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1. Introduction

Emile Durkheim (1982; the original was published in 1895) emphasized that the comparative method is the core of social science
research. Accordingly, social phenomena are often considered unique to a particular context and “indirect experimentation” (another
term he coined for the comparative method) is the best suitable method to identify what is evident in one context and not in another
and, thus, what might cause differences. Today, the increasing availability and quality of cross-national and longitudinal data from
large-scale studies such as the European Social Survey (ESS), International Social Survey Program (ISSP), European Values Study
(EVS), or World Values Survey (WVS) have stimulated comparative analyses in many fields of the social and behavioral sciences. A
prerequisite for valid comparisons is that the same phenomena are actually observed or measured across contexts. This is the basis of
the measurement invariance (MI) problem.

The social and behavioral sciences often consider theoretical constructs that are not directly observable (e.g., intelligence, moti-
vations, attitudes, values) but measured by multiple observable indicators—with varying degrees of accuracy. This measurement
process has been conceptualized with various measurement models. For example, the classical test theory (CTT) model (Lord and
Novick, 1968) is based on the notion that an observed measurement score for a theoretical construct of interest can be decomposed into
a true score and a random error component:

Observed = True + Evror- (@))]

The true score is sometimes equated with the construct score, that is, the real score on an underlying construct. However, this
interpretation may be problematic for several reasons (Borsboom, 2005). Other measurement models allow theoretical constructs to be
more accurately represented as latent variables that are considered to be the causes of the observed indicators (see Bollen, 2002).
Accordingly, latent variables (sometimes referred to as common factors) are assumed to explain variation in observed indicators and
residual variation is due to measurement error, which may be systematic or random. This view is the foundation of factor analytical
approaches such as exploratory factor analysis (EFA; e.g., Lawley, 1943; Lawley and Maxwell, 1963; Spearman, 1904; Thurstone,
1947) and confirmatory factor analysis (CFA; e.g., Joreskog, 1969; Wiley et al., 1973) as well as item response theory (IRT; e.g., de
Ayala, 2022; Guttman, 1945; Lord, 1952, 1980; Rasch, 1960; Samejima, 1969).

From early on, researchers in the factor analytic field were aware of the MI problem (see Millsap and Meredith, 2007).! First, a
theoretical line of thought emerged that assumes (non)invariance in factor analytic models is affected by selection (i.e., processes that
created the subpopulations of interest). Selection may operate directly on the observed variables under study and on the factor
structure (e.g., when subgroups are related to a subset of the observed variables) or on unobserved variables (e.g., characteristics such
as gender, socioeconomic status, age, or ethnicity indicating differences between subpopulations). The selective composition of
subpopulations may lead to correlations among specific factors (unique error components) and between specific and common factors,
which is a violation of factor analytic assumptions (see also Meredith and Teresi, 2006). A factor structure is assumed invariant when
the selection variables are independent from specific factors implying that the selection process is only operating via the common
factors. A second line of thought was concerned with rotational strategies for identifying the best-fitting invariant factor patterns,
which allowed analytical approaches to assess empirically whether factor structures are invariant. However, applying rotational
procedures to establish invariance only affects a particular aspect of a factor model (i.e., the factor loadings) and does not offer any fit
information beyond that of the original factor solution. This means that invariance is established only after the estimation of the factor
solution and invariance assumptions are not tested. A more comprehensive and testable approach was proposed by Joreskog (1971)
who extended CFA to multiple group confirmatory factor analysis (MGCFA), which today is the predominant tool for testing the
invariance of measurement model parameters across subpopulations.” In the half century since this seminal publication, a number of
review articles have taken up the developments and recommendations regarding MI testing with MGCFA and described the state of the
art at the respective time of writing (e.g., Davidov et al., 2014, 2018a; Hui and Triandis, 1985; Steenkamp and Baumgartner, 1998;
Vandenberg and Lance, 2000; Vandenberg, 2002; van de Schoot et al., 2015). At the time of their publication, these excellent reviews
provided the available knowledge of MI in a concise form to a wide readership of students, teachers, and researchers.

In this overview, we aim to pick up where others have left off, tracing the historical developments of the most common strategies for
identifying and dealing with measurement (non)invariance. We think it is therefore necessary to begin by reiterating what MI actually
is and how it can be tested with the first generation of approaches based on the traditional MGCFA and multiple indicators multiple
causes (MIMIC) models (section 2).

We then present the next generation of approaches (section 3) that were developed to address the question that has long puzzled
and still puzzles comparative researchers using the traditional approach: What if the empirical data provide no support for (exact and
partial) MI? This situation often occurs in cross-cultural research when comparing a large number of groups (e.g., countries) or in
longitudinal research when comparing many periods or periods far apart in time. The proposed solution is moving away from the

1 We use the more general term of measurement invariance throughout this article. Some researchers refer to the invariance problem using the
narrower concept of factorial invariance (see Meredith and Teresi, 2006).

2 In the IRT framework, MI has been discussed in terms of item bias (Mellenbergh, 1989) and is sometimes referred to as differential item
functioning (DIF; e.g., Millsap and Everson, 1993). We recognize that from this very similar perspective, the invariance problem can be approached
with at least the same rigor as with the MGCFA approach (see, e.g., Teresi, 2006). However, we limit our presentation to the latter and refer to
relevant sources for specific situations in the context of multiple indicators multiple causes (MIMIC) modeling (section 2.4) and categorical data
analysis.
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concept of exact MI and assuming instead approximate MI. The Bayesian approximate measurement invariance (BAMI) approach
assumes that measurement parameter differences across groups or time may be present but that they are small and substantively
insignificant. The multiple group alignment approach assumes that most measurement parameters are invariant across groups and
only a small subset of the parameters is noninvariant, allowing that group means and variances may still be compared even in the
presence of some tolerable degree of noninvariance.

We continue with the discussion of the multilevel approach for testing MI and the statistical explanation of identified noninvariance
(section 4). Multilevel analysis is particularly useful when the number of groups (or clusters) is large and invariance assessments with
MGCFA or MIMIC models would require evaluating a very large number of parameters. In addition, the multilevel framework can help
understanding noninvariance findings in unique ways, such as explaining noninvariance using observed cluster-level variables.

The latest generation of approaches addresses situations in which MI does not hold across all clusters/groups but only for subsets or
when measurement parameter differences across groups or time are to be examined with respect to their proportion of change that
reflects true change in the construct. Subset-specific MI (section 5) may be relevant when groups are not independent, for example,
when countries belong to a particular cultural region. One way to detect clustered invariance is mixture multigroup factor analysis,
which assumes subset-specific measurement parameters that are shared by groups within subsets but may differ between subsets. The
approach can also be used to explain noninvariance between subsets. Another way to find subsets of groups that display MI is to
quantify information on the desired MI level across each pair of groups and use it to infer connections between groups in network-type
graphs. Such visualization techniques are implemented in a tool called the Measurement Invariance Explorer. The decomposition of
measurement parameter differences (section 6) is based on a longitudinal CFA model and separates the amount of the true change in
measurement parameters over time from change that appears due to systematic response shifts. Thus, even in the case of noninvariant
measurements, empirical data can provide useful information about changes in constructs and the amount and causes of
noninvariance.

Finally, we consider approaches that do not deal with statistical solutions or modeling, but are based on survey methodological ideas
that can address the MI problem before any data are collected or analyzed (section 7). This involves decisions about rating scales and
survey modes, the use of cognitive pretesting and web probing approaches, and cross-cultural scale adoption and translation methods.

In the following sections, we will present the different approaches along the developmental lines outlined above. In the course of
the discussion (section 8), we will also address other research areas that seem to be promising avenues toward a deeper understanding
of measurement (non)invariance and its causes and consequences.

2. Measurement invariance and the traditional global testing approach
2.1. What is measurement invariance?
Measurement invariance (MI), sometimes also referred to as measurement equivalence or measurement comparability, was defined

by Horn and McArdle (1992, p. 117) as “whether or not, under different conditions of observing and studying a phenomenon, mea-
surement observations yield measures of the same attribute.” In other words, MI of a theoretical construct of interest is a measurement

&2

Fig. 1. Single group reflective measurement model for latent variable 5
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characteristic. It implies that in different contexts such as cultures, geographical areas, countries, time points, (Davidov et al., 2018a,b;
Sokolov, 2018), language groups (Davidov and de Beuckelaer, 2010), methods of data collection (e.g. Cieciuch and Davidov, 2016;
Davidov and Depner, 2011; Gordoni et al., 2012), or among other meaningful objects of comparison, the same concept is being
measured in the same way (Billiet, 2003; He and van de Vijver, 2012; Johnson, 1998; Steenkamp and Baumgartner, 1998; Vandenberg
and Lance, 2000; van de Vijver, 2018a,b; van de Vijver and Leung, 2011; van de Vijver and Poortinga, 1997). MI should not be
confused with equality of measurement scores across groups. Equality of scores implies that the measurement scores in two groups are
identical, that is, the two groups score similarly in some theoretical construct of interest, for instance, displaying the same level of
negative attitudes toward immigration. MI implies that they are comparable. Comparability does not imply, however, that the scores
are equal, but only that they may be compared meaningfully across groups. Thus, comparable scores may or may not be equal. MI
simply guarantees that the measures at hand can be compared and that we are, in fact, not comparing “chopsticks with forks” (Chen,
2008).

A review study (Davidov et al., 2014) suggests that although the concept and crucial importance of MI have been determined
already more than 30 years ago (Meredith, 1993), only a very small share of comparative studies in the social sciences, particularly in
sociology and political science, examine MI before comparing theoretical constructs of interest and their measurement parameters.
This is unfortunate, because the literature has repeatedly shown that if MI is not given, equal scores may reflect a methodological
artefact when true scores are actually different across groups. At the same time, different scores may conceal equality of scores due to
methodological bias (Davidov et al., 2014; Millsap, 2011; van de Vijver et al., 2019).

To describe MI in less abstract terms, let us first consider the simplest example with a single-group reflective measurement model
for one latent factor 7 (e.g., attitudes toward immigration) measured by three manifest items, y; to ys3, also referred to as indicators (see
Fig. 1). The indicators reflect the extent to which the respondents agree that immigrants should be welcome into the country (y;),
provided support upon arrival (y2), and encouraged to come (y3). At this stage, we assume that the responses are captured by some
rating scale, ranging between 1 (fully agree) and 7 (totally disagree). Since measurements of opinions are susceptible to measurement
errors, each item has a measurement error (¢; to €3, respectively). In addition, each item has a factor loading (4; to 43) that relates it to
the factor. If we further assume that we would like to compare both the mean of this latent variable ; and its association (e.g.,
covariance) with the covariate “age” across two groups (e.g., two countries, Germany and the U.S.), then MI becomes relevant. Only if
the measures of the latent variable “attitudes toward immigration” are invariant, can we compare its means and associations across
countries meaningfully as explained below. Otherwise, estimated cross-country similarities or differences in its mean or covariance
with the variable “age” may not only be a result of true differences but also a methodological artefact. The amount of tolerable
measurement noninvariance bias can be studied using robustness studies either analytically or using Monte Carlo simulations (see, e.g.,
Kuha and Moustaki, 2015; Meuleman, 2012; Oberski, 2014).

2.2. Multiple group confirmatory factor analysis (MGCFA)

There are various techniques to examine MI (Braun and Johnson, 2010; for an overview see also Kim et al., 2017; Davidov et al.,
2018a,b). However, the most popular way discussed in the literature is the multiple group confirmatory factor analysis approach
(MGCFA; Joreskog, 1971; Sorbom, 1974) within the structural equation modeling (SEM; Bollen, 1989) perspective. To formalize the
standard MGCFA model, assume, i = 1, ..., n is the number of individual observations, p = 1, ..., P is the number of observed indicators,
g =1,...G is the number of groups to be compared, y;, is the P x 1 vector of observed indicator scores for individual i from group g, Ag
isa P x 1 group-specific vector of factor loadings, v, is the respective vector of intercepts, 7;, is a scalar’ representing the latent score of
i from group g, and finally, €; is a P x 1 vector of error terms assumed to be normally distributed N(0,0,), with ®; = Cov(eg, s'g) being
the group-specific error covariance matrix. Then, the measurement model can be written as:

Yig =Vg + Aghly, + €55 @
Furthermore, the respective mean and covariance structure (MACS; e.g., Little, 1997) equations are specified as follows:

By =V + A, 3
Cov (yg,y;,) =X, = Agy/gAg + 0, “4)

with g, as the observed means of y,, as well as ag and y, as the latent mean and variance of 17, which is also assumed to follow a normal
distribution: 77, ~ N(ag, ).

The MI literature, dating back to the seminal work of Meredith (1993), distinguishes between different levels of MI, following a
hierarchical structure (for a summary, see Table 1). The first and lowest level is called configural invariance. Descriptively, it implies
that the same indicators can be used in all G groups to measure the same underlying latent construct. We can test it by examining
whether the model measuring the same latent variable fits the data in all groups, and whether the standardized factor loadings are also
acceptable (e.g., above 0.3-0.4, see Brown, 2015). That is, the model fit can be evaluated using conventional tests within each group
(see, e.g., Hu and Bentler, 1999; Marsh et al., 2004; West et al., 2012). However, even if configural invariance is supported by the data,

3 without loss of generality, we restrict the model to a single latent variable # for illustration purposes.



