Utah State University

DigitalCommons@USU
Psychology Faculty Publications

Psychology

10-30-2014

Testing for Measurement Invariance and Latent
Mean Differences Across Methods: Interesting
Incremental Information from MultitraitMultimethod Studies
Christian Geiser
Utah State University

G. Leonard Burns
Washington State University

Mateu Servera
University of Balearic Islands

Follow this and additional works at: https://digitalcommons.usu.edu/psych_facpub
Part of the Educational Psychology Commons
Recommended Citation
Geiser C, Burns GL and Servera M (2014) Testing for measurement invariance and latent mean differences across methods:
interesting incremental information from multitrait-multimethod studies. Front. Psychol. 5:1216. doi: 10.3389/fpsyg.2014.01216

This Article is brought to you for free and open access by the Psychology at
DigitalCommons@USU. It has been accepted for inclusion in Psychology
Faculty Publications by an authorized administrator of
DigitalCommons@USU. For more information, please contact
rebecca.nelson@usu.edu.

METHODS ARTICLE
published: 30 October 2014
doi: 10.3389/fpsyg.2014.01216

Testing for measurement invariance and latent mean
differences across methods: interesting incremental
information from multitrait-multimethod studies
Christian Geiser 1*, G. Leonard Burns 2 and Mateu Servera 3
1
2
3

Department of Psychology, Utah State University, Logan, UT, USA
Department of Psychology, Washington State University, Pullman, WA, USA
Department of Psychology, University Research Institute of Health Sciences (IUNICS), University of Balearic Islands, Palma, Spain

Edited by:
Rens Van De Schoot, Utrecht
University, Netherlands
Reviewed by:
Moritz Heene, Ludwig Maximilian
University of Munich, Germany
Marjolein Verhoeven, Utrecht
University, Netherlands
*Correspondence:
Christian Geiser, Department of
Psychology, Utah State University,
2810 Old Main Hill, Logan, UT
84322-2810, USA
e-mail: christian.geiser@usu.edu

Models of confirmatory factor analysis (CFA) are frequently applied to examine the
convergent validity of scores obtained from multiple raters or methods in so-called
multitrait-multimethod (MTMM) investigations. We show that interesting incremental
information about method effects can be gained from including mean structures and
tests of MI across methods in MTMM models. We present a modeling framework for
testing MI in the first step of a CFA-MTMM analysis. We also discuss the relevance of
MI in the context of four more complex CFA-MTMM models with method factors. We
focus on three recently developed multiple-indicator CFA-MTMM models for structurally
different methods [the correlated traits-correlated (methods – 1), latent difference, and
latent means models; Geiser et al., 2014a; Pohl and Steyer, 2010; Pohl et al., 2008] and
one model for interchangeable methods (Eid et al., 2008). We demonstrate that some of
these models require or imply MI by definition for a proper interpretation of trait or method
factors, whereas others do not, and explain why MI may or may not be required in each
model. We show that in the model for interchangeable methods, testing for MI is critical
for determining whether methods can truly be seen as interchangeable. We illustrate the
theoretical issues in an empirical application to an MTMM study of attention deficit and
hyperactivity disorder (ADHD) with mother, father, and teacher ratings as methods.
Keywords: multitrait-multimethod (MTMM) analysis, measurement invariance, measurement equivalence, mean
and covariance structures, mean differences across raters, random vs. fixed methods, rater agreement

Multitrait-multimethod (MTMM) analysis is frequently used to
examine the convergent and discriminant validity of psychological measurements based on measurement designs in which
multiple constructs or traits are assessed by multiple methods (Campbell and Fiske, 1959; Widaman, 1985; Millsap, 1995;
Dumenci, 2000). In the classical MTMM design, multiple (typically at least three) methods are used to assess multiple (typically
at least three) constructs or traits. The analysis of MTMM data
has historically focused on the interpretation of the so-called
MTMM matrix, which summarizes the correlations between
variables in an MTMM design. The MTMM matrix approach
was developed by Campbell and Fiske (1959) who also proposed heuristics for the interpretation of MTMM correlations
in terms of convergent and discriminant validity. Over the
years, confirmatory factor analysis (CFA) has become a popular tool for analyzing data obtained from MTMM designs, given
the greater flexibility of the CFA framework compared to the
original MTMM matrix approach (for a detailed discussion of
the advantages of the CFA approach to MTMM analyses, see
Eid et al., 2006).

www.frontiersin.org

Whereas Campbell and Fiske’s original approach focused
exclusively on correlation structures, CFA models allow analyzing
not only correlation, but also covariance and mean structures
(e.g., Little, 1997). Moreover, CFA models allow for the analysis of multiple (instead of just a single) indicators (e.g., items or
scales) per trait-method unit (TMU). For example, self-, parent,
and teacher-reports on three or more items or scales could be
used to assess depression. Using multiple indicators per TMU has
the advantage that researchers can study the factorial validity at
the item level for each type of method, that method effects can
be analyzed separately for different traits to examine the potential trait-specificity of method effects, and that measurement
error influences (unreliability) can be more properly estimated
(Marsh and Hocevar, 1988; Eid et al., 2003). Despite the fact that
modern CFA methods allow for an analysis of covariance and
mean structures in the same model, most applied MTMM studies
so far have focused exclusively on modeling covariance structures. In addition, most MTMM studies still use single-indicator
designs (i.e., just a single observed variable per TMU; e.g.,
Servera et al., 2010).
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In the present article, we show that by moving from an exclusively covariance- or correlation-based MTMM approach to an
approach that includes latent means, more fine-grained information about convergent validity and method effects can be
gained in CFA-MTMM analyses. In this context, we highlight
a specific advantage of multiple-indicator MTMM designs that
has received little attention in the MTMM literature so far: the
possibility to test for measurement invariance (MI) across multiple raters or methods when the different methods provided
scores on comparable measurement instruments (e.g., equivalent
questionnaires).
Analyzing mean structures in MTMM models and the investigation of mean method effects in MTMM models has been
proposed in previous work (Eid, 2000; Pohl et al., 2008; Pohl
and Steyer, 2010). The new aspect in the current paper is the
investigation of MI across methods, which facilitates a proper
interpretation of mean method effects. Examining MI is a novel
aspect in MTMM research and considering MI itself as well as
for the interpretation of mean method effects adds important
information when evaluating MTMM data.
Although some MTMM studies have examined MI in the
context of multiple-group comparisons (i.e., for comparing measurement structures across different populations; e.g., Cole and
Maxwell, 1985; Marsh et al., 1992), the issue of MI across methods
within the same population seems to have received little attention in the literature. For example, although Woehr et al. (2005)
tested for configural, metric, and residual invariance across different raters, they did not examine intercept invariance or latent
mean differences across raters.
In the present paper, we focus on MTMM designs that (1)
use multiple raters as methods and (2) equivalent questionnaires
across raters. Such designs are common in the applied MTMM
literature. For example, Cole et al. (1997) used equivalent child
and parent versions of questionnaires measuring depression and
anxiety in children. Similarly, Grigorenko et al. (2010) used selfreport, parent-report, and teacher-report versions of the same
questionnaire to assess problem behaviors in children. Burns et al.
(in press) assessed symptoms of hyperactivity, impulsivity, inattention, and academic impairment in 5th graders by mother,
father, and teacher ratings, all of which filled out equivalent forms
of a questionnaire.
We show that by studying MI across raters, additional information about method effects can be obtained that cannot be revealed
through purely correlational MTMM analyses. By testing for MI,
researchers can first of all examine whether the same factor structure holds across methods (configural invariance, see discussion
below)—an assumption that is often implicitly made in MTMM
studies, but rarely formally tested. In addition, researchers can
examine whether different methods (e.g., different raters) use the
questionnaire scales in a similar way (i.e., whether the scales have
equal difficulty and discrimination across raters in the sense of
item response theory). For example, when the same symptoms
of attention deficit and hyperactivity disorder (ADHD) are rated
by parents and teachers, different loadings or intercepts may be
obtained, showing that the observed symptom scores differ in
difficulty or discrimination between raters. This could, for example, indicate that teachers are more lenient than parents in their
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ratings or that certain symptoms are only weakly related to the
latent variable for a specific type of rater. Therefore, the finding of
measurement non-invariance across raters can reveal additional
insights into more subtle forms of method effects.
In addition to the general relevance of MI testing across methods, researchers may be uncertain as to the relevance of MI in
different CFA-MTMM models with method factors. With the
present article, we also want to contribute to a better understanding of the issue of MI in the context of recently developed
CFA-MTMM models. In line with modern MTMM approaches,
we focus on models that use multiple indicators per TMU (Marsh
and Hocevar, 1988; Eid et al., 2003, 2008; Geiser et al., 2012).
We first explain why the inclusion of means in addition to
covariances and testing for MI can reveal useful incremental
information in MTMM studies in general. We then present a
modeling framework for testing MI in MTMM studies that use
multiple indicators per TMU. Subsequently, we turn to four
different models with method factors that have recently been
proposed for the analysis of MTMM data. For each of the four
models, we discuss which level of MI these models require for a
proper interpretation of the model parameters.

ANALYZING MEAN STRUCTURES IN MTMM ANALYSES:
INTERESTING INCREMENTAL INFORMATION
The reported outcome of most MTMM studies are statistical
indices that provide information on the convergent validity (or
consistency) of different methods or raters in terms of the rank
order of the individuals that were assessed by the different methods. As a simple example, researchers often interpret a correlation
between, say parent and teacher ratings of child behavior in terms
of convergent validity, following Campbell and Fiske’s (1959)
guidelines. In terms of individual differences, such a correlation
coefficient indicates to which extent different raters agree as to
the rank order of children on the outcome variable (e.g., depression, externalizing problem behavior, ADHD). This information
is clearly useful, as it informs us about how much variability is
shared between raters or methods for the same construct.
Here, we argue that covariance-based information on multiple raters’ agreement as to the relative standing of individuals
on a construct (which is typically the focus of MTMM studies) is not the only useful information that can be gained from
MTMM studies. This is because information about the overall
level (mean) is usually also of interest. That is, we argue that
researchers often want to know, for instance, whether parent
ratings of problem behaviors result in the same or similar conclusions about the overall level of these behaviors in a population
as do teacher ratings. Such questions can be addressed by analyzing mean structures in CFA-MTMM models in addition to
covariance structures, which is a relatively novel aspect in MTMM
research. Comparing means across raters requires a certain level
of MI across raters. That is, for such comparisons to be meaningful, the measurement parameters that link the observed scores to
the latent variables should be equal across raters to ensure comparable scales. This issue parallels the comparison of latent means
across groups in multigroup CFA and structural equation modeling (SEM) as well as the examination of mean changes across time
in longitudinal studies (e.g., Little, 1997).
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THE MEANING OF MI FOR MTMM DATA
Formally, MI can be said to hold in an MTMM study if (1) a
similar factor structure is found for different methods used to
assess multiple traits or constructs using multiple indicators per
TMU and/or (2) certain parameters of the measurement model
(e.g., factor loadings, intercepts, or residual variances) that relates
the observed scores to latent variables are equal across methods. Condition (1) requires only that (a) the same number of
factors be found across methods and (b) the pattern of loadings (which variable loads onto which factor) be the same across
methods. For Condition 1, the term configural invariance has
been coined in the general MI literature (e.g., Meredith, 1993;
Widaman and Reise, 1997; Millsap, 2011). Condition 2 is more
restrictive and requires that not only the basic factor structure be
equivalent across methods, but also specific parameters such as
factor loadings, intercepts, or residual variances.
Even though it seems clear that establishing at least configural
invariance (equal factor structure) across methods is a necessity
for a meaningful comparison across methods, even configural
invariance is typically not formally tested in MTMM studies (for
exceptions, see Woehr et al., 2005; Burns et al., in press). Here,
we argue that testing for MI is useful when different methods
were scored on comparable scales (e.g., multiple raters taking
the same questionnaire), because such analyses (1) provide additional insights into method effects and (2) allow researchers to test
whether it is meaningful to compare latent means across raters. A
meaningful comparison of latent means across methods requires
that at least strong MI be established across methods (i.e., equal
loadings and intercepts). Strong MI ensures that the origin and
units of measurement are the same across raters.

