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Abstract

Purpose The cross-cultural equivalence of patient-repor-

ted outcome (PRO) instruments is critical when they are

used in international settings. The Universalist model of

equivalence was proposed as a framework to investigate

cross-cultural equivalence. The purpose of this paper was

to illustrate how quantitative methods can be used

to investigate cross-cultural equivalence within this

framework.

Methods The six types of equivalence of the Universalist

model were reviewed from a statistical perspective and

statistical techniques allowing addressing the underlying

question were identified. These methods are described and

examples are provided of how they can be applied. An

integrated pragmatic approach to the exploration of cross-

cultural equivalence was developed based on these

methods.

Results The statistical techniques identified were factor

analysis to explore conceptual equivalence, differential

item functioning to explore semantic and item equivalence,

and comparison of measurement properties for the mea-

surement equivalence. The statistical techniques addressing

operational equivalence were found to be diverse and

highly specific to the operational aspect under investiga-

tion. Functional equivalence involves a comprehensive

appraisal of the potential impact of the results of the other

equivalences on the conclusions of the research. This

structured appraisal of functional equivalence offers a

framework for a comprehensive, but flexible, approach for

the efficient application of statistical analyses to explore

cross-cultural equivalence of PRO instruments.

Conclusion The different types of equivalence of the

Universalist model can be investigated using quantitative

methods. An integrated approach, which could be used in a

variety of settings, was developed to allow the whole

notion of cross-cultural equivalence to be comprehensively

and efficiently addressed.

Keywords Questionnaires � Cross-cultural equivalence �
Universalist model of equivalence � Confirmatory factor

analysis � Differential item functioning

Introduction

The globalization of clinical research has led to increasing

use of patient-reported outcome (PRO) instruments in

international settings. For this use to be appropriate, PRO

measures should be adapted to this international context. In

particular, their adequacy to a cross-cultural setting should

be demonstrated.

The notions and concepts involved in cross-cultural

equivalence in the PRO field [1–4] were largely inspired by

research in cross-cultural psychology [5]. Reviews high-

lighted a large number of different types of equivalence in

the literature [6] with authors occasionally defining the

same type of equivalence in different ways [7]. In order to

provide a framework for exploring issues related to cross-

cultural equivalence, a model based on the Universalist

approach developed in cross-cultural psychology [8] was

proposed [9]. It suggests that six types of cross-cultural

equivalence need to be addressed for an instrument to be
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claimed as cross-culturally valid, those being conceptual

equivalence, item equivalence, semantic equivalence,

operational equivalence, measurement equivalence, and

functional equivalence. This model has been largely cited

and used as a theoretical framework for cross-cultural PRO

research since it has been introduced.

From an operational perspective, methods to adapt PRO

instruments into different languages for use in different

cultural settings are now well defined and largely used [10–

13]. These linguistic validation methods consist of a series

of steps including forward translations, backward transla-

tion, and patient testing. The aim of this process is to

achieve equivalent versions of the instruments which will

allow for pooling and comparison of data across countries.

Nevertheless, these adaptations should only be the first step

towards achieving and testing cross-cultural equivalence.

Once data have been collected using different language

versions of an instrument, quantitative methods can also

provide information on the degree to which equivalence

has been achieved. Hence, quantitative methods to test

cross-cultural equivalence have been implemented in the

PRO field [14–23]. However, contrary to the linguistic

validation methods, which are now fairly standardized, the

quantitative approaches to cross-cultural equivalence are

diverse, generally focus on one specific aspect of cross-

cultural equivalence and use a heterogeneous set of sta-

tistical techniques. This apparent complexity reflects the

multifaceted notion of cross-cultural equivalence. The

quantitative assessment of cross-cultural equivalence of

PRO measures would therefore likely benefit from being

encompassed in a theoretical framework. Hence, the dif-

ferent aspects of cross-cultural equivalence, with the

hypotheses to be tested and the available statistical tools to

address them, would be clearly identified and researchers

intending to quantitatively assess cross-cultural equiva-

lence of a PRO measures would have a guide in this

endeavour.

