Path Diagram
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Properties of the Latent Variables

Decomposition of the variables

Yi t = τi t +εi t

τi t = ξi t +ζi t

Decomposition of the variances

Var (Yi t ) = Var (τi t )+Var (εi t )

Var (τi t )= Var (ξi t )+Var (ζi t )
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Expected Values and Covariances of the Error Variables

Implications of the definitions of the latent state- and latent trait variables:

E(εi t ) = 0

E(ζi t ) = 0

Cov (εi t ,ζ j t ) = 0

Cov (εi t ,τ j t ) = 0

Cov (εi t ,ξ j s )= 0

Cov (ζi t ,ξ j s )= 0

Assumptions:

Cov (εi t ,ζ j s ) = 0 s 6= t

Cov (εi t ,τ j s ) = 0 s 6= t
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Proof

Proof of E(ζi t ) = 0:

E(ζi t ) = E(τi t −ξi t )

= E(τi t )−E(ξi t )

= E [E(Yi t |U ,St )]−E [E(Yi t |U )]

= E(Yi t )−E(Yi t )

= 0

www.metheval.uni-jena.de 9 / 22

Proof

Proof of: Cov (ζi t ,ξ j s ) = 0.

First, we show that E(ζi t |ξ j s ) = 0, because this implies: Cov (ζi t ,ξ j s )= 0.

ζi t = τi t −ξi t

= τi t −E(Yi t |U )

= τi t −E [E(Yi t |U ,St ) |U ]

= τi t −E(τi t |U )

Hence ζi t is a residual with respect to the regressor U . This implies that the regression of ζi t on each (measurable) function of

U is equal to 0 and ξ j s := E(Y j s |U ) is such a function.
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Important Coefficients

Reliability

Rel (Yi t ) =
Var (τi t )

Var (Yi t )
= Con (Yi t )+Spe (Yi t )

Consistency

Con (Yi t ) =
Var (ξi t )

Var (Yi t )

Situational specificity

Spe (Yi t ) =
Var (ζi t )

Var (Yi t )

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

Stability of the latent trait variable: Kor (ξi t ,ξi s )
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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:

Yi t = τi t +εi t

= λi t0 +λi t1 ξ+εi t

Cov (εi t ,ε j s ) = 0 (i , t) 6= ( j , s)
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Fixing Scales and Identification

Fixing the scale of the latent trait variable ξ

E(ξ) = 0 ; Var (ξ) = 1 (1)

λ110 = 0 ; λ111 = 1 (2)

Identification for λ110 = 0 and λ111 = 1:

E(ξ) = E(Y11)

λ2
i t1

Var (ξ) =
Cov (Yi t ,Y j s ) Cov (Yi t ,Ykv )

Cov (Y j s ,Ykv )
(i , t) 6= ( j , s) 6= (k, v)

Var (τi t ) = λ2
i t1

Var (ξ)

Con (Yi t ) = Rel (Yi t ) =
λ2

i t1
Var (ξ)

Var (Yi t )
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Testability

The variance-covariance structure is:

Var (Yi t ) = Var (τi t )+Var (εi t )

= λ2
i t1

Var (ξ)+Var (εi t )

Cov (Yi t ,Y j s ) = Cov (τi t ,τ j s ) = λi t1λ j s1Var (ξ) (i , t) 6= ( j , s)
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Multistate Model 17 / 22

Path Diagram of the Multistate Model
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Definition of the Multistate Model

The following assumptions define the Multistate Model:

Yi t = τi t +εi t

τi t = λi t0 +λi t1 ηt

Cov (εi t ,ε j s ) = 0 (i , t) 6= ( j , s)
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Multistate-Singletrait Model 20 / 22

Path Diagram of the Multistate-Singletrait Model

Y11

Y21

Y31

Y12

Y22

Y32

Y13

Y23

Y33

η1

η2

η3

ξ

ζ1

ζ2

ζ3

ε11

ε33

1

λ211

λ311

1

λ221

λ321

1

λ231

λ331

1

β21

β31

www.metheval.uni-jena.de 21 / 22

Definition of the Multistate-Singletrait Model

The following assumptions define the Multistate-Singletrait Model:

Yi t = τi t +εi t

= λi t0 +λi t1 ηt +εi t

ηt = βt0 +βt1 ξ+ζt

Cov (εi t ,ε j s ) = 0, (i , t) 6= ( j , s)

Cov (εi t ,ηs ) = 0

Cov (ζt ,ζs ) = 0, s 6= t

Cov (ζt ,ε j s ) = 0

Cov (ζt ,ξ) = 0
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