A MODELING FRAMEWORK FOR TESTING MI IN MTMM
STUDIES
Marsh and Hocevar (1988) proposed a general target or baseline
model for MTMM studies that use multiple indicators per TMU.
In the present article, we show that this model as well as an extension of it can be used for testing MI across methods in MTMM
studies. Marsh and Hocevar’s model is depicted in Figure 1 as
a path diagram. For simplicity, here we consider only a single
construct (or trait; j = 1) that is measured by just two methods
(k = 1, 2). Each TMU jk is represented by three indicators (i = 1,
2, 3). Focusing on this simple design is sufficient to explain the
general MI issues, which can then easily be generalized to larger
MTMM designs. (In our empirical application presented later on,
we used a design with one trait and three methods).
Note that in our path diagrams, we represent both the
covariance and mean structure, following the RAM conventions introduced by McArdle (1980). The model proposed by
Marsh and Hocevar (1988) includes a separate common factor (or true score variable) for each TMU (e.g., one factor for
mother ratings of hyperactivity and one factor for teacher ratings
of the same construct). All TMU factors are allowed to correlate. Marsh and Hocevar’s model has a number of advantages
for MTMM analyses in general. First, the model allows testing
the appropriateness of the latent factor structure for each TMU.
For example, the assumption of unidimensionality may be violated for some or all methods, thus providing evidence against
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configural invariance across methods, which is fundamental to
MTMM analysis. Second, the model allows examining Campbell
and Fiske’s (1959) MTMM correlations at the latent level. That
is, rather than inspecting observed correlations that are attenuated by measurement error as in Campbell and Fiske’s original
approach, the model in Figure 1 provides the same correlations at
the level of common true score variables. Therefore, the MTMM
correlations are corrected for random measurement error. This
has the advantage that the estimated correlations are less biased
and easier to compare between constructs with different scale
reliabilities1.
In the present article, we focus on the possibility to formally test for MI across methods within each construct or trait
by estimating constrained versions of the model. In these constrained versions, parameters of the measurement model such
as loadings, intercepts, or residual variances are constrained to
be equal across methods to test whether and to which extent
such MI assumptions are tenable. In order to test for MI,
we can examine the following series of models in line with
Widaman and Reise (1997)2:
1. A model of configural invariance postulates the same factor
structure (number of factors and pattern of loadings) across
methods, but does not impose any formal equality constraints
on non-zero factor loadings, intercepts, or residual variances.
2. A model of weak invariance postulates the same factor structure plus equal factor loadings for corresponding indicators
across methods.
3. A model of strong invariance postulates the same factor structure, equal factor loadings, and equal intercepts for corresponding indicators across methods.
4. A model of strict invariance postulates the same factor structure, equal factor loadings, equal intercepts, and equal measurement error (residual) variances for corresponding indicators across methods.
One drawback of the model presented in Figure 1 is that it will
only fit MTMM data when the indicators are strictly homogeneous in the sense that within each method, all indicators have
perfectly correlated true score variables that differ only in scaling (i.e., have potentially different intercepts and loadings). This
assumption is frequently violated in practice, because different
items or subscales often measure slightly different facets of a construct and therefore do not share exactly the same common true
score variable in the sense of classical test theory models. For
example, one item for measuring the construct depression may
refer to sadness, whereas another item meant to measure the same
construct may refer to sleeping problems. Therefore, although both
1 Latent correlations are less biased than observed correlations only if correlated errors of measurement do not exist or if such correlated errors are
properly modeled.
2 In addition to full invariance that requires all corresponding parameters to
be equal across raters, models of partial invariance have also been discussed
in the general MI literature. Partial MI means that invariance is tenable only
for a subset, but not all indicators (e.g., Byrne et al., 1989). In addition, in the
MTMM case, measurement parameters may be invariant across some, but not
all methods as shown in the empirical example section.

October 2014 | Volume 5 | Article 1216 | 3

Geiser et al.

Measurement invariance in MTMM analysis

Trait 1, Method 1

Var(ε111)
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Var(ε211)
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FIGURE 1 | CFA measurement model for multiple-indicator MTMM data. Each latent factor Tjk represents the error-free (true) scores of a specific TMU.
The picture shows an example in which three indicators Yijk (i = 1, 2, 3) are used to measure one construct or trait (j = 1) by two methods (k = 1, 2).

items measure facets of depression, they may not share exactly
the same true score variable. As another example, consider item
wording effects due to positive and negative item wording (e.g.,
Vautier et al., 2003), which can also cause a common true score
model to show misfit.
If such inhomogeneities generalize across methods (e.g., if parent ratings of sadness are more strongly correlated with teacher
ratings of sadness than with teacher ratings of sleeping problems),
then the model in Figure 1 likely will not fit the data very well,
because this model assumes a homogeneous correlation structure across methods for the same construct. We therefore present
an extension of the model in Figure 1, in which this issue is
addressed by including indicator-specific residual factors for all
but a reference indicator (see Figure 2). An equivalent approach
has been presented previously to account for indicator heterogeneity in longitudinal studies, in which the same issues occur
when the same indicators are repeatedly measured across time in
single-method designs (Eid et al., 1999).
The model in Figure 2 uses a reference-indicator approach
in which I – 1 (of a total number of I) indicators are contrasted against a reference indicator (without loss of generality,
the first indicator i = 1 in Figure 2 is chosen as reference
indicator). This is done by introducing residual method (or
indicator-specific) factors ISij for all except the reference indicator. These indicator-specific factors have means of zero and
are by definition uncorrelated with the true score that represents the reference indicator (see Appendix A in Supplementary
Material for the formal definition of these factors). The ISij
factors reflect indicator-specific variance that is not shared
with the reference indicator, but is shared across methods.
Indicator-specific factors can be correlated with each other
in principle, reflecting potential shared deviations of nonreference indicators from the reference indicator (e.g., the
reference indicator measuring the sadness aspect of depression, whereas the remaining two indicators both refer to
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sleeping problems). Whether or not these correlations are
meaningful and should be estimated depends on the specific
application.
The model with indicator-specific factors can be used for MI
testing in the same way as the model in Figure 1. If at least strong
MI (i.e., equal reference factor loadings λijk and intercepts αijk )
can be established in either the model in Figure 1 or the model in
Figure 2, latent mean differences across methods can be meaningfully interpreted3. In the model with indicator-specific factors, it
is also possible to test for invariant loadings γijk of the ISij factors
(in addition to the reference factor loadings λijk ).
Establishing invariant ISij factor loadings is not necessary for
a meaningful comparison of the reference factors T1jk across
methods (for more detailed explanations see Appendix A in
Supplementary Material). In many applications, only the factors
T1jk and their invariance across methods will be of substantive
interest. Nonetheless, comparisons of the γijk loadings across
methods can reveal interesting information about the extent to
which indicator-specific effects are reflected in different methods.
For example, some methods may not be as sensitive to subtle differences in item content as others. This can be reflected
in non-invariant γijk loadings across methods. In the following section, we examine the issue of MI in the context of more
sophisticated CFA-MTMM models with method factors that
researchers often use in a second step of an MTMM analyses.
Subsequently, we present applications of all models to an actual
data set.
3 Some authors have recommended that strict invariance be established before
latent mean comparisons are conducted (see, e.g., Wu et al., 2007). Strict
invariance is only necessary, however, when correlated errors of measurement
exist and are not properly modeled. We recommend that researchers pay careful attention to tests of model fit to detect potential error correlations and that
such correlations—if they exist—be properly modeled with additional latent
variables.
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FIGURE 2 | Extended CFA measurement model for multiple-indicator
MTMM data. In contrast to Figure 1, the extended model contains I – 1
indicator-specific factors ISij to reflect shared indicator-specific effects

DIFFERENT MTMM MODELS
More sophisticated CFA-MTMM models are often employed
because the simple CFA models in Figures 1, 2 do not directly
express method effects in terms of latent variables (i.e., method
factors), except for indicator-specific effects. In contrast, more
complex CFA-MTMM models contain additional latent variables that directly reflect method effects in terms of latent
methods factors. Such models allow explicitly contrasting different methods against a gold standard method (e.g., Eid,
2000; Pohl et al., 2008) or against a common trait (Pohl and
Steyer, 2010). Furthermore, more complex models allow relating method effects to external variables, which is not possible
in Marsh and Hocevar’s (1988) simple CFA model discussed
above.
In this article, we focus on four CFA-MTMM models that are
relatively new: (1) Eid et al.’s (2003) multiple indicator CT-C(M –
1) model, (2) Pohl et al.’s (2008) latent difference model, (3) Pohl
and Steyer’s (2010) latent means model, and (4) Eid et al.’s (2008)
CFA-MTMM model for interchangeable methods. Whereas the
first three models were developed for use with structurally different methods (e.g., different fixed types of raters such as mothers,
fathers, and teachers, which are not drawn from the same set of
raters), Eid et al.’s (2008) CFA-MTMM model was developed for
interchangeable (random) methods (e.g., randomly selected customers rating a product or service). Furthermore, whereas the
first three models can all be defined as equivalent versions of
Marsh and Hocevar’s (1988) simple CFA model, the CFA-MTMM
model for interchangeable raters in general implies a different
covariance and mean structure.
We focus on the above models, because all of them can
be formulated based on the well-defined concepts of classical testy theory (CTT). This ensures that in all of the
models, the trait and method factors have a clear meaning and interpretation (Geiser et al., 2014a). Given the fact
that the CT-C(M – 1), latent difference, and latent means
approaches each imply the exact same measurement model as
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across raters. The latent factors T1jk are now specific to the reference
indicator Y1jk and therefore carry an additional index for the reference
indicator.

the simple CFA model presented previously, we show only the
structural parts of the models for simplicity and parsimony in
Figure 3.
THE CT-C(M – 1) APPROACH

