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Abstract

Latent state—trait (LST) theory is a generalization of classical test theory designed to
take account of the fact that psychological measurement does. not take place in a
situational vacuum. The basic concepts of latent state—trait theory (LST theory) are
introduced. The core of LST theory consists of two decompositions: (a) the decom-
position of any observed score into latent state and measurement error, and (b) the
decomposition of any latent state into latent trait and latent state residual representing
situational andfor interaction effects. Latent states and latent traits are defined as
special conditional expectations. A score on a latent state variable is defined as the.
expectation of an observable variable Y, given a person in a situation whereas a score on
a latent trait variable is the expectation of Y, given a person. The theory also comprises
the definition of consistency, occasion specificity, reliability, and stability coefficients.
An overview of different models of LST theory is given. It is shown how different research
questions of personality psychology can be and have been analysed within the LST
Sframework and why research in personality and individual differences can profit from
LST theory and methodology. Copyright © 1999 John Wiley & Sons, Ltd.

INTRODUCTION

Although the distinction between states and traits appears to be as old as thinking
about human mind and behaviour (Eysenck, 1983), and provides a conceptual basis
in everyday language for the description of personality and individual differences
(Chaplin, John and Goldberg, 1988), the concept of states was introduced to
personality research only during the sixties and seventies (e.g. Cattell, 1966, 1979;
Cattell and Scheier, 1961; Nesselroade and Bartsch, 1977; Spielberger, 1972). By
contrast, the concept of traits has guided personality research from its very beginning
(Allport, 1937; Carr and Kingsbury, 1938; Johnson, McClearn, Yuen, Nagoshi,
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Ahern and Cole, 1985). In the twenties and thirties of this century, several important
research projects investigated the stability of behaviour and the consistency of
behaviour across situations. Temporal stability and cross-situational consistency are
considered prerequisites for the description of individuals in trait terms. Allport and
Vernon (1933) investigated the consistency of expressive movements, Hartshorne
and May (1928) the consistency of moral conduct, Dudycha (1936) the consistency of
punctuality, and Newcomb (1929) the consistency of introvert—extrovert behaviour.
At about the same time, Thurstone (1931; Thurstone and Chave, 1929) suggested
conceptualizing social attitudes as behavioural dispositions or traits. After World
War II, various attempts were made to develop comprehensive personality trait
models based on factor analytic research (Cattell, 1946; Eysenck, 1947; Guilford,
1959). Up until today, the trait approach continues to be the predominant conoéptual
framework for the description of human personality and the prediction of behaviour
(Matthews and Deary, 1998).

However, the validity and usefulness of the trait model have been questioned. For
example, Hartshorne and May (1928) found an average correlation of 0.23 among
moral behaviours in different situations and concluded that behaviours depend more
on characteristics of the specific situation than on traitlike dispositions of the
individual. Similarly, Allport and Vernon (1933), Dudycha (1936), and Newcomb

(1929) found rather low correlations among behaviours observed in different situa-
tions. Based on results from this and related research, Mischel (1968) and others
argued that traits are not useful for the description of personality because behaviour
depends mostly on the situation and thus cannot be predicted with sufficient accuracy
from trait measures. Mischel's critique was countered by several authors who
advanced various solutions for the consistency problem.

(1) Some authors recommended giving up or at least supplementing the trait
approach and elaborating cognitive and motivational theories of action, instead
(e.g. Alston, 1975; Mischel, 1973; Wright and Mischel, 1987).

(2) Others, in particular Epstein (e.g. 1983, 1984), defended the trait approach by
arguing that a fair test of the consistency assumption must go beyond the level
of single situations, because the concept of traits refers to behavioural manifest-
ations in broad classes of situations. Epstein (1979, 1980) proposed aggregating
behavioural measures across situations and showed that high correlations can be
found among aggregated behavioural measures. Epstein and O’Brien (1985)
reanalysed data from previous studies (Allport and Vernon, 1933; Hartshorne
and May, 1928; Dudycha, 1929; Newcomb, 1929) and concluded that these data
were in perfect agreement with the trait concept if properly aggregated.

(3) The moderator variable approach was a third reaction to Mischel’s critique of the
trait approach. Bem and Allen (1974) suggested that individuals may differ in
their behavioural consistency across situations. Some individuals may be more
traited than others and therefore more predictable. Since the contribution of Bem
and Allen (1974), various explanations for individual differences in consistency
have been offered and investigated (Ajzen, 1987; Schmitt and Borkenau, 1992; Eid
and Diener, 1999; Snyder and Ickes, 1985).

(4) Modern interactionism was a fourth reaction to the consistency debate (Endler
and Magnusson, 1976). Just like aptitude-treatment-interaction research
(Cronbach and Snow, 1977), this paradigm employed factorial ANOVA designs
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to show that, aside from individual differences in behaviour and main effects of
situations, behavioural variability is substantially due to interactions between
persons and situations (e.g. Bowers, 1973; Endler and Hunt, 1966; Sarason, Smith
and Diener, 1975).

