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Chapter

Psychometric Analyses in the
Transcultural Adaptation of
Psychological Scales

Guillaume Gronier

Abstract

Measurement scales play an important role in the methodology of psychological
research and practice. They make it possible to obtain scores linked to numerous
individual characteristics (feeling of hope, perceived stress, experience, felt well-being,
etc.) and thus to draw up a profile of respondents or to compare several situations
with each other according to their psychological impact. Most of the research on the
construction of these scales is Anglo-Saxon and, therefore, proposes scales in English.
However, many non-English speaking countries feel the need to use these scales for
their studies, which requires them to be translated into a target language. This proposed
chapter describes the steps and psychometric analyses required to adapt an English scale
in another language. Based in particular on the recommendations of the International
Test Commission and the APA Standards of Practice for Testing, this chapter aims to
guide researchers who wish to undertake the translation of a psychological scale. It also
includes an analysis of the literature on the translation practices of some one hundred
scales, translated and published recently in various scientific journals.

Keywords: translation, questionnaire, scale, psychometric analyses

1. Introduction

Psychology has long mobilised the subjective assessment of individual character-
istics using questionnaires or measurement scales. These self-administered scales,

i.e., which subjects are invited to respond alone, capture the perception that subjects
have of themselves. Without being exhaustive, this may, for example, concern their
perceived well-being or ill-being, their perception of certain personality traits, their
satisfaction with a product, or their way of apprehending a particular situation. These
scales generally have a diagnostic purpose: they provide a score that, once interpreted,
gives an evaluation of the subject’s perception. While some scales, particularly in the
health field, propose thresholds for interpreting their scores, most of them leave the
researcher or practitioner free to interpret the meaning of the scores obtained.

The design of these scales is based on a very specific scientific approach, which
generally follows the Churchill paradigm [1]. The methodological paradigm for scale
construction defined by Churchill aims not only to reduce the common biases in
scale completion (halo bias, social desirability bias, contamination bias and response
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polarisation bias) but also to verify the internal validity of the scale. The approach is
thus based on a succession of stages of item definition, data collection and psycho-
metric analysis, which, as part of an iterative process, ultimately makes it possible to
validate the scale that has been designed. Some psychology scales have been validated
and used for many years. For example, the Depression Anxiety Stress Scales (DASS)
[2] have been used for over 25 years to measure perceived stress and anxiety in clinical
psychology.

Therefore, when research requiring the use of certain psychological scales is con-
ducted in languages other than that of the original scale, it seems simpler and more
reliable to translate these scales than to create new ones from scratch in the target
language. Adapting a scale into new languages thus has the following advantages:

* to be able to compare the scores of the same scale submitted to different
audiences of different languages;

¢ to draw on scales that have often been used in different research studies, thus
allowing the advantages and limitations of the scale to be better delineated;

* to continue psychometric analyses of the original scale in new studies; and
* promote research on scale construction.

Like the creation of a new scale, the cross-cultural adaptation of a scale is based
on a clearly defined process, of which there are two main steps: the translation of the
scale into the target language and the analysis of the psychometric properties of the
translation. From a psychometric point of view, the aim is to ensure that the trans-
lated version corresponds to the properties of the original version, with particular
attention paid to factor correspondence.

This chapter aims to summarise the psychometric analyses necessary for the
validation of cross-cultural adaptations of psychology scales. It is thus intended as an
aid to researchers and practitioners who wish to adopt a scale into a new language.

2. General methodology for cross-cultural adaptation of psychology scales

Several methodological frameworks describe the steps necessary for cross-cultural
adaptation and validation of scales [1-4]. These frameworks are regularly discussed
and adapted to provide a more reliable methodology. One of the most common
frameworks is the one proposed by the International Test Commission, called the
ITC Guidelines for Translating and Adapting Tests (Second Edition) [5]. This guide
provides a set of 18 recommendations for conducting and evaluating the adaptation
(sometimes also referred to as ‘localisation’) or simultaneous development of psycho-
logical and educational tests for use with different populations.

The 18 recommendations are divided into six main themes: preconditioning, test
development, confirmation, empirical analyses, administration, score scales and
interpretation and documentation. Figure 1 summarises the framework described
by the ITC.

Among these steps, some require psychometric treatments for the validation of
the scales during cross-cultural adaptation, in particular, step 5 ‘Score scales and
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I. Pre-condition

1. Obtain the permission from the holder
2. Evaluate the relevance of the test for the target population
3. Minimize the influence of the cultural and linguistic influences

v

Il. Test development

4. Ensure that the adaptation process takes into account the linguistic, psychological
and cultural differences of the target populations.

5. Use appropriate translation designs and procedures to maximize the suitability of the
test adaptation.

6. Provide evidence that the test instructions and item content have similar meaning for
all intended populations.

7. Provide evidence that the item formats, rating scales, and other procedures are
suitable for all intended populations.