Presentation of the model

Figure 3A shows the structural part of the CT-C(M – 1) model
in the version first presented by Geiser et al. (2008) and discussed in detail in Geiser et al. (2012)4 . In the CT-C(M – 1)
model, one method serves as gold standard or reference method.
This could either be a method that a researcher has most confidence in or that is most different from the remaining methods (for guidelines as to the choice of the reference method,
see Geiser et al., 2008, 2012). For example, Geiser et al.
(2014b) examined the convergent validity of giftedness assessments in children using the CT-C(M – 1) approach. They
selected a maximum-performance test battery to serve as reference method, given that the test battery provided a more objective
measure of abilities relative to more subjective ability ratings
provided by the children themselves, their parents, and their
teachers.
In Figure 3A, without loss of generality, the first method (k =
1) was chosen as reference. The second and any additional methods are regressed on the true score variable pertaining to the
reference method using a latent regression analysis:


E T1jk |T1j1 = β0jk + β1jk T1j1

4 The

CT-C(M – 1) model version is slightly more restricted than Eid et al.’s
(2003) original model version. We chose to present the more restricted version
here, given its direct correspondence to and mathematical equivalence with
the latent difference and latent means models. The differences between Eid
et al.’s (2003) model and the version presented here are explained in Geiser
et al. (2012); the general MI issues discussed below apply to either version of
the model.
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A CT-C(M – 1) Model

B Latent Difference Model
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FIGURE 3 | Three different ways to examine method effects with
structurally different methods. (A) Latent regression [CT-C(M – 1)]
approach. (B) Latent difference approach. (C) Latent means approach.
All three approaches imply the same covariance and mean structure

where β0jk and β1jk indicate regression coefficients and k  = 1. The
residuals of these regressions


Residual1jk = T1jk − E T1jk | T1j1
serve as method factors in the CT-C(M – 1) model. Note that the
CT-C(M – 1) model has the same number of parameters in the
structural model as the simple CFA model. For one construct and
two methods, there are five structural parameters: the reference
factor mean and variance, the regression coefficients β0jk and β1jk ,
and the latent residual [method factor] variance. Note that for
more than two traits or methods, admissible covariances among
latent factors would be additional parameters to be estimated in
the structural model.
Even though mathematically equivalent, the CT-C(M – 1)
model represents a useful extension of the simple CFA model,
because it allows us to express the information about method
effects (defined relative to a reference method) in terms of
latent method factors that are residuals with respect to the reference factors. Given that the method factors are defined as

Frontiers in Psychology | Quantitative Psychology and Measurement

at the latent level, but differ in terms of which level of MI they
require (see discussion in the text). The measurement part of the
models is the same as in Figures 1, 2 and therefore not shown in
this figure.

residuals relative to the reference factors, they are by definition uncorrelated with the reference factors and thus represent
independent variance components (Eid et al., 2003). It also follows from their definition as residuals that the method factors
have means of zero. Hence, it would not be meaningful to make
statements about method factor means in the CT-C(M – 1)
model.
The CT-C(M – 1) model allows us to (a) quantify what
percentage of the observed or true score variance in different
methods is shared vs. not shared with the reference method and
(b) directly relate method effects to other variables (e.g., by correlating method factors with external variables). The proportion
of observed variance that is shared with the reference method is
expressed by the consistency coefficient:
 

 

Con Yijk = λ2ijk β21jk Var T1j1 / Var Yijk .
The consistency coefficient is often used as an indicator of convergent validity relative to the reference method or “gold standard.” The proportion of observed variance that is not shared
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with the reference method is expressed by the method-specificity
coefficient:


 
 
MSpe Yijk = λ2ijk Var Residual1jk / Var Yijk .
The method-specificity coefficient is used to indicate which portion of the observed variance is unique to a specific method
and not shared with the reference method. Correlations between
method factors are allowed in the CT-C(M – 1) model. These
correlations are partial correlations between non-reference methods from which variance shared with the reference method has
been partialled out. Therefore, method factor correlations reflect
a shared perspective (or “bias”) of non-reference methods relative
to the reference method.
MI in the CT-C(M – 1) model

The CT-C(M – 1) model allows contrasting different methods against a reference method by means of a latent regression
approach. For this purpose, strictly speaking, MI across methods beyond configural invariance is not required. That is, for
the interpretation of the standardized regression coefficients as
well as the coefficients of consistency and method-specificity, it
does not matter whether different methods were measured on the
same scale, because the coefficients of interest are standardized.
This makes the CT-C(M – 1) model very flexible for examining
the convergent validity of different methods. For example, Geiser
et al. (2014b) examined the convergent validity of objective ability tests and subjective ability ratings. Objective and subjective
assessments were made on completely different scales; nonetheless the CT-C(M – 1) model allowed examining the degree of
convergent validity across these methods.
On the other hand, the interpretation of the unstandardized
regression coefficients β0jk and β1jk can in some cases be difficult
if the different methods used different scales. This issue parallels
the potential difficulty of interpreting unstandardized regression
coefficients in standard ordinary least squares regression analysis
when predictor and criterion variables used different or arbitrary
metrics. Furthermore, if a researcher wants to make comparisons
of latent means across methods based on the latent mean of the
reference factor and the unstandardized regression coefficients,
strong MI is required in the same way as in Marsh and Hocevar’s
(1988) model.
THE LATENT DIFFERENCE APPROACH

Presentation of the model

The latent difference approach is closely related to the CT-C(M
– 1) approach in that different methods are contrasted against
a reference method. However, in the latent difference approach,
method effects are defined as simple deviations (differences) from
a reference method true score variable rather than as regression
residuals (Pohl et al., 2008). Latent difference factors (T1jk − T1j1 )
are introduced that reflect method effects in terms of the difference between a true score of a non-reference method and the true
score pertaining to the reference method (see Figure 3B):


T1jk = 1T1j1 + 1 T1jk − T1j1 .

www.frontiersin.org

The latent difference model again has the same number of parameters in the structural model as Marsh and Hocevar’s (1988)
simple CFA model (five parameters in the case of two methods:
the reference factor mean and variance, the latent difference factor mean and variance, and the covariance between reference and
latent difference factor). In contrast to the CT-C(M – 1) model,
a correlation between reference and method factor is allowed in
the latent difference model, because the method factor is not
defined as a regression residual with respect to the reference factor. Moreover, in contrast to the CT-C(M – 1) approach, the mean
of the method factor can be estimated as well and reflects the
latent mean difference between two methods. A more detailed
comparison of the latent difference and CT-C(M – 1) models can
be found in Geiser et al. (2012).
MI in the latent difference model

In the latent difference model, convergent validity is assessed in
terms of the latent difference between true score variables pertaining to different methods. Smaller differences indicate greater
convergent validity relative to the reference method. MI plays a
more important role in the latent difference model than in the
CT-C(M – 1) model. Given that method effects are defined in
terms of difference scores between the true score variables pertaining to different methods, strong MI is critical for a meaningful
interpretation of the structural model parameters in the latent
difference model. When strong MI does not hold, the interpretation of the latent difference scores can become difficult, because
a violation of strong MI indicates that the true score variables
pertaining to different methods may not be measured with comparable origin or units of measurement. In this case, persons’
individual difference scores as well as the mean and variance of
the latent difference factor would be difficult to interpret.
THE LATENT MEANS APPROACH

Presentation of the model

In the latent means model, method effects are defined as deviations from an average across true score variables (Pohl and Steyer,
2010). In the first step, a common trait factor Tj is defined by averaging across the true score variables that reflect different TMUs.
In our example with just one trait and just two methods, we
obtain:
Tj :=



T1j1 + T1j2 / 2,

where the “:=” sign indicates a definition. The method factors are
defined as deviations from the common trait:
M1j1 := T1j1 − Tj ,
M1j2 := T1j2 − Tj .
Given their definition as deviations from the same average, the
method factors sum up to zero (i.e., M1j1 + M1j2 = 0). Therefore,
in the case of two methods, we obtain the following deterministic
relationship between the two method factors:
M1j1 = −M1j2 .
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It is thus sufficient to include only M – 1 method factors as in the
CT-C(M – 1) and latent difference models (i.e., the last method
factor is fully determined by the implicit sum-to-zero constraint
and therefore redundant). Here, without loss of generality, we
dropped the first method factor so that we obtain the following
structural model shown in Figure 3C:
T1j1 = Tj − M1j2 ,
T1j2 = Tj + M1j2 .
All trait and all method factors in the latent means model can
be correlated. As in the CT-C(M – 1) and latent difference models, for two TMUs, we obtain a structural model with five free
parameters (the common trait factor mean and variance, the
method factor mean and variance, and the covariance between
the common trait and the method factor).
MI in the latent means model

The latent means model defines a common trait Tj as the average of true score variables T1jk that pertain to the same construct
j. Such an average is typically only meaningful when the true
score variables are measured on the same scale. A similar argument applies to the interpretation of the method factors in the
model: A deviation of a particular method from the grand average
is only meaningful if all methods used the same scale. Moreover,
as in the latent difference model, establishing at least strong MI
is crucial for the interpretation of the model parameters in the
latent means model. One difference between the latent difference
and latent means models in this regard is that the latent difference model allows for partial MI, whereas the latent means model
does not. That is, as long as at least one non-reference method
shows MI relative to the reference method, the latent difference
between the two can be meaningfully interpreted. In the latent
means model, however, the common trait will typically only have
a clear interpretation if all methods show at least strong MI.
THE CFA-MTMM MODEL FOR INTERCHANGEABLE METHODS

Presentation of the model

Eid et al. (2008) showed that measurement designs with interchangeable methods imply different measurement models for
modeling trait and method effects than do designs with structurally different methods. This is because the underlying random
experiment differs for designs with structurally different vs. interchangeable methods. Eid et al. (2008) presented a multilevel CFA
approach for modeling interchangeable methods each of which
used the same items to rate each trait. Nussbeck et al. (2009)
showed that the same model can also be estimated within the
single-level CFA framework. Here, we consider Nussbeck et al.’s
single-level CFA approach (rather than the multilevel version) for
two reasons: (1) The single-level version of the model is easier to
compare to the previously described models for structurally different methods, and (2) the single-level CFA approach is more
flexible in terms of explicitly testing assumptions of MI than is
the multilevel approach (this parallels the issue of testing MI in
longitudinal latent state-trait models in the single- vs. multilevel
CFA framework as described in detail in Geiser et al., 2013).
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When methods are interchangeable, they are considered randomly drawn from a set of equivalent methods (Eid et al., 2008).
Eid et al. (2008) as well as Nussbeck et al. (2009) showed that
this structure implies a CFA model with M uncorrelated method
factors (i.e., a separate method factor for each interchangeable
method; see Figure 4). As can be seen in Figure 4, for one trait
and two methods, we obtain measurement models that have
the same structure as longitudinal latent state-trait models (e.g.,
Geiser et al., 2013) for multiple indicators and that are similar to
so-called bifactor models (e.g., Reise, 2012).
Figure 4A is a version of the model for homogeneous indicators all of which measure exactly the same common trait factor
Tj . Figure 4B shows a model version with indicator-specific trait
factors Tij . Indicator specific traits are useful to capture inhomogeneities among indicators in a similar way as was done
with indicator-specific factors in the previously discussed models for structurally different methods. The method factors Mjk are
defined as residuals with respect to the trait factor(s). As a consequence, the trait factors are by definition uncorrelated with all
Mjk pertaining to the same construct j, and all Mjk factors have
means of zero by definition. Similar to the CT-C(M – 1) model,
method effects are defined as regression residuals. In contrast to
the CT-C(M – 1) model, however, the trait factors are common
to all methods (rather than specific to a reference method), and
the method factors are uncorrelated across methods. This makes
sense, because of the interchangeable nature of the ratings. In
contrast to structurally different methods, with interchangeable
methods, there is no one method that is particularly outstanding
or special (or seen as a gold standard). Therefore, it makes sense
to include general trait factors and uncorrelated method factors
for each method.
Note that the common factors and the method factors in the
interchangeable model have a different meaning than the trait and
method factors in the latent means model. The common trait in
the latent means model is defined as an average of true scores, and
the method factors are defined as differences from this average. In
contrast, the common factor in the interchangeable model is not
an average and the method factors are not differences from an
average, but residuals with respect to a common factor.
MI in the CFA model for interchangeable methods