Basically, latent state—trait theory (LST theory) presented in this article is another

‘reaction to the consistency controversy. Just like modern interactionism, it aims at

taking into account the fact that not only persons but also situations and the
interaction between persons and situations are important sources of variance in
psychological measurement. However, in contrast to manipulating situation charac-
teristics experimentally and crossing situation factors with personality factors in one
design, as was done in most interactionist studies (cf. Bowers, 1973; Endler and Hunt,
1966; Sarason et al., 1975), LST theory strives to consider these sources of variances
also in observational (nonexperimental) research and to represent traits and situation
and/or interaction effects in structural equation models. The basic difference from
Epstein’s approach is that LST theory does not try to eliminate situational specificity.
by aggregation but aims at incorporating it into its models as integral parts. States
and traits as well as situation and/or interaction effects and measurement errors are
explicit components of the models of data analysis utilizing modern developments in
psychometrics: structural equation modelling with latent variables.

Over the last 12 years considerable progress has been made in the development of
LST models for different types of data and research questions. Moreover, models of
LST theory have been applied in many areas of personality and social psychology.
The aim of this article is to review the basic principles of LST theory and to provide a
guide through the various questions that can and have been pursued by latent state—
trait modelling. The organization of this article is as follows. First, we give a brief
conceptual introduction to the basic ideas of LST theory. Second, we provide a
formal outline of LST thcory and its basic variables and define the reliability,
consistency, and occasion specificity coeflicients. Third, we describe one model of
LST theory in detail, illustrate it by a small example, and give a brief overview of
other models of LST theory. Fourth, we describe research questions that can be
analysed with LST models, and review previous applications of LST theory. Finally,
we discuss LST theory in comparison to other approaches to the state-trait
distinction. Readers who are more interested in practical applications of LST theory
might read the section on questions that can be pursued by latent state-trait research
before the section on the formal outline of LST theory. -

CONCEPTUAL OUTLINE OF LATENT STATE-TRAIT THEORY

Like modern interactionism, LST theory starts from the premise that human cogni-
tion, emotion, and behaviour depend systematically on characteristics of the person
(traits), characteristics of the situation, and the interaction between person and
situation. Together, these factors create a psychological state which varies across time
points to the extent that the situation to which the person is exposed changes. In
experimental research, individuals are exposed to systematicaily different situations
such that individual differences and situation differences are unconfounded. In
natural life, however, individual differences and situation differences are confounded
at any given time point. If we observe several individuals at the same time point, each
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of them will most likely be in a different psychological (psychosocial and psycho-
biological) situation. If we are interested in anxiety, for instance, one person may just
have been told by the doctor that s/he needed surgery to remove cancerous skin tissue
while another person may just have been offered a job which means the end of worries
about unemployment. These two individuals will, at the occasion of measurement
(time point), differ in their anxiety state. LST theory assumes that this difference
reflects both the difference between the situations in which these individuals are, and
the difference between their trait anxiety.

If we extend this idea to psychological assessment in general, it means that every
test, questionnaire, or other indicator never measures only individual trait differences
but also systematic effects of the situation in which the person’is when the question-
naire or test is administered. Measurement does not take place in a situational
vacuum and we always measure persons in situations. In other words, our instruments
always measure individual state differences and these state differences are due to trait
differences, situation differences, and person-—situation interactions.

This idea is not new but a general assumption in experimental personality research.
However, LST theory differs from the experimental paradigm in that the situations in
which measurement takes place do not have to be known and do not have to be
observed. The natural variation of situations between occasions and the natural
differences betwecn subjects (persons in situations) within each occasion of
measurement is sufficient. It is sufficient to assume that from occasion to occasion,
different psychological situations such as the ones mentioned may be given and have
an effect on the person’s feeling, thinking, and behaving. Finally, situations do not
have to be described in some objective sense in order to determine the proportion of
variance accounted for by situations and/or interactions. However, if variables
describing specific characteristics of situations are present, it will be possible to
estimate their effects as well.

FORMAL OUTLINE OF LATENT STATE-TRAIT THEORY

LST theory provides a formal representation of these ideas by decomposing any
observed variable (e.g. a test score variable) into a latent state variable and an error
variable. The latent state variable is decomposed into a latent trait variable and an
occasion-specific residual which represents the effect of the situation .in which the
person is when assessment is performed and the person-situation interaction. In the
following, the basic variables of LST theory will be described in detail. We restrict our
presentation Lo the population level; that means no problems of estimation and testing
will be discussed. Of course, in empirical applications, we will also need sample
models, estimation, and testing procedures. Techniques for testing models and
estimating parameters are described in sufficient detail in the literature on structural
equation modelling (Arbuckle, 1997; Bentler, 1995; Bollen, 1989; Joreskog and
Sérbom, 1993; Muthén and Muthén, 1998).