The Universalist model offers a well-defined theoretical

framework of cross-cultural equivalence that could con-

stitute an appropriate basis for the organization of quanti-

tative approaches to cross-cultural equivalence. The

objective of this paper is to show how quantitative methods

can be used to explore the different types of equivalence in

the Universalist model and to propose a pragmatic

approach for its application as a guide for quantitative

assessment of cross-cultural equivalence of PRO measures.

To do this, we review each type of equivalence in the

Universalist model from a statistical perspective and dis-

cuss quantitative methods that could be applied to explore

that type of equivalence. We provide practical examples of

the approaches proposed and provide suggestions as to how

to proceed if results indicate that particular types of cross-

cultural equivalence may not have been achieved. It is

hoped that this will provide useful strategies for investi-

gators planning cross-cultural research and help avoid

some potential pitfalls.

Conceptual equivalence

According to the Universalist model, it cannot be assumed

that the concept(s) of interest exist, are equally relevant,

and share the same structure across different cultures.

Testing conceptual equivalence therefore means evaluating

whether a concept, such as well-being for example, exists

in all of the cultures of interest and whether it is con-

structed in the same way across those cultures. In devel-

oping the Universalist model for application in the PRO

field, the authors noted that qualitative research would be

of vital importance in answering these questions [9].

Nonetheless, statistical methods may also be useful in

assessing conceptual equivalence, particularly those

focusing on the scale structure of the measurement

instrument. Indeed, the scale structure (i.e. the number of

domains of the questionnaire and how the items of the

questionnaire are grouped to assess these domains) of an

instrument is designed to reflect the underlying concepts of

interest and the relationships among them. So, if this

structure appears to be similar in the different cultures then

it implies that the underlying conceptual patterns are shared

across the different populations. Factor analysis can pro-

vide insights into whether the underlying structure of a

questionnaire is maintained across different cultures and

thus can help elucidate whether there may be similarities in

the underlying concepts in the different cultures. Using

multi-sample confirmatory factor analysis (CFA) may be

especially useful in evaluating conceptual equivalence [24–

27]. This approach provides tools to test the extent to

which theoretical models fit the observed data. The theo-

retical models tested can be specified to examine the

similarity between cultures of the pattern linking items to

dimensions, of the loadings of items to dimensions, and of

the relationships between measured concepts. After the

model is specified, it is applied to the observed data and a

set of statistical indicators can be examined to make a

decision regarding the appropriateness of the model.

If a similar theoretical model does not provide an ade-

quate fit for data collected in the different cultures, the

analysis can be extended to an exploratory factor analysis

to identify differences in conceptual structure between

cultures. If the exploratory factor analysis shows important

differences in the factor structure of the instrument in the

different cultures, it would be inadvisable to assume that

the instrument is cross-culturally equivalent and pooling or

statistical comparison of results from different countries

might not be warranted. Then, qualitative research can be
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useful in understanding the reasons behind the lack of

equivalence and, together with the results of quantitative

analysis, may enable the identification of core domains

which are relevant across cultures for the concept under

study.

An example of this approach was the application of CFA

to data from the International Quality of life Outcome

Database (IQOD) which allowed us to test the applicability

of the original (US English) structure (Fig. 1) of the Psy-

chological General Well-Being Index (PGWBI) in the

French and Japanese versions [28]. In the case of the

French version, the model fit was acceptable (for example,

root mean square of approximation was equal to 0.05),

while the structure fit was poorer for the data from the

Japanese version of the questionnaire (root mean square of

approximation of 0.09), indicating that the original struc-

ture might not be appropriate for Japan [29]. Further ana-

lysis showed that the Japanese version was likely to include

different dimensions; a preliminary exploratory factor

analysis revealed a 4-factor structure, compared to the

original 6 dimensions, and noticeably different item

grouping. Thus, the structural model of well-being

employed in the PGWBI appeared to be appropriate in

France and the USA but not in Japan. Though these were

Fig. 1 Hypothesized factor structure of the Psychological General Well-Being Index (PGWBI) [28]. The PGWBI was designed for use in a US

population; the factor structure was confirmed in the French sample from the IQOD database, but not in the Japanese sample
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preliminary results, if confirmed they would suggest that, at

the very least, results obtained with the PGWBI in Japan

should not be pooled or compared with results obtained in

the USA or France, and possibly that a different approach

to measuring psychological well-being would be required

in Japan. Qualitative research and a review of the literature

on the concept of well-being in Asian culture [30] might be

useful to better understand the differences in results.

