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Chapter 1 

GENERAL INTRODUCTION 

Over the last decades, phenomena such as globalization and a more extensive integration 

of the policies of some nations have ignited a growing interest in comparisons among 

countries to understand their performance in different policy areas. The reach of official 

statistics has been increasingly widened and, in many cases, it is currently possible to 

obtain standardized and reliable information beyond demographics or basic economic 

indicators. Official statistics offer a good picture of the situation in areas such as 

productive investment or employment, but the same is not true for other equally relevant 

policy objectives, such as education outcomes, social integration, or attitudes towards 

migrants. Yet, the relevance of the topics has opened the way to joint efforts resulting in 

large-scale studies across countries and cultures. 
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The data collected in these studies are often used for building country level indicators 

(e.g. country averages), which serve for international comparisons. In the field of 

education, the focus is frequently on measuring student achievement in basic subjects 

(e.g. mathematics, reading); still, international large-scale assessments (ILSA) also 

enable researchers, educators, and policy makers to compare educational systems 

regarding several other aspects such as students’ values, attitudes, behavioral intentions, 

and beliefs. Such findings are frequently included in international reports in the form of 

league tables presenting country averages on different measures. These data, the 

rankings, and the further developed secondary analyses often become the tools used for 

important country comparisons and subsequent decisions.   

For these comparisons to be done in a valid way, it is very important that the concepts are 

measured in a sufficiently equivalent way in all countries involved in the survey. Yet, 

statistical information on construct comparability that will justify valid comparisons of 

country factor means is not readily available in all cases. 

In LSAs, considerable efforts are spent to ensure measurement equivalence of 

international test instruments (e.g. measuring student achievement), but not the same 

attention is devoted to the issue of equivalence of questionnaire data measuring values 

and attitudes. Hence, the cross-cultural generalizability of attitudinal measures and the 

possibility of country comparisons cannot always be reached; statistical tests of 

measurement invariance (MI) should be carried out to ensure meaningful country 

comparisons and related conclusions.  

This dissertation aims to address the issue of MI of attitudinal measures and the statistical 

tests to be carried out to verify equivalence in ILSAs. A case is made for valid country 

comparisons of measures collected in cross-national surveys. Making use of the 

International Civic and Citizenship Education Study – ICCS conducted by the 
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International Association for the Evaluation of Educational Achievement – IEA in 2009, 

we illustrate the issue with a practical example. 

The reminder of this introduction is structured as followed. The first section briefly 

presents the main issues of the study and introduces the research questions on which this 

dissertation is based. In the second section, we describe the data used in the research. In 

the last sections an overview is provided and the chapters of this dissertation are 

presented. 
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1.1 The current research  

The current study intends to contribute to the issue of MI of attitudinal measures in 

ILSA’s. 

Awareness of the measurement invariance issue has progressively increased as proven by 

studies concerning equivalence, recommended practices, and applications of tests 

(Vandenberg & Lance, 2000; Schmitt & Kuljanin, 2008; Steenkamp & Baumgartner, 

1998; Byrne & Stewart., 2006). Nevertheless, different aspects of measurement 

equivalence are still rarely evaluated and data are used without the due concerns and 

cautions in country rakings, leagues tables, and secondary analysis. 

The dissertation takes as an example the data collected in the International Civic and 

Citizenship Education Study – ICCS conducted by the International Association for the 

Evaluation of Educational Achievement – IEA in 2009 and its further latent variables 

analyses and reporting. 

Cross-country validity of the defined constructs has been a priority for the ICCS team 

since the trial stage (Schulz et al., 2011), but the actual invariance of all the measures 

involved could not been tested. ‘The implication is that most scales in ICCS are still to be 

validated in order to compare constructs with some confidence across countries’ 

(Weziak-Bialowolska & Isac, 2014). 

This work investigates the non-cognitive outcomes concerning students’ attitudes 

towards immigration, collected through the ICCS 2009 questionnaire (ICCS 2009 

International Report; Schulz et al., 2008). Apart from the data structure, the subject has 

attracted our attention because of the higher and higher mobility at European level and 

the more recent migration phenomena.  
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The analysis has been conducted at European level with regard to two formats of the 

instrument: the six-items battery of the original ICCS 2009 study and the five items 

battery used by the ICCS 2009 team to construct the students’ attitudes toward equal 

rights for immigrants scale as reported in the ICCS 2009 International Report and the 

ICCS 2009 European Report (ICCS 2009 European Report, 2011, p. 92). 