Observable Random Variables

Figure 1 represents the décomposition of observable random variables Y. Such
observable variables may be defined, for instance, by the scoring rule of a psycho-
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Figure 1. The decomposition of the observable variables of latent state—trait theory.

logical test, by the scoring rule of an instrument for systematic observation, self-
ratings, peer ratings, or by any other measurement device, for instance, for hormone
levels (see, e.g. Kirschbaum, Steyer, Eid, Patalla, Schwenkmezger and Hellhammer,
1990) or cortical activation (e.g. Hagemann, Naumann, Liirken and Bartussek, in
press). In LST theory, we usually need two indices for the observable variables ¥ :
the second index, k, refers to the kth occasion of measurement, whereas the first index,
i, refers to the ith measurement of the person considered within occasion k. Usually,
the scores of the variables Y, and Y, having identical first indices are obtained by the
same measurement instrument (e.g. a psychological test) used on both occasions k
and /.

The variables Y, are considered random variables pertaining to the random
sampling of a single person from a larger group of persons (referred to as the
‘population’) and taking several measurements of the sampled person on each of
several occasions. Even if there were no measurement error, the scores of the variables
Y, would be random, because the person considered is randomly sampled from the
population.

Latent State Variables and Measurement Errors

Analogously to classical test theory (CTT; Lord and Novick, 1968; Novick, 1966;
Steyer, 1989, in press; Zimmerman, 1975, 1976), an observable variable Y, is decom-
posed into the sum of the frue score variable 1, and the error variable ¢, (part B of
Table 1). However, in contrast to CTT, a true score (with respect to the measurement i
on the occasion k of measurement) is the expectation (true mean) of the distribution of
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Table 1. Basic variables of latent state—trait theory

A. Notation )
Ty latent state vanables
Eu latent trait variables

(g = 15— 4 latent state residuals
e, = Y; —1; measurement error variables

B. Decomposition of variables
Ya=1,+¢,
Ty = Cat+la

C. Decomposition of variances
Var(Y,) = Var(r,) + Var(e,)
Var(t,) = Var({,) + Var({,)

D. Properties of expectations
E(ey) = E({3) =0

E. Properties of covariances
Cov(eg.{y) = Covle,, 1) = Coviey &) = Cov({y.8,) =0

Note: All propertics listed in this table (including the decompositions of
variances) follow from the definitions of 1, {,, +{; (sce Steyer and
Schmitt, 1990a). There are no assumptions other than that the
vanances of the Y, varables are finite and greater than zero. All
equations displayed hold for all ijel, :={l,....,m) and
k.le K:{l,...,n), where m, is the number of variables measured
on occasion k and n is the number of occasions of measurement.

Y, conditional on the person in the situation (cf. Anastasi, 1983) rather than the
person. In LST theory the true score variable 1, is also called the latent state variable.

As outlined already, the term situation, as used in this context, does not only refer
to observable or experimentally manipulable conditions. Those could be dealt with in
the usual ANOVA design or by introducing additional observable variables
representing the situation. Rather, the term ‘situation’ refers to the unobservable
psychological conditions that might be relevant for the measurement of the construct
considered.

Consider two more examples in addition to the anxiety example given earlier for
clarifying this point. Suppose we want to measure the ability of concentration. It is to
be expected that we would not obtain the same results for John after a night with two
hours sleep as after a night with eight hours sleep. Similarly, Bill’s score on scale
measuring attitude towards abortion might depend on whether or not he saw a report
on abortion on TV the day before. These examples make clear that psychological
measurement does not take place in a situational vacuum, even if measurement of a
trait is intended. :

The fact that at best only a few aspects of the relevant situation may be known does
not mean that situational effects should be considered part of the measurement error.
Having repeated measurements of the same construct within the same occasion of
measurement and comparing it to repeated measurements of the same construct on
different occasions will help to separate trait from situational effects and will allow to
estimate the impact of situational effects (in terms of variance components) even if the
situation itself remains unknown in part or even completely.

Copyright © 1999 John Wiley & Sons, Ltd. Eur. J. Pers. 13: 389408 (1999)
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Given the fact that the true scores mentioned above do not characterize the person
but the person in the situation, we call the variables 1, latent state variables. Since a
score of a latent state variable characterizes the person in the situation, the score is
composed of three components: (a) a component of the person, (b) a component of
the situation, and (c) a component of the interaction between person and situation
(Steyer and Schmitt, 1990a, p. 70).

Once the latent state variables are introduced, we may define the measurement error
variables ¢, as the difference Y, —t,. Hence, the ¢, represent that part of the
observable random variables Y, that is not determined by the person, nor by
the situation, nor by the interaction between person and situation. The definition of
the measurement error variables implies that their expectation is zero and that they
are uncorrelated with a number of other latent variables and with the latent state
variables pertaining to the same occasion of measurement (for details, see Table 1).
These zero correlations are logical consequences of the definitions of the concepts
(Steyer and Schmitt, 1990a). Hence, they are not empirically falsifiable, just in the
same way as ‘being unmarried’ cannot be falsified as a property of a bachelor.
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The Latent Traits and Latent State Residuals