H. Leitgob et al. Social Science Research 110 (2023) 102805

Table 1
Levels of measurement invariance.”
Invariance level What it implies Type of comparison across groups allowed How the invariance level may be
assessed
Configural The same items measuring the same constructs None An MGCFA suggesting an acceptable
invariance across groups fit to the data
(Full or partial) The same items have the same factor loadings Unstandardized associations (covariances, The model fit does not deteriorate
Metric across groups (at least two equal factor loadings for ~ unstandardized regression coefficients with considerably compared to the
invariance partial metric invariance) other theoretical constructs of interest) configural invariance model
(Full or partial) The same items have the same factor loadings and ~ Unstandardized associations and latent The model fit does not deteriorate
Scalar intercepts across groups (at least two items with means considerably compared to the (full or
invariance equal factor loadings and intercepts for partial partial) metric invariance model
scalar invariance)
Strict invariance The same items have the same factor loadings, Unstandardized associations and latent The model fit does not deteriorate
intercepts, and error variances across groups means considerably compared to the (full or

partial) scalar invariance model

it still does not allow us to make any meaningful comparisons. The reason is that meaningful comparisons require higher levels of
invariance, as explained below, because similarities or differences may be due to methodological artefacts rather than due to true
differences.

The next MI level is metric (or weak) invariance. Metric invariance implies that the factor loadings of the items measuring the latent
variable are the same across groups:

A1:A2:...:Ag:...:AG (5)

One can test whether metric invariance is given by comparing the fit of this more restricted model to the model fit of the configural
model. If the model fit does not deteriorate considerably (e.g., if the chi-square different test is not significant, or if the CFI value does
not deteriorate by more than approximately 0.01; see, e.g., Byrne, 2004; Byrne and Stewart, 2006; Chen, 2007; Cheung and Rensvold,
2002), one may assume that metric invariance is supported by the data. Indeed, previously, the chi-square difference test was applied
to test different types of invariance. However, later simulations showed that this test is often too restrictive, and sensitive to sample
size. Therefore, other criteria were proposed. If metric invariance is given, one may compare unstandardized associations (i.e., co-
variances or unstandardized regression coefficients between the latent variables of interest for which metric invariance holds).
Considering our previous example, one may compare in that case the covariance or the unstandardized regression coefficient between
the variable “age” and the latent variable “attitudes toward immigration.” However, even if metric invariance is given, the model still
does not allow comparing means with confidence. Meaningful comparisons of means require a higher level of invariance, scalar (or
strong) invariance (Meredith, 1993).

Scalar invariance implies that not only the factor loadings but also the item intercepts are equal across groups:

Vi=U=...=V,=..=Vg 6)

A state of the art implementation of the global testing approach, based on the described comparison of a sequence of nested MGCFA
models, is provided in Putnick and Bornstein (2016).

In Table 1, we summarize the levels of MI and the types of substantive comparisons for which they are required.

One can test whether scalar invariance across groups is given by comparing the fit of this more restricted model to the model fit of
the metric model. If the model fit does not deteriorate considerably (e.g., if the CFI value does not deteriorate by more than
approximately 0.01, see Chen, 2007; see also Little et al., 2006, and Sorbom, 1974 on how to identify the model), one may assume that
scalar invariance is supported by the data. Now also the latent means of the latent variable may be compared across groups with
confidence. Little et al. (2006) have demonstrated different methods that can be used to identify the models to allow the comparison of
latent means (see also Kim and Yoon, 2011; Raykov et al., 2013; Stark et al., 2006; Thompson et al., 2021; Yoon and Millsap, 2007).

The routine assessment of whether the underlying latent constructs meet the MI properties has increased considerably in all forms
of comparative studies (i.e., cross-group/cultural/national or longitudinal) in recent years. Among others, these studies examined the
cross-cultural properties of various measurements and scales such as nationhood and national identity (Davidov, 2009; Sarrasin et al.,
2012), authoritarianism (Heyder and Schmidt, 2003), social trust (Coromina and Davidov, 2013; Freitag and Bauer, 2013; van der
Veld and Saris, 2018), physical and mental health (e.g., Maskileyson et al., 2021a,b), attitudes toward immigration (e.g., Becker et al.,
2020; Davidov et al., 2015; Davidov et al., 2018c; Munck et al., 2018), attitudes toward democracy (Ariely and Davidov, 2010;
Davidov and Braun, 2012), left-right orientation (Weber, 2011), religiosity (e.g., Remizova et al., 2022) ageism (Seddig et al., 2020),
gender role attitudes (e.g., Lomazzi, 2018; Seddig and Lomazzi, 2019), or basic human values (e.g., Cieciuch et al., 2014, 2018, 2019;
Davidov et al., 2008b; Davidov and Siegers, 2010). In addition, various special issues have been dedicated to the topic (e.g., Davidov
et al., 2018a; Meitinger et al., 2020; Meuleman et al., 2018a,b; van de Schoot et al., 2015). Furthermore, this procedure was gener-
alized to higher-order factor analysis (Chen et al., 2005; Marsh and Hocevar, 1985), and recently applied to the alienation scale by
Rudnev et al. (2018).

Finally, it should be noted that the literature also refers to the term “strict invariance”, which indicates that measurement errors are
also equivalent across groups (see, e.g., Steenkamp and Baumgartner, 1998; see also Table 1). However, since strict invariance does not
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have any direct consequences for the comparability of structural parameters across groups, most applied studies refrain from its
evaluation.

2.3. Partial measurement invariance

The models described above considered conditions in which all factor loadings (i.e., metric invariance) or all factor loadings and
intercepts (i.e., scalar invariance) are exactly equal. This condition is referred to as full exact metric invariance or scalar invariance.
Unfortunately, although survey research has invested considerable efforts to increase the comparability of survey data across nations
or cultural groups (Harkness et al., 2010a; Johnson et al., 2019; Jowell et al., 2007; Lynn et al., 2006; Roberts et al., 2020; see also
section 5), it is rarely the case that full invariance is supported when survey data are used (Byrne and van de Vijver, 2010). The absence
of (exact) invariance may have different reasons on the individual or group level causing item parameters to behave differently across
groups. This situation is often referred to as differential item functioning (DIF; see also section 2.4). The variability of item parameters
across groups might potentially be explained by either group-level variables (e.g., the Human Development Index in a country; see, e.
g., Davidov et al., 2012; see also section 4) or by individual level variables (e.g., education) or by both (see, e.g., Welkenhuysen-Gybels
and Billiet, 2002). However, Byrne et al. (1989) as well as Steenkamp and Baumgartner (1998) suggested that it may be sufficient to
guarantee that only two items display equal factor loadings and intercepts across groups. They termed this situation as partial (rather
than full) invariance. Whereas a few studies found that relying on partial invariance is insufficient (e.g., De Beuckelaer and Swinnen,
2018; Steinmetz, 2013), recent simulations by Pokropek et al. (2019) reassessed this argument with a detailed simulation study and
concluded that partial invariance is sufficient under various condition and performs as well as other more recent approaches discussed
below.

2.4. Multiple indicator multiple causes modeling and measurement invariance

Within the SEM framework, MI (or DIF) can further be assessed by means of the multiple indicator multiple causes (MIMIC)
modeling approach (Joreskog and Goldberger, 1975; for an overview see, e.g., Brown, 2015; Lee et al., 2018). The advantages of the
MIMIC approach over MGCFA to detect MI are smaller sample size requirements and greater parsimony (Brown, 2015). The standard
MIMIC model extents the CFA model from Egs. (2)-(4) (without group indicator g) by a structural equation, in which #, the latent
construct of interest, is regressed on a set of k = 1, ..., K observed covariates X. To allow for the testing of differing intercept parameters
(corresponding to the difficulty parameters in IRT; e.g., Lee et al., 2018) across groups, referred to as uniform DIF (e.g., Mellenbergh,
1989), Muthén (1988, 1989) specified the MIMIC DIF model by further regressing the manifest indicators Y on the covariates X. The
resulting two model equations can—again for the single latent construct case—be written as:

Measurement : y, =v + An; + Bx; + ¢; @
Structural : 7,=A +I'x; + ¢, ®

with A as the intercept parameter, B as the P x K matrix of effect parameters capturing the linear influence of the covariates X on the
observed responses Y, I as the 1 x K vector of effect parameters (path coefficients) representing the regression slopes of the latent
factor 5 on the covariates x, and ¢ denotes the disturbance term of #, with { ~ N(0,y). In the typical multiple group case, the nominal
group membership indicator X, which identifies the g =1, ..., G groups to be compared (e.g., the countries to be compared in a cross-
country study), is split up into dummy variables (e.g., Kaplan, 2009; Thompson and Green, 2013). Then, the model contains a total of
K = G — 1 covariates.

Fig. 2 offers a graphical representation of the MIMIC DIF model. For simplicity, we employ the G = 2 group case (e.g., with a
treatment group and a control group), with the single binary group indicator x. The effect parameter y represents the latent mean
difference (Aa) between the two underlying groups. It is also referred to as the indirect effect (Lee et al., 2018), because the impact of the
group indicator X on the observed responses Y is mediated via the latent factor . In contrast, the parameters from B represent the direct
effects because they capture the direct (i.e., unmediated) impacts of X on Y. In detail, §, indicates whether the observed means in
indicator p differ between the groups after having accounted for group differences in the respective latent means. Thus, 5, # 0 is a
direct evidence for the presence of uniform DIF (Lee et al., 2018).

Analogous to the global MI testing strategy with MGCFA (section 2.2), one can simultaneously test whether any of the indicators is
affected by uniform DIF. First, a no-DIF baseline model is estimated with zero constraints imposed on the direct effects, that is, B = 0.
Second, an unrestricted model is estimated, with B being freely estimated. Third, the model fit is compared. If both models fit the data
equally well, the more parsimonious baseline model is preferred over the unrestricted model, indicating the absence of systematic
uniform DIF. Alternatively, one could also specifically modify the no-DIF baseline model according to the evidence from the modi-
fication indices and expected parameter changes. Furthermore, several “one item at a time” testing strategies exist. For an overview of
different MIMIC DIF-based testing strategies see, for example, Chun et al. (2016), Lee et al. (2018), as well as Thompson and Green
(2013).
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Fig. 2. The MIMIC DIF model with binary grouping variable.

As noted by various authors (e.g., Brown, 2015; Lee et al., 2018; Woods and Grimm, 2011), the standard MIMIC DIF model
specification from Egs. (7) and (8) introduces common factor loadings (corresponding to the discrimination parameters in IRT; e.g.,
Lee et al., 2018) for all G groups, which does not allow testing for noninvariance in the factor loadings across groups (nonuniform DIF).
Thus, a good fit of the standard MIMIC DIF model is not indicative of invariant factor loadings (Kim et al., 2011). This limitation can be
resolved by extending the model with an interaction between the latent factor # and the group indicator X (or the respective dummy
variables; e.g., Barendse et al., 2010, 2012; Montoya and Jeon, 2020; Woods and Grimm, 2011). Furthermore, Hildebrandt et al.
(2009) proposed the latent moderated structural (LMS) equations approach and the local structural equation modeling (LSEM; see also
Olaru et al., 2019) to test naturally continuous covariates (e.g., age) for MI to avoid the arbitrary and thus, artificial categorization
indispensable in MGCFA.

Recent innovations in MIMIC DIF modeling cover, among others, the specification of multilevel MIMIC DIF models (e.g., Kim and
Cao, 2015; Kim et al., 2015; see also section 4), the elimination of the impact of extreme response styles in DIF detection (Jin and Chen,
2020), and the specification of MIMIC DIF models without having to select DIF-free indicators as reference indicators (also referred to
as anchoring items; Chen et al., 2021).

3. Approximate measurement invariance methods

Approximate measurement invariance methods aim to accommodate noninvariance in the measurement model, while still
providing a proper fit for the data and a proper comparison of factor means and variances across the groups. Here, we discuss the
Bayesian approximate measurement invariance (BAMI) method and the alignment method. Underlying these methods is a substantive
assumption regarding the scope of the noninvariance in the parameters. The BAMI method is based on the assumption that the
measurement parameters may not be exactly identical across the groups (as assumed in section 2.2) but the differences are expected to
be small and substantively insignificant. The alignment method is based on the assumption that most measurement parameters are
invariant across groups while a small subset of the parameters is not invariant.

3.1. Bayesian approximate measurement invariance

With strict MI, the goal is to fit a measurement model in which any small measurement differences are assumed to be precisely zero.
Any difference of factor loadings or intercepts between groups is forced to be zero. Such exact zero constraints may be overly strict,
especially when fitting a model with many groups with minor parameter differences that cancel each other out, both within and
between groups. As a consequence, a rigid MI model is frequently rejected. On the other end of the spectrum, there is the configural
model, assuming there is no invariance, and all intercepts and factor loadings between groups are freely estimated. Such a model might
fit the data best, but the latent factor means cannot be used for comparing groups. The Bayesian toolbox” can be used to gently push
small differences in intercept and factor loadings between groups closer to zero, still yielding a well-fitting model. This has been called
Bayesian approximate measurement invariance (BAMI), first described by Muthén and Asparouhov (2012), and later also by van de
Schoot et al. (2013).

