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Abstract

This research paper investigated the importance of conducting measurement invariance analysis in developing
measurement tools for assessing differences between and among study variables. Most of the studies, which tended
to develop an inventory to assess the existence of an attitude, behavior, belief, 1Q, or an intuition in a person’s
characterological profile, ignored testing measurement invariance for equivalency between comparable variables.
With this finding, measurers lack in true validity and reliability and suffer methodological bias and have little or
no chance to figure out the true differences between variables being studied. This article, therefore, explains the
necessity and use of measurement invariance analysis when a researcher wanted to develop a new measurement
tool or adapt a tool from one source language to another target language. The types of measurement invariance
levels mentioned in this study are configural-invariance, scalar invariance, metric invariance and structural
invariance analysis. The approaches used to conduct those invariance models and the way they have been
interpreted were all discussed in great detail with a robust collection of supportive literature.

Introduction

The variations between groups formed/formed according to criteria like culture, gender, class level, and
socioeconomic status are explored in terms of unique psychological structures in various research studies
undertaken in the domains of Educational Sciences and Psychology (Lucke, 2005; Gédelek, 2005). The purpose
of these investigations is to determine whether there are any variations in the psychological structures of interest
between the groups listed, and if so, to draw conclusions regarding the kind and extent of those differences. Group
comparisons in these studies primarily rely on measurements (observed scores) associated with the pertinent
psychological structure (Wicherts, 2007). Nevertheless, proof that the pertinent metrics possess appropriate
psychometric qualities is necessary for the validity of these comparisons to hold. This data frequently bolsters the
assumption that a measurement, like Yi, represents an underlying latent structure, like 1, within the framework of
the Classical Test Theory (CTT) (Vandenberg & Lance, 1998;Vandenberg & Lance, 2000). Consequently, this
calls for trust in a metric such as Yi as an indicator of n. In fact, this statement highlights the fact that measuring
invariance analysis is a necessary step before group comparisons can be made. Measurement invariance is the
formal assessment of a psychological measurement instrument's homogeneity in psychometric qualities among
several groups, according to Herdman (1998). To demonstrate measurement invariance, Vandenberg and Lance
(2000) provide a five-stage logical process and methodologies for hypothesis testing (Schraw, Dunkle, &
Bendixen, 1995). A hypothesis concerning the degree of measurement invariance is successively examined at each
of these phases (Schommer, 1990). Each model in this method is built at a certain stage using the model from the
stage before it. As a result, measurement invariance at a given stage is investigated by contrasting the model's fit
with the data at that stage with the model's fit from the stage before. The phases that the researchers have suggested
also point to several kinds of measurement invariance (Salzberger, Sinkovics, & Schlgelmich, 1999)

1. Configural Invariance: This step involves testing a hypothesis about the equality or invariance of a psychological
assessment instrument's factor structure between groups. This is known as configuration invariance. If configural
invariance is proven, then the assessment instrument's items must reflect the same psychological structure across
all groups (Vandenberg and Lance, 1998).(see Fifure 1A and 1B).

2. Metric Invariance: Here, a hypothesis about the equality or invariance of the factor loadings (lambda: 1), or
regression slopes, of the items that make up a psychological assessment tool between groups is evaluated
(Ravindran, Greene, & DeBacker, 2005). While a substantial difference implies item bias, the absence of a
statistically significant difference in the factor loadings for the items between comparison groups suggests that the
meanings of the items may be similar or equivalent for these groups (see Figure 1 C and 1D).

3. This step involves testing a hypothesis about the equality or invariance of the constant term (tau: t) in the
regression equations developed for the items that make up the psychological measuring tool (Mark, & Wan, 2005).
This is known as scalar invariance. Equal intercepts and metric invariance are prerequisites for scalar invariance
in the measuring process (see Figure 1 E and 1 F) (Vandenberg and Lance, 2000). It is said that two scores from
Group A assessed in Group B must equal one another for the measurement sources to be equal. It is suggested that
there might be bias if the two scores in Group A are equal to three points in Group B (Fleck, Poirier-Littre, M.F.,
Guelfi, Bourdel, & Loo, 1995). This bias would show up as a difference in the intercepts (Salzberger et al., 1999;
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Wicherts, 2007). Two categories of item bias are defined in this regard: (1) Uniform Bias: ltems in a measurement
instrument that have factor loadings that are invariant between groups but different intercepts for each group are
said to display uniform bias and (2) Nonuniform Bias: When a measurement tool has nonuniform bias, different
groups have different factor loadings and intercepts of the item types (Eroglu, & Giiven, 2006). The low predicted
amount of scores in this case, observed in the group when the t value is relatively low, depends on both the true
value of 1 and the t value (Crocker & Algina, 1986; Chan, 2003).