It is reasonable for theoretical reasons and useful for substantive applications of LST
theory to decompose the true score variables t,, (the latent state variables) into the
sum of a trait component ¢, and an occasion-specific residual {;, (part B of Table 1).
Whereas the latent state variable 1, characterizes the person in the situation, the
latent trait variable &, characterizes the person itself. The occasion-specific residual -
L, represents situational and/or interactional effects. -

The reader may wonder why index k is needed for the latent trait. The reason is that
although trait scores, by definition, are not affected by the situation present on the
occasion of measurement, traits may still be subject to change between occasions of
measurement being due, for instance, to genetic programmes, learning, or critical life
events (cf. Hertzog and Nesselroade, 1987). Our trait concept does not imply that
traits are innate or unchangeable, although trait changes will, in general, occur very
slowly and will not be the primary reason for intraindividual state variability. Rather,
intraindividual state variability will, in general, be a consequence of the fact that the
person is in different situations on different occasions of measurement.

Analogous to the error vanables, the latent state residuals {; may be defined as
difference variables, namely the difference between the latent state variable 7, and the
latent trait variable £, . According to this definition, the {; contain effects of the
situation in which the person is measured and/or effects due to the interaction between
person and situation. Since, in most applications, the situation is assumed to be
constant within an occasion of measurement for a given person, we may also say that
the variables {, consist of occasion-specific effects. Just like the measurement error
variables, the definitions of the latent state residuals {, imply that they have zero
expectation and zero correlation with all latent trait variables {j,. Furthermore, the {;
and the ¢ are uncorrelated within the same occasion k (Table 1). Again, these zero
correlations are logical conséquences of the definitions of the concepts (Steyer and
Schmitt, 1990a) and, therefore, cannot be empirically falsified. Latent states and traits,
as defined here, are not uncorrelated (cf. Buse and Pawlik, 1991), whereas there is a
zero correlation between latent traits £, and occasion-specific effects L

Copyright © 1999 John Wiley & Sons, Lid. Eur. J. Pers. 13: 389-408 (1999)



396 R. Steyer et al. ‘

Table 2. The most important parameters of LST theory

Rel(Y,) = Var(t,)/Var(Y,) Reliability

= Con(Y,) + Spe(Y,)
where
Con(Y,) = Var({;)/Var(Yy) Consistency
Spe(Yy) = Var({,)/Var(Y,) Occasion specificity
Cor(ty,1,) Stability of states
Cor(£y.¢) : Stability of traits
Cor(£4.8x) Homogeneity of traits

Note: Cor(Ey.&y) denotes the correlation between two latent trait
variables pertaining to two different occasions but with identical first
indices. Cor(¢,.{;) denotes the correlation between two latent trait
variables pertaining to the same occasion of measurement but with
different first indices.

‘ 'Consistency, Occasion Specificity, Reliability, Stability, and Homogeneity

In this article, the latent variables occurring in Figure 1 were introduced in a rather
informal way. The more formal definitions show, however, that the variances of the
variables ¢, {4, and ¢, add up to the variance of Y, without any additional
assumptions other than that the variances of the variables Y, are finite (Steyer and
Schmitt, 1990a). Similarly, the variances of the latent state variables t; can be
decomposed additively into the variances of the trait and of the latent state residual
(part C of Table 1). Hence, if Var (¥}) is greater than zero, the last two equations
allow us to define the coefficients of consistency, occasion specificity, and reliability as
shown in Table 2.

The coeflicient Con(Y ) is the proportion of variance of a variable Y, reflecting the
impact of interindividual differences that are due to the latent trait. The coefficient
Spe (¥,,) is the proportion of variance of a variable Y, due to the situation and/or the
person-situation interaction on occasion k. The coefficient Rel (Y,) is the proportion
‘of variance of a variable Y, determined by the differences between the persons,
situations, and the interaction between persons and situations. Because of the
additivity of the variances of the latent variables, the consistency and occasion
specificity coefficients add up to the reliability coefficient. If one intends to measure a

. trait, the consistency should be high and the occasion specificity coefficient should be
low. If one would like to assess a mood, it should be the other way around. In both
cases, however, reliability should be high.

Additionally, we may define the correlation Cor (t,,7;) to be the stability of the
latent state variables and Cor (¢, &) to be the stability of the latent trait variables
“between occasions k and / of measurement. The use of the term ‘stability’ in this
context presumes that t, and t, (£, and ;) represent the same states (same traits) in
some sense {o be specified. For instance, using the same index i might indicate that the
same test is given on the two occasions k and /. However, in some applications, a
parallel form might do as well. If this assumption does not hold, one should simply
use the term ‘correlation’ (e.g. between 1, and t,) instead of the term ‘stability’.
Furthermore, the correlation Cor(z ,tj,() between two latent state variables t; and £
differing in their first index indicates the homogeneity or similarity of state on the
same occasion of measurement. Analogously, the correlation Cor(; ;) between
two latent trait variables £, and £, differing in their first index reflects the
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homogeneity or similarity of traits. The notions of state and trait homogeneity or
similarity are meaningful from the perspective of LST theory because latent states,
latent traits, latent state residuals, and measurement error are defined with respect to
and for each manifest variable.