Item equivalence and semantic equivalence

According to the original Universalist model, item equiv-

alence was defined as the extent to which a given item is an

appropriate measure of the concept it is assumed to mea-

sure in the different cultures and semantic equivalence

involves the exploration of the item’s connotations for

speakers of different languages. Both are therefore related

to the responses of patients to individual items. Quantita-

tive methods allowing the detection of systematic differ-

ences in the way comparable respondents answer across

different versions correspond to a single concept com-

monly used in cross-cultural research: differential item

functioning (DIF). DIF refers to a difference in the

expected response of individuals who are comparable for

the construct being measured but who belong to different

groups (e.g. gender, age, or culture) [31].

This approach has been the object of extensive research,

and although DIF is often associated with modern test

theory [32–36], it can be investigated using a range of

quantitative methods [31, 37, 38] from analyses of con-

tingency tables (Cochrane–Mantel–Haenszel test, non-

parametric measures of association [14, 39] or log-linear

models [14, 29, 40]), to logistic regression [41–44].

Combinations of these approaches can also be used. For

example, modern test theory and logistic regression have

been used in combination [45, 46]. Comparisons of the

various methods available to detect DIF have been under-

taken [31, 40, 41, 47, 48], but no method has been shown to

be universally preferable to the others.

Once an item has been flagged as showing DIF, possible

sources of DIF should be investigated. It may be due to

reasons related to item equivalence (an item has a different

relationship with the concept of interest in one of the cul-

tures) or semantic equivalence (e.g. errors in translation or

unsuspected connotations of terms used in the question in

certain languages). A review of the item by experts (e.g.

linguists, sociologists) or bilingual individuals may help to

detect the source of DIF [49] and the cognitive debriefing

exercises which are usually carried out when cross-cul-

turally adapting a questionnaire could also provide infor-

mation as could reviews of the meaning of keywords in

dictionaries, thesauruses, and other relevant sources.

If the potential cause of the DIF is found, the item could

be modified to address it or, if this is impossible, the item

could be removed from the questionnaire. However, the

decision to delete an item from a questionnaire should not

be taken lightly. Items have usually been included in a

questionnaire for a good reason and eliminating an item

can affect content validity and possibly psychometric per-

formance. The explicit approval of the developer of the

original questionnaire should be sought and the conse-

quences on content validity, psychometric performance,

and conceptual equivalence considered. Deleting an item

also has technical implications. In particular, it will impact

the calculation of scores: the scoring algorithm of the

modified instrument will require careful adjustment. In this

context, the use of modern test theory models has sub-

stantial advantages because they allow comparable mea-

sures to be obtained from different sets of items.

As an example of how semantic and item equivalence

can be explored, a DIF detection procedure based upon

ordinal log-linear models was applied to the French and US

English versions of the PGWBI from the IQOD. This

analysis flagged item 22 of the PGWBI as an item with DIF

in the IQOD data [29]. The item explores stress and pres-

sure perceived by the respondent. So at a given level of

anxiety, French respondents gave much higher responses to

item 22 than American respondents. Whether this was due

to a difference in the way people interpreted the item

(semantic equivalence) or to a difference in the relationship

between the notion of stress and the general notion of

anxiety (French people expressing a higher level of stress

at a given level of anxiety than Americans regardless of the

formulation of the question) was unfortunately not inves-

tigated in the original research.