4 In the longitudinal panel case, the equality of error covariances of identical indicators across time is sometimes introduced as a further
invariance level after strict invariance (e.g., Leitgob et al., 2021).

5 For an introduction and overview of Bayesian (SEM) analysis, we refer the interested reader to Depaoli (2021), Gelman et al. (2004), Kaplan
(2014), Kaplan and Depaoli (2012), Lee (2007), Song and Lee (2012), van de Schoot et al. (2014, 2021).
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The BAMI method provides a model that allows comparing latent variables across (many) groups while allowing for some “wiggle
room” to accommodate minor differences in intercept and factor loadings between groups.® The amount of wiggle room is determined
by the degree of precision of the prior. That is, instead of restricting the differences between measurement parameters to zero (see
Fig. 3A), BAMI assumes that these differences follow a (normal) distribution with a mean of zero and a prespecified prior variance: N(0,
00). Such a prior balances model fit on the one hand and MI restrictions on the other (see Fig. 3B). Therefore, the BAMI option falls in
between full and no MI, which could mean that one can still compare the latent factor means (as MI holds approximately) while the
model also fits the data.

Bayesian statistics can be used to estimate the parameters from the MGCFA model formalized in Egs. (2)-(4). Unique for Bayesian
statistics is that all observed and unobserved parameters in a statistical model are given a joint probability distribution, termed the
prior and data distributions. A Bayesian workflow captures available knowledge about a given parameter in a statistical model via the
prior distribution. Information about the parameters available in the observed data is captured by the likelihood function. Both are
combined using estimation techniques, like the Gibbs Sampler, in the form of the posterior distribution. The posterior distribution
reflects one’s updated knowledge, balancing prior knowledge with observed data, and is used to conduct inferences. For an extensive
Bayesian literature overview, see van de Schoot et al. (2021).

When using the BAMI method, priors are not put on the parameters themselves (e.g., Ag or ), but are placed on the covariances of
a parameter between groups. Consider Ay, the factor loading for indicator p for two arbitrary groups g and g, the prior is put on Ap,—

Apg USing

V(Apg = A ) =V (Ang) + V(A ) = 2C0V(Apg; A ) (C)]
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If we assume the variances to be 0.5, and the covariance 0.495, then V(4,; — 4,¢) = 0.01. This method translates to a prior put on
the difference for 4, — 4,y ~ N(0,00 = 0.01). Such a small variance prior results in g ~ 4,; instead of 4,, = 1,/ as would be the case
with strict MI, or 4,4 # Apg » @S 18 the case with no (or partial) MI. The smaller the prior variance, 6¢, the more the results will be closer to
strict MI, seeFig. 3B. Vice versa, the larger the prior variance, the more the results will reflect a configural model. Thus, using the
largest prior variance possible allows for larger deviations from strict invariance while still being able to claim (approximate) mea-
surement invariance.

The prior is highly informative because of the high precision of ¢y. It will significantly impact the posterior difference, which is
intentional because the goal is to push the differences between groups toward zero. Therefore, it is essential to select the hyper-
parameters carefully (i.e., values for oy of 1, or v, for all group differences) and provide a rationale for the choice of the hyper-
parameters. Arts et al. (2021) provide an overview of studies applying BAMI with hyperparameter specifications and the underlying
rationale of this choice—if present at all; see their supplementary materials at the Open Science Framework: https://osf.io/t3h9e. First
of all, users of BAMI and any other Bayesian method should always include a rationale of their prior specification; see also the Bayesian
analysis reporting guidelines by Kruschke (2021) or the “When to Worry and How to Avoid the Misuse of Bayesian Statistics” checklist
by Depaoli and van de Schoot (2017).

One way of selecting oy is by using the results of simulation studies (Kim et al., 2017; Lai et al., 2022; Lek et al., 2019; Muthén and
Asparouhov, 2012; Pokropek et al., 2019, 2020; Shi et al., 2017; van de Schoot et al., 2013). The simulation results are not conclusive
on which value to use for oy. Of course, it depends on the specifications of the model and the characteristics of the dataset. Therefore,
the results of the simulation studies can only be used when the new dataset and model features are similar to the specifications of the
original simulation design.

Another approach is to employ a sensitivity analysis (see, e.g., van Erp et al., 2018) and run the same model with different
specifications of 6¢. The model with the smallest value for o but still yielding a good fit is preferred because it will bring the model
closest to a strict MI model (see also Asparouhov et al., 2015). If multiple priors are used, it might be helpful to visualize the results of
different models so that the effect of different prior specifications on group means and rankings becomes clear (see, e.g., Arts et al.,
2021). They show that even when models appear to be a good fit to the data, there might still be an unwanted impact on the rank
ordering of countries. Another strategy is to evaluate different models using metrics like the posterior predictive p-value (ppp-value;
Gelman et al., 2004). However, as Hoijtink and van de Schoot (2018) show, the ppp-value is not suited for evaluating models with
different prior specifications, and they propose the prior-posterior predictive p-value (pppp-value). A generalized version was
implemented in Mplus by Asparouhov and Muthén (2017). The pppp-value can be used to evaluate the small variance parameters as
demonstrated, for example, by Sideridis et al. (2020). As Asparouhov and Muthén (2017) point out: If the pppp-value does not reject
the model, it means that there is no evidence in the data for the parameters in the model to be outside the prior distribution.

In conclusion, the advantages of the BAMI method have been demonstrated in cases with a large number of groups having many
small differences in the intercepts and factor loadings between the groups, and these differences cancel each other out both within and
between groups (Kim et al., 2017; Lai et al., 2022; Lek et al., 2019; Muthén and Asparouhov, 2012; Pokropek et al., 2019, 2020; Shi
et al., 2017; van de Schoot et al., 2013). When differences are systematic or relatively large, one should be cautious in applying the
approximate measurement testing procedure. In such situations, the small variance prior tends to pull the strongly deviating parameter
estimates toward the average across groups resulting in the deviating parameter being smaller. In contrast, the invariant parameters
will be larger than their true values (Muthén and Asparouhov, 2012). To reduce this bias, BAMI can be combined with the alignment
procedure (Asparouhov and Muthén, 2014; see also section 3.2).

6 Seddig and Leitgob (2018) have introduced the BAMI method also for the longitudinal case within the CFA panel model.
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Fig. 3. The principles of exact (A) and Bayesian approximate (B) ML

Future research should focus on how to best specify the prior for ¢¢. That is, the aforementioned sensitivity and visualization
methods are post hoc methods. As is recommended for Bayesian analyses in general, and BAMI is no exception, the specification of the
hyperparameters for the priors should ideally be specified before running the model. Expert elicitation methods (O'Hagan et al., 2006)
can be used to obtain background knowledge to specify the hyperparameters of a Bayesian model. Such methods have been applied in
the field of SEM (see Garthwaite et al., 2013; Veen et al., 2020) but have not (yet) been applied to the degree of prior precision (i.e.,
values for 6p) in BAMI models. Another method to obtain information about the amount of wiggle room is to use web probing, a
mixed-methods approach to assess the comparability of items via collecting qualitative data from the respondents. For an application
of web probing in the field of MI, see Meitinger (2017; see also section 7.2), and responses of the probing method could be processed to
specify the prior on 4y — 4,y following the aforementioned prior elicitation methods. However, as Davidov et al. (2015) rightly

mentioned, no method to deal with noninvariance performs magic; there is a point at which one must conclude that MI simply does not
hold (see, e.g., Lommen et al., 2013).

3.2. Multiple group alignment

The alignment methodology was introduced in Asparouhov and Muthén (2014) for continuous indicators and in Muthén and
Asparouhov (2014) for categorical indicators. This method aims to compare latent variables across groups without requiring exact MI.
The differences in the observed indicators across groups are primarily attributed to differences in the latent variables. Remaining
differences that cannot be explained by latent variable differences are interpreted as evidence of partial noninvariance. The alignment
method automates this process within a single stage estimation. The model fit is the same as the model fit of the configural model (see
section 2), that is, the fit of the alignment model is as good as or better than any other MI model. The alignment method attempts to
minimize the amount of noninvariance without altering the fit of the model.

Alignment utilizes the exploratory factor analysis (EFA) methodology in the following sense. In EFA, an unrotated model is esti-
mated as a first step, which determines the best fitting variance covariance matrix for the observed variables given a fixed number of
factors. The unrotated model can be rotated with an infinite number of rotations without altering the model fit. This provides an
indeterminacy in the model, that is, there is no information in the data that can illuminate the best possible rotation for the factors. This
indeterminacy is resolved by specifying a rotation criterion. The role of the rotation criterion is to eliminate the indeterminacy by
quantifying our preference for simple loading structures. These are the loading structures where each observed variable loads pri-
marily on one factor only and the number and size of cross-loadings is minimized. Alignment uses the same logic. The configural model
plays the role of the unrotated solution, that is, this is the best fitting model given the number of factors and factor structure among all
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models with all possible MI assumptions. The configural model can be reparameterized to include arbitrary values for the factor means
and variances, without altering the model fit. The factor means and variances are unidentifiable. This indeterminacy is resolved by
specifying an alignment criterion. The role of the alignment criterion is to eliminate the indeterminacy in the model by quantifying our
preference for measurement invariant structures. The alignment method gives preference to as many invariant parameters and as few
noninvariant parameters as possible. This parallelism between EFA and alignment can be very useful in understanding the alignment
methodology.

Next, we provide a brief description of the alignment method. For illustration purposes, we use a multiple group factor analysis
model with a single factor » measured by p = 1, ..., P observed indicators in g = 1, ..., G groups. Let y;,, be the p-th observed indicator
for individual i in group g. The factor model is given by the following equation:

Yipg =Vpg + Apglliy + Eipg- (10)

Analogous to Eq. (2), vy and 4y, are the intercept and loading parameters, &5, ~ N(0, 6y) is the residual variable, and n;, ~ N(ag, )
is the factor for individual i in group g. The alignment method estimates all of the parameters vy, Ay, &g, W,, Oy as group-specific
parameters. In particular, the method estimates group-specific factor mean and variance without assuming exact MI. The assump-
tion of exact MI that allows us to estimate ag and y, is replaced by the assumption of approximate MLI. That is, a, and y, are chosen as to
minimize the overall differences between the measurement parameters. The overall measurement parameter differences are evaluated
in a special way which gives preferences to models with large number of invariant parameters and as few noninvariant parameters as
possible. Formal details are provided in Appendix A.

The alignment method can be viewed as an automation of the partial invariance method of Byrne et al. (1989). This method relies
on estimating a sequence of nested models, where noninvariant parameters are selected in a step-wise process using modification
indices. The alignment methodology automatically selects the noninvariant parameters within a single step estimation and it removes
the somewhat subjective and time-consuming nature of the partial invariance method.

The alignment methodology works very well when most of the measurement parameters are invariant. The method will auto-
matically separate the invariant and noninvariant parameters and all estimates will be consistent. It is somewhat difficult to quantify,
however, the amount of noninvariance for which the alignment method will perform well. A rule of thumb is that as long as the number
of noninvariant parameters is less than 20%, spread out across the groups, we can expect the alignment method to work correctly.
However, the exact percentage of noninvariant parameters is not really what determines the alignment performance. Asparouhov and
Muthén (2022), for example, show that the alignment method works well even in situations where half of all measurement parameters
are noninvariant. The performance of the method is determined by the following question. Is the true parameter set, that is, the data
generating parameter set, the simplest and most invariant representation of the data? Alignment will always pick a; and y, that
produce the smallest amount of noninvariance. If a data-generating parameter set has a simpler alternative we cannot expect alignment
to produce estimates consistent with the data-generating parameter set. Alignment will converge to the simpler alternative instead. If
100% of the data generating parameters are not invariant, we know that a simpler representation exists (at least one indicator can be
made group invariant by adding factor means and variances) and so alignment will not recover the data generating parameters. On the
other hand, in most situations when less than 20% of the data generating parameters are noninvariant, a simpler alternative will likely
not exist and the alignment estimates will be consistent.

Consider as an example the situation where data is generated using intercept and loading parameters that are group-specific
random effects, see Muthén and Asparouhov (2018). In this case, all parameters are noninvariant and the data-generating parame-
ters will have a simpler (more invariant) alignment alternative. Alignment is not expected to recover the data-generating parameters.
This phenomenon is exactly as in EFA. EFA produces simple loading structures. If the data-generating loadings include a large amount
of cross-loadings, EFA will not recover the parameters and will produce a simpler loading structure instead. Alignment and EFA pa-
rameters are not biased in such situations. Both methods would produce more optimal (in terms of their optimization criterion)
representation of the data than the data-generating parameters. Furthermore, because the intercepts and slopes are random, the
alignment results are expected to show many noninvariant parameters, which probably will become challenging to interpret. The
alternative methodology of estimating the model with random intercepts and loadings will in fact recover the data-generating pa-
rameters and will provide a simpler model interpretation. Thus, we conclude that the alignment methodology is not universally
applicable for all MI studies. If the amount of noninvariance found with alignment is so large that model interpretation is challenging,
alternative MI methodologies should be pursued (see sections 4 to 6).