Accordingly, all latent variables and all coefficients introduced above have two
indices, / and k; that means, they are defined with respect to a method (or measurement
device) i and an occasion k of measurement. Hence, each observable variable Y, has
its own latent state component 7, its own latent trait component £, its own latent
state residual {; , and its own measurement error variable ¢, (Figure 1). Obviously, it is
not possible to identify the variances and covariances of the latent variables and to
estimate individual state, trait, and residual scores unless (restrictive) assumptions are
introduced. Different assumptions define special models of LST theory.
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MODELS OF LST THEORY

Models of LST theory are defined by assumptions about the basic variables of LST
theory. These assumptions can differ in their complexity. The assumptions defining
specific models serve to identify the theoretical parameters such as reliability,
consistency, and occasion specificity. Many of these models have already been
described in some detail by Steyer, Ferring and Schmitt (1992). Another, rather simple
model of LST theory for two measurement instruments (i = 1, 2), two occasions of
measurement (k = 1, 2), and mean-corrected variables is depicted in Figure 2. This
model, called the multistate—multitrait model (cf. Eid and Diener, 1999), is defined by
the following five assumptions:

(1) All latent trait variables £, belonging to the same measurement instrument i, but
different occasions of measurement k, are identical: §,, = £,. This assumption
implies that in this specific model the latent traits are perfectly stable and that a
common latent trait variable can be defined by &, = &, = . The latent traits,
however, may differ between the different measurements taking differences
between measurement instruments into account. The correlation of the common
latent trait variables indicate the homogeneity or similarity of the two different
measurements considered.

(2) Alllatent state residuals {,, belonging to the same occasion of measurement k, but
different measurements i, are identical: {,, = (5. This assumption means that the
situation and/or interaction effects are identical for the two measurements under
consideration. This assumption implies that a common latent state residual can be
defined by {; = {;; = {5

(3) Alllatent state residuals {, belonging to different occasions of measurement are
uncorrelated. This means that the state residuals measure pure occasion-specific
influences that are not shared with other occasions of measurement.

(4) All error variables are uncorrelated implying that all correlations between the
observed variables are explained by the latent traits and latent state residuals.

(5) All error variables ¢, of an occasion k are uncorrelated with the common state
residuals {; of another occasion /. The uncorrelatedness of the error variables and
the common state residuals within the same occasion of measurement, however, is
not an assumption, but a logical consequence of the definition of the state
residuals and the error variables (see part E of Table 1).
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Figure 2. A multistate-multitrait model for two t instr ts and two occasions of
measurement. Because the latent state variables are perfectly determined by the latent traits and the state
residuals (see part B of Table 1), there are no residuals for the variables t,.

All five assumptions can be wrong in an empirical application and are subject to
empirical tests, whereas all properties of LST variables summarized in Table 1 cannot
be wrong since they are logical consequences of the concepts. Computer programs for
structural equation modelling such as AMOS (Arbuckle, 1997), EQS (Bentler, 1995),
LISREL (Joreskog and Sérbom, 1993), or Mplus (Muthén and Muthén, 1998) can be
used to test some implications for the covariance structure of the observed variables
that are implied by these assumptions. Moreover, these programs can be used to
estimate the theoretical parameters of this model, that is, the variances and the
covariances of the latent variables.

In Table 3 a small application of this model is summarized. The observed variables
are two test halves of a German mood scale assessing the mood state of awakeness
versus sleepiness (Steyer, Schwenkmezger, Notz and Eid, 1997). The covariance matrix
in Table 3 represents the covariances of the two test halves administered on two
occasions of measurement three weeks apart from each other. The sample size is
N = 503. In addition to the model restrictions described above, it is assumed that the
variances of the two latent trait variables are identical, that the variances of the two
latent state residuals are identical and that all error variances are identical. As a first
consequence of these assumptions, all observed variables have the same reliability,
consistency, and occasion specificity (Table 3). As a second consequence, the
covariance matrix implied by the model contains only four different values
(Table 3). This reflects that four parameters of the model were estimated: (1) the
variances of the two latent trait variables, (2) their covariance, (3) the variance of the
two latent state residuals, and (4) the variance of the four measurement error variables.
This model fits the data well (x2 = 5.85, df = 6, p = 0.44). The reliability coefficient
reveals that the assessment of current mood is imposed by a small measurement error
only. The small consistency and large specificity coefficients as well as the relatively
small stability coefficients of the states indicate that there are strong situation and/or
interaction influences on mood. Interindividual differences in mood are more variable
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Table 3. Results of an empirical application of the multistate—multitrait model

A. Covariance matrix of the observed variables

Y, 17.06

Yy 15.27 16.16

Y 4.80 -4.50 17.22

Yy 4.80 4.98 15.94 17.06

B. Fitted covariance matrix

Y, 16.87

Y, : 15.61 16.87

Y, 4.89 4.64 16.87

Yp 4.64 4.89 15.61 16.87

C. Estimated parameters of LST theory (i,k = 1,2)

Rel(Y,) = 0.94 Reliability
Con(Y,) = 0.29 Consistency
Spe(Y,) = 0.65 Occasion specificity
Cort(t,;,t,,) = Cor(1y;,15) = 0.31 Stability of states
Cor({, .8 =1 Stability of traits

Cor({ ;.85 = 0.95 Homogeneity of traits

Note: The stability coefficients of the traits arc not estimated. The perfect trait stability is a'property of
the mode! analysed. It is implied by the assumption that the common latent trait variables do not change
over time.

than stable. The large correlations of the two common latent state and the common
latent trait variables show that both test halves are very homogencous. In sum, this
small empirical example shows that models of LST theory are suitable for measuring
persons in situations and for estimating the impact of situation and/or interaction
effects.