Another very rich example of how DIF could be used to

investigate semantic and item equivalence can be found in

a series of paper investigating the items of the EORTC

QLQ-C30 [19, 20, 50]. This research investigated DIF

between 13 language versions of the questionnaire using

logistic regression applied to a huge dataset (more than

28,000 observations). Importantly decisions on whether an

item was functioning differentially did not rely solely on

statistical significance but also on the magnitude of dif-

ferences and on qualitative insight from interviews with

bilingual individuals. Also the expected impact of the

differential responses between different versions of the

questionnaire on the final study results was considered in

the interpretation of the DIF results. In addition, the com-

parison was performed both between language versions of

the questionnaire and between cultures (i.e. grouping dif-

ferent language versions into homogeneous cultural

groups), hence allowing an interesting discussion about the

separation of semantic and item equivalence. Thus, this

body of research can be seen as an extensive investigation
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of the item and semantic equivalence of the EORTC QLQ-

C30 questionnaire.

Operational equivalence

Operational equivalence refers to whether the methods

used to actually collect the data are equally appropriate in

different cultures. In the original paper, it was defined as

referring to ‘the possibility of using a similar questionnaire

format, instructions, mode of administration, and mea-

surement methods’. These are therefore mainly related to

technological issues (e.g. use of electronic devices in dif-

ferent cultures) and normative issues (e.g. openness with

which topics are discussed or ways opinion are given).

The method used to document a specific aspect of

operational equivalence naturally needs to be adapted to

the aspect in question: assessing the impact of cultural

norms does not require the same methods as assessing

differences in the impact of mode of administration

between cultures. Because of the diversity of aspects

encompassed when assessing operational equivalence, the

methods required are therefore heterogeneous and cannot

be easily characterized. Moreover, for a single aspect of

operational equivalence, various approaches may be

possible.

For instance, with regard to response scales, which is

perhaps one of the most widely studied aspects of opera-

tional equivalence, various methods have been used. For

instance, the Thurstone scaling method was applied to

compare 13 translations of the response choice labels of the

SF-36 in the framework of the IQOLA project [16] while

other authors have focused on the response style of indi-

viduals from different cultures to various response scales

[51–53]. While the former approach tended to support the

comparability of the response scales of the SF-36 across

the different versions, the latter showed some relationships

between cultural orientations and response styles (e.g.

masculinity, one of the cultural orientation studied, is sta-

tistically significantly associated with extreme response

style or Uncertainty avoidance is associated with Acqui-

escence) [51]. The two approaches are related as they focus

on the interaction of respondent and response scale but they

used different perspectives and different quantitative tools.

Thus, the methods used to study the impact of instru-

ment format, mode of administration, and other operational

methods to collect a response will depend on the design

and aim of the study. Both qualitative and quantitative

methods could be used in such studies; the most important

criterion will be ensuring that the methods used are

appropriate to the goals and context of the study.

Measurement equivalence

The fifth type of equivalence in the Universalist model,

measurement equivalence, relates to whether the different

versions of the questionnaire have acceptable measurement

properties. Measurement equivalence should also refer to

the comparability of the measurement properties of the

instruments in the different language versions. The statis-

tical methods to address this type of equivalence are

probably the most straightforward as they pertain to the

assessment of commonly used psychometric properties, i.e.

reliability, validity, and ability to detect change over time.

Consequently, this type of equivalence has seen consider-

able attention [54].

However, comparisons have usually been limited to a

qualitative comparison of the obtained values (e.g. [55,

56]), whereas techniques exist that would enable a more

rigorous comparison of psychometric properties. When

evaluating the reliability of the instrument, Cronbach’s

alphas could be compared between different language

versions of the instruments using a statistical test [57, 58]

and intra-class correlation coefficients used for the

assessment of test–retest reliability can also be quantita-

tively compared across cultures using the linear mixed

model framework [59]. As for the analysis of validity of the

instrument, many analyses may actually be related to the

questions addressed in the conceptual equivalence part

since validity is related to the question of the relationship

of the measure to the concept being assessed. However, it

can be imagined that culture be a confounding factor tested

in the analyses investigating the relationships between the

scores and other parameters. For instance, when instrument

scores are compared across different severity groups to

determine clinical validity, culture could be included as a

covariate in the comparison to determine whether the

relations between the score and the severity are similar

across cultures (then an ANCOVA would be performed

instead of an ANOVA). Finally, the effect sizes charac-

terizing the ability to detect change can be easily compared

across versions since they are designed to assess the

magnitude of change on a common metric. More rigorous

comparisons of measurement properties should be

encouraged because such an approach provides evidence

on the comparability of properties, and therefore on mea-

surement equivalence. If, for a particular questionnaire, it

can be shown, on a sample large enough to provide suffi-

cient statistical power, that there are no statistically sig-

nificant differences between measurement properties for all

different language versions, then those versions can be

definitely considered as having achieved measurement

equivalence.
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Functional equivalence