The interchangeable model is an interesting case with regard to
the issue of MI, because it is less obvious whether or not MI across
methods is required or should be established in the model. For
the interpretation of the traits and method factors in the model,
MI does not appear to be necessary, because the traits are not
defined as an average of true scores, and the method factors are
not defined as difference scores relative to a reference true score
or an average of true scores as in the latent difference and latent
means models. Nonetheless, testing for invariant loadings and
intercepts across methods is critical in this model as well, albeit
for different, somewhat more subtle reasons.
If different supposedly interchangeable methods result in different loadings or intercepts for the same indicator, this can question the assumption that these methods are truly interchangeable
in the sense that they represent “random samples” drawn from
a set of uniform methods. For example, a researcher may ask a
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Model for Homogeneous Indicators
Var(M11)

Trait 1, Method 1

M11

1
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γ31
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Y211
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0
α21
α31

1
Trait 1, Method 2

M21

γ21
γ31
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Var(M21)

B

Y112

0

1
λ221
λ31
1
λ21

Var(T1)

T1
λ31
E(T1)

α21

1
α31

Model for Heterogeneous Indicators
Var(M11)

Trait 1, Method 1

M11

1
γ21
γ31

Y111
Y211
Y311

0

Var(T11)

1

T11
0

1
1

0

1
Trait 1, Method 2

M21
Var(M21)

γ21
γ31

Y112
Y212
Y312

E(T11)

Var(T21)

T21

1
0

E(T21)

Var(T31)

1

T31

0

E(T31)

1
0

1
FIGURE 4 | CFA-MTMM models for interchangeable methods. (A) Version
with a general trait factor for homogeneous indicators. (B) Version with
indicator-specific traits for heterogeneous indicators. In the pictures, we

person to come to a laboratory and bring two randomly selected
friends to provide ratings of the person with respect to psychological variables (e.g., personality variables such as agreeableness
etc.). The target person may not be sure whom to bring and may
select his or her best friend as well as a more distant acquaintance.
In this case, the “best friend” may have access to different information about the target person than the acquaintance. Hence,
the two ratings may be considered structurally different rather
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show the recommended specification, in which loadings and intercepts are
set equal across methods for identical indicators. In model version B, all trait
factor loadings are fixed to 1 and all intercepts are fixed to zero.

than interchangeable. Non-interchangeable ratings may result in,
for example, different latent means. This may result in a misfit
of a model with equal loadings or intercepts, providing evidence
against the assumed interchangeable nature of the two raters.
Strictly speaking, a researcher dealing with truly interchangeable methods (in the sense that the ratings represent random
draws from a population of equivalent methods) would not only
expect to find equal trait and method factor loadings as well as
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equal intercepts across methods, but also equal error and equal
method factor variances for each type of rater.
Obviously, the issue of MI in the CFA-MTMM model for
interchangeable methods can often be resolved by making sure
the methods are truly selected at random from a set of uniform methods. In this case, by definition, the measurement
parameters are equivalent in the population (although they may
differ in a sample due to sampling fluctuations). However, in
practice, a random selection of raters or other methods may
not always be feasible. Tests of MI can then provide a way to
scrutinize whether the assumption of interchangeable methods
is warranted or whether the chosen methods should better be
treated as structurally different. In the latter case, the use of
one of the three previously discussed models for structurally
different methods would be preferable. Below we present an
application of all five models to an MTMM study on ADHD
symptoms.

EMPIRICAL ILLUSTRATION
SAMPLE AND MEASURES

The participants were mothers, fathers, and teachers of 1045 first
grade children from 22 randomly selected elementary schools on
the island of Majorca in the Balearic Islands and eight schools
from Madrid (Spain). Assessments one and two occurred in the
spring with assessment three occurring 12-months later. For the
present illustration, we used data from the third assessment for
which N = 709 (HI; j = 1) and N = 710 (IN; j = 2) cases with
mother ratings (k = 1), father ratings (k = 2), and teacher ratings (k = 3) were available. The average age of the children was
approximately 8 years with approximately 90% of the children
being Caucasian and 10% North African.
Mothers, fathers, and teachers completed Child and
Adolescent Disruptive Behavior Inventory (CADBI, Burns
and Lee, 2010a,b). This study used the nine symptoms on the
attention-deficit/hyperactivity disorder-inattention (ADHD-IN)
and the nine symptoms on the ADHD-hyperactivity/impulsivity
(HI) subscales. The ADHD symptoms were rated on a 6-point
scale [i.e., nearly occurs none of the time (e.g., 2 or fewer times per
month), seldom occurs (e.g., once per week), sometimes occurs (e.g.,
a few times per week), often occurs (e.g., once per day), very often
occurs (e.g., several times per day), and nearly occurs all the time
(e.g., many times per day)].
For the purpose of this demonstration, item parcels were used
as indicators rather than individual symptoms, given that earlier
research provided justification for the use of parcels (Burns et al.,
in press).
MODELING STRATEGY

In Step 1 of our analyses, we attempted to establish a wellfitting baseline model for conducting subsequent MI analyses.
For this purpose, we fit both Marsh and Hocevar’s (1988) simple
CFA model (Figure 1) and the extended model with indicatorspecific factors (Figure 2) to the data and compared their fit to
test whether homogeneity of the indicators (parcels) as well as
configural invariance (equal factor structure) across raters could
be assumed in the present application. None of the initial models included any formal equality constraints on measurement
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parameters. If the model in Figure 1 for homogeneous indicators had fit the data well, it would have been the preferable model
for further invariance tests relative to the more complex model in
Figure 2, because the latter model is less parsimonious. In case of
a substantially better fit of the more complex model in Figure 2,
the more complex model is preferred, indicating a certain degree
of indicator heterogeneity.
In Step 2, we proceeded with tests of MI across raters, using
the best-fitting model from Step 1. The analyses in Step 2
began with a model of weak factorial invariance (only equal
loadings across raters), then tested a strong invariance model
(equal loadings and equal intercepts across raters), and finally
a model of strict invariance (equal loadings, equal intercepts,
and equal residual variances across raters). Given that all subsequent models were nested within previous models, we performed chi-square difference tests to compare the fit of the
models directly. In cases in which one of the subsequent models showed a significantly worse fit than the preceding model,
we further investigated issues of partial MI. That is, we tested
in these cases whether there was invariance across some of the
raters (e.g., mother and father, but not teacher ratings). Given
that mother and fathers rated the children in the same context
(at home), our hypothesis was that mother and father ratings
may satisfy a stricter level of MI than parent and teacher ratings. In the final step, we tested for latent mean differences
across raters if at least strong MI could be established for at least
one pair of raters (e.g., mother and father ratings). In Step 3,
we fit more complex CFA-MTMM models with method factors
if this was warranted given the level of MI achieved in Steps
1 and 2.
All models were fit in Mplus 7 using maximum likelihood estimation. Examples of the Mplus specification for all models can be
found in Appendix B in Supplementary Material. Global model
fit was evaluated using the chi-square test, root mean square
error of approximation (RMSEA), comparative fit index (CFI),
Tucker-Lewis index (TLI), and standardized root mean square
residual (SRMR). For a review and detailed discussion of these
fit indices, see Schermelleh-Engel et al. (2003). Relative model fit
was assessed via the chi-square difference test for nested models
and Akaike’s information criterion (AIC).
RESULTS OF THE MI ANALYSES

Table 1 shows global and relative model fit statistics for both the
HI and IN constructs in the analyses of the Figure 1, 2 models. It can be seen that for both HI and IN, based on global
model fit and the AIC, Model 1 (the configural invariance model
without indicator-specific factors) clearly had to be rejected in
favor of Model 2 (configural invariance with indicator-specific
factors) as a baseline model. The configural invariance model
with indicator-specific factors fit the data very well overall, showing a non-significant chi-square value for both HI and IN as
well as excellent results based on other fit indices. An inspection of the model parameters revealed that for both HI and
IN, the indicator-specific factors had significant (albeit relatively
small) loadings (see Table 2), showing that the parcels were
essentially, but not perfectly homogeneous. We therefore used
the model with indicator-specific factors as the baseline model
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Table 1 | Goodness of fit statistics for different models fit to the HI and IN multirater data set.
χ2

df

p

RMSEA

CFI

TLI

df 

p(χ2 )

Figure 1 configural invariance

269.91

24

<0.001

0.12

0.963

0.944

0.02

Figure 2 configural invariance

17.70

17

0.41

0.01

1.000

1.000

0.01

—a

—a

—a

Figure 2 weak invariance

21.40

21

0.44

0.01

1.000

1.000

9535

0.02

3.7

4

0.45

9531

Figure 2 strong invariance

29.85

25

0.23

0.02

0.999

Figure 2 strict invariance

52.60

31

0.009

0.03

0.997

0.999

0.02

8.45

4

0.08

9531

0.996

0.02

22.75

6

<0.001

Figure 2 strong invariance
with equal means

104.27

27

<0.001

0.06

9542

0.988

0.984

0.08

74.42b

2b

<0.001b

9602

Figure 2 strong invariance
with equal means only for
mother and father reports

30.52

26

0.25

0.02

0.999

0.999

0.02

0.67b

1b

0.41b

9530

Figure 1 configural invariance

196.64

24

Figure 2 configural invariance

16.09

17

<0.001

0.10

0.975

0.962

0.02

0.52

0.00

1.000

1.000

0.01

—a

—a

—a

Figure 2 weak invariance (all
raters)

28.18

9219

21

0.14

0.02

0.999

0.998

0.02

12.09

4

0.02

9223

Figure 2 weak invariance
(mothers and fathers only)