4. Invariant Uniqueness: In this stage, a hypothesis is tested on the equality/invariance of specific variances, i.e.,
error terms, of the items forming the measuring instrument across comparison groups. Furthermore, it should be
mentioned that this test is also regarded as a test of the invariance of the indicators' reliability if proof of the
invariance of factor variances is found (Vandenberg and Lance, 2000).

5. In this phase, a hypothesis about the equality or invariance of factor variances among comparison groups is
examined (Bryne, & Watkins, 2003). The purpose of this hypothesis test is to ascertain whether the conceptual
structure of the construct that the psychological assessment tool is meant to measure, with equal ranks, is the same
for the comparison groups with regard to how they react to its indicators (Brown, 2006; Mark and Wan, 2005).

A.Configural Invariance B.Configural Non-Invariance
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Figure 1. Invariance models in terms of their free estimation levels

Specifically, in this article, those 5 important invariance models are discussed and made invaluable contributions
in to how can a study of measurement tool development study can benefit out of its suggestions. This was so
crucial since the research into the related literature showed that the majority of studies conducted to develop
measurement tools lack in terms of its misuse of statistical techniques and methodology (Bell, 2007). Nevertheless,
most of the measurement tools developed in Turkey for assessing a psychological construct have not considered
conducting measurement invariance analysis to see if the differences measured are due to true differences or
differences that occurred because they were not equivalent. For this purpose, the first issue that need to be
discussed in this regard will be the issue of equivalency.

Equivalency in Test Adaptation

Studies pertaining to scale adaptation often involve two primary phases: the analysis of psycholinguistic
characteristics (language adaptation) and the assessment of psychometric attributes (reliability and validity).
According to many sources (Aksayan and Goziim 2002; Esin 2014; De Lima Barroso et al. 2018; International
Test Commission 2018; Thammaiah et al. 2016; World Health Organization 2018), each of these stages also
requires a number of procedures to be completed. These steps are covered in detail in the section that follows, and
as a valuable resource, the International Test Commission's (ITC) Guide for Translating and Adapting Tests. Due
to variations in conceptualization and expression, a scale's initial structure may alter while being translated into a
different language. The scale items must be thoroughly examined, the required translations must be made to assure
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meaning in the target language, and the scale must be standardized in accordance with the norms of those who use
the target language in order to minimize this shift. The scale's psychometric (reliability and validity) scores could
be poor if this process doesn't receive the necessary attention. Thus, during the translation process, much
consideration should be paid to the choice of translators and the translation methodology (Aksayan and G6ziim
2002). In the current international literature, it is frequently recommended to follow the sequence of the four
processes below for adapting a scale to a different language and culture and ensuring linguistic validity (Beaton et
al. 2000; De Lima Barroso et al. 2018; International Test Commission 2018; Thammaiah et al. 2016; WHO 2018).
Scale adaptation is the process of modifying scales created in any language and culture for use in a different
language and culture (Aksayan and G6ziim 2002; Esin 2014). In addition to saving researchers time when creating
a new scale, translating and utilizing internationally recognized scales into Turkish facilitates communication and
yields information that is comparable to results from other societies. Furthermore, obtaining accurate, valid, and
thorough measurement results can be achieved affordably and effectively by employing these standardized
measuring instruments during the data collecting process (De Lima Barroso et al. 2018; Esin 2014). Additionally,
obtaining accurate, valid, and thorough measurement results can be achieved affordably and effectively by
employing standardized measurement instruments during the data collecting process (De Lima Barroso et al. 2018;
Esin 2014). Furthermore, translating scales into Turkish could facilitate the process for researchers who lack the
skills and expertise to create a scale and increase access to a wider variety of measuring tools for study. A
methodical research procedure, scale adaptation can cause confusion if the researcher is unfamiliar with the topic.
Consequently, training and advice on the issue may be advantageous for the researcher.

Process of Test Adaptation

Group translation

Using the group translation method, two or more people who are fluent in both languages translate the scale from
the originating language into the target language. With this approach, members of the group should translate more
freely in order to relieve pressure to persuade one another and come to a compromise. To prevent the use of
particular jargon in the relevant sector, it is advised to consider individuals with education from a variety of fields
when choosing translators. To prevent the use of particular jargon in the relevant sector, it is advised to consider
individuals with education from a variety of fields when choosing translators. Members of the translation team
should also have understanding of and experience with research methods, the translation process, and the local
culture. Furthermore, researchers must perform follow-up interviews and take part in the writing of the final article
rather than serving as translators. Then, researchers and members of the translation group come to a consensus
together to create a single text (Esin 2014; International Test Commission 2018; World Health Organization 2018).