Other Models

In this article only a very simple model of LST theory has been introduced to
demonstrate the basic principles of defining the latent variables of structural equation
models as functions of the basic variables of LST theory. Steyer et al. (1992) as well as
Eid, Schneider and Schwenkmezger (1999) discuss further models of LST theory in
which different restrictions are made. In particular, models with general trait factors
and method-specific factors can be defined within this framework. Furthermore,
models can be restricted in such a way that models without statc residuals (perfect
consistency) or without latent trait variables (perfect occasion specificity) emerge.
Finally, multiconstruct LST models are useful for investigating the correlations
among different traits and for exploring whether situation effects and person—
situation interactions on eccasions of measurement generate correlated latent state
residuals of different psychological variables. Examples for this type of research will
be given later in this paper (see also Schmitt, in press). Multiconstruct LST models
including method specific factors can also be useful for exploring the convergent and
discriminant construct validity of assessment instruments. Models of confirmatory
factor analysis that are implied by the assumptions of LST models are very similar
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and sometimes equivalent to other structural equation models for analysing longi-
tudinal data that have been developed in other theoretical traditions (e.g. Kenny and
Zautra, 1995; Marsh and Grayson, 1994; Ormel and Schaufeli, 1991).

Models of LST theory have also been developed for other types of observed and
latent variables. The basic principles of LST theory and the LST model described so
far are appropriate for metric observed variables, such as test scores or physiological
variables, and metric latent variables (latent dimensions). This theory and the models
defined on it are not suitable for categorical observed variables, for example,
dichotomous response variables with categories yes and no, or Likert scales with a
relatively small number of ordered categories. Moreover, this approach is not suitable
for applications in which it is not reasonable to order individuals on latent
dimensions, for example, when interindividual differences can be described best by a
typological model with qualitative latent variables (latent classes). However, special
LST models have been developed for categorical observed variables and for typo-

‘logical latent structures. Eid (1996) expanded LST theory for categorical observed
variables with ordered categories and metrical latent variables and showed how item
response models can be defined within this theoretical framework. These models can
be applied to analyse the consistency and specificity of single item responses.
Therefore, these models can be used for item selection and test construction. For
instance, items with large consistency coefficients can be selected for personality
questionnaires whereas items with large specificity -coefficients can be selected for
questionnaires assessing variable states such as moods or emotions (Eid, 1997, 1998).
Latent state—trait models have also been developed for the measurement of latent
state and trait typologies. Eid and Langeheine (1999) demonstrated how log-linear
models with latent variables can be applied to define LST models with categorical
observed and categorical latent variables (latent classes).

QUESTIONS TO BE PURSUED BY LATENT STATE-TRAIT RESEARCH

Models of LST theory are a useful methodological tool for answering different
research questions of personality psychology. There are at least six important research
questions that can be analysed within this methodological framework.

(1) What are the proportions of variance of observable variables that are determined by

(a) trait effects (consistency), (b) situation andfor interaction effects (occasion -

specificity), and (c) measurement error ( unreliability)? This is the most typical
research question for which models of LST theory have been applied. Answers to
these questions tell us to what degree measurement instruments assess (a) traitlike
versus (b) statelike attributes, and (c) how reliable the incasurements are. There are
many kinds of observed variables for which this question is important. For
instance, LST models have been used to validate scales for the assessment of mood
and emotions (Dumenci and Windle, 1996; Eid, Notz, Steyer and Schwenkmezger,
1994; Steyer, Majcen, Schwenkmezger and Buchner, 1989; Steyer, Schwenkmezger
and Auer, 1990), attitudes (Steyer and Schmitt, 1990b), values (Schmitt, Schwar!z,
Steyer and Schmitt, 1993), motives (Schmitt and Steyer, 1993), personality traits
(Deinzer et al., 1995), and school-related constructs (Tanzer, 1998). But, not only
questionnaire scores can be analysed by LST models. Kirschbaum et al. (1990)
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estimated the consistency and occasion specificity of repeatedly measured cortisol
in saliva to explore whether there are stable interindividual differences in cortisol
reactivity. Hagemann et al. (in press) examined the consistency of EEG indicators
of resting cortical activation asymmetry. Eid and Diener (1999) calculated the
intraindividual standard deviations of daily affect ratings within seven different
weeks and applied a LST model to the week-specific intraindividual standard
deviations to scrutinize whether intraindividual variability in affect is a stable
personality trait. Thus, LST models can be applied to quite different kinds of
measurement. The only assumption to be met is that the basic decomposition of
LST theory is reasonable for the measurements under consideration.