17.66

19

0.55

0.00

1.000

1.000

0.01

1.57c

2c

0.46c

9217

193.63

25

<0.001

0.10

0.976

0.965

0.04

165.45

4

<0.001

9381

29.20

23

0.17

0.02

0.999

0.999

0.02

11.54d

4d

0.02d

9220

230.73

31

<0.001

0.10

0.971

0.966

0.04

Figure 2 strict invariance
(mothers and fathers only)

30.39

26

0.25

0.02

0.999

0.999

0.02

1.19e

3e

0.76e

9215

Figure 2 strict invariance
across mothers and fathers
only with equal means only
for mother and father reports

34.81

27

0.14

0.02

0.999

0.998

0.02

4.42

1

0.04

9218

Model

SRMR

χ2 

AIC

HYPERACTIVITY/IMPULSIVITY
9773

INATTENTION

Figure 2 strong invariance (all
raters)
Figure 2 strong invariance
(mothers and fathers only)
Figure 2 strict invariance (all
raters)

9386

9406

Note: RMSEA, root mean square error of approximation; CFI, comparative fit index; TLI, Tucker-Lewis index; SRMR, standardized root mean square residual; AIC,
Akaike’s information criterion. All chi-square difference tests refer to the previous model in the preceding row unless otherwise indicated. Bold-face indicates bestfitting models for which detailed results are presented.
a

No chi-square difference test reported, because model nesting involves boundary constraints in this case.

b

Relative to the strong invariance model with unequal means.

c

Relative to the configural invariance model.

d

Relative to the model of weak invariance for mother and father reports only.

e

Relative to the model of strong invariance for mother and father reports only.

for subsequent MI tests involving equality constraints on loadings, intercepts, residual variances, and latent means for both HI
and IN.
For HI, the assumptions of weak and strong MI across raters
did not lead to a significant decline in model fit as indicated by
chi-square difference tests5. The strong MI model also showed a
5 Indicator-specific

loadings γijk were not invariant across methods in the
present application, indicating that different methods reflected indicatorspecific effects differently. In particular, as can be seen from Table 2, teacher
ratings showed much weaker (and partly insignificant) loadings on the ISij
factors compared to parents, indicating that teachers did not differentiate as
much between different facets of ADHD as did parents. This could potentially
be explained by Halo effects that may have been more significant for teacher
as compared to parent ratings in the present application.
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very good global fit (non-significant chi-square). In contrast, the
model of strict invariance was rejected by the chi-square difference test and also showed an increased AIC value relative to the
strong invariance model. We concluded that error variances differed significantly across raters, whereas loadings and intercepts
did not. Given that strong MI is sufficient for demonstrating scale
equivalence and for meaningful comparisons of latent means, we
proceeded with the strong-MI model and tested for latent mean
differences across all three rater types for the HI construct.
The strong-MI model with equal means across all three rater
types was clearly rejected for HI, showing that there were true
mean differences across some of the raters (indicating a lack
of convergent validity with respect to the true means or true
mean differences between the home vs. school contexts). We additionally tested whether the means for mother and father ratings
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Table 2 | Parameter estimates of the measurement models fit to the HI and IN multirater data set.
Hyperactivity/impulsivity (j = 1)

Parameter label
Estimate

Inattention (j = 2)

SE

Standardized estimate

—

0.96b ; 0.95b ; 0.97b

0.01

0.90b ;

0.90b ;

0.94b

0.01

0.90b ;

0.90b ;

0.94b

Estimate

SE

Standardized estimate

1.00a

—

0.96b ; 0.96b ; 0.98b

0.13

0.01

0.91b ; 0.92b ; 0.96b

0.95

0.01

0.88b ; 0.89b ; 0.93b

TRAIT FACTOR LOADINGS
λ1j
λ2j
λ3j

1.00a
0.93
0.92

INDICATOR-SPECIFIC FACTOR LOADINGS
γ2j1

1.00a

—

0.37

1.00a

—

0.33

γ2j2

0.88

0.21

0.34

0.96

0.08

0.31
0.09

γ2j3

0.17

0.06

0.07

0.31

0.07

γ3j1

1.00a

—

0.24

1.00a

—

0.35

γ3j2

1.57

0.56

0.40

0.94

0.08

0.32

γ3j3

0.13

0.08

0.03

0.06

0.08

0.02

α1j1

0.00a

—

0.00a

—

α2j1

−0.09

0.02

0.06

0.02

α3j1

0.08

0.02

0.16

0.02

α1j2

0.00a

—

0.00a

—

α2j2

−0.09

0.02

0.06

0.02

α3j2

0.08

0.02

0.16

0.02

α1j3

0.00a

—

0.00a

—

α2j3

−0.09

0.02

0.01

0.02

α3j3

0.08

0.02

−0.15

0.02

INTERCEPTS

ERROR VARIANCES
Var(ε1j1 )

0.09

0.01

0.08c

0.07

0.01

0.09c

Var(ε2j1 )

0.07

0.04

0.06c

0.08

0.01

0.07c

Var(ε3j1 )

0.15

0.02

0.13c

0.09

0.01

0.11c

Var(ε1j2 )

0.10

0.01

0.09c

0.07

0.01

0.08c

Var(ε2j2 )

0.09

0.03

0.08c

0.08

0.01

0.07c

0.06

0.02c

0.09

0.01

0.10c

0.01

0.06c

0.06

0.01

0.05c

0.01

0.11c

0.10

0.01

0.06c

0.01

0.12c

0.15

0.01

0.13c

Var(ε3j2 )
Var(ε1j3 )
Var(ε2j3 )
Var(ε3j3 )

0.02
0.07
0.11
0.13

Note: For hyperactivity/impulsivity, a model of strong invariance for all raters and equal means across mother and father ratings was chosen. For inattention, a model
of strict invariance for mother and father ratings was chosen. λijk , trait factor loading (i, indicator; j, trait; k, method/rater); γijk , indicator-specific factor loading; αijk ,
intercept; Var(εijk ), error variance. The methods used here are mother report (k = 1), father report (k = 2), and teacher report (k = 3).
a

Parameter fixed for identification.

b

Standardized loadings differed between raters for the same variable, because error variances and latent factor variances were allowed to differ in the final models.

The standardized loadings are therefore given separately for each rater type in the following order: (1) mothers, (2) fathers, (3) teachers.
c

Standardized residual variances indicate 1 – R2 and can be interpreted as coefficients of unreliability [(1 – Rel(Yijk )] for each variable.

Dashes indicate fixed parameters for which no standard errors are computed.

were significantly different from one another, or whether the
parent means only differed from the teacher means. A model with
latent means constrained equal across mother and father (but not
teacher) ratings was not rejected by the chi-square difference test
relative to the strong MI model with unconstrained latent means.
Therefore, we concluded that mothers and fathers did show convergent validity of mean levels for the HI construct, whereas the
latent mean for teacher ratings was significantly smaller than for
mothers and fathers. This indicated a lack of convergent validity
with regard to the HI mean level across parent and teacher ratings
or true differences in the mean HI levels between contexts (home
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vs. school; more details are provided later on when we discuss the
parameter estimates of the final models).
Our analyses of the IN construct yielded different findings with
regard to MI. In the IN case, already the weak invariance model
showed a statistically significant (albeit relatively modest) increase
in the chi-square relative to the configural invariance model, indicating at least partly non-invariant loadings across some of the
raters. We tested whether the loadings were equivalent at least
across mother and father ratings, as mothers and fathers were rating the same context (home). This hypothesis was not rejected by
the chi-square difference test.
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The strong-MI model for all raters showed a marked and
highly significant increase in the chi-square relative to the full
weak invariance model. We again tested whether strong invariance could at least be assumed across mothers and fathers. This
hypothesis was also rejected according to the chi-square difference
test, although the resulting chi-square difference was relatively
modest and the global chi-square for this model was still nonsignificant. The strong-MI model for mothers and fathers also
showed a very good global model fit, as indicated by a nonsignificant overall chi-square goodness of fit test. We therefore
decided to proceed with the “partial strong-MI” model and to
also test for strict MI across mother and father ratings only (leaving the intercept and residual variance parameters for teachers
unconstrained). The strict-MI model for mothers and fathers
showed a good overall model fit in terms of the chi-square and did
not fit significantly worse than the partial strong-MI model. We
therefore used the partial strict-MI model to test for mean differences across mothers and fathers. The resulting model with equal
means across mothers and fathers showed a significant, albeit
rather small chi-square difference value, indicating that there was
a small difference in the latent means between mother and father
ratings of IN.
A key finding of the IN analyses was the clear non-invariance of
teacher intercepts relative to mother and father intercepts for this
construct. The parameter estimates for the final models (strong
MI across all three raters and equal latent means across mother
and father reports for HI; strict MI across mother and father ratings only and unconstrained latent means across all raters) are
presented in Tables 2, 3. Table 2 contains the parameter estimates
related to the measurement models (i.e., the loadings, intercepts, and error variances). Table 3 shows the structural (latent
variable model) parameter estimates (i.e., the latent covariances,
correlations, variances, and means).
From Table 2, it can be seen that for IN, the intercepts for
teacher ratings were markedly lower than the parent intercepts,
indicating that teachers generally found it more “difficult” to
endorse the symptoms on each of the IN indicators than did
parents. One explanation could be that teachers in general are
perhaps more used to seeing a broad spectrum of symptoms of
IN and distraction in class than are parents at home. Therefore,
the teachers in our sample may have used a different frame of reference (and a higher “threshold”) when making their ratings of
IN compared to parents. As a consequence, a more serious level
of observed IN symptoms was required for teachers to produce
the same score on the latent variable of IN as would be obtained
from parent ratings. Interestingly, this difference was only found
for IN, but not HI. This shows us that MI analyses in the context
of MTMM data can reveal quite interesting information about
differences between methods and how they may or may not use
rating scale in a different way that may lead to scores that are not
directly comparable. This information goes beyond what is typically assessed in MTMM studies and what can be obtained from
an MTMM matrix alone.
From Table 3, we can see that there was substantial convergent
validity in terms of the rank order of children for both HI and
IN. Latent correlations ranged between 0.78 and 0.81 for mother
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Table 3 | Estimated latent covariances, correlations, means, and
variances in the final models.
1.

2.

3.

4.

5.