Moreover, in assessing the measurement invariance of these measures we took further 

cues from the mentioned league tables. More specifically, we take note that different 

scales are distinguished for native and immigrant background students, and we have 

operationalized the topic addressing four main research questions as follows: 

a. Can country average levels of student attitudes toward equal rights for 

immigrants be compared with confidence among all European countries 

and/or relevant sub-groups of countries? 

b. Can such comparisons be carried out also for sub-groups of students such as 

the non-immigrant/native students in these countries? 

c. Can country average levels of student attitudes toward equal rights for 

immigrants also be compared when we consider only the group of students 

with an immigrant background in these countries? 

d. Is it possible to identify reference country/variables sub-groups for which 

measurement invariance holds at higher levels? 

  



Testing cross-national construct equivalence in international surveys 

________________________________________________________________________ 

18 
 

1.2 Data 

For the purpose of this dissertation, we use the information collected in the International 

Civic and Citizenship Education Study – ICCS conducted by the International 

Association for the Evaluation of Educational Achievement – IEA in 2009. 

The ICCS provides data about civic knowledge, citizenship competences, values, and 

attitudes of Grade 8 students (14-year-olds) in 38 countries in Europe, Asia and Latin 

American. The ICCS rules concerning target population implied that if the average age of 

students in Grade 8 was below 13.5 years in a country, as in the case students started 

formal schooling at age five, the target grade became Grade 9 (ICCS 2009 International 

Report, 2011).  

The survey provides data on the measurement of both cognitive and non-cognitive 

student outcomes, as well as data concerning the background of students and the context 

(i.e. school and family) in which the student civic competences are developed. 

We approached the research topic taking as example the measure of students’ attitudes 

toward equal rights for immigrants collected at European level (European Union 

Countries participating in European Module of the survey and Switzerland).The choice of 

this particular grouping of countries is motivated by the practical example considered as a 

starting point for this empirical exercise (data reported for the ICCS 2009 European 

module) as well as by presumed cultural similarity of the European countries as opposed 

to the entire international sample of countries surveyed in ICCS 2009 (including Latin 

American and Asian countries) which may, in principle, increase the possibility of 

accurate country comparisons.  
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1.3 Overview of the dissertation 

The current dissertation is composed of four main parts and a final overview relating to 

research conclusions, limitations of the work, and suggestions for future studies in the 

field. 

Chapter 2 introduces the main issue of the comparative use of data collected in large-

scale surveys across countries and cultures, in particular with regard to questionnaire 

data. A brief history of the international large-scale assessment – ILSA is drawn and the 

growing interest for this kind of studies both for research and policy-making objectives is 

illustrated. In order to establish whether country scores on a scale are comparable, we 

apply to the notion of measurement invariance (MI). As documented in Chapter 2, 

measurement invariance implies that scale scores from different countries measure the 

same construct with the same measurement unit and reference point. 

In Chapter 3, we present a comprehensive literature review concerning measurement 

invariance and measurement invariance testing in a multi-group confirmatory factor 

analysis - MGCFA framework. As detailed in the chapter, in the factor analysis 

framework three levels of measurement invariance can be distinguished and will be 

tested: a) configural invariance - common factors are associated with the same items 

across compared groups; b) metric invariance - the factor loadings across groups are 

invariant, that is the common factors have the same meaning across groups and the same 

measurement unit; c) scalar invariance - factor intercepts are identical across groups. This 

later level of equivalence enables meaningful comparisons of the group means, as the 

factors have both the same measurement unit and the same reference point. Only meeting 

the criteria of scalar invariance will justify country comparisons. In the event, the criteria 

is not met, alternative strategies (e.g. partial measurement invariance) could be 

investigated and tested. 
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Chapter 4 provides an overview of the International Civic and Citizenship Education 

Study – ICCS conducted by the International Association for the Evaluation of 

Educational Achievement – IEA in 2009, which is the source of the data used for our 

research. Data on Grade 8 (approximately 14 years of age) students’ citizenship 

competences from 38 countries were collected. In particular, we describe in detail 

research concerns and results relating to the students’ attitudes toward equal rights for 

immigrants at European countries level. Referring to the available data and the earlier 

defined research questions the chapter describes the method of our empirical study.  

