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Abstract
Claims about human behavior have been hampered by limited availability of
comparable data across cultures. Invariance testing has been proposed to
address questions about the comparability of data, yet statistical methods have
been challenged on various grounds across psychology and related fields. We
highlight how current debates confuse distinct issues and fail to consider the
role of data within science. We aim to overcome the impasse by a) sum-
marizing various criticisms, b) distinguishing five mapping processes that occur
during a typical research project and c) exploring how thinking about in-
variance as mapping can move current discussions forward. Specifically, we
differentiate 1) mapping ideas to theoretical constructs and concepts, 2)
mapping constructs to stimuli, 3) mapping participants’ responses to stimuli
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onto numerical representations, 4) testing internal relations of stimuli re-
sponses (the typical focus of statistical invariance testing) and 5) mapping
empirical observations back to theoretical statements. We treat invariance
testing as a theory-guided process that offers important insights about in-
struments, construct validity and psychological theories throughout the
research process that are currently missed by focusing on only the statistical
details. Psychological claims that are valid for all humans depend on questions
of invariance in the broad sense that we outline here.

Keywords
equivalence, invariance, cross-cultural comparisons, measurement,
operationalization, mapping, human universals

Understanding the human mind and behavioral manifestations in different
social, economic, and cultural settings presents fascinating intellectual and
methodological quandaries for psychological researchers. The comparability
of empirical observations, such as individuals’ expressed support for specific
policies, their expressed level of mental health, or endorsement of personal
and cultural values demands scrutiny to ensure accurate representation of the
intended theoretical construct across diverse populations. What does a score
of 3.2 in culture Aversus 4.1 in culture B on a scale from 1 to 5 tell us about the
level of Extraversion in these two cultures? Considering these points raises
fundamental questions about the conceptual nature of measures and what they
capture about the psychological phenomenon of interest. What do these
measures tell us about the mind, perception, motivation, or cognition of
individuals around the world?

Statistical invariance testing has been the technical solution to address
concerns about the comparability of data, examining whether measurement
properties of observed scores are transportable or generalizable across dif-
ferent samples or populations (Leitgöb et al., 2023; Meredith, 1993;
Vandenberg & Lance, 2000). The issue of invariance testing using complex
factor analysis models nevertheless remains controversial. First, if mea-
surement invariance is considered quintessential to research, lack of mea-
surement invariance is considered to preclude any comparisons across groups
(e.g., gender, age, ethnicity, culture, experimental conditions) or time (Boer
et al., 2018; Leitgöb et al., 2023; Maassen et al., 2023; Meuleman et al., 2022).
It is often claimed that this perspective has become the mainstream of
psychological research (Gardiner & Funder, 2023). However, this normative
claim is strongly contradicted by the observation that that the majority of
currently published articles ignore measurement invariance (Boer et al., 2018;
Maassen et al., 2023; Van Herk & Goldman, 2022). Furthermore, given the
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challenges of achieving full measurement invariance, a number of researchers
have recently argued that demanding measurement invariance is counter-
productive because it restricts cross-cultural research and is even irrelevant for
empirical research (Funder & Gardiner, 2024; Robitzsch & Lüdtke, 2023;
Welzel et al., 2021).

We aim to contribute to this ongoing debate by summarizing criti-
cisms of the statistical invariance paradigm and responding to these
points by outlining five mapping processes that take place during em-
pirical research to ensure comparability of theory and data extending
beyond the statistical aspects (elaborating on a recent introduction of
these ideas by Fischer & Rudnev, 2024). We use the term ‘mapping’
because mathematically it refers to the process of assigning objects in
one particular set to objects in another set (or possibly the same set). It is
a useful term and metaphor because researchers tend to make claims
about one set of objects (e.g., psychological concepts) based on in-
formation derived from another set of objects (e.g., distributions of item
responses in a survey). Importantly, these mappings processes concern
the equivalence across theory, operationalization, data and interpreta-
tions and not only the statistical question of internal consistency of
scales. We argue that explicating the conceptual issues of transport-
ability or generalizability of psychological constructs across populations
during the research process allows for important insights about the unity
versus diversity of the human mind, going beyond the idea of merely
determining whether statistical invariance is achieved to enable inter-
pretation of results (our view resembles Meehl, 1990, our distinct focus
is on the applicability of theoretical constructs and concepts across
cultural groups). If a personality instrument fails to demonstrate gen-
eralizability across numerous samples, it could indicate measurement
problems. Alternatively, it could imply theoretically that individuals
construct their personalities differently, implying a form of cultural
relativity. This epistemological uncertainty by necessity requires con-
templation throughout the research process to avoid erroneous con-
clusions. Reflecting on these processes can help researchers to critically
evaluate their assumptions, refine theory and measurement approaches,
and advance our knowledge of the human condition.

Basic Steps in Statistical Invariance Testing

Statistical invariance testing is typically discussed from a latent variable
perspective, associated with factor analytical and item response theory
models. There are three levels of invariance1 commonly discussed in the
literature (Leitgöb et al., 2023; Meredith, 1993; Vandenberg & Lance, 2000).
First, if the same items can be used to measure a theoretical variable in
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different groups, we have configural invariance. For example, does the item “I
feel blue” effectively indicate Depression in all samples studied? The direction
of item loadings (the extent to which each item measures Depression) is
consistent across groups, but specific loading strength or item discrimination
parameters may vary between samples.

Second, if the relative loading patterns of factors (or item discrimination) are
identical across samples, we have metric invariance. This means the item dis-
criminates equally well among individuals with the same underlying trait, and it is
equally related to the latent variable in all samples. Metric invariance is typically
understood to allow for comparing correlations and mean patterns across cultural
samples that have been included in the same invariance analysis.

Third, if intercept parameters or item difficulty are identical across samples,
we have scalar invariance. This ensures that the slopes between items and
latent variables are identical, and items are equally easy or difficult overall.
Scalar invariance allows for direct mean comparisons and interpretation based
on the assumed psychological construct.