HYPERACTIVITY/IMPULSIVITY
1. T111

—

0.85 (0.06)

0.45 (0.05) —a

—a

2. T112

0.81 (0.02)

—

0.43 (0.05) —a

—a

3. T113

0.42 (0.04)

0.42 (0.04)

—

—

—a

4. IS21

—a

—a

—a

—

0.03 (0.01)

5. IS31

—a

—a

—a

0.29 (0.07) —

Means

1.10b (0.04) 1.10b (0.04) 0.71 (0.04) —a

Variances 1.11 (0.07)

0.99 (0.06)

1.05 (0.06)

—a

0.16 (0.04) 0.07 (0.03)

INATTENTION
6. T121

—

0.60 (0.04)

0.41 (0.04) —a

—a

7. T122

0.78 (0.02)

—

0.44 (0.05) —a

—a
—a
0.05 (0.01)

8. T123

0.45 (0.04)

0.44 (0.04)

—

—a

9. IS22

—a

—a

—a

—

10. IS32

—a

—a

—a

0.44 (0.07) —

Means

0.97 (0.04)

1.03 (0.04)

0.88 (0.04) —a

Variances 0.74 (0.05)

0.80 (0.05)

1.17 (0.07)

—a

0.12 (0.02) 0.10 (0.02)

Note: Covariances are shown above the diagonal, correlations below the
diagonal.
a

Covariances, correlations, or means that are set to zero by definition of the

model. Standard errors are given in parentheses.
b

Latent means for hyperactivity/inattention were set equal across mother and

father reports.

and father ratings and between 0.42 and 0.45 between parents
and teachers. Latent means for mother and father ratings of HI
were set equal, given that this constraint was supported by the
goodness-of-fit tests. In contrast, teacher ratings of HI resulted in
a significantly smaller latent mean than parent ratings (0.71 vs.
1.10). The standardized mean difference was about 0.35, which
can be seen as a small effect. It could be that teachers again use
a different frame of reference for problems of HI, as they may be
used to seeing a much larger array of problem behaviors at school
than what most parents experience at home. Another explanation
could be that the possibly more structured school context relative
to less structure at home reduces the occurrence of HI symptoms
in school relative to home for children within the normal range
on HI.
For IN, the latent mean based on father reports was slightly
larger than the mother-report mean (1.03 vs. 0.97, which represented a standardized mean difference below 0.10 and hence
a very small effect). Our MI analyses for IN had indicated that
the teacher mean could not be directly compared to the parent
means, given the finding of intercept non-invariance for teacher
as compared to parent ratings.
CT-C(M – 1) model

Our analyses with the CT-C(M – 1) model allowed us to estimate
the consistency and method-specificity coefficients relative to a
reference method. For the present example, we chose to select
mother reports (k = 1) as reference method and contrast father
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reports (k = 2) and teacher reports (k = 3) against this reference. This also made it possible to examine correlations between
the father and teacher method factors, Corr(Mj2 , Mj3 ). These
correlations reflect whether fathers and teachers shared a common perspective that theses rater types did not share with mother
reports.
Our results revealed high consistency and relatively low
method-specificity coefficients for father reports for both HI
and IN [range of consistency coefficients: 0.53 ≤ Con(Yi12 ) ≤
0.60 for HI; 0.48 ≤ Con(Yi22 ) ≤ 0.55 for IN; range of methodspecificity coefficients: 0.27 ≤ MSpe(Yi12 ) ≤ 0.31 for HI;
0.32 ≤ MSpe(Yi22 ) ≤ 0.36 for IN], indicating that there was
high convergent validity between mother and father reports.
This finding reflected the high correlations found between the
mother and father trait factors in the baseline CFA model that
we reported above. Consistency coefficients were lower (and
method-specificity coefficients higher) for teacher ratings [range
of consistency coefficients: 0.15 ≤ Con(Yi13 ) ≤ 0.16 for HI; 0.17 ≤
Con(Yi23 ) ≤ 0.19 for IN; range of method-specificity coefficients:
0.73 ≤ MSpe(Yi13 ) ≤ 0.77 for HI; 0.70 ≤ MSpe(Yi23 ) ≤ 0.76 for
IN], showing that mother and teacher ratings shared less variance with each other than did mother and father ratings. The
latent correlations between the father and teacher method factors were estimated to be ϕ = 0.15 for HI and ϕ = 0.19 for
IN (both p-values were < 0.001). These correlations can be
interpreted as partial correlations between father and teacher ratings after partialling out the common variance that both rater
types shared with mother reports. In this case, the method factor correlations were rather small. This indicated that there was
not much of a shared perspective between fathers and teachers
above and beyond what fathers and teachers both shared with
mothers.
Latent difference model

In the present example, a latent difference approach could be used
for HI for all three rater types (mothers, fathers, and teachers),
given that strong MI had been established across all three rater
types for this construct. Given intercept non-invariance of teacher
ratings as compared to parent ratings for IN, a latent difference
approach would have been easily interpretable only for mother
vs. father ratings for IN (excluding teacher ratings). We therefore
only present the results for HI here as an example, for which we
could meaningfully include all three rater types.
The latent difference model for HI yielded a latent difference factor mean of E(T112 – T111 ) = −0.02 [Var(T112 –
T111 ) = 0.40] for father vs. mother ratings. This latent difference factor mean was not significantly different from zero
(p = 0.41), showing that mother and father ratings of HI did
not differ significantly in their latent means. The latent difference factor mean for teachers vs. mothers was estimated
to be E(T113 – T111 ) = −0.40 [Var(T113 – T111 ) = 1.26],
which was statistically significantly different from zero (p <
0.001). This again showed that mother and teacher ratings
resulted in significantly different estimates of the overall level
of HI in our data example. The correlations of father and
teacher latent difference factors with the mother reference factor were ϕ = −0.40 and ϕ = −0.56, respectively. The latent
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difference factors for father and teacher ratings were correlated
ϕ = 0.33.
Latent means model

The latent means model defines a common trait as the average
across method-specific true score variables. Therefore, a latent
means approach is only interpretable if all methods show at least
strong MI. Otherwise, the “grand mean” of methods will be difficult to interpret. Therefore, we decided not to estimate the
latent means model for IN because of intercept non-invariance
for teacher ratings. The model was meaningful for HI, however,
because all three rater types were shown to have invariant loadings and intercepts for this construct. The latent means model
for HI yielded a common latent mean estimate of E(T1 ) = 0.97
[Var(T1 ) = 0.73]. The method factors in the latent means model
represent deviations from the common latent mean factor. Their
means indicate to which extent methods (on average) deviate
from the grand mean across methods. The means of the method
factors were estimated to be E(M12 ) = 0.12 [Var(M12 ) = 0.21] for
father reports and E(M13 ) = −0.26 [Var(M13 ) = 0.50] for teacher
reports. This reflected the fact that the latent mean of teacher ratings was substantially lower than the latent means for mother and
father ratings of HI. The common trait was correlated ϕ = 0.06
with M12 and ϕ = −0.15 with M13 . The correlation between M12
and M13 was estimated to be ϕ = −0.73.
CFA-MTMM model for interchangeable methods

We fit both the general and the indicator-specific trait versions of Eid et al.’s (2008) CFA-MTMM model for interchangeable methods to our data example to test whether the ratings would satisfy the restrictions implied by the interchangeable model (i.e., invariant loadings and intercepts as shown in
Figures 4A,B). Note that from a measurement theoretical point
of view, mother, father, and teacher ratings would typically not be
seen as interchangeable methods, because they are not sampled
from the same “universe” of methods; here, we use these data
merely to illustrate MI analyses in the interchangeable MTMM
model and do not imply that the ratings should be treated as
interchangeable.
The fit statistics are presented in Table 4. Parameter estimates
for the final models are given in Table 5. We found that a model
with invariant loadings and intercepts for all three types of raters
(mother, father, and teacher) was not tenable for either HI or IN,
even if the less restrictive version of the model with indicatorspecific traits was used. One reason was that in this model, the
latent means are implicitly assumed to be equal across all interchangeable methods—this assumption was already rejected in
our initial analyses of the simple CFA model.
In contrast, an indicator-specific trait model for mother and
father reports only (dropping teacher reports from the analysis)
fit both the HI and IN data well, showing that mother and father
ratings satisfied the conditions of interchangeability implied by
the model in this application. This parallels our findings from the
previous analyses according to which mother and father ratings
were more similar to one another than they were compared to
teacher ratings. For both HI and IN, mothers and fathers shared
the same or very similar means as indicated by previous analyses.
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Table 4 | Goodness of fit statistics for different versions of the CFA-MTMM model for interchangeable methods fit to the HI and IN multirater
data set.
χ2

df

p

RMSEA

CFI

TLI

SRMR

378.01

31

<0.001

0.13

0.948

0.939

0.16

9867

7.34

8

0.50

0.00

1.000

1.000

0.01

6102

Mothers and fathers only;
equal loadings, intercepts,
and residual variances

12.70

11

0.31

0.02

1.000

0.999

0.01

5.36

3

0.15

6102

Mothers and fathers only;
equal loadings, intercepts,
residual variances, and
method factor variances

16.81

12

0.16

0.03

0.999

0.999

0.03

4.11

1

0.04

6104

381.16

31

<0.001

0.13

0.949

0.941

0.09

9556

9.42

8

0.31

0.02

1.000

0.999

0.01

5648

Mothers and fathers only;
equal loadings, intercepts,
and residual variances

10.10

11

0.52

0.00

1.00

1.00

0.01

0.68

3

0.88

5643

Mothers and fathers only;
equal loadings, intercepts,
residual variances, and
method factor variances

11.15

12

0.52

0.00

1.000

1.000

0.02

1.05

1

0.31

5642

Model

χ2 

df 

p(χ2 )

AIC

HYPERACTIVITY/IMPULSIVITY
All three raters; equal
loadings and intercepts
Mothers and fathers only;
equal loadings and intercepts

INATTENTION
All three raters; equal
loadings and intercepts
Mothers and fathers only;
equal loadings and intercepts

Note: In order to save space, we only present results for the model version with indicator-specific traits (Figure 4B), given that the model version with a single trait
(Figure 4A) did not fit well for any rater combination. RMSEA, root mean square error of approximation; CFI, comparative fit index; TLI, Tucker-Lewis index; SRMR,
standardized root mean square residual; AIC, Akaike’s information criterion. For both constructs, the initial model included all three rater types. Subsequent models
included only mother and father ratings (dropping teacher ratings from the analysis). Bold-face indicates best-fitting models.

(The baseline model for IN yielded a significant mean difference between mother and father reports; this was likely because
there was more statistical power to detect mean differences in
the combined model with all three raters. Nonetheless, the mean
difference between mothers and fathers was very small also in the
initial analysis).
We also tested more strict models of interchangeability for
mother and father ratings, in which we also constrained (a)
the error variances and (b) the method factor variances to be
equal across mother and father ratings. Chi-square difference
tests revealed that for HI, equal error variances were tenable, but
not equal method factor variances. In contrast, for IN, both the
assumption of equal error variances and the assumption of equal
method factor variances were acceptable according to the chisquare difference test. In summary, mother and father ratings
of IN could be viewed as strictly interchangeable in the sense
of the model, whereas for HI the ratings could be viewed as
interchangeable except for the amount of method factor variance.