(2) How do different traits correlate? In models of LST theory, a latent state variable is
decomposed into a latent trait variable and an occasion-specific residual. The
latent trait variable characterizes the person across different occasions of -
measurement. This trait variable is not affected by the occasion-specific fluct-
uations that can usually not be avoided in empirical studies. As Deinzer et al.
(1995) pointed out, even the assessment of personality dimensions is often affected

" by situational and/or interactional infiuences. The latent trait variables of LST
models are freed from situational fluctuations and are, therefore, more accurate
representations of personality constructs. In extended LST models, the latent
variables of different constructs can be correlated. Steyer et al. (1990) used these
multiconstruct models to validate Spielberger’s (1983) State-Trait Anxiety
Inventory. In particular, they showed that the common latent trait variable of
repeatedly measured anxiety statcs was strongly correlated with the common latent
trait variable of the rcpeatedly administered trait scale. Schmitt (in press)
investigated the correlation among the latent trait variables of questionnaire
measures for two facets of family climate, family cohesion during childhood and
parent—child attachment during adulthood. Schmitt and Steyer (1992) explored
the correlation among the latent trait variables of measures for general life
satisfaction and for job related life satisfaction. Other applications in which this
method of validating state and trait scales has been employed are provided by Eid
et al. (1994).

(3) How do different latent state residuals correlate? In multiconstruct LST models,
the associations between the latent state residuals of different constructs can also
be analysed. These residuals measure the pure occasion-specific effects, and they
can be considered as states that are freed from stable individual differences. The
correlations between different state residuals indicate how strongly the situational
and/or interactional influences are related across different constructs. In the -
two multi-construct studics mentioned in the last paragraph (Schmitt, in press;
Schmitt and Steyer, 1992), significant and substantial correlations among the
latent scale residuals were found. In the family climate study by Schmitt (1999),
the latent state residual of current attachment between adult daughters, who were
the subjects in this study, and their aging mothers was correlated positively within
occasions of measurement with the latent state residual of retrospective judgments’
of family cohesion during the daughter’s childhood. This means that the
situational and interactional effects which influenced the daughter’s judgment of
current attachment to her mother at the occasion of measurement also influenced
her retrospective judgment of family cohesion. Significant and substantial within
occasion correlations among latent-state residuals were also found in the life
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satisfaction study (Schmitt and Steyer, 1992). It scems reasonable to assume that
situation and interaction effects which influenced the person’s job satisfaction
affected the person’s rating of general life satisfaction in the same direction.
Eid and Diener (in press) discussed how the correlations of different residuals can
be used to test the ecological validity of the mood-as-information paradigmn
(Schwarz and Strack, 1999) in nonexperimental studies. In particular, Eid and
Diener (in press) showed that there are only small correlations between the state
residuals of a repeatedly administered mood state scale, on the one hand, and the
state residuals of repeatedly administered personality and life-satisfaction scales,
on the other hand.

(4) What are the correlates of true state change? What explains interindividual
differences in intraindividual state change between two occasions of measure-
ment? In LST models, state change is represented by occasion-specific influences.
One way to explore the conditions for state change is to explain the occasion-
specific deviations by exogenous variables within multiconstruct models as it has
been outlined above. Another way is to define latent difference variables
(e.g- T4 — Tyxyy and to explain interindividual differences in these state change
variables by other variables. Based on the concepts of LST theory, Steyer, Eid and
Schwenkmezger (1997) developed a measurement model in which the true
intraindividual state change scores are the values of a latent variable that can be
explained by other variables (for other applications of this approach, see Steyer,
Partchev and Shanahan, in press). Hence, these models are a viable alternative to
growth curve models.

(5) What are the correlates of true trait change? What explains interindividual
differences in intraindividual trait change between two occasions of measurement?
Models of LST theory can be defined to consider two different kinds of change,
state variability and trait change. Eid and Hoffmann (1998) showed how LST
models can be extended to measure trait change in addition to state variability. To
apply a model with state variability and trait change, it is necessary to have at least
two different periods of time between which trait change occurs. Furtbermore, it
is necessary to have at least two different occasions of measurement within each
period of time. Then, an LST model without trait change can be defined within
each period of time to identify state variability. For the (changing) latent trait
variables of the two different time periods a latent autoregressive change process
can be assumed and variables explaining trait change can be included in the
analysis. Alternatively, extending the approach of Steyer et al. (1997a), true trait
change variables may be explicitly included in the model as well as other variables
that may explain the interindividual differences in true trait change.