The final level of the model is functional equivalence. The

aim of this level is to answer the overall question: Does the

instrument do what it is supposed to do equally well in the

different cultures? The idea of including functional

equivalence in the original model was to draw together the

different types of equivalence described above and make

an overall assessment of the results obtained in the various

analyses performed to assess the five other types of

equivalence, and to evaluate the potential impact of find-

ings on the final conclusions of the study.

The level of functional equivalence required will depend

on the context and objectives of the use of the instrument.

For instance, the expected level of functional equivalence

of an instrument used in an observational study specifically

designed to compare a concept between cultural groups

will be more demanding than that of an instrument used in

a clinical trial where what is at stake is the change over

time regardless of the cultural group, generally after ran-

domization: in the former, the measurement should be

directly comparable and the cultural group plays a key role

in the analysis while in the latter, culture is more of a

covariate and only the change in the measurement needs to

be compared.

The notion of functional equivalence therefore allows

the development of a pragmatic process that encompasses

all types of equivalence. This process to investigate func-

tional equivalence is schematically represented in Fig. 2.

The first functional equivalence decision appears at the

conceptual equivalence level and is straightforward: if the

dimensional structure of the instrument is different

between cultures, functional equivalence cannot possibly

be supported. This rule is particularly meaningful since in

such a case the construct being measured itself is different

from one culture to another. This reminds us of the crucial

importance of conceptual equivalence in the Universalist

model. Then, a critical appraisal of the potential impact of

the results should be made at all stages of the Universalist

model. First, the implications of the results obtained by

DIF detection techniques should be studied. Indeed, some

authors have shown that the impact of DIF may be weak

when aggregated at the test level [60, 61]. It can therefore

be relevant to study to what extent the items flagged as

functioning differentially could eventually bias the results

of the full instrument. If there is no (or minor) risk of

changing the study conclusions, then corrective actions for

DIF would not be mandatory. Then, if the measurement

methods used in the study are shown to affected by culture

at the operational equivalence step, again the impact on the

study conclusions should be evaluated and if this difference

jeopardizes the results of the study, alternative methods

that would be less sensitive to culture and that would allow

reliable conclusions to be made should be searched for.

Finally, the impact of potential differences in measurement

properties on the study conclusions should be appraised.

For instance, a difference in the ability to detect change

would be of limited importance for cross-sectional com-

parisons but would be critical if the purpose of the study is

to compare the change over time in the concept between

the cultures.

In conclusion, the assessment of functional equivalence

consists of a comprehensive appraisal of the statistical

results obtained in the analysis of the other types of

equivalence, bearing in mind the context of use of the

instrument.

Discussion

The aim of this paper was to explore in a structured fashion

the different statistical techniques that can be used to

investigate equivalence between different language ver-

sions of the same questionnaire. We also aimed to highlight

some of the situations that can arise in this context and

provide recommendations to deal with them. By doing so,

we aim to offer researchers who want to quantitatively

assess the cross-cultural equivalence of PRO measures with

useful operational guidance underpinned by solid theory.