The alignment methodology has been implemented since 2013 in Mplus version 7.1, Asparouhov and Muthén (2014). Subse-
quently, the SIRT package in R (Robitzsch, 2021) has also implemented the methodology. Several extensions have been added in Mplus
since the original release. In Version 7.2, the alignment methodology was extended to binary items and in Version 7.3 to ordered
polytomous items (Muthén and Asparouhov, 2014). There are generally 3 estimation methods that have been developed:
maximum-likelihood (ML), Bayesian estimation, as well as BSEM based alignment. The BSEM based alignment starts with a BSEM
measurement invariance estimation, instead of with the configural model, and is followed up with alignment. In the most recent
release of Mplus, version 8.8, the alignment methodology is implemented also for the WLS estimators. The Mplus alignment language
has also been simplified. Standard multiple-group specification can be used instead of knownclass mixture modeling specification. The
alignment procedure implemented in Mplus prior to version 8.8 applies only to factor analysis models with multiple factors and simple
loading structures, i.e., without cross-loadings. In Mplus 8.8, the alignment procedure is extended to factor models with complex
loading structures, that is, models with cross-loadings and bi-factor models. Furthermore, in Mplus 8.8, the alignment procedure is
extended to the general SEM model. Residual covariances among the factor indicators can be included in this model. Factor predictors
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can also be included in the generalized alignment model, as well as direct effects from the predictors to the factor indicators. The
generalized alignment imposes certain restrictions on the SEM model. For example, the factor regressions must have group-specific
parameters. If such restrictions are not desired, an alternative two-stage estimation outlined in Marsh et al. (2018) can be used.
Further discussion on the alignment procedure for the general SEM model is available in Asparouhov and Muthén (2022).

Multiple groups EFA and ESEM (Asparouhov and Muthén, 2009), can also be combined with alignment. To do that, the configural
ESEM model is estimated first and then the rotated loading structure is aligned. This approach essentially parallels the aligned SEM
estimation. The method can also be viewed as minimizing a joint simplicity function. The rotation simplicity function is added to the
alignment loss function to form a joint simplicity function. The joint simplicity function is then minimized as a function of the factor
means, the factor variances and the factor rotation. The key issue in the joint simplicity function is how to weigh the two components.
The approach implemented in Mplus 8.8 essentially uses an infinitely large weight for the rotation part. This is to reflect the fact that
we rotate the configural model without considering the alignment loss function. Conditional on these rotated results, the alignment is
then conducted. It is in principle possible to combine rotation and alignment in a more equitable way. However, such an estimation
will be more complex and it would still have the uncertainty about how to weigh the two components. Presumably, a more equitable
rotation/alignment approach can have an MSE advantage in some situations. However, we can view the equitable rotation/alignment
procedure as an alternative simplicity function, which is more or less going to yield similar results in most situations.

The alignment procedure can also be used with panel/longitudinal CFA models where MI does not necessarily hold across time.
Such models cannot be formulated as multiple group models because the variables are correlated across time/groups. The forthcoming
release of Mplus 8.9 will include the possibility to use the alignment method in panel CFA models.

The alignment procedure with categorical variables presents some additional challenges. One issue is related to the parameteri-
zation/metric of the model. Two different parameterizations are implemented in Mplus with the WLS estimator: the delta and theta
parameterizations, see Muthén and Asparouhov (2002). In the theta parameterization the residual variances for the categorical items
are fixed to 1 for identification purposes, while in the delta parameterization the total variances are fixed to 1. With the WLS estimator,
a factor analysis model can be estimated in either one of these two metrics and the models will be equivalent. The ML and Bayes
estimators currently can estimate the model only in the theta parameterization. In multiple group situations, MI in one metric does not
translate into MI in the other metric. Because the goal of alignment is MI, the alignment results will depend on the metric. The model
can be estimated in both metrics and perhaps the more invariant metric would be preferable. Some practical guidelines must be
developed, however, in this regard.

The second important issue regarding alignment with categorical data is related to estimated residual variances in the theta
parameterization and estimated delta parameters in the delta parameterization. Currently, for alignment models with categorical
variables, these parameters remain fixed to 1. Conceivably, however, allowing the alignment function to be minimized with respect to
these parameters as well, we may find an even better MI. In fact, MI models for categorical data without the alignment methodology
typically involves estimating these parameters for all but the first group and is done by default in Mplus for the scalar invariance model.
Our attempts to pursue this idea in the context of alignment, however, have fallen short so far. It appears that the sample size re-
quirements make such an approach impractical and the additional parameters are rarely significantly different from 1, that is, cate-
gorical variables alignment with residual variances fixed to 1 is expected to be sufficient in most situations.

Extensive simulation studies on the alignment methodology can be found in Flake and McCoach (2018) and practical illustrations
can be found in Munck et al. (2018) and Lomazzi (2018). A brief tutorial on the alignment method is provided in Rudnev (2019).

4. Measurement invariance with multilevel data

The evaluation of MI using MGCFA or MIMIC models (see section 2) may be complicated when a researcher is interested in MI over
a large number of groups. For example, if a researcher wants to evaluate MI of a particular scale across 50 countries, a MGCFA would
involve a comparison of measurement parameters across 50 groups, and the MIMIC approach would involve the evaluation of the
effects of at least 49 dummy variables (see section 2.4). In these cases, it can be practical to treat group membership as random instead
of fixed, and use multilevel SEM (MLSEM) to evaluate MI. For MLSEM, the number of groups (referred to as clusters in multilevel
analysis) should be large enough to be able to obtain valid results at the cluster level. Although the exact number is dependent on
factors such as the complexity of the model and the amount of variance present at the cluster level, minimum numbers of 50 (Maas and
Hox, 2005) and 30 (Muthén and Asparouhov, 2018) have been suggested as rough guidelines.

We will discuss testing invariance within the random intercept framework and within the random intercept and slope framework,
while limiting our presentation to two-level structures of individuals (Level 1 or the within level) in clusters (Level 2 or the between
level).

4.1. Random intercept framework (within-between formulation)

MLSEM decomposes the observed variables into a within component and a between component (Muthén, 1989, 1994; Schmidt,
1969). Given the multivariate response vector y;, with scores from subject i in cluster (group) g, the scores are decomposed into a
vector of cluster means (i,), and a vector of individual deviations from the respective cluster means (7, = y;z — H,):

Yig :”g +”ig7 (11)
where He and 1, are independent. The overall covariances of Yig (ZroraL) can be written as the sum of the covariances of these two
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components:

Zrorar = COV(”g"”g) + COV("ig"]ig) 12)

= Z‘BETWEEN + ZW[THINv

This model specification is denoted the within/between formulation (Muthén, 1989, 1994). With two-level data, MI can be
evaluated with respect to Level 1 variables (e.g., student gender in data from students in school classes), Level 2 variables (e.g., teacher
gender), or the clustering variable (e.g., school classes). If MI across clusters holds, then observed mean differences between clusters
reflect differences in the means of common factors across groups (Muthén, 1990; Rabe-Hesketh et al., 2004). Jak et al. (2013) refer to
measurement bias with respect to the clustering variable as cluster bias and show how restrictions across groups in a multigroup model
relate to restrictions across levels and on between-level residual variances in a two-level model. Specifically, weak factorial invariance
across clusters (i.e., equal factor loadings across clusters in a multigroup model) implies equal factor loadings across levels in a
two-level model. Strong factorial invariance across clusters (i.e., equal factor loadings and intercepts across clusters in a multigroup
model), implies equal factor loadings across levels and zero residual variance at the between-level in a two-level factor model.

If cluster bias is found in one or more of the indicators, this indicates that there is measurement bias with respect to some (un-
measured) between-level variable. The amount of cluster bias in the indicator could be quantified by calculating the proportion of
residual between-level variance of the total variance (see Jak, 2017). Sometimes researchers may have a measure of the between-level
variable that possibly explains the cluster bias. Such a variable could then be included in the model as a covariate, regressing the
common factor(s) and the indicator(s) with cluster bias on the covariate. This would actually represent a MIMIC model at the between
level, and any significant direct effect of the covariate on an indicator would represent uniform measurement bias with respect to the
covariate, similar to single level MIMIC models (Kim and Cao, 2015). Examples of this practice are included in Davidov et al. (2012),
Jak et al. (2014), Jak (2017), Jang et al. (2017), or Seddig and Lomazzi (2019). If the variable that may explain the cluster bias is a
grouping variable, then a researcher might fit a multigroup multilevel model (Asparouhov and Muthén, 2012; Muthén et al., 1997). If
the grouping variable indeed explains the bias, then one would find zero between-level residual variances (i.e., no cluster bias) within
the groups. Note that testing for cluster bias thus serves as an omnibus test for measurement bias with respect to any between-level
variable. However, the between-level MIMIC model has more statistical power than the test for cluster bias (Jak and Oort, 2015).

Accounting for the measurement bias by freely estimating the residual variances at the between-level when needed already takes
the measurement bias into account. This means that the variance in the between-level common factor will reflect “true” or purified
differences across groups. If one includes a between-level covariate in a MIMIC model, then correctly specifying partial invariance by
regressing (some) indicators on the covariate leads to an unbiased effect of the covariate on the latent variable, similar to single level
models (Byrne et al., 1989; Guenole and Brown, 2014; Hsiao and Lai, 2018).

Testing measurement bias with respect to a Level 1 variable such as student gender in data from students in classrooms is more
complicated. Splitting the data into two groups based on student gender would create dependent groups, because students who share a
classroom will be in different groups based on their gender. Therefore, a simple multigroup model is not appropriate (see Asparouhov
and Muthén, 2012; Ryu, 2014). Instead, one can apply multilevel factor mixture modeling or multilevel MIMIC modeling (Kim et al.,
2015; Son and Hong, 2021).

4.2. Random intercepts and slopes

In the random intercept framework described above, the random intercepts refer to unconditional intercepts. The observed var-
iables are decomposed into a within- and a between part before a factor model is fitted on the observed variables. An alternative
approach to evaluating MI with many groups is to let the measurement intercepts and factor loadings themselves be random across
clusters. Such an approach was first introduced in the IRT literature (de Jong et al., 2007; Fox, 2010; Verhagen and Fox, 2013), but can
also be applied to continuous factor indicators (Asparouhov and Muthén, 2016). These models need Bayesian estimation, because
maximum likelihood estimation would involve integration over more dimensions than is computationally feasible. The random
intercept and random slope model is an extension of the model discussed in the previous section. If strong factorial invariance over
clusters holds, then the model for the observed indicator p for individual i in cluster g is:

Yipg =Vp + 4 (épg + éipg) + Eipgs 13)

where &, represents the mean factor score in cluster g and &;,, and represents individual i’s deviation from the cluster mean &,,. Because
the cluster means of the residual factors ¢, are assumed to be zero, and the intercepts and factor loadings are equal across clusters, the
only source of variance at the between level is the common factor. This model translates to the two-level SEM model with equal factor
loadings across levels and zero residual variance at the between level as discussed in the previous section.

The model in Eq. (13) can be extended by allowing the intercepts and factor loadings to vary across clusters. Instead of estimating
one fixed value v, one would then estimate the mean intercept across clusters and the variance across clusters: vy ~ N(u,02). Similarly,
one would estimate a mean factor loading and its variance across clusters: i; ~ N(u,,0%). Testing MI across clusters in this framework
involves testing whether af and/or af are nonzero (Asparouhov and Muthén, 201 6).” So, in the random intercepts and random
loadings framework, measurement bias is operationalized as random intercepts and factor loadings with nonzero variances. To explain

7 See Fox and Smink (2021) as well as Fox et al. (2020) for advancements of this approach that avoid testing variance parameters.
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possible heterogeneity in intercepts or factor loadings across clusters, the random effects could be regressed on other cluster-level
variables (Verhagen and Fox, 2013).

An advantage of this approach over the within/between model with random intercepts only, is that this model distinguishes
nonuniform bias and uniform bias. In the within/between model, in contrast, differences in factor loadings and intercepts may both
appear as residual variance at Level 2 (Jak et al., 2013). As a result, detecting nonzero residual variance at Level 2 provides no in-
formation about whether the source is a difference in intercepts or in factor loadings.

5. Measurement invariance in subsets of groups

Recent methodological advancements addressed the situation in which the exact invariance of all parameters across all groups is
not supported, including partial invariance (section 2.3), the Bayesian approximate invariance approach (section 3.1), the alignment
optimization (section 3.2), or their combinations. The alignment approach assumes that the majority of measurement parameters is
invariant, whereas the minority does not conform to it. Likewise, the Bayesian approximate approach assumes that the measurement
parameters (factor loadings and item intercepts) are normally distributed across groups, which implies, again, that the majority of
groups are closer to a given level of invariance. Crudely, both methods assume two categories of groups—invariant and noninvariant,
by each parameter. This assumption does not always hold, in particular, when the groups are not independent but rather nested within
subsets of groups. This is often the case in comparative research, where countries can be nested within regions, religions, or cultural
zones (e.g., Johnson et al., 2019). In this case, both the alignment and the Bayesian approximate invariance approaches would identify
the largest subset of countries as the one possessing invariance and discard the others as outliers. The clustering problem then pertains
to finding (unknown) subsets of groups for which MI holds within subsets, but not between subsets.