(6) Are there differences between subpopulations with respect to questions (1) to (5)?
All questions described so far can also be analysed in a multigroup study. A
typical application is the analysis of gender differences with respect to stability 1n
mood (Steyer, 1989). Another application is to compare groups differing in tl}e
stability of living conditions or in the number of critical life events in a certain
period of time. Consider as an example East and West Germans as groups. Aft.er
the German reunification, East Germans were submitted to substantial changes 1n
their economic and social living conditions, while the living conditions of West
Germans remained rather stable. Smaller state and trait stabilities can therefort? be
expected for East Germans than for West Germans in many psychological
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domains, for example, social and political attitudes, values, living styles, life
satisfaction, and perhaps even mental health (Schmitt and Maes, 1998). In
multigroup structural equation modelling, hypotheses about the equality of LST
parameters across different (mutually exclusive) subgroups can be tested. For
example, it can be investigated whether or not the variances of the state residuals
(indicating the degree of occasion-specific influences) are equal across subpopu-
lations differing in their mood reactivity (Eid ef al., 1994).
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DISCUSSION

The distinction between states and traits has been an issue of controversial debates
(Allen and- Potkay, 1981, 1983; Zuckerman, 1983), and is closely related to the
fundamental fact that situations and/or interactions between persons and situations
influence observable psychological measures to a considerable degree. The goal of our
contribution has been to present a coherent theory relating observable variables
(e.g. obtained by psychological test procedures) to the state and trait constructs. -
In general, psychological tests and other observations do not measure only states or
only traits as has been suggested by Allen and Potkay (1981). According to LST
theory, latent states and latent traits are not incompatible with each other. Instead, a
latent trait is one of the components constituting the latent state, i.e. every observable
variable is more or léss traitlike: the proportion of variance of the latent state that is
determined by the latent trait may range from zero to one; its size may be estimated in

* empirical applications via simultaneous equation modelling. For this purpose we

need repeated measurements on at least two occasions with at least two instruments
measuring the same states.

The situations in which measurement takes place do not have to be known and do
not have to be observed. The natural variation of situations between occasions and
the natural differences between subjects (persons in situations) within each occasion
of measurement is sufficient. This does not mean that it would not be possible to
introduce additional situational variability by experimental manipulation if this is
desired in order to explore the range of situational variability of some attribute.

1t should be noted that the proportions of variance represented by the reliability,
consistency, and occasion-specificity coefficients refer to the observational setting
chosen. These coefficients will change, of course, if additional situational variation is
introduced in another empirical study. This problem, which might be called the
relativism problem, is due to the stochastic nature of all basic variables of LST theory.
Latent state and trait variables have been dcfined as random variables. Hence, they are
defined only with respect to the random experiment considered. This has important
substantive implications. Suppose we study statc and trait anxicty as measured by
Spielberger’s (1983) State-Trait Anxiety Inventory applying these scales on several
occasions at the end of a university lecture (setting 1) (Steyer et al., 1989). Obviously,
the range of situations in which the students will answer to the items of the scale
would be greater if the setting for assessing the scales were less homogeneous allowing
various day times and various experiences before the STAI is applied (setting 2). The
latent state variable, the latent state residual, and the latent trait variable, however,
refer to the random experiment chosen (i.e. the observational setting 1). Hence, the
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occasion-specificity coefficient, for instance, will be smaller in setting 1 than in
setting 2.

Even the latent trait variable would have different meanings.in the two settings
mentioned above, because its scores are defined to be the conditional expected values
given the person. Consequently, the trait scores are, by definition, averages across
different distributions of situations. In other words, the true trait scores of Fritz Meier
might differ between the two settings. This seems to be in conflict with a naive trait
concept according to which one person has one and only one trait score at a given
time. Therefore, it might be worthwhile to elaborate this point.

Suppose there are only three situations in setting 1 in which a person could be, each
with probability 1/3, and that the state anxiety scores were 10, 20, and 30, respectively.
According to our definition, the trait score would then be (1/3)(10 + 20 + 30) = 20.
Obviously, we would obtain another trait score for setting 2, if there are four
situations with equal probability and state scores 10, 20, 30, and 40 for the same
individual. The trait score would then be 25. Thus, the intraindividual distribution of
the situations is a part of the definition of the individual trait score. The naive idea
* that each person has one and only one trait score at a given time; and that this score is
independent from the setting considered, rests on the assumption that a trait score can
be measured without situational effects. However, psychological measurement does
not take place in a situational vacuum, and situations have some effect on almost
every measure. Even if you try to measure trait anxiety, the situation in which the
items are answered will influence the result to some degree. Hence, the trait score can
be defined only by some aggregation procedure such as taking the expectation across
the different situations in which the individual might be at the occasion of measure-
ment. Only if the situational effects were actually zero, would the mean be identical
with the score being constant for the different situations, and the relativism problem
would be nonexistent at this point.

Whereas the basic decomposition of LST theory is not restricted at all, models of
LST theory are defined by restrictive and, therefore, empirically testable assumptions.
Models of LST theory are needed to identify the basic parameters of LST theory in an
empirical application. Beside this more technical aspect, models of LST theory are
important for testing psychological theories. Is there one common latent trait variable
for all constructs considered? Is there trait change in addition to state variability?
Such questions and many more can be scrutinized on the basis of appropriately
specified LST models.
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