Using a comprehensive theoretical model of equivalence

as framework for the application of statistical methods has

a number of advantages. Firstly, it reminds researchers

using adapted versions of PRO instruments across cultures

of the different types of equivalence that need to be

checked. Indeed, a considerable amount of cross-cultural

research in the PRO field has focused exclusively on a

simple comparison of measurement properties. A literature

review ascertained that measurement equivalence (i.e. the

comparison of psychometric properties) was the only level

of the model that had been extensively explored and

deplored the lack of assessment of other types of equiva-

lence of the Universalist model [54]. Secondly, having a

well-defined theoretical framework helps to organize effi-

ciently the various statistical methods available to address

cross-cultural issues and emphasizes how these methods

complement one another by addressing different aspects of

cross-cultural equivalence. Thirdly, it shows the potential

for a mixed methods approach to cross-cultural issues,

combining quantitative and qualitative methods to address

questions related to cross-cultural equivalence. For exam-

ple, even if conceptual equivalence is primarily a qualita-

tive issue addressed with qualitative methods, quantitative

methods could help to formally validate the results of the

qualitative work. In contrast, DIF detection is a quantitative

method, but a qualitative interpretation of the results can

help determine the reasons for the DIF and possibly how to
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address it. Finally, using a theoretical framework in this

way can give a broad picture of how suitable a given

instrument is for research in different cultural settings

given specific study objectives.

One of the strengths of our approach is its flexibility.

Indeed, it offers by design the possibility to be adjusted to

the context and objective of the research. In particular, the

phase of assessment of functional equivalence leaves some

room for adaptation of the decisions made according to the

context. These decisions should be based on a critical

appraisal of the statistical results and their potential impact

on the use of the instrument, in the specific context of

interest. First, the objective of the study in which the

questionnaire is used is certainly a critical element to

consider when assessing the results of any step of the

model. The aim of cross-cultural equivalence assessment

can be to decide whether data from different language

versions could be pooled to support treatment effect anal-

yses in a multinational clinical trial; whether it is valid to

compare the measured concepts between two different

Fig. 2 Integrated approach for the application of statistical methods within the Universalist model of equivalence
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cultures using the questionnaire in an international obser-

vational study; or to compare newly developed country

norms to those of other countries that have been previously

produced. The level of equivalence needed for these dif-

ferent purposes might well differ. Similarly, the study

design can be a critical criterion in the appraisal. For

instance, in a multinational clinical trial, if DIF is observed

for several items of an instrument but only for a language

version corresponding to a very small country sample, the

impact is likely to be very limited, and this should be taken

into account in the choice of the method used and inter-

pretation of study results. It should be noted that, despite its

versatility, the approach we propose still relies on statisti-

cal analyses, which require sufficiently large samples to be

applied reliably. The techniques used could certainly be

adapted to small samples but any decision made on sam-

ples with less than 30–50 patients per cultural group will

have to be treated with caution, and larger samples are

likely needed to support definitive decisions on the cross-

cultural equivalence of PRO measures.

While the outcome of the impact appraisal can simply

result from a careful interpretation of the results by experts

(statisticians, linguists, sociologists), it would be more

reliable if it can be supported by research demonstrating

the potential impact of the results. For example, simulation

or sensitivity analyses that would inform the potential

impact of the differences observed between cultures on the

final conclusion of the study would be very helpful to

support the findings on cross-cultural equivalence. Finally,

it is also important to be aware that the conclusions of this

approach regarding functional equivalence of the instru-

ment are valid in the specific context of use under scrutiny

and cannot automatically be translated to other contexts of

use (i.e. an HRQoL instrument judged appropriate for use

in a multinational clinical trial may not be appropriate for

an observational study designed to compare HRQoL across

different countries).

The rapid growth in the use of PRO instruments in

multicultural settings makes it important to try to justify

their relevance and appropriateness for use in different

cultural contexts. We hope that the present article will help

to encourage the application of quantitative methods in the

assessment of cross-cultural equivalence of PRO instru-

ments by providing researchers in this context with a

structured framework for their research.

Conclusion

Considering the Universalist model from a statistical per-

spective offers a clarification of the potential role of

quantitative methods to explore cross-cultural equivalence.

A variety of statistical methods are available to assist the

assessment of cross-cultural equivalence. The use of a clear

theoretical framework involving complementary informa-

tion derived from both qualitative work and empirical

quantitative methods will allow interpretation and identi-

fication of potential problems to be addressed and thereby

enable better evaluation of the overall cross-cultural

equivalence of different versions of a given instrument.
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