Statistical methods differ in their ability to identify item bias and in-
variance as well as in their relative strictness (Bauer et al., 2020; Boer et al.,
2018; Fischer & Karl, 2019; Leitgöb et al., 2023; Maassen et al., 2023).
Our aim here is not to discuss these various approaches as this is well
covered in other sources. Just as a note to frame our following discussion, a
broad Confirmatory Factor Analysis (CFA) approach has become (for
better or worse) the de-facto gold standard for invariance testing (Leitgöb
et al., 2023). Regardless the method, the major challenge is to decide what
to do when invariance tests identify problems with either a set of pa-
rameters or some samples.

A Brief Overview of Criticisms of Invariance Testing

Several practical, conceptual or statistical issues of invariance testing have
been identified in the literature which we will outline in the following section.

Difficulties in Establishing Invariance with Increasing Number
of Samples

A practical concern is that multigroup CFA applied to datasets with more than
a few samples is inevitably leading to the rejection of measurement invariance
(Funder & Gardiner, 2024;Welzel et al., 2021; for a more positive assessment,
see Van Herk&Goldman, 2022). Establishing scalar invariance in this context
is particularly challenging. The implication of violating scalar invariance is
that cross-cultural comparison of scale scores is open to alternative inter-
pretations (Fontaine, 2005; Leitgöb et al., 2023; Vandenberg & Lance, 2000).
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Lack of Clarity Around Standards and Criteria

There is a lack of clarity around measurement standards and statistical criteria
(Funder & Gardiner, 2024). Because there a) is no agreement among experts
regarding testing guidelines, and b) simulation studies suggest complex design-
issues and variable thresholds for making decisions on model parameters (Hu &
Bentler, 1999; Kang et al., 2016;Marsh et al., 2004; Rutkowski & Svetina, 2014),
the complexity may discourage researchers to apply these techniques.

Invariance as Binary Choice

Current practice treats invariance as a binary of accepting or rejecting in-
variance (Fischer & Karl, 2023; Nye & Drasgow, 2011). Therefore the
identification of non-invariance often deals the death blow to empirical
research (Fischer & Karl, 2023; Gardiner & Funder, 2023; Karl & Fischer,
2022), foreclosing possibly interesting avenues for cultural analyses. Hence,
invariance testing is seen as a barrier for research (Welzel et al., 2021).

Invariance Testing Could Increase Cultural Bias in Instruments

A central issue in any attempt to measure concepts across cultures is the profound
cultural bias in contemporary psychology (Boehnke, 2022).Western instruments are
typically translated into different languages and applied in regions of the world
where the content of the measurement instrument may not speak to the concerns,
priorities, or realities of the research participants. During test development or ad-
aptation, non-invariant items are typically excluded from the instrument. Boehnke
(2022) challenged that this leads to culturally biased instruments, because content is
removed from the instrument that may be relevant in at least one setting, but not the
others. The remaining content may not speak to specific concerns of the non-
Western, non-WEIRD population because typically little effort is made to develop
items that are locallymeaningful. This further contributes to cultural bias and domain
underrepresentation of the theoretical construct space (Fontaine, 2005).

Statistical Criteria do not Address Semantic (Content) Sameness

Invariance is treated as a statistical question which assumes that the quantitative
results carry the same semantic meaning, yet this semantic sameness is not
explicitly tested by the statistical test (Boehnke, 2022;Meehl, 1978; Robitzsch&
Lüdtke, 2023). Translation checks are often assumed sufficient to imply that the
semantic content is adequately covered. However, the statistical analysis only
proves that the observed covariance metrics are equivalent. As famously noted
by Lord: “The numbers don’t remember where they came from” (Lord, 1953,
p. 751).
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Invariance Testing Being Irrelevant for Examining
Culture-Level Dynamics

A further conceptual criticism is that instruments intended to measure culture-
level processes do not require individual-level invariance testing because the
level of analysis is different and therefore, invariance tests are irrelevant
(Welzel et al., 2021; Welzel & Inglehart, 2016). In this line of reasoning,
collective level processes should not be evaluated at the individual level, even
if the indices that make up collective level constructs are measured at the
individual level. Validity is supposedly guaranteed by demonstrating
meaningful correlations with external variables at the aggregate level (for a
related point, see Funder & Gardiner, 2024).

Restriction of Variance

Invariance testing relies on examinations of variability. An argument against
invariance testing when examining culture-level processes is that variability in
group means measured on Likert-type scales with limited response options
(typically 5, 7 or 10-point scales) leads to variance restrictions if group means
move to either end of the response scale due to cultural processes. Hence,
cultural dynamics may shift observed means to either end of a scale which
then reduces available variance and causes bias in invariance tests conducted
at the individual level (Welzel et al., 2021).

Invariance as a Latent Variable Problem

Invariance testing is typically discussed within a latent variable paradigm, which
assumes that there is an underlying psychological variable that ‘causes’ the
behavioral observations captured by each item or stimuli (most commonly as-
sociated with factor analysis). As a result, other conceptualization of theoretical
constructs, in particular emergent, formative or second-order structures in which
independent processes converge and lead to the emergence to a new construct
(e.g., socio-economic status is a classic example) are thought to be outside the
scope of invariance testing (Welzel et al., 2021; Welzel & Inglehart, 2016).

Items are not Interchangeable

One basic assumption within a multigroup CFA approach is that the items should
be interchangeable, that is they are assumed to be randomly selected from a
universe of items and locally independent, controlling for the implied latent
variable. However, most instruments have a limited number of items which are a)
unlikely to represent a random selection out of a universe of indicators and b) not
conditionally independent of each other given the latent variable (Robitzsch &
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Lüdtke, 2023). Considering the limited content covered by a small number of
items within most measures, removing one or more items will likely changes the
meaning of the construct being measured (Singh, 1995; Steenkamp &
Baumgartner, 1998; Van Herk & Goldman, 2022) and the interpretation of
any pairwise difference becomes open to alternative interpretations. Robitzsch
and Lüdtke (2023) argue that the interpretation of a misspecified (that is poorly
fitting) multigroup factor model is conceptually cleaner than a well-fitting model
in each sample that relies on different parameters in each sample.