DISCUSSION
Researchers frequently use different raters as methods in MTMM
studies. Often, ratings are provided on comparable items or
scales. In these cases, one can examine whether (1) different raters
use the items or scales in equivalent ways (i.e., whether MI holds
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across methods) and (2) whether there is convergent validity of
latent mean levels across methods. This opens up new possibilities
for studying method effects in more detail. Whereas traditional
approaches to MTMM analyses (such as Campbell and Fiske’s,
1959; MTMM matrix or conventional CFA-MTMM models) have
typically focused exclusively on (observed or latent) relationships (correlations) between different TMUs, the MI approach
presented here first of all examines the relationships between indicators and latent variables within each TMU. In this article, we
proposed to analyze MI using a baseline MTMM model without
method factors in the first step of the analysis. Using this model,
researchers can first of all test whether the proposed factor structure holds within corresponding TMUs and second, whether the
way indicators relate to latent factors within a TMU is comparable across methods. This allows researchers to examine whether
supposedly equivalent concepts that are measured by the same
indicators (but different methods) have similar relationships with
their indicators for different methods. (This may be termed an
examination of the “convergent validity of measurement properties.”). If they do, this may increase a researcher’s confidence that
similar concepts are indeed measured by each method or at least
that the indicators “function” similarly across methods. If they
don’t, then a researcher may question whether the concepts can
be seen as equivalent across methods, warranting further study
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Table 5 | Parameter estimates in the CFA-MTMM models for interchangeable methods fit to mother and father ratings of HI and IN.
Hyperactivity/impulsivity (j = 1)

Parameter label
Estimate

Inattention (j = 2)

SE

Standardized estimate

Estimate

SE

Standardized estimate

TRAIT FACTOR LOADINGS
λ1j

1.00a

—

0.84; 0.89b

1.00a

—

0.84

λ2j

1.00a

—

0.88;

0.91b

1.00a

—

0.87

λ3j

1.00a

—

0.84; 0.88b

1.00a

—

0.85

METHOD FACTOR LOADINGS
γ1j

1.00a

—

0.37

1.00a

—

0.47

γ2j

0.88

0.05

0.34

1.05

0.05

0.41

γ3j

0.99

0.05

0.07

0.98

0.05

0.43

Var(ε1j )

0.09

0.01

0.08; 0.08b,c

0.07

0.01

0.08c

Var(ε2j )

0.09

0.01

0.07; 0.08b,c

0.09

0.01

0.08c

0.09

0.01

0.09b,c

0.09

0.01

0.10c

E(T1j )

1.09

0.04

0.98

0.03

E(T2j )

0.95

0.04

1.17

0.04

E(T3j )

1.08

0.04

1.09

0.04

Var(T1j )

0.86

0.06

0.58

0.04

Var(T2j )

0.92

0.06

0.88

0.06

Var(T3j )

0.78

0.06

0.66

0.05

Var(Mj1 )

0.26

0.04

0.18d

0.02

Var(Mj2 )

0.14

0.03

0.18d

0.02

ERROR VARIANCES

Var(ε3j )

0.08;

LATENT MEANS

LATENT VARIANCES

For hyperactivity/impulsivity, a model of strong invariance for all raters and equal means across mother and father ratings was chosen. For inattention, a model of
strict invariance for mother and father ratings was chosen. λijk , trait factor loading (i, indicator; j, trait; k, method/rater); γijk , indicator-specific factor loading; αijk ,
intercept; Var(εijk ), error variance. The methods used here are mother report (k = 1), father report (k = 2), and teacher report (k = 3).
a

Parameter fixed for identification.

b

Standardized loadings and standardized error variances for HI differed between raters for the same variable, because the method factor variances were allowed

to differ in the final model. The standardized loadings and error variances are therefore given separately for each rater type in the following order: (1) mothers, (2)
fathers.
c

Standardized residual variances indicate 1 – R2 and can be interpreted as coefficients of unreliability [(1 – Rel(Yijk )] for each variable.

d

Method factor variances were set equal across mother and father reports in this model.

Dashes indicate fixed parameters for which no standard errors are computed.

of what exactly is measured by each method and in which ways
concepts or item meanings might differ across methods.
Non-invariant intercepts or loadings across methods can indicate that the scales have a different meaning for different methods.
For example, a certain behavior may be less relevant for the definition of a construct for one type of rater than for another.
Consider, for instance, symptoms of ADHD. A specific ADHDIN symptom may be highly relevant for parents’ view of their
children, but not so critical for teachers’ view (maybe because it
does not occur in the school context), thus leading to different
factor loadings or intercepts for the same symptom. The finding of measurement non-invariance can thus shed more light on
how different indicators (e.g., ADHD symptoms) “function” for
different types of raters.
It is interesting to note that our approach of beginning an
MTMM analysis with a thorough investigation of the measurement properties within and across TMUs seems to be well in
line with Fiske and Campbell’s (1992) later view of the original
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Campbell and Fiske (1959) MTMM approach. In their 1992
review, Fiske and Campbell proposed to “settle for the practice
of studying ‘TMUs’,” given that “method and trait or content are
highly interactive and interdependent” (p. 394). Examining MI
across TMUs is one component of such an analysis strategy that
places more emphasis on what is measured within each TMU
rather than just on correlations between TMUs.
While traditional MTMM analyses focus exclusively on correlation or covariance structures (Campbell and Fiske, 1959), we
propose to routinely consider means in the analyses as well, which
is a novel aspect in MTMM research. By including means in
the analysis, MI across methods can be more fully tested and,
if strong MI can be established, latent means can be compared
across methods to examine the degree of convergent validity
of mean levels across methods. When using just the covariance
matrix (and no means), researchers can test for loading (weak
factor) invariance and invariant error variances, but not for intercept (strong) MI. In our empirical example, we found that the

October 2014 | Volume 5 | Article 1216 | 16

Geiser et al.

intercepts were non-invariant across some methods for one of the
constructs, indicating differences in scale difficulty across methods. This information could not have been obtained without
including means in the analysis.
In addition, when only covariances or correlations are analyzed, latent means cannot be compared across methods. Strong
MI is a prerequisite for interpreting latent mean differences across
methods in a straightforward way. With non-invariant intercepts
and/or loadings, latent mean differences across methods may be
difficult to interpret, because the measurements would not be in
the same metric in this case. In cases of non-invariance, mean
differences would represent a mixture between rater biases and
measurement bias (differences in scale use). This was the case
for parent vs. teacher ratings of IN in our empirical example. Of
course, the question of interpretability depends on the particular substantive application and is also a matter of degree rather
than “all or nothing.” For example, if violations of MI are small,
approximate MI (van de Schoot et al., 2013) may still hold, warranting a proper interpretation of latent mean differences across
methods.
If strong MI can be established across methods (such as in our
empirical application to the HI construct), then a researcher can
meaningfully test whether methods converge in the assessment
of the latent mean level of a construct in a given population. In
our HI example, this was the case for mothers vs. fathers, but
not for parents vs. teachers. This showed that there was a lack
of convergent validity of mean levels across methods (or a true
difference between the home and school contexts), even though
the convergent validity in terms of the correlations between parents and teachers was quite strong. This issue is especially critical
when researchers want to draw conclusions about, for example,
the overall level of a problem such as HI. In this case, they would
come to different conclusions based on parent vs. teacher ratings
in the present example. It is therefore important to examine the
convergent validity of mean levels across raters in such cases.
Of course, testing for MI and comparing latent means only
makes sense when methods used comparable measurement
instruments (items and response scales) to begin with. When very
different methods are used (e.g., ratings vs. physiological measures of stress), tests of MI are typically not meaningful, especially
when scoring procedures differ between methods (e.g., 4-point
Likert scale vs. cortisol concentration in nmol/L). When different
methods used similar response scales as in the examples presented
in this paper, but strong MI cannot be established, observed mean
differences for corresponding indicators across methods still provide valuable information, as they indicate method effects at the
measurement level (i.e., differences in scale use; see discussion
above).
DIFFERENT MODELS

In this article, we demonstrated that including mean structures
and testing for MI is not only an issue of potential substantive interest in MTMM analyses. With respect to more complex
CFA-MTMM models with method factors, we showed that MI is
relevant to these models especially for two reasons: (1) the definition of trait and method factors may require strong MI for a
meaningful interpretation of structural parameters such as latent

www.frontiersin.org

Measurement invariance in MTMM analysis

trait and method factor means and variances as well as individual scores on these latent variables or (2) at least strong MI is
implied by a CFA model for interchangeable methods. Therefore,
MI is not just something that researchers may or may not be interested in when analyzing MTMM data; instead, depending on the
model, MI can be a prerequisite for the proper interpretation of
one’s MTMM model or for conclusions about whether methods
can be seen as interchangeable or not.
We showed that among the more complex models for structurally different methods discussed here, the CT-C(M – 1) model
makes the least restrictive assumptions in terms of MI. That is, for
calculating coefficients of convergent validity (consistency) and
method specificity in this model or for the interpretation of trait
and method factors in general, MI beyond configural invariance
is not required. The only case in which MI can become relevant
in the CT-C(M – 1) model is when researchers want to interpret
unstandardized structural regression coefficients or latent mean
differences derived from these coefficients.
In contrast, the latent difference and latent means models
require MI across methods by definition. When different methods used comparable items that were measured on the same
scale (or rescaled to the same metric) and provided that strong
MI across methods can be established, then the latent difference
and latent means models provide a meaningful and straightforward estimation of mean method effects, because means can be
directly estimated for the method factors in these models. In contrast, in the CT-C(M – 1) model, mean method effects are not
directly estimated in terms of method factor means, because the
method factors in this model have means of zero by definition.
Nonetheless, mean method effects can also be analyzed in the CTC(M – 1) model as shown in detail in Geiser et al. (2012). An
advantage of the CT-C(M – 1) model is that it can be used even
when different methods used completely different metrics (e.g.,
self-reports on a 4-point Likert scale vs. cortisol concentrations as
measures of stress) or when MI does not hold.
The latent difference model is less restrictive with regard to MI
than the latent means model, as the latent difference model can
still be used in cases of partial MI (when at least one non-reference
method shows strong MI relative to the reference method). In
contrast, a proper interpretation of the common trait in the
latent means model requires that strong MI between all methods
be established. Despite these differences between the CT-C(M –
1), latent difference, and latent means models, all three models
provide meaningful definitions of trait and method factors. The
choice of a particular model depends in part on a researcher’s
specific goals in a given application.
Another area of MTMM research for which MI plays a role is
when researchers study interchangeable methods. We considered
Eid et al.’s (2008) CFA-MTMM model for interchangeable methods separately, because it is designed for a different data structure
(interchangeable methods) than the CT-C(M – 1), latent difference, and latent means models (which are designed for structurally different methods). If, for example, a researcher wants to
test whether methods that, based on theory, are conceived of as
interchangeable truly are interchangeable in a statistical sense, he
or she should use an appropriate CFA-MTMM model for interchangeable methods and test for MI. If this assumption is rejected,
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the methods in question may be better viewed as structurally different. In this case, one of the models for structurally different
methods [CT-C(M – 1), latent difference, or latent means] may
be more appropriate.

CONCLUSION
Most MTMM studies so far have focused on assessing convergent validity in terms of correlations between methods or raters
selected to measure the same constructs. We argued that useful incremental information about method effects can be gained
from including mean structures in MTMM models and testing
for MI across methods. Furthermore, we showed that MI is relevant in more complex CFA-MTMM models with method factors,
either because the definitions of trait and method factors imply
MI for a meaningful interpretation of structural parameters or
because the type of method (interchangeable vs. structurally different) may or may not imply MI across methods. We hope that
researchers will find our article useful as a guide for future, more
fine-grained studies of method effects.