8. Collect pilot data on the adapted test.

Y

lll. Confirmation

9. Select sample with characteristics that are relevant for the intended use of the test.

10. Provide relevant statistical evidence about the construct equivalence, method
equivalence, and item equivalence.

11. Provide evidence supporting the norms, reliability and validity of the adapted
version of the test.

12. Use an appropriate equating design and data analysis procedures.

Y

IV. Administration

13. Prepare administration materials and instructions.
14. Specify testing conditions that should be followed closely.

v

V. Score scales and interpretation

15. Interpret any group score differences.

16. Only compare scores across populations when the level of invariance has been
established.

Y

VI. Documentation

17. Provide technical documentation of any changes.
18. Provide documentation for test users.

Figure 1.
Synthesis of the International Test Commission guidelines for translating and adapting tests.
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interpretation’ Indeed, psychometric analyses are involved in the process of adapting
items from the original language to a new language in order to ensure the quality of
the translation. Failure to transfer the meaning of the original items can lead to a
variation called scale error in the scale scores. As a result of this transfer of meaning,
it is possible to create a structure that is different from the original scale structure.
Therefore, in an adaptation study, it is necessary to ensure that the translation of the
item is done correctly before starting the analysis. A consistent translation process is
very important for the elimination of structural differences [6].

The most important and commonly applied psychometric analyses are presented
in the following section.

3. Psychometric analyses of scale adaptations
3.1 Measuring internal consistency

According to the models of classical test theory [7], the total score (X) on a test is
never fully representative of the true score (V), i.e., the exact quantity that is being
measured. There is always an error (¢), so the total score is composed of the true score
and the error score. Thus, we note [8]:

Score,,,,, =Score,, . +Score; (1)

The error is assumed to be random with an average of zero, so that it sometimes
acts to increase the total score and sometimes to decrease it, but does not bias it in any
systematic way. Since any scale has some degree of measurement error, it is never pos-
sible to determine the true score, which would be the average of all the scores a person
would get if they took the test an infinite number of times [9].

The error is itself divided into two components: the random error, which is nor-
mally distributed and has a mean of 0, and the systematic error, which is asymmetri-
cally distributed and has a mean that differs from 0. While the random error does not
introduce systematic bias into the measurement, the systematic error, when it differs
from 0, will cause the observed score to systematically overestimate or underestimate
the true score. Thus, the true score (V) will be composed of the construct of interest
(CI) and the systematic error (SE), plus the random error (RE):

ScoreTotal = ScoreCOnstruct of Interest + ScoreSystema’ticError + ScoreRandomError (2)

Fidelity estimators are used to assess how close the observed score is to the true score.

3.1.1 Cronbach’s alpha

One of the most widely used fidelity indices in the humanities and social sciences
is most likely Cronbach’s alpha [10]. According to Cronbach, internal consistency
refers to the homogeneity of the items, i.e. how similar the test items are or, in
other words, how well they measure the same dimension of a construct, i.e., its
unidimensionality.
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Cho and Kim [11] state that the articles by Cortina [12] and Schmitt [13] have
done much to inform researchers on the use of alpha, highlighting its advantages and
limitations. Other research is more radical and recommends the use of other measures
of internal consistency [14, 15]. Indeed, several authors [11-13] have demonstrated
that a high alpha value does not necessarily translate into homogeneity or unidimen-
sionality of the items. Rather, alpha indicates how closely the items in a scale are
related or correlated to each other.

Yet most studies of cross-cultural adaptation of scales in psychology still rely on
the calculation of Cronbach’ alpha as a measure of internal consistency or homogene-
ity; see for example [11-13]. This persistence of alpha in psychometric studies can be
explained by the ubiquity of this measure since the 1950s, which allows comparisons
to be made between scales. It is indeed common to rely on the alpha of the original
scale to ensure the validity of a translation into a target language, by comparing
the alpha of the two scales. Moreover, across research, alpha is used as a traditional
benchmark for measuring internal consistency, although as we have pointed out
this interpretation is biased. Sijtsma [15] finally points out that in practice it is often
understood that SPSS statistical software does not offer any calculations other than
homogeneity, which is of course wrong. Cho and Kim [11] conclude that alpha has
become as popular as some marketing products, which are less effective than others
but have a better reputation than others. They, therefore, advise authors, but also
editors of scientific journals, to incorporate other indicators of internal consistency,
in addition to or instead of alpha.

3.1.2 McDonald’s omega

As an alternative to Cronbach’s alpha, McDonald’s omega [16] is the second
indicator of internal consistency that is most often found in cross-cultural adapta-
tion of scales in psychology. It is a fidelity coefficient that takes into account the
strength of the association between items and a construct on the one hand, and
the link between the items and the measurement error on the other. Thus, according
to McDonald, the omega provides a more accurate estimate of the true reliability
of the scale.