Circularity in the Absence of External Validation Standards

Invariance testing involves circularity to some extent. A latent variable itself
cannot be independently verified in the statistical model and must always be
inferred from manifest external variables. Therefore, the interpretation of non-
invariance becomes circular as the latent variable cannot be examined absent
independent information (Robitzsch & Lüdtke, 2023).

Invariance Testing Ignores Causal Structures

The causal modeling literature has pointed out that statistical criteria used for
invariance tests are unable to differentiate between conflicting causal claims
(VanderWeele, 2022; VanderWeele & Vansteelandt, 2022). Even when there is
evidence of an invariant measurement model across cultures, it does not carry any
information about the causal structures within and across cultures (Sterner et al.,
2024). The common assumption is that underlying latent variables rather than the
individual indicators are causally relevant. The construction of a single score
subsequent to invariance testing leaves open the equally plausible option that
causal effects are mediated via the indicators rather than the latent variable.

Summary of Criticisms

There is an increasing uneasiness about the demands of invariance tests, in
particular the rigid application of the multigroup CFAmodel. In our view, each
of these claims have some merit but they tend to miss the larger point about the
issue of comparability of theory and observation in cross-cultural research.
Some of the points have also been raised in relation to psychological mea-
surement in general (Alexandrova & Haybron, 2016; Maraun, 1998; Meehl,
1990), so our points could be considered as a crucial extension for developing
psychology as a science relevant for all of humanity.

In light of the poor reporting of invariance testing in the current lit-
erature, these increasingly vocal challenges to invariance testing take on
new urgency. In the following section, we take up the valid criticisms and
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show how they can be reinterpreted by considering research as a series of
mapping processes.

Some Important Definitions in Our Argument

We need to briefly define some key terms for our ongoing discussion, to help
us link theory to empirical observations. We call a theoretical idea that re-
searchers develop to facilitate understanding of the world and how the world
operates a construct (Lambert & Newman, 2022; Podsakoff et al., 2016). The
Latin root of the term (con together and struere to build or pile) nicely captures
both the agentic component as well as the joining of diverse thought patterns
into a more complex theoretical idea. A second term that is often used in-
terchangeable with construct is “concept” (Latin, concipere to conceive). We
use the term concept to refer to a more singular idea, that is more directly
linked to some observable unit in the real world. Podsakoff et al. (2016)
defined concepts as ‘cognitive symbols (or abstract terms) that specify the
features, attributes, or characteristics of the phenomenon in the real or
phenomenological world that they are meant to represent and that distinguish
them from other related phenomena’ (p. 161). Concepts in our terminology
can be seen as forming part of a larger construct, such as the concepts of
talkativeness, impulsiveness, sociability, and dominance all forming part of
Extraversion as a construct (see Figure 1).

Figure 1. Visualization of the relationship between as-intended constructs and
concepts and their relationship with empirical variables (measured constructs) and
their indicators, items or stimuli (measured concepts).
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Both constructs and concepts can be differentiated into an as-intended and
as-determined type within the operationalization process (Haucke et al.,
2021). The as-intended refers to the construct or concept as the idea(s) to
be investigated in a study. In contrast, the as-determined type refers to the
actual measurement that is taking place during the study and serves as the
operational definition of the as-intended. The as-determined construct is often
considered a variable, as it represents the measured characteristics of a person
or object that are expressed in different numerical terms (e.g., categories or
levels). The as-determined concept can be thought of as an indicator, stimuli or
item, which is the empirical marker to elicit the concept as-intended.

This distinction can be traced to broader debates in the philosophy of
science. Meehl (1990) observed that substantive theories involve various
auxiliary theories in order to state empirical observations or make empirical
predictions, some of which are intertwined with measurement procedures.
This amounts to a differentiation between core theoretical statements and
auxiliary or peripheral elements of a theory (cf. Lakatos, 1970). We could
argue that the clear specification of core aspects of the theoretical construct
and how they may be instantiated via concepts and indicators in different
cultural contexts is essential for theoretical claims to progress. It is important
to clearly state what is core about a theoretical process and allow for mod-
ification of peripheral elements to improve explanatory power (e.g., the
concept of ‘truth-likeness’ or verisimilitude). The exploration of what may
need to be adapted at the peripheral level may even be the starting point for a
stronger theoretical account (see below the fifth mapping step).

Five Major Mapping Processes in Culture-comparative
Research

In the following, we outline five distinct mapping processes (see Figure 2 and
Table 1) that researchers routinely engage in when doing culture-comparative
research. We explain how explicit attention to each of these processes could
address criticisms related to invariance, while acknowledging some of the
shortcomings of the current statistical invariance paradigm.

First Mapping – Ideas to Constructs

How can we make sense of the thoughts, beliefs, and emotions that others are
experiencing? As researchers we need to consider whether our constructs are
meaningful and relevant in different cultural contexts. We argue that a sig-
nificant number of criticisms of the invariance approach could be resolved if
explicit definitions were established during this initial mapping and subse-
quent invariance testing decisions were guided accordingly. We elaborate on
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this first mapping because it is often neglected, yet it is the foundation of all
subsequent mappings.

Functional Equivalence of Constructs

The question of functional equivalence (Fontaine, 2005) examines whether
the same concepts and constructs are relevant across-cultures for accounting
for empirical observations of the theoretical construct (Fontaine, 2005).

To highlight one specific challenge in culture-comparative research is that
linguistic terms that denote a specific theoretical concept in one language may
not be directly available in another. For example, there has been much recent
discussion about emotions and cultural relativism (Jackson et al., 2019; Sauter
et al., 2015). It may be easy to claim cultural relativism when a specific term is
not available in one language. However, the idea of functional equivalence

Figure 2. Schematic representation of the mapping steps. Note: This is a schematic
representation, and we do not imply unidirectionality of the individual steps:
research often is iterative and cyclical with insights gained at a later stage requiring a
reconsideration of earlier steps (for example insights from a pilot test may result in
renewed theorizing and subsequent changes in operationalization).
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shifts the focus to the degree of emotional similarity in behavioral responses to
situational stimuli, which may allow researchers to identify a common core
that is independent of linguistic idiosyncrasies. It requires careful consider-
ation of the evidence, but it is possible to find that individuals in regions of the
world that are highly culturally distinct experience comparable behavioral
reactions to scenarios, even if the specific emotion word is not available to all
groups (Breugelmans & Poortinga, 2006). It is at this level that criticisms of
cultural bias need to be first addressed at a conceptual level. If, after con-
ceptual elaboration, statistical invariance is still rejected in a research project,
the focus may shift to developing theoretical arguments as to why some
constructs may function differently in some cultural contexts compared to
others, and what factors may be relevant in explaining this difference.