The clustering problem has been addressed early on by Rensvold and Cheung (2000), who suggested using similarity of factor
loadings to find subsets. However, their approach was neither fully implemented nor widely used. The multilevel SEM described above
could only address the clustering problem when the clustering is known/observed, in which case it can be entered as a categorical
group-level predictor. More recently, two novel approaches were suggested that allow for finding subsets of groups in which MI holds,
namely mixture multigroup factor analysis (De Roover et al., 2022) and Measurement Invariance Explorer (MIE; Rudnev, 2018-2022).
The current section discusses these approaches.

5.1. Mixture multigroup factor analysis

When MI is evaluated across many groups (e.g., countries in cross-national surveys), it often does not hold (especially scalar
invariance; Boer et al., 2018). When a certain level of invariance is rejected, resorting to pairwise comparisons of group-specific
parameters in an attempt to find subsets of groups for which invariance holds is problematic. The many pairwise comparisons
make it hard to unravel invariant from noninvariant parameters and for which groups they apply (Byrne and van de Vijver, 2010) and
fosters the false detection of noninvariance (Rutkowski and Svetina, 2014).

In case of many groups, it is likely that “latent classes” of groups emerge with respect to the measurement parameters (Byrne and
van de Vijver, 2010). Recently, mixture multigroup factor analysis (MMG-FA) was proposed (De Roover, 2021; De Roover et al., 2022),
which combines multigroup factor analysis and mixture modeling (McLachlan and Peel, 2000) to capture subsets of groups with
equivalent measurement parameters.

As described in section 2.2, different levels of measurement (non)invariance have different implications in terms of which com-
parisons are (in)valid (Meredith, 1993). Therefore, MMG-FA classifies groups such that a user-specified level of invariance is obtained
within each subset. It can be used to scrutinize group subsets and the noninvariances between them in a level-by-level manner, or it can
directly aim for the required level of invariance for a particular research question. In particular, MMG-FA allows researchers to classify
groups based on their loadings, intercepts, or residual variances. Classifying groups on the following combinations is also enabled: on
loadings and intercepts, on intercepts and residual variances, or on loadings, intercepts, and residual variances. For the classification to
focus on these parameters specifically, they are made “class-specific”, implying that they are shared by groups in the same class and
differ between classes. Measurement parameters pertaining to a lower level of invariance than the class-specific parameters are set to
be invariant across all groups (e.g., the loadings when classifying on intercepts and residual variances), and measurement parameters
pertaining to a higher level as well as structural parameters (i.e., factor (co)variances and factor means) are allowed to vary freely
across groups. It is worth noting that MMG-FA only captures differences and similarities in measurement parameters, whereas related
group-level mixture models—most notably, multilevel factor mixture modeling (Kim et al., 2017)—would classify groups based on the
measurement and structural parameters (see De Roover, 2021). MMG-FA can also be used with exploratory factor analysis (EFA) to
capture all kinds of loading differences (i.e., including configural noninvariance).

Generally, the MMG-FA model for the data Y, of group g is written as follows:

K

F(Ye:0) = m [[MVN (s e Zat) (14)

k=1 i=1

where the total population density function f is modeled as a mixture of K multivariate normal distributions, where 6 refers to all
parameters and 7, denotes the mixing proportion (i.e., the prior probability of a group belonging to class k, with Zlefrk = 1) and
where, for example, Xy = Ak‘l’gkA}( + O, and pg = vk + A to classify groups based on loadings Ay and intercepts v, (but not on
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residual variances and structural parameters). It is worth noting that the factor (co)variances Wg and means ag depend on the group
and the class it is assigned to. The factor (co)variances are group- and class-specific because Ay can differ strongly across classes and, in
case of EFA, rotational freedom is present per class. Similarly, assuming that a group’s factor means take on the same values in all
classes would be too restrictive when they depend on class-specific intercepts. To classify the groups on the intercepts only, the
loadings are made invariant across all groups—also replacing W by W,. To classify on residual variances, they are specified as class-
specific (i.e., @) rather than group-specific—also replacing »x by v (and ag by ag) when intending to classify purely on residual
variances. For details on model identification, the interested reader is referred to De Roover (2021) and De Roover et al. (2022). It is of
note that the identification of MMG-FA does not depend on the choice of a “marker variable” or “referent item”.

Due to the parameters being group- and/or class-specific, obtaining the parameter estimates ) by Newton-Raphson, Fisher scoring,
or Quasi-Newton optimization methods—that is, methods used in commercial software such as Latent GOLD (Vermunt and Magidson,
2013, 2016) and Mplus—is very slow and more sensitive to starting values. To find the parameter estimates in a time-efficient and
stable manner, an expectation-maximization algorithm was developed (De Roover, 2021; De Roover et al., 2022), which is available in
Latent GOLD 6.0 (as the “emfa” option) and in the mixmgfa R package (De Roover, 2022).

As is the case for any mixture model, the results of MMG-FA depend on the choice of the number of classes. It is important to guide
users in making this choice, because estimating too few classes means that invariance is not guaranteed within each subset and
estimating too many classes means that invariance may even exist across (some) classes. Extensive simulation studies established that a
combination of the BIC (Schwarz, 1978; using the number of groups as the sample size) and the CHull method (Ceulemans and Kiers,
2006) mostly indicates the correct number of classes (De Roover, 2021; De Roover et al., 2022). These methods are integrated in the
mixmgfa package. Additionally, one can apply multigroup factor analysis to each class of groups (or the “clustered invariance” model
mentioned in section 5.2) to confirm whether invariance holds within the classes. Based on these results, the number of classes can be
increased, if needed. Of course, it may also be that the groups within a class are identical with respect to most—but not
all—measurement parameters (i.e., partial invariance; section 2.3) or that approximate invariance exists (section 3.1).

Thus, MMG-FA can be used to generate subsets of groups for which a specific level of invariance holds and for which valid
comparisons or further invariance testing can be performed. Note that the classification of the groups into the subsets is probabilistic,
but groups are commonly assigned to their classes with a probability of (around) one. To explain the noninvariance between subsets,
group-level covariates can be related to the classification with the three-step (Vermunt, 2010) or two-step approach (Bakk and Kuha,
2018).

MMG-FA also ties down the number of parameters to inspect when searching for a selection of items (or partial invariance set up)
that can be used to compare all groups. For this, modification indices (Sorbom, 1989) and item-deletion strategies (Byrne and van de
Vijver, 2010; De Roover et al., 2014, 2017; Gvaladze et al., 2020) can be used. To optimally compare measurement parameters be-
tween subsets and test for significant differences, the alignment method (section 3.2) can be applied to the group-subsets (rather than
the individual groups). When using EFA, multigroup factor rotation (De Roover and Vermunt, 2019) is also relevant to optimally
compare class-specific loadings and perform hypothesis testing.

Though it is convenient that MMG-FA allows us to go from merely configural invariance across all groups (or not even that, when
using EFA) to any level of invariance within classes of groups in one analysis, it is important to consider that classifying groups on more
than one set of parameters—say, on loadings and intercepts—implies the assumption that one classification is underlying all of them.
However, it may be that the differences in intercepts are explained by another classification than the loading differences—possibly
with more classes—or they may even be group-specific. In that case, MMG-FA would need many classes for capturing the loading and
intercept differences at the same time. It is then better to apply MMG-FA in steps; that is, to first find subsets of groups based on the
loadings and then to further classify the groups per subset based on the intercepts.

Currently, MMG-FA is limited to maximum likelihood estimation, which assumes continuous items and multivariate normality
whereas many questionnaire items are Likert scale items and nonnormality is often present. However, having five or more response
categories allows for the items to be analyzed as continuous (in case of nonsevere nonnormality; Dolan, 1994). The effects of non-
normality are alleviated by the fact that multiple groups are gathered within classes, increasing the sample size within a class (Lei and
Lomax, 2005). Another limitation is that an equal number of factors is assumed for all (subsets of) groups. An extension of MMG-FA
with a class-specific number of factors is certainly interesting, but it requires tackling an extensive model selection problem (i.e.,
selecting not only the number of classes, but also the number of factors for each class).

In the future, MMG-FA will also be extended to build on partial invariance across all groups when looking for subsets of groups (e.g.,
allowing for loadings to be partially group-specific, when classifying on intercepts). Accommodating partial invariance within subsets
(e.g., classifying groups on most, but not all, intercepts) is also an interesting venture.

5.2. Measurement invariance explorer

A simpler way to find the subsets of groups is to quantify information on the target level of MI across each pair of groups. Such
information can be used to infer connections between groups in terms of their MI, which, in turn, makes it possible to find clusters,
outliers, and visualize these links in a network-type graph. This strategy was implemented in the R package Measurement Invariance
Explorer (MIE; Rudnev, 2018-2022), which provides a procedure to detect the subsets of groups that hold the target level of MI.

The MIE approach is applicable when the configural invariance has been supported across all groups, but some of the higher levels
of invariance were rejected. It includes two key steps. In the first step, the degree of measurement noninvariance between each possible
pair of groups is quantified. In the second step, this information can be used to visualize the distances between groups by means of
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multidimensional scaling or a network analysis, and to find the subsets of groups that hold a target level of MI.

Measurement noninvariance across groups can be quantified in various ways. The most straightforward way, building on the idea
by Rensvold and Cheung (2000), involves parameters estimated in a MGCFA with supported lower level of invariance, for instance,
factor loadings from the configural invariance model. In this case, the differences in factor loadings can be aggregated into distances
between groups. One downside of such a measure is that it involves point estimates of the parameters (e.g., factor loadings) and ignores
the standard errors. An alternative measure, the dMACS effect size (Nye and Drasgow, 2011) represents the expected standardized
differences in observed item scores due to noninvariance. Because of their standardized nature, the dMACS effects can be safely
compared across groups and items, thus they can be transformed into the aggregate distances between countries. This measure is
limited in its dependency on the reference items, which are initially assumed to be invariant across groups, as well as in its applicability
to one factor at a time. Since Nye et al. (2019) provided cutoff values for dMACS, the distances can be used for the network
visualization.

MI tests can be computed for every possible pair of groups, and the differences in fit measures (e.g., CFI difference between
configural and metric invariance models) can be used as an MI-based distance between groups. The drawback of this measure is that
most fit indices are probably not distributed normally, so the distances between groups can be biased. The advantage of this approach
is that differences in fit indices have cutoff values (Chen, 2007), which can be used to visualize the confirmed invariance between
groups as a network (see Fig. 4B). Such representation directly shows the results of the invariance tests. It is more informative
compared to the conventional omnibus invariance tests. Moreover, such approach accounts for the heterogeneity of invariance so-
lutions. The latter occurs when, despite a global support of MI across many groups, some pairs of these groups reject MI.

An optional step of MIE is to identify subsets of groups on the graph. The classification of groups can be obtained by using some ad
hoc clustering of the groups, such as the partitioning around medoids method (Reynolds et al., 2006) based on one of the quantifi-
cations of invariance described above. The number of clusters could be detected by a parallel analysis and the “gap” statistic (Tib-
shirani et al., 2001).

To plot the distances, MIE calculates the distances based on measures of noninvariance, which are then passed to a multidimen-
sional scaling, and finally visualized as a scatterplot with points representing groups (see Fig. 4A for an example). When the cutoff
values are available for a measure of distance, the network plots become available — here, the edges represent statistically supported MI
between groups (see Fig. 4B).

As a final step, one can run a single “stratified invariance model” in which the measurement parameters are constrained to equality
within subsets of groups but not between. Such a model should satisfy the common conditions of the invariant model. For instance, the
stratified metric invariance model should not be much worse than the configural model in terms of the model fit decrease—akin to the
Chen (2007) criteria. If these criteria are satisfied, the clustering described above was successful. It implies that the comparisons of
groups are possible within each cluster, but not between clusters. The stratified invariance model can also be used by itself to test
hypotheses about invariance within known or assumed clusters.

An interesting application of the stratified invariance model may be of use with longitudinal cross-national surveys. In this case, the
invariance can be tested within every country (but not between) for several countries simultaneously. If such a pattern of invariance
holds, one can estimate country-specific change, whereas configural invariance across countries would still allow generalizing an
overall direction of change.

The MIE approach is altogether a promising way to detect the patterns of invariance across groups. It can involve continuous or
categorical indicators, employ various measures of noninvariance, look for subsets of groups using different parameters (e.g., both
loadings and intercepts), and apply different methods of visualization of the distances and clusters of groups. Both MIE and MMG-FA
can be applied whenever the groups are not independently sampled or when there are some apparent relations between groups which
may, in theory, affect the test of invariance.

Since MIE is a young approach, its extensive evaluation is yet to be conducted. In particular, simulations are needed to compare
different quantifications of noninvariance, to detect appropriate clustering techniques, as well as to provide specific cutoff values of the
fit decrement in the stratified invariance model. Besides, the MIE approach is a heuristic rather than a formal model (such as MMG-FA
from section 5.1) and intended to provide researchers with insights into the possible subsets of groups rather than complete solutions.
The MIE approach does not provide information on the item-level noninvariance, as it is focused on the entire model’s invariance. This
limitation makes MIE especially useful with a small number of indicators, where an elimination of items or relaxation of the invariance
constraints is not feasible (e.g., models with three indicators).

Currently, MIE accommodates the exact and stratified invariance models only. Further development can combine the MIE approach
with Bayesian approximate invariance models, which could make the invariance tests even more flexible. Finally, the MIE approach
can be expanded to include more general quantifications of the degree of noninvariance, such as Bayesian regions (Zhang et al., 2022)
and scale-level effects (Meade, 2010).