Several studies justify the use of McDonald’s omega as an alternative reliability
index to the alpha [14, 17, 18]. Also, some cross-cultural adaptation studies calculate
the omega in addition to the alpha [19-21]. However, these studies are far from being
the most representative, and none of them completely replace alpha with omega.

3.2 Factor analysis
3.2.1 Exploratory factor analysis

The main purpose of exploratory factor analysis (EFA) is to identify the underly-
ing latent variables or factors of a measure by exploring the relationship among
observed variables [22]. Roberson et al. [22] also report that, as an exploratory
technique, EFA should not be used as a rigorous verification of the theoretical model;
that is, in the case of cross-cultural scale adaptation, as a means of verifying the
factorial adequacy of the translated scale with respect to the original scale. Finally, the
authors summarise a set of good practices for conducting EFA, in terms of the statisti-
cal distribution, sample size, extraction and rotation to be applied and the matrices to
be included in the publications. Comrey [23] points out in this respect that too little
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information on the application of EFA is given by researchers, which makes it difficult
to compare or replicate studies.

In general, EFA is used to extract latent factors from the newly translated scale.
The results of this analysis are compared to the structure of the original scale to verify
that the same factors are present, with a similar organisation of items within each
factor. Many studies of cross-cultural scale adaptation in psychology use this process;
see for example [19-21, 24].

3.2.2 Principal component analysis

Principal component analysis (PCA) is one of the most popular multivariate sta-
tistical technique in psychometric analysis in psychology. It is also likely to be the old-
est multivariate technique, formalised in its current state by Hotelling [25]. According
to Abdi and Williams [26], PCA analyses a data table representing observations
described by several dependent variables, which are, in general, inter-correlated. Its
goal is to extract the important information from the data table and to express this
information as a set of new orthogonal variables called principal components. PCA
also represents the pattern of similarity of the observations and the variables by
displaying them as points on maps. Jolliffe [27] adds that PCA is often used to reduce
the dimensionality of a data set, replacing the p variables which have been measured
by a much smaller set of 72 components. In the case of measurement scales in psychol-
ogy, p represents the items and m the factors, or dimensions, of that scale.

In cross-cultural adaptations of psychological scales, the PCA is applied instead
of the EFA. The orthogonal Varimax rotation is the most common one [24], although
other rotation methods are also used, but are generally not well documented [28].

Two criteria are frequently used to determine the number of factors to be
extracted from the PCA. The first criterion is the widely used eigenvalue. The higher
the initial eigenvalue, the more the factor explains a significant portion of the total
variance. By convention, any factor with an initial eigenvalue greater than 1 is con-
sidered significant. The second criterion is Cattell’s kink criterion, and it is a more
stringent criterion for determining the number of factors. Here a graph displays all
the points that represent the eigenvalues of the components. They are connected by
aline. Only those factors that lie before the abrupt change in slope are retained. The
points following this change, called the bend break, appear to form a straight hori-
zontal line. A few publications offer eigenvalue graphs [29], but this is not common
practice (Figure 2).

3.2.3 Confirmatory factor analysis

Confirmatory factor analysis (CFA) is a type of structural equation modelling
that assesses the internal validity of an instrument or the relationships between
several manifest and latent variables [30]. CFA is used to test the fit between an a
priori defined theoretical model and empirically collected data. This means that the
researcher must be able to specify how many factors are needed and which variables
would load heavily or have near-zero loadings on each factor. Thus, on the basis of
various fit indices, it is determined whether the postulated model fits the data well.
When the model does not show a good enough fit, the indices exceed a threshold
value, thus suggesting the rejection of the model tested.

The CFA technique is particularly well suited to cross-cultural studies. Watkins
[31] states that CFA can be used to compare the equivalence of factor structures across
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Figure 2.
Hllustration of a scree plot [29].

cultures. This can be done either by collecting similar data in each culture or by col-
lecting data in one culture and testing it against the factorial model established in the
other culture. DiStefano and Hess [32] note the ubiquity of CFA in construct valida-
tion studies in psychology. Indeed, it is observed that most cross-cultural adaptations
are validated or invalidated, using CFA; see for example [33-35].

The validation of the adapted scale, in comparison with the theoretical model
of the original scale, necessarily relies on the consideration of fit indices, described
in the next section.

3.2.4 Fit indices

The validation of the structural model calculated in the CFA is based on a set of fit
indices whose thresholds indicate whether the model tested is valid or not. In other
words, in the cross-cultural adaptation of psychological scales, the researcher applies
the structural model of the original scale to his or her translation using a CFA in the
first instance (the items are grouped into the corresponding dimensions), and then
observes whether this model can be retained or should be rejected. If it is rejected,
one or more other models are then applied until a satisfactory model is found, thus
meeting the fit indices. This approach is applied, for example, to the French transla-
tion and validation of the Karitane Parenting Confidence Scale [20].