ACKNOWLEDGMENTS
This research was funded by a grant from the National Institutes
on Drug Abuse (NIH-NIDA), grant #1 R01 DA034770-01
awarded to Ginger Lockhart and Christian Geiser. The data
used in the empirical application was collected under research
grant #PSI2011-23254 from the Spanish government awarded to
Mateu Servera and G. Leonard Burns. We would like to thank
the editor, the two reviewers who provided open reviews, and a
third reviewer who decided to remain anonymous for providing
valuable feedback and suggestions.

SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: http://www.frontiersin.org/journal/10.3389/fpsyg.
2014.01216/abstract

REFERENCES
Burns, G. L., and Lee, S.-Y. (2010a). Child and Adolescent Disruptive Behavior
Inventory—Parent Version. Pullman, WA: Author.
Burns, G. L., and Lee, S.-Y. (2010b). Child and Adolescent Disruptive Behavior
Inventory—Teacher Version. Pullman, WA: Author.
Burns, G. L., Servera, M., del Mar Bernard, M., Carrillo, J. M., and Geiser, C.
(in press). Mothers’, fathers’, teachers’, and aides’ ratings of ADHD symptoms
and academic impairment: implications for DSM-5 ADHD diagnostic criterion
C. Psychol. Assess.
Byrne, B. M., Shavelson, R. J., and Muthén, B. (1989). Testing for the equivalence of factor covariance and mean structures: the issue of partial measurement
invariance. Psychol. Bull. 105, 456–466. doi: 10.1037/0033-2909.105.3.456
Campbell, D. T., and Fiske, D. W. (1959). Convergent and discriminant validation by the multitrait-multimethod matrix. Psychol. Bull. 56, 81–105. doi:
10.1037/h0046016
Cole, D. A., and Maxwell, S. E. (1985). Multitrait-multimethod comparisons across
populations: a confirmatory factor analytic approach. Multivariate Behav. Res.
20, 389–417. doi: 10.1207/s15327906mbr2004_3
Cole, D. A., Truglio, R., and Peeke, L. (1997). Relation between symptoms of anxiety
and depression in children: a multitrait-multimethod-multigroup assessment. J.
Consult. Clin. Psychol. 65, 110–119. doi: 10.1037//0022-006X.65.1.110
Dumenci, L. (2000). “Multitrait-multimethod analysis,” in Handbook of Applied
Multivariate Statistics and Mathematical Modeling, eds S. D. Brown and H.
E. A. Tinsley (San Diego, CA: Academic Press), 583–611. doi: 10.1016/B978012691360-6/50021-5

Frontiers in Psychology | Quantitative Psychology and Measurement

Measurement invariance in MTMM analysis

Eid, M., Lischetzke, T., and Nussbeck, F. W. (2006). “Structural equation models
for multitrait-multimethod data,” in Handbook of Multimethod Measurement in
Psychology, eds M. Eid and E. Diener (Washington, DC: American Psychological
Association), 283–299. doi: 10.1037/11383-020
Eid, M. (2000). A multitrait-multimethod model with minimal assumptions.
Psychometrika 65, 241–261. doi: 10.1007/BF02294377
Eid, M., Lischetzke, T., Nussbeck, F. W., and Trierweiler, L. I. (2003). Separating
trait effects from trait-specific method effects in multitrait-multimethod models: a multiple indicator CT-C(M–1) model. Psychol. Methods 8, 38–60. doi:
10.1037/1082-989X.8.1.38
Eid, M., Nussbeck, F. W., Geiser, C., Cole, D. A., Gollwitzer, M., and Lischetzke,
T. (2008). Structural equation modeling of multitrait-multimethod data: different models for different types of methods. Psychol. Methods 13, 230–253. doi:
10.1037/a0013219
Eid, M., Schneider, C., and Schwenkmezger, P. (1999). Do you feel better or worse?
The validity of perceived deviations of mood states from mood traits. Eur. J.
Pers. 13, 283–306.
Fiske, D. W., and Campbell, D. T. (1992). Citations do not solve problems. Psychol.
Bull. 112, 393–395. doi: 10.1037/0033-2909.112.3.393
Geiser, C., Bishop, J., Lockhart, G., Shiffman, S., and Grenard, J. (2013).
Analyzing latent state-trait and multiple-indicator latent growth curve models as multi-level structural equation models. Front. Psychol. 4:975. doi:
10.3389/fpsyg.2013.00975
Geiser, C., Eid, M., and Nussbeck, F. W. (2008). On the meaning of the
latent variables in the CT-C(M–1) model: a comment on Maydeu-Olivares
and Coffman (2006). Psychol. Methods 13, 49–57. doi: 10.1037/1082-989X.
13.1.49
Geiser, C., Eid, M., West, S. G., Lischetzke, T., and Nussbeck, F. W. (2012).
A comparison of method effects in two confirmatory factor models
for structurally different methods. Struct. Equ. Model. 19, 409–436. doi:
10.1080/10705511.2012.687658
Geiser, C., Koch, T., and Eid, M. (2014a). Data-generating mechanisms versus
constructively-defined latent variables in multitrait-multimethod analyses: a
comment on Castro-Schilo, Widaman, & Grimm (2013). Struct. Equ. Model.
doi: 10.1080/10705511.2014.919816. (in press)
Geiser, C., Mandelman, S. D., Tan, M., and Grigorenko, E. L. (2014b). Multitraitmultimethod assessment of giftedness: an application of the correlated traitscorrelated (Methods – 1) model. Struct. Equ. Model. (in press)
Grigorenko, E. L., Geiser, C., Slobodskaya, H. R., and Francis, D. J. (2010). Crossinformant symptoms from CBCL, TRF, and YSR: trait and method variance
in a normative sample of Russian youths. Psychol. Assess. 22, 893–911. doi:
10.1037/a0020703
Little, T. D. (1997). Mean and covariance structures (MACS) analyses of crosscultural data: practical and theoretical issues. Multivariate Behav. Res. 32, 53–76.
doi: 10.1207/s15327906mbr3201_3
Marsh, H. W., Byrne, B. M., and Craven, R. (1992). Overcoming problems
in confirmatory factor analyses of MTMM data: the correlated-uniqueness
model and factorial invariance. Multivariate Behav. Res. 27, 489–507. doi:
10.1207/s15327906mbr2704_1
Marsh, H. W., and Hocevar, D. (1988). A new, more powerful approach
to multitrait-multimethod analyses: application of second-order confirmatory factor analysis. J. Appl. Psychol 73, 107–117. doi: 10.1037/0021-9010.
73.1.107
McArdle, J. J. (1980). Causal modeling applied to psychonomic systems simulation.
Behav. Res. Methods 12, 193–209. doi: 10.3758/BF03201598
Meredith, W. (1993). Measurement invariance, factor analysis, and factorial invariance. Psychometrika 58, 525–543. doi: 10.1007/BF02294825
Millsap, R. E. (1995). “The statistical analysis of method effects in multitraitmultimethod data: a review,” in Personality Research, Methods, and Theory: A
Festschrift Honoring Donald W. Fiske, eds P. E. Shrout and S. T. Fiske (Hillsdale,
NJ: Erlbaum), 93–109.
Millsap, R. E. (2011). Statistical Approaches to Measurement Invariance. New York,
NY: Routledge.
Nussbeck, F. W., Eid, M., Geiser, C., Courvoisier, D. S., and Lischetzke, T. (2009).
A CTC(M-1) model for different types of raters. Methodology 5, 88–98. doi:
10.1027/1614-2241.5.3.88
Pohl, S., and Steyer, R. (2010). Modeling common traits and method effects
in multitrait-multimethod analysis. Multivariate Behav. Res. 45, 45–72. doi:
10.1080/00273170903504729

October 2014 | Volume 5 | Article 1216 | 18

Geiser et al.

Pohl, S., Steyer, R., and Kraus, K. (2008). Modelling method effects as individual
causal effects. J. R. Stat. Soc. A 171, 41–63.
Reise, S. P. (2012). The rediscovery of bifactor measurement models. Multivariate
Behav. Res. 47, 667–696. doi: 10.1080/00273171.2012.715555
Schermelleh-Engel, K., Moosbrugger, H., and Müller, H. (2003). Evaluating the fit
of structural equation models: test of significance and descriptive goodness-offit measures. Methods Psychol. Res. 8, 23–74.
Servera, M., Lorenzo-Seva, U., Cardo, E., Rodríguez-Fornells, A., and Burns, G. L.
(2010). Understanding trait and source effects in ADHD and ODD rating scales:
Mothers’, fathers’ and teachers’ ratings of children from the Balearic Islands.
J. Clin. Child Adolesc. Psychol. 39, 1–11. doi: 10.1080/15374410903401187
van de Schoot, R., Kluytmans, A., Tummers, L., Lugtig, P., Hox, J., and Muthen, B.
(2013). Facing off with Scylla and Charybdis: a comparison of scalar, partial, and
the novel possibility of approximate measurement invariance. Front. Psychol.
4:770. doi: 10.3389/fpsyg.2013.00770
Vautier, S., Raufaste, E., and Cariou, M. (2003). Dimensionality of the Revised Life
Orientation test and the status of filler items. Int. J. Psychol. 38, 390–400. doi:
10.1080/00207590344000222
Widaman, K.-F. (1985). Hierarchically nested covariance structure models for multitrait-multimethod data. Appl. Psychol. Meas. 9, 1–26. doi:
10.1177/014662168500900101
Widaman, K. F., and Reise, S. P. (1997). “Exploring the measurement invariance
of psychological instruments: applications in the substance use domain,” in
The Science of Prevention: Methodological Advances from Alcohol and Substance
Abuse Research, eds K. J. Bryant, M. Windle, and S. G. West (Washington, DC:
American Psychological Association), 281–324.

www.frontiersin.org

Measurement invariance in MTMM analysis

Woehr, D. J., Sheehan, M. K., and Bennett, W. (2005). Assessing measurement
equivalence across rating sources: a multitrait-multirater approach. J. Appl.
Psychol. 90, 592–600. doi: 10.1037/0021-9010.90.3.592
Wu, A. D., Li, Z., and Zumbo, B. D. (2007). Decoding the meaning of factorial
invariance and updating the practice of multi-group confirmatory factor
analysis: a demonstration with TIMSS data. Pract. Assess. Res. Eval. 12. Available
online at: http://pareonline.net/getvn.asp?v=12&n=3
Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Received: 25 February 2014; accepted: 07 October 2014; published online: 30 October
2014.
Citation: Geiser C, Burns GL and Servera M (2014) Testing for measurement invariance and latent mean differences across methods: interesting incremental information
from multitrait-multimethod studies. Front. Psychol. 5:1216. doi: 10.3389/fpsyg.
2014.01216
This article was submitted to Quantitative Psychology and Measurement, a section of
the journal Frontiers in Psychology.
Copyright © 2014 Geiser, Burns and Servera. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

October 2014 | Volume 5 | Article 1216 | 19