The Ontological Nature of Constructs - Linking Concepts and
Constructs

A common assumption in psychology is the hierarchical nature of constructs:
concepts (e.g., talkativeness) form part of more complex constructs (e.g.,
Extraversion2). How do individual concepts relate to each other and the
overall construct? There are at least three different ontological interpretations
to explain variations between observations in empirical data in the social
sciences (Kruis & Maris, 2016).

The first and most common in psychology is a reflective, latent variable or
common cause model. An unobserved latent variable that causes the observed
states in a measured concept is proposed, therefore, observations are seen as
indicators of the underlying causal process (Borsboom et al., 2003).

A second interpretation is a formative, common effect, combinatory logic
model or collider model. Here, independent observations in their combination
give rise (or collide) into an emerging effect (Edwards & Bagozzi, 2000).

Finally, a reciprocal effect or fully connected conditional network model
presumes no ‘unobservables’ or larger constructs as such and instead asso-
ciations between observations are seen as the consequence of reciprocal or
mutualistic associations between the observations (Borsboom et al., 2021).

Given certain assumptions, the three interpretations are mathematically
equivalent and substantive reasoning needs to be used to determine their
logical plausibility (Kruis & Maris, 2016; Marsman et al., 2018). As a result,
empirical observations may be compatible with any of the implied inter-
pretations, and this forces researchers to specify the theoretical model up front.
For example, is Extraversion a latent variable that causes individuals to talk
more (e.g., talkativeness)? Or do various independent concepts such as
talkativeness and being outgoing when meeting strangers create the emer-
gence of a new concept of Extraversion in those individuals where these traits
tend to co-occur (Cramer et al., 2012)? Or could we potentially think of
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Extraversion as a cluster of tightly coupled concepts such as talkativeness,
impulsivity and being outgoing, which in their overall clustering show
characteristics of a behavioral syndrome? This is an important issue to
carefully map out during the initial stages of a research project when selecting,
refining and elaborating the theoretical background. As discussed above, the
ontological nature of theoretical constructs has been used in criticisms against
invariance testing, so this is an important issue to clarify upfront and to then
make the relevant methodological choices in line with theory. This is at the
core of recent exchanges around invariance that tap into the ontological
questions of concepts for culture-comparative research (Meuleman et al.,
2022; Sokolov, 2018; Welzel et al., 2021). These issues are certainly of
interest and challenging for psychology more generally (Maraun, 1998;
Michell, 1997). Our concern here is focused specifically on the consideration
of the comparability of the theoretical constructs and concepts across cultural
groups.

Domain Representation and Relevance of Concepts

A further issue within this first mapping stage when discussing cultural work
is the issue of the domain representation and domain relevance of concepts
(Fontaine, 2005; van de Vijver & Leung, 2021). These questions are of
relevance for addressing criticisms around cultural bias as well as the dis-
connection between statistical criteria and semantic content. In some cultural
contexts, the theoretical constructs tend to be rather broad and encompassing.
Returning to our example of talkativeness, if we assume that talkativeness is
an important concept within the construct of Extraversion, we may need to
think about what this concept implies in different cultural contexts. What does
it mean to be talkative? The amount of talking overall? The loudness? The
content and focus of conversations (e.g., gossip)? The choice of words (e.g.,
eloquence vs swearing)? The extent of turn taking and given others a chance to
speak? The context (e.g., talking in class vs at a party)? Drawing upon cultural
stereotypes of talkability (for a behavioral exploration and critical view, see
Stivers et al., 2009), we may ask what are possible baselines and behavioral
distributions that we have to consider. What does it mean to be talkative in
Nordic countries which are supposed to be rather non-expressive and sullen
versus South American countries, where it seems to be common practice to
interrupt and talk on top of each other?

The issue of representativeness is about whether the specific behavioral
expression is seen as reflecting an important element of the concept in each of
the cultural contexts. For example, how important is talkativeness for the
larger construct of Extraversion? This is not a trivial question as recent
network analyses of Extraversion facets across instruments in monocultural
samples have suggested (Schwaba et al., 2020). Across cultural contexts,
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these issues are even more complex considering possible differences in
communication styles, which may give different weight or even meaning to
levels of talkativeness, embedded with cultural notions of power, status and
hierarchy (e.g., talkativeness of a high status vs low status individual, situ-
ational awareness) (Wan, 2021).

Some concepts may be irrelevant or associated with other constructs in
some contexts compared to others. For example, an exploration of personality
structures in Thailand (Fischer, 2021a) suggested that talking to others can be
interpreted as being dishonest or careless, leading to a different association in
this highly collectivistic and tight context. Obviously, this was an empirical
observation, but it demonstrates that these issues may need careful attention
during the theoretical stage and lead to different psychological theories
(Gurven et al., 2013). As noted by Meehl more than 45 years ago (Meehl,
1978), the theoretical elaboration of psychological constructs is typically poor
and a casual reading of the contemporary research in leading psychology
journals suggests that not much has changed since then (Alexandrova &
Haybron, 2016).

Therefore, the criticism of disconnection between statistical criteria and
semantic content and issues of cultural bias arises at a theoretical level and
need to be considered from the outset of research.