Back Translation Method

The second important phase in the language validation process is back translation, which is a suggested way to
confirm that an original language translation to the target language is accurate. This phase ensures that conceptual
flaws and inconsistencies are understood and acts as a quality control activity. It facilitates comprehending the
semantic correspondence between the source and translated texts. The best translators for the back translation
process are those who are not affiliated with the research team and are not conversant with the research's subject
matter (Beaton et al. 2000; International Test Commission, 2018; World Health Organization, 2018).

Experts View on the Phenomenon Being Studied

This group consists of researchers, translators, and participants from the field who were involved in earlier
investigations. The scale owner may be asked to assist in elucidating any differences (if any) that are seen between
the original and target versions, or they may be asked to join the expert panel if they are fluent in the language.
The adaption of scales discusses the idea of equivalency in language and meaning. The technique of conceptual
equivalency is advised for adapting the scale to Turkish, as there may be difficulties in precisely translating some
terms and concepts from the original scale to match the linguistic and cultural characteristics of the target language.
For this reason, getting professional advice is also recommended. Conveying the same meaning with words and
sentences that are culturally specific is taken into consideration in conceptual equivalency. Some elements from
the original scale can be translated into the target language utilizing multiple items when it is thought essential. In
this instance, the most relevant item may be selected in the item selection stage of the scale's reliability and validity
assessment (Aksayan and Goziim 2002; Esin 2014; WHO 2018).

Initial Application of the Tool Being Adapted

At this point, the scale is usually delivered to a sample of 30 to 40 members of the target audience, and the
participants' thoughts and input are used to evaluate the items' acceptability and clarity. Researchers can determine
whether the scale is straightforward, intelligible, appropriate for the setting, and simple using this procedure.
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Furthermore, this step aids researchers in making sure that the translation is done using appropriate language and
expressions that are culturally neutral (Beaton et al. 2000; International Test Commission 2018; World Health
Organization 2018).

Assessment of the Psychometric Properties of the Tool Being Adapted

In the second phase of scale adaptation research, the psychometric characteristics of the scale modified for the
target language—that is, its validity and reliability—must be investigated. Every measurement instrument is
designed to measure a certain property precisely, under a given set of circumstances, and with respect to a
particular group of people. It is inappropriate to use a measuring tool that is unable to produce precise measures
or, if it does, is not acceptable for the purpose for which it was designed. As a result, it's important to take both
measuring tool validity and dependability into account. The literature provides some explanations on the
significance of sample size determination in reliability and validity investigations. First, the total number of items
can be used to establish the sample size in validity and reliability investigations. Working with a sample size that
is five to ten times the total number of items is often advised when using this strategy (Esin 2014). Conversely,
validity refers to how well a measurement instrument fulfills its intended use and specifies what and how
precisely/accurately it measures (Erkus 2003; Esin 2014). A scale's validity and reliability can be ascertained using
a variety of techniques. Table 2 lists these techniques. It is generally advised to utilize at least two methods for
each purpose when verifying the validity and reliability of a measurement tool (Erkus 2003).

Validity and Reliability Issues

In order to determine if the scale as a whole and its sub-dimensions measure the intended domain and whether
there are different concepts beyond the intended domain, scope/content validity analysis is carried out (G6zim
and Aksayan 2002). Although content validity is really a procedure that needs to be done when developing a new
scale, some literature reports that it may also be used when adapting an existing scale (G6zim and Aksayan 2002;
Esin 2014; Ljungberg et al. 2014). Nonetheless, content validity in this particular setting is not expressly addressed
in current international standards (De Lima Barroso et al. 2018; International Test Commission 2018; Thammaiah
et al. 2016; WHO 2018). Is content validity still required if there are no items being added or withdrawn from the
scale at this time? Five scale adaptation studies in nursing and five in other professions that were completed in the
last few years were reviewed in order to investigate this subject.

Conclusion

When a test was adapted from one language to another, measurement invariance must be tested following the
adaptation process. This is due to one important reason and it is that the true difference can only be seek between
equivalent groups. If the groups are not equivalent with one another that the differences are biased differences and
they do not show the truth in advance. The tests that are conducted to test the differences between variables are
also limited to the degree of invariance achieved at different levels. For instance, if the measurement model did
not display a metric invariance so group-wise mean comparisons cannot be conducted between groups since their
distributions are not equivalent. The same is valid through all invariance models. In addition, if there is no factorial
variance invariance achieved then no regression analysis should be conducted since there are non-invariant groups.
Although correct procedures have been followed through adaptation process, cultural bias may occur due to many
tacit knowledge that cannot be directly assessed. Measurement invariance in addition to confirmatory factor
analysis need to be thought. Otherwise, they are not considered as comparable measurement models.
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