6. Response shift theory and the decomposition approach

Many of the previously described procedures emanate from the idea that at least some invariance assumptions hold. In contrast, the
following approach focuses explicitly on longitudinal noninvariance, providing a theoretical explanation for its presence and the
analytical framework to decompose shifts in the measurement parameters and true change in the latent means across time. The
theoretical fundament is response shift theory (RST; e.g., Rapkin and Schwartz, 2004, 2019; Schwartz and Sprangers, 1999; Sprangers
and Schwartz, 1999) which has been developed in the field of quality of life research to explain conceptual changes in some com-
ponents of a measurement model as the result of response shifts in intraindividual cross-time comparisons. The term response shift
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Fig. 4. Representation of a degree of measurement noninvariance as a distance between groups.®

“refers to a change in the meaning of one’s self-evaluation of a target construct” (Schwartz and Sprangers, 1999, p. 1532), and thus, “is
about individual cognitive change” (Rapkin and Schwartz, 2019, p. 2623).

In general, response shifts are theorized to be the outcome of three different mental processes: (i) scale recalibration as the change in
a respondent’s internal standards of measurement, (ii) reprioritization as the change in a respondent’s values, and (iii) reconceptuali-
zation as the “big bang” change (Golembiewski et al., 1976, p. 138), representing a respondent’s fundamental redefinition of the target
construct. Leitgob et al. (2021) employed the repeated measurement of the construct of “job satisfaction” to illustrate these processes.
In this case, scale recalibration could be the result of an exorbitant wage increase (e.g., due to an unexpected job change) to a level
outside the initially perceived range of a respondent’s internal scale on the dimension “wage satisfaction”, because she or he did not
expect to ever earn that much. Then, recalibration refers to the cognitive process of updating the internal scale to a level that
adequately reflects the new wage situation. Reprioritization is expected to occur as the consequence of a change in a respondent’s
value orientations from materialistic to post-materialistic over the life course. The importance the respondent attaches to the
dimension “wage satisfaction” for overall job satisfaction will then decrease in favor of nonmonetary dimensions (e.g., reconciliation of
work and family life, having enough leisure time, positive working atmosphere) with age. Reconceptualization will take place if the
dimension “reconciliation of work and family life” is irrelevant for a childless respondent’s job satisfaction. Entering parenthood,
however, will result in a radical change in the respondent’s internal definition of the concept of job satisfaction, with time for the
fulfillment of care obligations then becoming one of the most relevant factors.

Oort (2005) established the conceptual link between RST and the different levels of MI (see Table 1) within the CFA panel modeling
framework.” Configural invariance, as the least restrictive MI level, assumes that the underlying factor structure is equivalent across
time. Technically, the identical pattern of zero and non-zero factor loadings is expected to exist as a stable representation of the
construct(s) by the respective indicators (Patt(A;) = Patt(A,), with t < t). Violations of configural invariance across time result from
respondents’ internal processes of concept reconceptualization (Oort, 2005).'" Metric invariance assumes the factor loadings of
identical indicators to be equivalent across time. Varying factor loadings suggest that an indicator differs in its relevance of defining the
underlying construct (Newsom 2015) and reflect reprioritization processes (Oort, 2005). Scalar invariance places additional cross-time
equality constraints on the intercepts of identical indicators. It is violated if the same level of ability or degree of an attitude as
indicated by identical latent scores at time points t and t (5, = 5, = = 0) is associated with systematically differing observable
scores on some indicator p representing 7 (Ayp, = y,¢ — ¥pe # 0). As argued by Oort (2005), this shift in scaling is the consequence of
respondents’ internal recalibration. He differentiates between two types of recalibration processes: (i) Uniform recalibration captures
the respondents’ change in the interpretation of the response options “in the same direction and to the same extent” (Oort, 2005, p.
592). It implies a constant perception of the measurement scale with regard to metric and range, but with a shift to the left or right.

8 The figure is based on the European Social Survey data, round 7, a single-factor model used seven items from the Center for Epidemiological
Studies Depression Scale (Radloff, 1977). Left panel shows the distances based on differences in the intercepts. Right panel shows distances based on
ACFI between metric and scalar models, the lines represent ACFI <0.01.

9 The CFA panel models differs from the MGCFA model as outlined in section 2 in a few aspects: First, the group indicator g is replaced by the time
indicator t = 1,..., T, to emphasize that the underlying data are no longer structured along G groups of independently drawn (random) samples.
Rather, the data represent the T repeated measurements of the latent construct (via the set of manifest indicators) for the same, initially drawn
(random) sample of individuals—organized in wide format. Second, to consider autocorrelations of errors terms from identical indicators across
time, the respective off-diagonal elements of @ are typically estimated from the data, while they are fixed to zero by design in the cross-sectional
multiple group case. The same holds true for the autocorrelative factor structure at the latent level. For further details, see Leitgob et al. (2021),
Little (2013) and Newsom (2015).

10 switching the perspective from the respondent level to the respondent population level is owed to the fact that the measurement parameters of
the underlying measurement model refer to the latter. This implies that a sufficiently large number of individuals from the respondent population
have to experience some response shift in the same direction to observe it as systematic change in the respective parameters between the time points
of measurement. For a brief discussion of detecting individual change based on aggregate parameters, see Oort (2005).
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Thus, uniform recalibration affects only the mean structure of the indicators and invalidates the assumption of scalar invariance. (ii)
Nonuniform recalibration refers to the process of perceiving the measurement scale as distorted (either stretched or shrunk) between
the different time points of measurement. Under such conditions, the mean and the covariance structure of the indicators could be
affected. Regarding the latter, it is the difference in error variances of identical indicators across time that is indicative of the
occurrence of nonuniform recalibration processes (Oort, 2005).

To allow at least some attenuated conclusions to be drawn about the amount and direction of true change in some construct under
study from repeated measurements affected by systematic response shifts—implying measurement noninvariance—, Oort (2005)
formalized a frequently applied (Sajobi et al., 2018) threefold linear decomposition model based on the principles of Blinder-Oaxaca
(BO) decomposition (Blinder, 1973; Oaxaca, 1973; Fortin et al., 2011). It decomposes the observed mean differences in each of thep =
1,...,P indicators between arbitrary time points t and t into one term reflecting true change (actually occurring change in latent
means) and the two other terms capturing the effects of (uniform) recalibration and reprioritization. By doing so, the model extracts
information about true change in the underlying latent construct from the observed cross-time mean differences in the indicators in the
presence of any form of measurement noninvariance:

Ap, = Ay, + Abay + Addy (15)
~— ~—~ —— ——
observed recalibaration reprioritization true change

change

with Ay = v,y — v as the intercept change capturing recalibration, Ak, = 4, — 4y as the change in factor loadings representing
reprioritization, and Aa = a, —a, as the true change in latent means. A formal derivation of the model is provided in Appendix B.

For statistical inference, Leitgob et al. (2021) derived standard errors for the decomposition components based on the delta method.
To assess the components’ relevance, Oort (2005) proposed the computation of Cohen’s d as an absolute effect size measure for each
component. Additionally, Leitgob et al. (2021) advocate—in line with the econometric tradition of BO decomposition—determining
the relative contributions of recalibration, reprioritization, and true change to the observed change in p across time by calculating the
respective proportions.

Recently, Leitgob and Seddig (forthcoming) adopted the decomposition approach to the repeated cross-sectional data case by
treating the repeated samples across time as independent groups and specifying the MGCFA instead of the CFA panel model as the
baseline model for the decomposition. In contrast to the four-step approach of model identification proposed by Oort (2005), which
relies on the fixed factor method in combination with MI-induced equality constraints on the measurement parameters, Leitgob and
Seddig (forthcoming) recommend specifying only the configural model (all parameters are freely estimated) and refer to the reference
indicator method to determine the scale of the latent variables.'! As formally demonstrated by Leitgob and Seddig (forthcoming), this
model specification will result in parameter estimates as input for the decomposition model that ensure an unbiased decomposition
solution for the remaining P — 1 indicators, if the selected reference indicator is indeed invariant.

Furthermore, Leitgob and Seddig (forthcoming) extended the threefold RSTC decomposition model by decomposing the repri-
oritization effect A4,a, into (i) a pure reprioritization component and an (ii) interaction component.'? For the panel case, the resulting
fourfold model can be written as

A, = Ay, + Aba, +ALAa+ LAa. (16)
~— ~—~ —— —— ——
observed  recalibration ure interaction  true change
change reprioritization
(N —

reprioritization

While the pure reprioritization effect captures the amount of mean change in p caused exclusively by a shift in the loading
parameter across time, the interaction effect represents the impact of the coincidence of reprioritization and true change on the mean
of p. However, the term provides only information about the joint occurrence of Aa and A4, and does not give rise to any causal
interpretation (e.g., that A, occurred as a consequence of Aa).

For the purpose of graphic illustration, Fig. 5 provides the geometrical derivation of both the three- and fourfold RSTC decom-
position models.

To sum up, the objectives associated with the decomposition approach are twofold: First, it advances the theoretically informed
investigation of longitudinal measurement noninvariance. Second, it still allows drawing some inferences about true change even if a
high degree of noninvariance exists, given that the measurement model is correctly specified, the reference indicator is time invariant,
and represents the underlying latent construct extremely well.

Finally, we outline several limitations and desiderata of the RSTC decomposition approach to define core areas of the future
research agenda. First, because it is based on the pairwise comparison of time points, the approach is not well suited for the full

11 The reference factor method is based on the idea of fixing the scale of a latent variable by constraining its distributional parameters, typically to
a=0 and y = 1. In contrast, the reference indicator method follows the strategy of constraining the measurement parameters of some pre-
determined indicator r. In case of v, = 0 and 4, = 1, the latent variable adopts the scale of the reference indicator. For further details see, e.g., Brown
(2015) and Kline (2016).

12 Note that the fourfold decomposition is possible only if a; is not fixed to zero. Otherwise, the reprioritization components from Eq. (16) reduce to
Alpay = 0 and AdpAa = Adpa,, leading to the threefold model from footnote 17.
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Fig. 5. Geometrical derivation of the three- and fourfold RSTC decomposition models.

investigation of (very) many time points. Efficient multiple comparison strategies and the handling of their consequences, such as
alpha error accumulation, can be inspired either by the respective discussion in the field of quality of life research (e.g., Barclay--
Goddard et al., 2009; Sébille et al., 2021; Verdam and Oort, 2014, 2019) or by the general econometric literature on linear decom-
position methods. Second, the approach focuses exclusively on decomposing the changes in the first moments of the distributions of the
indicators. An extension to the second moments appears reasonable to separate the true change in the latent variance across time from
reprioritization (changes in factor loadings) and nonuniform recalibration (changes in error variances) effects. Third, while RST is an
individual-level theory that reflects intraindividual changes in response behavior, response shifts are identified at the aggregate level
by evaluating changes in the measurement parameters. This has implications for the validity of inferences in the case of interindividual
heterogeneity in response shifts (Sebille et al., 2021) and systematic panel mortality, calling for more complex classes of models and
decomposition solutions. Fourth, it is obvious to adopt the approach for the cross-sectional multiple group case. A first step in this
direction is the formal implementation for the repeated cross-sectional case based on the MGCFA model (Leitgob & Seddig, forth-
coming). However, at least two challenges remain unsolved. Theoretically, an adaptation of RST from intraindividual response shifts to
interindividual cross-group differences in response behavior is required. Technically, the “unstructuredness” of the independent
groups—in contrast to the temporal ordering of time points in the longitudinal case—complicates the identification of a unique
decomposition solution, because it is not invariant to the choice of the reference group (index number problem; e.g., Fortin et al.,
2011). Fifth, the approach is not yet implemented in the standard software packages.

7. The contribution of survey methodology to construct invariant measurement instruments

In the previous sections we have elaborated on the statistical approaches (i) to assess the empirical level of MI obtained by some
measurement instrument(s), (ii) to compensate for identified parameter noninvariance, and (iii) to investigate its causes. It appears
indispensable, however, to additionally cover the underemphasized but extremely relevant findings of survey methodological research
on the development of invariant items and instruments. In fact, for comparative surveys of any form, the well-informed item and
instrument construction represents the basic prerequisite for achieving a high level of measurement quality in general and MI in
particular. Poor data quality caused by dysfunctional noninvariant instruments cannot be fully compensated by advanced statistical
modeling. Put differently, the accuracy of inferences about true differences/changes in latent constructs drawn from estimation results
based on data from actual invariant measurements is hard to reach in cases of noninvariant measurements, even when the most
elaborated statistical measurement models are applied. For this reason, we subsequently highlight the existing evidence on the po-
tential effects of scale formats, survey mode, item wording, and item translation on MI. Furthermore, we discuss the application of
pretesting procedures not only as diagnostic tools to identify potential noninvariance problems prior to the main data collection but
also to learn how respondents from different groups may vary in their perception, understanding, processing, and interpretation of the
item content.

7.1. Design decisions and measurement invariance
As discussed, the application of exact MI testing has provided disappointing results for many instruments and data, showing that
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metric and particularly scalar invariance are rarely supported (e.g., Davidov et al., 2008a,b, 2014, 2018c; Lee et al., 2020; Wu et al.,
2007; Zercher et al., 2015). Besides implementing less restrictive measurment models, researchers recognize that little is known about
the methodological or psychological sources of lacking MI (Meitinger, 2017; Roberts et al., 2020). In the following, we summarize
research findings that address design decisions at the data collection stage that are associated with significant violations of MI.