Identifying the Levels of a Theory

One of the more complex issues from a cultural perspective within this first
mapping stage is the specification of the appropriate level of theory – is this
construct applicable to individuals, to groups or to nations (Fischer, 2009;
Klein et al., 1999; Van De Vijver et al., 2008)? This is closely linked to the
long-standing and non-trivial issue of the level of analysis in culture-
comparative research (Hofstede, 1980), which has also created confusion
and criticism for invariance testing. Culture is typically defined as a shared
meaning-system, implying relative agreement around specific values, beliefs
or norms within groups and differentiation across groups (Faulkner et al.,
2006). However, large survey studies have demonstrated substantial indi-
vidual variability and relatively weak cultural differences, strongly under-
mining the case for consensus and a shared meaning system (Fischer, 2021b;
Fischer & Schwartz, 2011; Saucier et al., 2015).

To cite one prominent example, Schwartz (2014) proposed a latent defi-
nition of culture, in which culture is a hypothetical, latent variable situated
outside the minds of individuals, but is mediated via social institutions that
structure the beliefs, values and thought process of members of a society. In
other words, cultural values are latent societal level constructs that causally
influence institutions, which in turn influence the responses of individuals to
value items in surveys, but survey responses also reflect other variables.
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Nevertheless, survey responses in their aggregate are thought to capture the
extent to which culture as a latent variable causally impacts all individuals
within a society. These aggregated ‘means themselves are not the cultural
values, but they are observable consequences from which we infer cultural
values’ (p. 5).

One criticism is that it invokes the famous ghost in the machine (Morris,
2014), invoking an improbable device to solve a seemingly unsolvable
problem. Morris (2014) highlighted that this conceptualization of culture
becomes a near caricature in its unidirectional top-down operation of cultural
processes and that this approach fails to account for cultural change. If we
assume that ‘no individual carries the culture. The culture influences every
individual in a unique way’ (Schwartz, 2014, p. 5), then taken to its logical
extreme, culture becomes irrelevant for psychologists interested in individual
differences.

What is the point of us discussing this literature here? First and foremost, it
requires a principled theoretical argument about the construct that a researcher
is trying to capture conceptually when including individuals from different
populations. What a researcher’s conceptual position on the nature of the
theoretical construct? Does it rely on individual-level psychological processes
that explain variability both within and across human populations? Or is it a
characteristic of institutions that have no psychological equivalent at the level
of the individual, but nevertheless influence or constrain individual behavior?
If the latter, how does the theoretical account explain the variability in in-
dividual responses, if such responses are being used to infer characteristics of
the institution? If researchers are interested in using this definition of culture
and general approach, a clear explanation of theoretical mechanisms linking
the different levels is needed (for a related argument, see Sterner et al., 2024).
It is not convincing to argue that invariance tests are inapplicable because of
mismatched levels and to ignore discussions of the causal structures that
generate the data.

Explicating Causal Relationships

This last point needs broader attention: Any theoretical argument about the
nature of reality requires some statement about the wider implied causal web
of relationships to understand plausible antecedents and effects of the con-
struct of interest (Deffner et al., 2022; Sterner et al., 2024). Which variable is
an antecedent and therefore is expected to lead to causal changes in other
variables? As these are theoretical arguments, there needs to be a clear causal
line of reasoning to avoid ambiguity (VanderWeele, 2022). This discussion is
related to questions of external validity that have been recently raised in
arguments against invariance testing. Clear specification also needs to address
the circularity criticism: Observations need to be tied to a causal theory. We

162 Cross-Cultural Research 59(2)



agree that questions about the underlying causal structure are an important
theoretical problem (Alexandrova & Haybron, 2016; Moreau & Wiebels,
2022) and this requires careful attention at the outset of culture-comparative
research .

Second Mapping – Concepts to Stimuli and Indicators

Concepts in our definition are theoretical statements about ideas that have a
concrete expression in the real world. As an empirical science, the theoretical
ideas in psychology need to be mapped onto stimuli that elicit a reaction that
can indicate the measurable level of the theoretically implied concept. This is
the classic process of operationalization (Haucke et al., 2021). Attention to
operationalization is crucial when examining concepts across populations.
Here we use the term operational equivalence to indicate the relative equality
of the extent to which theoretical concepts are translated into empirical
stimuli that evoke the relevant and representative information about the
intended theoretical concept. These issues are central for addressing criticisms
around cultural bias, semantic content and the interchangeability of items.

Let us consider a few of the indicators that are often included in
Extraversion-type tests (see the Supplement for item examples). As part of the
first mapping, researchers needed to think about the theoretical as-intended
concept. What does talkativeness mean in relation to behavior (frequency,
amplitude, or number of interaction partners)? The focus in widely used
surveys for culture-comparative research is quite narrowly focused on fre-
quency (talkative, talking a lot) and an enjoyment aspect (like or enjoy
talking). If we think about talkative as an adjective, it may refer to an inability
to be concise (chattering or wordy), which carries a certain negative evaluative
connotation (e.g., being chatty, big-mouthed, glib), but could also include a
certain erudite connotation (e.g., being articulate, fluent, or eloquent). The
same term may therefore invoke differential evaluative qualities which may or
may not be intended by the researchers. Such qualitative nuances in evaluation
are exaggerated crossing cultural boundaries and when translating the term
into a second language. For example, in Portuguese talkative could be falador/
faladeira or even tagarela, which are increasingly negative terms. In Samoan
the most direct translation already invokes an evaluative statement, e.g.,
tautalatala – too much talk. In German, it could be a rather positive
gesprächig or a rather negative geschwätzig. In some German dialects such as
Bavarian or Saxon, an appropriate translation may be gschnadderig or
schnatterisch, which is rather negative and invokes absent-minded animal-
like behavior (“geese chatter)”. A single word may take on additional meaning
when translated, as the brief examples of translations of the term talkative have
shown.
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Providing behavioral or situational anchors may help but involves
additional trade-offs. Contextual elements may help distract from the
intended content and make indicators more vulnerable to extraneous
cultural differences. For example, the NEO item implies an emphasis on
the pleasurable aspect (really enjoy), which includes the element of
volition and positive reinforcement experienced by engaging in the ac-
tivity of talking. The Eysenck measure specifies both the pleasurable
aspect as well as the target – namely strangers. The item that forms part of
the compassion aspect of Agreeableness instead focuses on the content of
the conversations, that is the wellbeing of others. It is not necessarily clear
that these various indicators capture the same theoretical idea, even
though they are using conceptually related words.