Several fit indices are usually calculated, of which we present here the most used
among a larger set of fit indices [36], indicating the thresholds for model acceptance:

* Normed y°. A value below 2 suggests good model fit and below 3 acceptable
model fit [37].

* Goodness of Fit Index (GFI) [38]. The value should be higher than 0.90 [39].
* Comparative fit index (CFI). The value should be higher than 0.80 [39]. CFI

indicates a good model fit for values in the range between 0.95 and 1.00, whereas
values in the range of 0.90 to 0.95 signify acceptable fit [37].



Psychometrics - New Insights

* Tucker-Lewis index (TLI). TLI higher than 0.95 is a commonly used cut-off
criterion for the goodness of fit [40].

* Root mean square error of approximation (RMSEA). The value should be
lower than 0.10 [39]. The values less than 0.05 indicate a good model fit and
less than 0.08 an acceptable model fit [37].

* Standardised root means square residual (RMSR). Hu and Bentler [40] suggested
the value should be lower than 0.08, while Sivo, Fan, Witta and Willse [41]
suggested a cut-off value of 0.05.

e Akaike information criterion (AIC). The lower the value is, the better the fit [39].

* Normed Fit Index (NNFI). A correct model should have a value higher
than 0.95 [41].

* Standardised root means square residual (SRMR). The values are expected to
stay below 0.10 [37].

3.3 Convergent validity

Calculating convergent validity is an important step in measuring the validity of
a scale adapted into another language. This is to ensure that the instrument really
measures the construct(s) it is intended to measure and that it provides an adequate
measure of the theoretical model on which it is based. A scale with good construct
validity should therefore normally have high correlations with other scales measuring
the same or similar constructs. Convergent correlations are therefore measured using,
most often, Pearson’s correlation coefficient.

In the context of cross-cultural adaptation of a scale, the translated scale is
compared to one or more scales in the same language, which measure a similar psy-
chological concept. For example, Yang, Zang, Ma et Bai [19] compared the Surgical
Fear Questionnaire (SFQ ) with the Hospital Anxiety and Depression Scale (HADS).
The significance levels (p-value), associated with the correlation coefficients, indicate
whether the links between the scales are satisfactory or not.

3.4 Time constancy

The time constancy is measured using the so-called test-retest technique. This
technique consists of administering the same scale to the same subjects at two-time
intervals. Generally, following the first measurement, the second measurement is
carried out after 2 to 4 weeks. The scores at these two-time points are compared using
a Pearson correlation coefficient, the Intraclass Correlation Coefficient (ICC) or the
Kendall coefficient of concordance [42]. This technique ensures that the scale is stable
over time and therefore reliable. A correlation with 0.30 < r < 0.50 is considered as
low, moderate with 0.50 < r < 0.70 and strong with r > 0.70 [39].

In a cross-cultural adaptation of the Implicit Theory of Emotion Scale, Congard
et al. [43] interviewed 35 subjects, 21 to 27 days apart. The Pearson correlation coef-
ficient of 0.69 (p < 0.001) showed very good reliability of the scale over time.

It should be noted, however, that this technique is not relevant for certain scales in
psychology, such as those measuring the perception of a product. Indeed, depending
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on the use of the product, the same individual may have very different perceptions
of the same product from one week to the next. This is particularly the case for scales
measuring usability or user experience [29, 44, 45].

3.5 Socio-demographic analyses

The sensitivity of a cross-cultural adjustment is measured by comparisons
between different modalities of the same variable. The difference in scores according
to gender is often the first element of comparison. Depending on the variables and the
number of modalities of the variables, researchers conventionally apply Student’s t or
ANOVA when there are more than two modalities.

In the adaptation of the Feelings at School (FAS) scale, Sanchez et al. [46] compared
the scores between two different primary school levels (6- and 11-year-olds). The cal-
culation of an ANOVA revealed the presence of a significant effect on the school level.

4. Conclusion

The aim of this chapter was to propose a methodological framework for psycho-
metric analyses in the cross-cultural adaptation of psychological scales. Although the

. Measuring internal consistency
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'
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'
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Figure 3.
Methodological framework for psychometric analysis in the transcultural adaptation of psychological scales.
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choice of statistical validation tools may change from one study to another, depending
on the requirements of the journal for publication or the psychometric skills of the
researcher, it is possible to identify a guideline in a succession of steps that can serve
as a guide to the cross-cultural adaptation of scales. This methodological line, which
takes up the analyses described in this chapter, is described in Figure 3. It is imperfect
and not exhaustive, but it will be a support that will be suitable for most of the valida-
tion of scale translations.
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