Several studies addressed the design of rating scales as source of comparability problems. A rating scale consists of response op-
tions, ordered along a continuum, such as agreement, application, satisfaction, importance, or other evaluation dimensions (e.g.,
ranging from strongly disagree to strongly agree). As raised earlier by Krosnick and Fabrigar (1997) and later by other researchers (e.g.,
Alwin, 2007; Krebs, 2012; Menold 2020a; Menold and Raykov, 2016; Saris and Gallhofer, 2007; Weng, 2004), the choice of the rating
scale format influences the reliability of measurement, which also implies that the variance covariance structures are affected.
Consequently utilizing a different number of rating scale points for the same instrument led to noninvariance, as variations of 5, 7, or
11 scale points were associated with rejections of metric and scalar MI (Menold and Kemper, 2015; Menold and Tausch, 2016; Menold
and Toepoel, 2022). In a similar fashion, varying the degree of rating scale verbalization or use of numbers to mark rating scale points
violated MI (Menold and Kemper, 2015; Menold and Tausch, 2016). However, if the variations of rating scales were rather minor,
scalar MI could be supported. This was shown for different verbalizations of the middle category (Hohne and Krebs, 2021), different
verbalizations of extreme categories (Roberts et al., 2020), and incremental versus decremental presentation order (Hohne and Krebs,
2018).

As another potential source of noninvariance, the mode of survey administration has been addressed. It refers to the method and
medium of data collection, that is, face-to-face and telephone as interviewer-administered survey modes or paper-and-pencil and web
as self-administered survey modes (for an overview, see Hox et al., 2015; Roberts et al., 2020). The comparability of measurement
instruments across different survey modes is of particular relevance when several modes are systematically combined within a survey,
referred to as mixed-mode survey design (e.g., Heerwegh and Loosveldt, 2011; Hox et al., 2015; Klausch et al., 2013; Revilla, 2013;
Roberts et al., 2020; Sakshaug et al., 2022). Mixed-mode surveys are typically implemented to reduce survey errors (Groves et al.,
2009) and costs by referring to push-to-web methodology (e.g., Lynn, 2020). The assessment of (exact) MI serves as a tool to evaluate
the potential of combining survey modes without generating artificial comparability shifts. In non-experimental studies, Revilla (2013)
as well as Heerwegh and Loosveldt (2011) obtained scalar MI for modes with and without interviewers, whereas MI was found to be
violated in experimental studies (e.g., Hox et al., 2015; Klausch et al., 2013). Remarkably, Klausch et al. (2013) found—as expect-
ed—configural, metric, and scalar invariance to hold within self-administered modes, while MI could not be achieved between self- and
interviewer administered modes. Within interviewer-administered modes, scalar MI could be reached as well (Roberts et al., 2020).
Comparing administration on different devices (e.g., tablets, smartphones, and desktop PCs) for the same (web) mode revealed scalar
invariance (Menold and Toepoel, 2022; Hohne et al., 2021). Visual design in mixed-device surveys would impact MI between devices,
however. Menold and Toepoel (2022) could demonstrate that the use of radio buttons did not affect M1, while MI could not be achieved
for Visual Analog Scales.

Other potential sources of noninvariance, such as language effects (for cross- but also mono-language surveys), have been studied
less frequently. Meitinger (2017) has shown that lack of scalar MI was associated with substantial differences in the understanding of
concepts across countries (see also section 7.2). In randomized experiments, Menold (2020b) compared splits of double barreled
questions by conventional omnibus invariance testing and the alignment method and found strong violations of metric and scalar MI.

To summarize, methodological artefacts, known to influence responses and data, have also been found to negatively influence
measurement invariance. This is shown for the conception of rating scales, the visual design, survey mode, device and item wording.

7.2. Pretesting

When answering a survey question, respondents should comprehend the question’s meaning, retrieve relevant information from
their memory, form a judgment, and report their response (Tourangeau et al., 2000), and these cognitive processes should be possible
and comparable for all cultural groups involved. Survey measures should be as equivalent as possible, but comparability might be
reduced due to different biases. Biases are “nuisance factors that jeopardize the validity of instruments applied in different cultures”
(He and van de Vijver, 2012: p. 3). For example, construct bias signifies that the measured construct varies across cultures or might not
exist at all (van de Vijver and Poortinga, 1997). Specific methods and measurement contexts (e.g., differences in sampling procedures)
can create a method bias (He and van de Vijver, 2012). Finally, item bias can appear for each survey question due to poor item
translations, ambiguous source items, inapplicability of item contents or differences in associations of key terms across cultures (van de
Vijver and Leung, 2021).

To achieve a high level of M], it is necessary to understand the sources of bias and to proactively apply strategies that increase the
equivalence of measures during the questionnaire development (Meitinger et al., 2020). Bias can be reduced if the questionnaire
undergoes thorough pretesting before the data collection. Pretesting can potentially identify the existence and source of problems,
provide insights on how language and culture influence the question response process, and reveal whether questions and response
options are interpreted differently across cultural groups (Aizpurua, 2020). Different testing approaches can be applied such as expert
assessments (e.g., content or methodological experts or the Survey Quality Predictor Tool (SQP; Zavala-Rojas et al., 2019)), lab or
web-based approaches (e.g., focus groups, cognitive interviews, and web probing), and field-based approaches (e.g., experiments,
behavior coding, vignettes) as well as statistical approaches to assess data quality (e.g., multitrait-multimethod experiments; de Jong
et al., 2019). For an overview of different quantitative and qualitative pretesting approaches for cross-cultural research, see Aizpurua
(2020), Caspar et al. (2016), and Smith (2019). We will focus in the following on two qualitative pretesting approaches that are
particularly useful for assessing equivalence of measurement: cross-cultural cognitive interviewing and web probing (Behr et al.,
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2017).

Cognitive interviewing “entails administering draft survey questions while collecting additional verbal information about survey
responses, which is used to evaluate the quality of the response or to help determine whether the question is generating the information
that its author intends” (Beatty and Willis, 2007, p. 287). Think aloud and verbal probing are the two dominant approaches in
cognitive interviewing. With think aloud, the cognitive interviewer encourages the respondents to verbalize their thoughts while
answering a question. Probes are questions designed to elicit additional relevant information about question functioning (Willis and
Miller, 2011). For example, a category selection probe asks respondents for the reasons why they selected a certain answer category (e.
g., “Why did you choose ‘I completely agree’?””) and a comprehension probe requests a definition of a key term of a question (e.g.,
“What does the term ‘civil disobedience’ mean to you?”) (Willis, 2005; Willis and Miller, 2011). Probing can reveal silent mis-
interpretations, where respondents are unaware that they have misunderstood the item (Behr et al., 2017). Sample sizes are usually
small (e.g., 5-15 respondents), but the questionnaire is often tested in iterative rounds (Willis, 2005). The interviewer motivates the
respondents, allows for spontaneous follow-up questions, and an in-depth assessment of questions, which makes it particularly suitable
for newly developed questions (Edgar et al., 2016; Meitinger and Behr, 2016).

When conducted with multiple cultural groups and/or languages, cross-cultural cognitive interviewing (CCCI) is a useful tool to
determine “whether the range of interpretations associated with the evaluated items varies acceptably between cultural or language
groups, given the survey measurement objectives” (Willis, 2015, p. 363). It reveals how respondents in different cultures and languages
process and answer survey questions (Willis and Miller, 2011) and helps to evaluate the questionnaire translations (Harkness, 2003).
Although sample sizes tend to be higher in CCCI (Willis, 2015), low case numbers per country (e.g., around 20 cases per country in
(Fitzgerald et al., 2011)) do not allow for an assessment of the prevalence of identified issues, and conclusions on the differences
between country-specific patterns might be difficult (Braun et al., 2019). In addition, setting up a CCCI study comes with practical (e.g.,
recruitment and training of interviewers) and harmonization challenges (e.g., comparability of results across countries) (Miller, 2019;
Willis, 2015).

To address these challenges, web probing has been proposed as a complementary approach. Web probing “is the implementation of
probing techniques from cognitive interviewing in web surveys with the goal to assess the validity of survey questions” (Behr et al.,
2017, p. 1). In an international context, web probing can assess comparability (Behr et al., 2020). During web probing, respondents
receive on the first screen the target question and then receive, on a second screen, the probe. For example, Behr et al. (2014) assessed a
potentially biased item of the “rights in a democracy scale” of the 2004 ISSP. The item asked about the importance of civil disobe-
dience. In their web probing study, they evaluated this item with a category selection probe and a comprehension probe in Canada,
Denmark, Germany, Hungary, the U.S., and Spain (n = 3695). Based on the probing results, they revealed that associations with the key
term “civil disobedience” differed across countries. In Canada and the U.S., respondents associated violent actions with it which is not
the case for the other countries in this study.

The implementation in web surveys facilitates the recruitment of respondents, speeds up the data collection (Neuert et al., 2021),
and easily increases sample sizes when compared to cognitive interviewing (Meitinger and Behr, 2016). This allows for an evaluation
of the prevalence of themes and can explain the response patterns of specific subpopulations. Since all respondents receive the same
probe, the procedure is very standardized (Braun et al., 2015), which reduces the harmonization issues of CCCI (Meitinger, 2017). On
the downside, web probing might not elicit sufficient information to explain the lack of comparability (Behr et al., 2020). There is no
interviewer that could ask spontaneous follow-up questions to fully explore the respondents’ understandings of a question. The
absence of an interviewer also means that fewer questions can be tested than in CCCI (Meitinger and Behr, 2016). For a detailed
discussion of strength and weaknesses of both approaches see Behr et al. (2017, 2020).

CCCI and web probing can also be combined with quantitative MI testing. For example, Meitinger (2017) assessed items measuring
constructive patriotism and nationalism in the 2013 ISSP Module on National Identity with MI testing using MGCFA and with web
probing. She compared five countries: Germany, Great Britain, Mexico, Spain, and the U.S. and found metric, but no scalar MI. The web
probing results identified differences in associations with the item asking about the pride in the country’s social security system. In
Mexico, many respondents silently misunderstood the term as referring to the general security situation in their country (e.g., “there is
a lot of violence™). In the remaining countries, the scope of perceived benefits varied with respondents in the U.S. mostly thinking
about retirement benefits, Spaniards associating it with health benefits, and respondents in Germany and Great Britain linking it with
many different social security benefits.

The combination of web probing or CCCI with quantitative MI tests circumvents the shortcomings of each approach. The latter
allow for the testing of many countries but do not provide explanations for a lack of comparability. The qualitative approaches can
reveal these reasons but are rather time and labor intensive because probe answers need to be translated, and coded which restricts its
application to a few countries (Behr, 2015). Therefore, MI tests can also be used to identify countries and items for a follow-up web
probing study to improve survey questions or develop new items that better match the respondents’ reality for future data collection
(Braun et al., 2015; Meitinger, 2017).

So far, CCCI and web probing have either been implemented as pretest before the data collection or as a follow-up study (Behr et al.,
2017; Braun et al., 2015). However, web probing could also be implemented easily during the actual data collection if the main survey
is a web survey. Following the random probe approach proposed by Schuman (1966), randomly selected respondents could receive
probes for a subset of questions (Behr et al., 2017). With the establishment of cross-national online survey panels (e.g., CRONOSB), the

13 For further information, see https://www.europeansocialsurvey.org/methodology/methodological_research/modes_of data_collection/cronos.
html.
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extension of web probing to in-field assessment might be promising. Whereas CCCI already has been conducted in diverse linguistic
and cultural contexts (e.g., Martin et al., 2017; Mneimneh et al., 2018), web probing mostly focused on Western countries. Future
studies should apply this approach with a culturally diverse set of countries and especially include non-Western countries (Behr et al.,
2020).