By specifying the exact content and context (e.g., talking at parties, talking
to strangers), indicators may also invoke additional norms or schemas. For
example, talking to strangers can have different connotations depending on
one’s age, gender, and social status in different parts of the world. In some
traditional societies in the Pacific, the village chief is the person who must
receive strangers first to ascertain the intentions, thus limiting the options for
interactions for most individuals. In many cultures around the world, there are
explicit norms and restrictions for cross-gender interactions. When referring to
specific interaction environments (e.g., parties), this also then invokes pos-
sibly different connotations of what it means to have a party. These issues tap
into but certainly go beyond the widely discussed guidelines for translation
(Chidlow et al., 2014; Harkness et al., 2003).

It is also increasingly common to use secondary data which raises in-
teresting conceptual questions because the theories of the original researcher
may not align with the theories of researcher re-using that data. In many cases,
it may be more economical or simply more practical to use existing data, than
to embark on a costly data collection from scratch that is more clearly aligned
with the theoretical as-intended constructs. In these cases, the researchers must
redouble their efforts to a) explicate their theoretical models, b) do their due
diligence in understanding the data and its operationalization process and c)
link the empirical indicators back to plausible theoretical interpretations in
terms of constructs and concepts.

The point of the second mapping is to think through the behavioral in-
stantiations of the theoretical concept, attempting to translate the as-intended
idea into an as-determined behavioral stimuli, be it for developing research
designs from scratch or be it mapping theoretical ideas onto pre-existing
indicators and data sets. Again, question of cultural bias in the development
and adaptation of measures together with questions about the semantic content
and the interchangeability of items need careful considerations that go beyond
but do not preclude tests of statistical invariance.
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Third Mapping – Stimuli to Numerical Representations

The third mapping deals with the mapping of stimulus responses to numeric
scores utilized by researchers. Inspired by earlier work that had highlighted
the implications of this measurement process for cross-cultural comparisons
(Van De Vijver & Poortinga, 1982) we define measurement equivalence as the
relative equality of symbolic (numerical) representations of a theoretical
concept across different measurement occasions. In other words, it is con-
cerned with the uncertainties that a researcher has about interpreting numerical
representations of theoretical concepts implemented in a specific single in-
dicator but obtained in different measurement contexts.

For example, when considering the item ‘is talkative’, respondents are
given the task to respond to the question stem ‘I am someone who…’ and then
mark their responses on a scale from 1 ‘disagree strongly’ to 5 ‘agree
strongly’. Intermediate responses are scored as 2 ‘disagree a little’, 3 ‘neutral,
no opinion’ and 4 ‘agree a little’. This measurement scale is used to map a
theoretical concept such as talkativeness onto a numerical scale. Therefore, the
third mapping question is whether this item adequately captures the relative
position of individuals.

The question of equivalence of numerical scores is not tied to a specific
statistical model but rather can be traced back to ideas of scaling (Stevens,
1946), which is concerned with ‘assignment of numerals to objects or events
according to rules’ (p. 677). Stevens popularized the now commonplace
distinctions of nominal (categorical), ordinal (ranked), interval (equal dis-
tances), and ratio (same origin or zero point) scales.

Let us briefly consider the implications for comparative measurement.
Within such a comparative context, the concern is whether the same numerals
can be assigned to concepts following the same rules. The level of functional
equivalence most clearly maps onto nominal scaling properties – the concept
can be captured or not. At the simplest level talkativeness can either take one
of two classes – yes (it exists in culture X) or no (it does not exist in culture X).

Next, structural equivalence addresses whether the same observed vari-
ables can be used to measure the intended concept as discussed above (the
second mapping). Under structural equivalence, we could assume that an
ordinal relationship exists between numerical scores on a specific measure and
the intended theoretical concept, expressing a rank-ordered relationship which
orders the observations in the same way according to the theoretical concept
across cultural groups. For example, the question ‘is talkative’ can be used to
order individuals in the same way across groups according to their theoretical
level of talkativeness. No claims beyond relative ordering of participants can
be made.

Metric equivalence conceptually corresponds to interval scales. Under
metric equivalence, numerical scores across groups preserve equality of

Fischer et al. 165



intervals or differences in the theoretical construct. With this assumption, a
difference between a score of 4 and 5 can now be interpreted meaningfully
across two or more groups. However, it is not yet possible to make any claims
about the meaningfulness of a score of 4 on a 1 to 5 scale across groups.

To make claims about the means, it is necessary to assume scalar
equivalence, which corresponds to a ratio scale. Here, we assume the presence
of an absolute zero value that is comparable across groups (although the
empirical observation of the absolute zero may not be necessary). Only at this
level can we make claims that two individuals from two different samples with
the empirically observed score of 4 have the same level of talkativeness.

Let us emphasize a really important point here - although we have been
talking about numerical scores, we have not invoked statistical techniques
such as MGCFA or IRT models in this discussion. The discussion of
equivalence in our definition and mapping is about what a single observation
can tell us about a concept that we are trying to measure with an item.
Criticisms of variance restriction or questions about the ontological status of
the theoretical concept are irrelevant here. What is of interest is the relative
certainty we can have about the measurement quality of each individual
observation in a data set.

There are possible ways to examine the quality of this mapping process..
First, it may be possible to examine the test-retest consistency (e.g., reliability)
to examine whether the ordering of individuals remains stable. This requires
some assumptions about the temporal or contextual stability of the theoretical
construct. Second, independent observational data could be used to validate
the item responses. With the advancement of capturing digital footprints or
real-world behavior via wearable sensors, triangulation of item responses
against behavioral responses becomes feasible. A third option is to use
qualitative methods, such as response probing or response process evaluation
(Meitinger & Behr, 2016; Taves et al., 2021). All of these methods are
important at the theoretical level, and should be explored in their own right
and/or to complement, as a follow-up or to interpret invariance testing results.

Fourth Mapping – Symmetry of Internal Relations

The fourth mapping involves an exploration of the relationship between
observed scores (measured concepts) in relation to their presumed shared
construct. Returning to our example item ‘is talkative’, an instrument could
include three other items that are thought to capture the same construct of
‘sociability’. For simplicity, let us consider just one additional indicator here:
‘is outgoing, sociable’. By examining the relative performance of these two
indicators in relation to each other (or in relation to all other items within the
trait facet), we can gain some insights into the relative validity of the mea-
surement process. As the focus is now on the performance of items, this is

166 Cross-Cultural Research 59(2)



often called differential item functioning when considered in the context of
multiple measurement occasions (Zumbo, 2007). What is important is the
relative functioning of the items in relation to all other items.

The statistical process of examining these properties is invariance testing.
We define invariance as the extent of symmetry of a set of observations
(measurements) of concepts in relation to each other across measurement
occasions. Do measured indicators show similar patterns relative to each other
in different cultural contexts? The most common approach are latent variable
statistical tests, but other models can equally address questions of internal
symmetry which overcomes one of the criticisms of invariance testing
(Tantardini et al., 2019; van Borkulo et al., 2022). Decisions on structural,
metric, and scalar invariance are based on statistical properties derived from
the intercorrelations of the individual items (or intercepts) with the overall
score. Therefore, the focus shifts towards the identification of differential item
functioning relative to each other and tests only reveal whether a set of items
shows internal relations that differ across groups. As noted in the criticisms
outlined above, judging the internal structure of instruments is quite a different
question compared to what we want to know, namely, whether the mea-
surement process itself is free of bias.

Responding to binary choice criticisms, invariance as symmetry of rela-
tions among indicators is a question of degree and should not be treated as a
binary categorial decision of invariant or not invariant. Focusing on the extent
to which parameters vary across populations and across indicators is theo-
retically more informative and insightful rather than focusing a binary de-
cision that may preclude further inquiry (Fischer & Karl, 2023; Karl &
Fischer, 2022; Nye & Drasgow, 2011). There is an increasing number of
options to both examine effect sizes of non-invariance (Nye & Drasgow,
2011) as well as options for modeling the non-invariance of both individual
items and overall non-invariance parameters (Bauer et al., 2020; Davidov
et al., 2012; Fischer &Karl, 2023; Fontaine, 2008; Zyphur et al., 2008). This is
an important avenue for linking the statistical analysis of invariance pa-
rameters back to theoretical questions that can advance our understanding of
cultural processes and overcome the perception that non-invariance is a
mechanical step and a barrier for meaningful research.

Statistical options exist for latent variable (Boer et al., 2018; Fischer &
Karl, 2019; Leitgöb et al., 2023; Vandenberg & Lance, 2000), formative
(Adamantios & Papadopoulos, 2010; Henseler et al., 2016) and network
models (van Borkulo et al., 2022), overcoming a core criticism of invariance
as only being relevant or available for latent variable models. Furthermore,
options for non-parametric invariance testing that overcome variance re-
strictions are available (Bauer et al., 2020).

However, these statistical approaches are complex and more simulation
research needs to examine cut-off criteria for larger number of samples. The
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complexity of state-of-the-art approaches is a fair criticism of the literature and
more work for both establishing and communicating best practice as well as
clear criteria needs to be done.

Fifth Mapping – Empirical Observations Back to Theory

The fifth and final mapping requires mapping empirical observations back
onto the theoretical constructs and concepts that a researcher set out to ex-
plore. This is closely linked to functional equivalence but working in reverse
via a holistic consideration and integration of available empirical data across
all samples and an evaluation of the theoretical implications. Statistical in-
formation from the measurement invariance test is informative, but the focus
should be on the theoretical implications and compatibility with pre-existing
information. A failure to identify a certain level of invariance (e.g., lack of
internal symmetry of factor loadings or intercepts) across a larger number of
cultural samples is an empirical observation that needs theoretical consid-
eration. For this reason, we call this interpretative equivalence because it
concerns the quality of interpretations possible in relation to theory and
observations across the different cultural contexts.

The interpretation of statistical invariance information within the context of
the theoretical framework may vary. For example, statistical non-invariance in
a formative (common effect) versus reflective (common cause) model has
different implications. In a common effect model, non-symmetry in emer-
gence of a theoretical construct across different cultural contexts implies
different patterns in the emergence of a theoretically relevant variable. Dif-
ferent behaviors in one context converge around the interpretation of a be-
havior cluster as indicating an extraverted individual, whereas in a different
context a slightly different combination of behaviors is interpreted as a so-
cially engaged (vs disengaged) individual (that is an individual who is in-
terested in the wellbeing of others, which involves additional elements of both
Agreeableness and Openness in addition to Extraversion, leading to a
qualitatively different personality trait (Fischer, 2021a; Gurven et al., 2013)).

In a reflective or common cause model, non-invariance may indicate
different cognitive processes are used by respondents in relation to the in-
dicators or stimuli, which may imply that the same problem is solved through
different psychological mechanisms in different populations or that there are
situational constraints on the expression of the common factor. For example, if
talkative does not load together with other Extraversion items, a reflective
model interpretation could be that there are situational constraints on the
behavior in this context that do not allow for an expression of the latent
variable in this particular behavior (Gurven et al., 2013). This of course would
be highly relevant for a cultural analysis and imply rather different cultural
processes or dynamics.
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To put it explicitly, the same statistical phenomenon of non-invariance has
different theoretical implications when considered from a formative versus
reflective model. In both cases, there is a theoretical implication that needs to
be considered, e.g., personality emerges differently due to distinct constel-
lations and combinations of behavioral traits versus situational variables that
modify or suppress the expression of a presumed latent behavioral predis-
position. Of course, there may also be clear problems with the operational-
ization of key variables, i.e. problems with the methodological
implementation of the theoretical ideas. Classic issues are translation prob-
lems or errors in the application of the instruments across cultural contexts. A
careful integration of both theoretical arguments and empirical evidence is
needed to make claims in one direction or another.