7.3. Cross-cultural scale translation and adaptation

A necessary, even though not sufficient precondition for invariant survey instruments, is the sound translation and/or adaptation of
a given measurement instrument. In the following, we will be using the term translation, given its usage in cross-cultural survey
methodology (Harkness et al., 2010b; Lyberg et al., 2021) and in large-scale studies such as the ESS, the ISSP, EVS, etc. In these studies,
the source instruments are typically designed with cross-cultural implementation in mind so that cross-cultural relevance and
translatability are considered early on (Dorer, 2020; Smith, 2004), paving the way for a more or less smooth translation.'* The term
translation, however, should not lead to taking translation lightly or to misunderstanding it as a mere automatic word replacement
exercise (Lyberg et al., 2021). Translation is based on in-depth understanding and complex decision-making, taking into account the
function of the measurement instrument, the target population, the mode of implementation, the co-text, and potentially further
project specifications. Translation competence largely surpasses knowledge of two languages (Behr, 2018). The translation method
chosen is considered to be crucial when it comes to ensuring translation quality. In cross-cultural survey methodology, the TRAPD
method is regarded as best practice (Harkness, 2003; Harkness et al., 2010b)"°: It combines a multi-step process with interdisciplinary
collaboration. The translation step (T) in a prototypical TRAPD implementation'® uses parallel translation whereby two translators
independently from each other produce a translation of the instrument; this process ensures greater objectivity, offers stylistic variants,
and helps to identify obvious or more subtle errors. In the review step (R), the translators and a reviewer jointly discuss and reconcile
these versions, thereby taking decisions for each individual item as to whether any (or a combination) of the initial translations is
suitable or whether a new translation should be produced from scratch. In the adjudication phase (A), an adjudicator, oftentimes the
same person as the reviewer, takes final decisions and signs off the translation, before it goes into a pretest (P). Documentation (D) of
particular decisions, difficulties, deviations, etc., as well as of the overall process (see, for details, Behr and Zabal, 2020) supplements
the entire process. Lack of documentation regarding translation is deplored in the cross-cultural community (Rios and Sireci, 2014),
hindering external researchers to independently assess the quality of a study. Furthermore, documentation of particular decisions or
challenges may be linked to the outcome from invariance testing and may provide potential reasons for lack of invariance. The TRAPD
method calls for interdisciplinary collaboration between translation professionals, substantive experts (on the constructs measured),
and questionnaire design experts. The team review is the place to pool the expertise (Harkness, 2003; Harkness et al., 2010b, see also
International Test Commission, 2016). Given that item bias can results from, for instance, poor translation or culture-specific con-
notations (van de Vijver and Leung, 2011), the review is the place to weigh different translation options, discuss different in-
terpretations and perspectives, and to come to a solution that works best in a given context. The ‘P’ in TRAPD suggests, however, that
despite its value diverse expertise cannot substitute for a (qualitative/quantitative) test among the target population, which is essential
for ensuring validity of an instrument. Thus, Harkness et al. (2010a, b, p. 138) argue: “The obvious route to take is to make translations
as good as one can using design and translation strategies and qualitative testing and then test whether statistical analysis verifies
qualitative assessments or not or reveals new aspects not found in qualitative appraisal.” Item bias can also be triggered by low item
appropriateness or ambiguities in original items (van de Vijver and Leung, 2011; Byrne, 2016). This brings us back to the beginning of
this section, namely that cross-national research, when planned right from the beginning, should set up appropriate procedures that
ensure the development of an instrument that — at least theoretically — can be valid and reliable for the cultures concerned. The ensuing
statistical tests will show whether this is indeed the case.

Besides developing one universal (etic) instrument for all, recent years have also witnessed a greater call for a combination of a
universal and a culture-specific (emic) approach (van de Vijver, 2013; Behr and Zabal, 2019) to do justice to the heterogeneity of
cultures. Culture-specific instruments contain items that are developed for only one culture in mind (examples provided by Cheung
et al., 2011). The future is also calling for more empirical testing to better understand the effects of different translation options,
deviations, and adaptations, on MI, as well as to better delineate between successful and less successful translation methods (Lyberg
et al., 2021).

8. Discussion and future perspectives

This paper summarizes the current state of the art of statistical and (survey) methodological research on measurement invariance

4 In cross-cultural psychology, the term test or scale adaptation is preferred to stress the importance of decisions on the linguistic, cultural, and
psychometric level; to sensitize to various types of adaptations, i.e., intentional deviations from the source instrument, when transferring an in-
strument from one culture to another, and to highlight the importance of profound knowledge of the construct studied among those adapting an
instrument (van de Vijver, 2013; van de Vijver and Leung, 2011; ITC, 2016).

15 TRAPD was set up as a counter model to the back translation method popular since the 1970s, with TRAPD focusing on in-depth and joint
assessment of the translation itself rather of a back translation. Discussions and empirical tests can be found in Behr (2017), Behr and Braun (2022),
Bolanos-Medina and Gonzélez-Ruiz (2012), Epstein et al. (2015), and Hagell et al. (2010).

16 Lyberg et al. (2021) list variants of a TRAPD implementation, taking into account contextual constraints such as time, costs, and feasibility.
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(MI), which is considered a core challenge for the comparative social sciences. As demonstrated, much progress has been achieved in
the last 10 years, ranging from the specification of statistical models with milder assumptions than exact MI that still allow drawing
valid conclusions about latent variables to survey methodological tools that support the development of invariant measurement in-
struments. Finally, what future developments can be expected in the subject area? From our point of view, at least four lines of
development are recognizable, besides the ongoing advancements in the established approaches described above.

(i) Conceptual and theoretical developments: The recent debate in Sociological Methods & Research (Fischer et al., 2022; Meuleman
etal., 2022; Welzel et al., 2021, 2022) on the relevance of MI in comparative research and how it is routinely assessed uncovers
the still existing differences in the conceptual understanding of MI in the scientific community. This exchange of the diverging
perspectives should be regarded as a constructive process of joining forces to further develop and more precisely specify the
concepts of (non)comparability, (non)invariance, and item bias. Furthermore, the ubiquity of measurement noninvariance in
empirical comparative research is expected to stimulate the theoretical reasoning about its causes. In this sense, noninvariance
as an independent phenomenon of interest will probably receive more attention in the future.

(i) Analytical and statistical developments: Boer et al. (2018) point out the potential of exploratory structural equation modeling
(ESEM,; e.g., Asparouhov and Muthén, 2009; Marsh et al., 2014; see also the related approach proposed by Dolan et al., 2009) for
MI testing. ESEM represents the systematic integration of the (MG)CFA approach and exploratory factor analysis (EFA). As
mentioned in section 3.1, it can also be combined with the alignment method. However, little application experience is
available to date, making it difficult to assess the additional practical benefits of ESEM for MI testing. Further research is needed
to evaluate its applicability (Boer et al., 2018). Another promising approach is making use of machine learning (ML) algorithms.
This trend concerns the specification of SEM models in general (e.g., van Kesteren and Oberski, 2022) and the assessment of MI
in particular. The latter aims, for example, at the detection of invariant reference indicators for model identification by means of
lasso regularization methods (Belzak and Bauer, 2020) or the detection of noninvariance based on deep neural networks
(Pokropek and Pokropek, 2022). Furthermore, Jankowsky et al. (2020), Olaru and Danner (2020), as well as Olaru et al. (2019)
proposed utilizing the ant colony optimization (ACO) algorithm for item selection to develop short scales for comparative
research by optimizing model fit and MI. Due to the increasing popularity of ML in the social sciences, it is expected to represent
one of the future core areas in the field of MI assessment. However, this development will depend substantially on the extent to
which substantive researchers are enabled to apply the procedures properly in academic training (e.g., Friedrich et al., 2021).

(iii) Methodological developments: Due to the continuing interest in the comparative study of social change and the increasing
availability of large-scale cross-national studies in repeated cross-sectional format with repeated measurements at several points
in time (e.g., ESS, ISSP, EVS), systematic strategies for the testing of combined cross group-cross time MI are expected to gain
relevance (e.g., Koc and Pokropek, 2022). This holds also true for the panel case with the assessment of MI within (across time)
and between individuals (e.g., Adolf et al., 2014). Furthermore, the elaboration of a tailored methodological framework for
longitudinal MI testing is another desideratum. Although many of the basic methodological principles of cross-group invariance
testing apply equally to the repeated cross-sectional case, this does not hold entirely true for the panel case with its, for example,
time-related dependencies at the manifest and latent levels (e.g., Leitgob et al., 2021; Seddig and Leitgob, 2018). Contributions
to longitudinal MI methodology may further help raising the level of awareness of the relevance of MI testing in substantive
fields.

(iv) Survey methodological developments: Following the general big data trend in the social sciences, it appears obvious to train su-
pervised ML models on the mass of existing comparative data to identify the specific features of items responsible for non-
invariance across groups or time. This allows generating substantive evidence on the determinants of noninvariance from all
available data. Such information would substantially support the tasks of item formulation, instrument construction, and design
selection in comparative research.

To sum up, statistical and (survey) methodological research has come a long way in expanding and improving the tool kid for the
assessment and dealing with (non)invariance. As illustrated, we expect this trend also to continue in future. This review intends to
contribute to the literature by equipping applied researchers with a state of the art guidance through the various aspects of the topic to
find tailored solutions and to raise further awareness for its relevance in comparative research.

Funding

This work was partly supported by the Dutch Research Council (NWO), project number VI.Vidi.201.009, awarded to Suzanne Jak.

Appendix A. The alignment model

The first step in the alignment method is the estimation of the configural model. In the configural model a; =0, y, =1 for every g,
and all loading, intercept, and residual variance parameters are estimated as group-specific parameters. Denote the configural model
estimates by g0, Apg0 and Opg0, and let the configural factor be 7, ,. Because the aligned model has the same fit as the configural
model, the following relationships must hold:

Nig =0t \/Wellig0r (A1)
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V(yiﬁ&') = /‘Ligl//g + 05 = Aig.o + 60, (A2)

E(yipg) = Upg + ApgQtg = Vg0, (A3)

where E(y;,) and V(yy,) are the model estimated mean and variance for Yj,. Setting 6pg0 = 6, We get

Apg =228 (A4)
"
'1PL’ 0
Vpg = Upgo — Og——. (A5)
‘ V7Tg

The aligned model chooses a, and y, to minimize the amount of measurement noninvariance, that is, the differences in 1,, and v,
across groups. To formalize this, we minimize the alignment function F, which accumulates all measurement noninvariance:

F= Zzwm’f(’lpg - lpg') + Zzwg-g/f (yl’g Uy )’ (A6)

P og<g P g<g

where f is a component loss function and w, , are weights. The weights w, s are set to reflect the group size and the amount of certainty

we have in the group estimates for a particular group. We use w, s = , /NgNy. With these weights, larger groups will contribute more

to the total loss function than smaller groups. The component loss function is set to
fx)=vx +e, (A7)

where ¢ is a small number such as 0.0001. This function is approximately equal to /]x|. We use a positive ¢ so that F has a continuous
first derivative, which makes the optimization easier and more stable. This choice of f, as compared to other choices such as x and x2,
has the advantage that it overemphasizes the penalty for medium-size losses/noninvariance and underemphasizes the penalty for
larger losses/noninvariance. Thus, the optimal invariance losses are expected to be either close to zero (invariant parameters) or not
zero (noninvariant parameters). The medium-range losses are meant to be eliminated with this choice of f. This is a key feature of the
alignment methodology that distinguishes the method from other methods. BSEM measurement invariance (section 3.1) or multilevel
models with random intercepts and slopes (section 4) tend to minimize mean squared error functions, which can lead to many pa-
rameters with medium-sized noninvariance. The alignment method typically will result in many approximately invariant measure-
ment parameters, a few large noninvariant measurement parameters, and no medium-sized noninvariant measurement parameters.
This is similar to the fact that EFA rotation functions aim for either large or small loadings, but not mid-sized loadings. Minimizing the
loss function F will generally identify the parameters a, and v, in all but the first group. In the first group, these parameters remain
fixed to 0 and 1, respectively.
The alignment estimation for models with complex loading structure is adjusted as follows. Eq. (A5) is replaced by

M
Apmg()
Vpg =Vpg0 — Appg———, (A8)
rg P8 ; g ’—an

where M is the number of factors, amg and y,, are the m-th factor mean and variance in group g, while 4pm, is the loading of the p-th
indicator on the m-th factor.

Appendix B. Response shift-true change (RSTC) decomposition model

Leitgob et al. (2021) provide a model derivation based on the principles of counterfactual reasoning (e.g., Morgan and Winship,
2015). Starting point is the scalar form of Eq. (3) for some arbitrary indicator p and a single latent construct # at time points t and ¢ :

iy =Vt + Ay (A9
Hpl =Vp! + /1,;1’ a, (A10)

with ., as the observed mean of p at t0), Uy and 4, as the intercept and loading parameters, and a,,, representing the mean of the
latent variable 7, . Next, M;t, , the counterfactual mean for p at t, given the hypothetical situation that longitudinal scalar invariance is

satisfied, is introduced. The respective equality assumptions allow v, and 4, to be replaced by vy and 4y, their initial values at t:
Hop =Upr + Apy. (A11)

Then, the observed mean difference in p across time can be formalized as
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Aply, =ty — Py =ty = Py Hyy = Uy (A12)
—— e —
response shift true change

First, the response shift term p,, — /4;[, represents the difference between the observed and the counterfactual mean of p at t'.
Because the latent mean equals a, in both cases, the difference deviates from zero only if the scalar invariance assumption does not
hold, that is, if the measurement parameters change across time. Thus, it captures the fraction of Ay, caused by recalibration (v,y # vy
and/or reprioritization (4,; # 4»). Second, the true change term ,u;t, — My reflects the difference between the counterfactual mean of p

at t and the observed mean at t. Because the set of measurement parameters is equal to [Upt, 4p) in both conditions, the term takes a

nonzero value only in case of true change, that is, a shift in latent means between t and ¢ (ay # ap). Inserting Egs. (A9) to (A11) into Eq.
(A12) and reorganizing terms leads finally to the threefold RSTC decomposition model:

Ap, = Ay, + Ajay + Addy, (A13)
~— ~—~ —— ——

observed recalibaration  reprioritization true change

change

with Ay, = Upy — Upts Dl = Ay — A, and Aa = ay —a;.
For identification purposes, Oort (2005) proposed to constrain o = 0. Consequently, Aa=a, —0=a, changing the
right-hand-side of Eq. (A13) to Ay, + Adpay + ay Ay, which is identical to the formulation of Eq. (8) in Oort (2005, p. 594).
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