In our view, this integrative mapping stage has to move beyond typical calls
for external validity (Funder & Gardiner, 2024; Welzel et al., 2021; Welzel &
Inglehart, 2016). The relevant mapping issue is the reconnection of empirical
data to theoretical constructs and linking observed correlations to causal
claims made within a theoretical space. If the issue of external or predictive
validity (e.g., predicting some other variable of interest in real-world context)
is central to the theory, then this needs to be incorporated into the research
process from the start (Fischer & Rudnev, 2024). If validity concerns are used
as an afterthought in light of perceived unfavorable results from a mea-
surement invariance analysis, then the shift towards a different criterion for
evaluating the data is not going to resolve the theoretical issues implied by the
invariance test result. To reiterate a key point, invariance tests provide useful
information for the researcher, but their implications depend on the theoretical
perspective that needs to be spelled out in the initial mappings of the research
process.

This integrative mapping also needs to consider the origin of the data,
especially when using secondary data sources for theoretical projects that
involve different as-intended constructs. An important consideration are al-
ternative explanations of the observed patterns, careful analyses of possible
biases and thorough quality checks on the data. Observing significant cor-
relations is often seen as a foregone conclusion on the quality of the data, but
in a social world where nearly everything correlates with everything, a
significant correlation may actually be rather meaningless (Meehl, 1978).
Recent work in the philosophy of science has pointed out that poorly defined
variables often correlate more consistently or more strongly with all sorts of
other variables, due to their poor conceptualization and inclusion of non-
specific variance (Alexandrova & Haybron, 2016). Similar, validating ex-
isting measures blindly against other measures without a careful theoretical
rationale is likely to lead to a local optimum that ultimately fails to accurately
describe the phenomenon of interest (Moreau & Wiebels, 2022). Lord’s
classic statement that numbers do not know where they come from, which is
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often levelled as an argument against invariance testing, equally implies that
significant associations do not indicate that the theoretical process is valid.

Invariance testing in terms of symmetry of relations will provide us with
some indications about the internal structure of a set of variables, the in-
terpretation of which may take quite different forms depending on the formal
model adopted by researchers. As we had briefly outlined above, our argu-
ments are somewhat aligned with previous criticisms of psychology (Meehl,
1990), with our concern being the applicability of theoretical claims across
cultural groups. Differentiating between a core theoretical claim and pe-
ripheral or auxiliary components of the theory allows for theories to progress.
To the extent that a theoretical claim clearly specifies what is central, the
invariance tests can be used as a protective belt in a Lakatosian sense if the
claims only concern peripheral elements that can be adjusted. As noted by
Meehl, such ‘strategic retreats’ in the face of empirical disconfirmation can
help in improving theoretical claims. We would hasten to add that this in-
formation itself can provide novel insights for the development of potentially
stronger theories of culture and human behavior. To put it very bluntly, ig-
noring this information available to researchers is bad science.

Moving Beyond the Criticism

We summarized several criticisms leveled at invariance testing at the outset of
our manuscript. What can we conclude now in light of the five-stage mapping
process that we have outlined? Considering the first challenge of observing
non-invariance in many cross-national studies, these findings must be con-
sidered from a theoretical perspective. If we believe that CFA is an appropriate
tool for psychological research, non-invariance indicates problems with the
theoretical models and/or the empirical instruments. As we have exemplified
with personality terms, the operationalization process is considerably more
complex and important nuances may be taken into consideration to effectively
measure distinct psychological constructs or concepts in different contexts.
Statistical non-invariance is worth exploring further and should not be the
endpoint for research. Available tools allow researchers to explore whether
there is systematic variability in these invariance patterns, which can lead to
new and better theorizing. We urge a more careful exploration of these
patterns.

The second issue is the uncritical application of latent variable models,
which may or may not be applicable to the data and theoretical framework of
the researcher. It is important to understand the assumptions of these tests and
carefully consider whether these tests are appropriate for the collected data and
purposes. Many alternative methods are available, and researchers have plenty
of options to explore the quality of their data beyond the current fashion of
using some variation of the confirmatory factor model. Of course, all of these
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models are ultimately linked to some kind of variability estimate (typically
correlations). It does not make sense to throw out the baby with the
bathwater – there are (many) problems with correlation coefficients, yet
researchers continue to use correlations because it is a useful tool.

Finally, all the major issues tend to return to the issue of what tests
measure – we need better theoretical discussions of our constructs, concepts
and theoretical ideas to sharpen our measures (Alexandrova & Haybron,
2016). Such endeavours require a greater reconsideration of the rich insights
provided by qualitative descriptions of cultural contexts, as provided by
anthropologists, ethnographers, sociologists, historians but also biologists and
ethologists. These sources can enrichen and strengthen our theoretical lenses,
helping to provide different perspectives on the phenomenon that we are
interested in understanding. This is arguably our most important point; a truly
universal psychology applicable and relevant for humans across cultural
contexts needs strong theory about sources and patterns of variability in
human behavior, irrespective or even despite of diverse methodologies and
data sources.
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Notes

1. Equivalence is the term that is preferred in the cross-cultural psychology literature
(Fischer & Poortinga, 2018; Fontaine, 2005; van de Vijver & Leung, 1997),
whereas invariance testing is the term preferred in the psychometric and test
construction literature (Leitgöb et al., 2023; Vandenberg & Lance, 2000). It is
important to highlight that the term equivalence is conceptually broader as it is not
directly related to any statistical process, but rather incorporates both philosophical
and conceptual questions about the construct as well as the empirical analysis of the
variables (Van De Vijver & Poortinga, 1982). In contrast, invariance is directly tied
to the statistical manipulation of observed scores and their properties. In this sense,
invariance takes a rather narrow perspective and ignores the larger conceptual issue
that is of actual interest to researchers. The question of comparability is important
across the whole research process, but by using the term invariance narrowly within
the context of statistical inference testing, it has shifted the discussion towards
technicalities that obscure what researchers try to accomplish with their studies.

2. We use Personality as an example here because it is easily understandable, per-
sonality has been discussed from different ontological perspectives and it is likely to
have a substantive cultural component. However, our arguments are relevant across
all measured constructs in psychology.
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