In Chapter 5 research results are illustrated. The methodology and statistical analyses 

presented in the previous chapters are applied to multiple sets of data according to the 

two batteries of items considered and all the research questions: all students in all 

European countries and sub-groups of countries; sub-groups of students such as non-

immigrant/native students; and, students with an immigrant background. The estimation 

takes into account the specific properties of the data and a detailed account of the data 

analysis strategy is provided. The results are discussed for both instrument formats, for 

the entire sample and, the sub-samples. 

Finally, in Chapter 6 the main findings of the research work are summarized. The core 

conclusions concerning the research questions are provided and critically discussed. 

Some limitations of our current study are indicated and some suggestions are made with 

regard to possible further research avenues in the field of measurement invariance of 

questionnaire data collected across groups and cultures. 
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Chapter 2 

INTERNATIONAL LARGE-SCALE ASSESSMENT AND 

MEASUREMENT INVARIANCE 

This chapter introduces the main issue of the comparative use of data collected in 

international large-scale survey – ILSA across countries and cultures, in particular with 

regard to questionnaire data. In the first section, a brief history of ILSAs is drawn while 

in the following one, the growing interest for this kind of studies both for research and 

policy-making objectives is illustrated. In order to establish whether country scores on a 

scale are comparable, we apply to the notion of measurement invariance. An introduction 

to the issue is given in section three, where we point out that different levels of 

measurement invariance – MI can be achieved – i.e. configural invariance, metric 

invariance, and scalar invariance – but for a meaningful comparisons, scale scores from 

different countries must measure the same construct with the same measurement unit and 

reference point. 



Testing cross-national construct equivalence in international surveys 

________________________________________________________________________ 

22 
 

2.1 International large-scale assessment (ILSA) – brief 

history 

International large-scale assessments (ILSA) are ‘large-scale survey of knowledge, skills, 

or behaviors in a given domain’ (Kirsch et al., 2013, p. 1) generally standardized across 

countries and/or different populations and cultures. These assessments take into account 

‘group scores’ and comparisons between groups/countries and differ from large-scale 

testing programs mainly focused on measuring individuals.  

Over the last decades, globalization and a more extensive integration of the policies of 

some nations called for a growing interest in large-scale comparative studies. 

Progressively but rapidly, the analyses and domains of investigation of these international 

studies at system level have broadened to include a high number of student learning 

areas, skills, knowledge, and attitudes and have reached several groups of countries 

(Kamens & McNeely, 2010; Kamens, 2013).  

The origins of ILSAs date back to the early 1960s. Following a pioneering idea arisen 

during a scholars’ meeting in Hamburg at the UNESCO Institute for Education (1958), 

between 1959 and 1962 a pilot Twelve-Country Study focused on five domains was 

conducted to investigate the feasibility of undertaking more extensive assessments of 

educational achievements
1
. The very first line of its final report is quite symptomatic ‘The 

present study may well be described as an unusual addition to the literature of 

education’ (Foshay et al., 1962, p. 5). 

On the basis of the positive results of this preliminary study, the International Association 

for the Evaluation of Education Achievement (IEA) organized the First International 

Mathematics Study (FIMS) on 13-year-old and pre-university students. Data were 

collected in 1964. 

                                                           
1
 http://www.iea.nl/pilot_twelve-country_study.html 
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At the same time, in the United States an advisory group was constituted (chaired by John 

Tukey head of the Department of Statistics at Princeton University) and its work led to 

the National Assessment of Educational Progress (NAEP). The NAEP was, and remains, 

a large national representative assessment of US students’ achievements in various 

subject areas. The NAEP researchers firstly introduced methodologies such as Item 

Response Theory (IRT) or the balanced incomplete block spiraling (BIB) and developed 

the use of marginal estimation procedures and covariance information. In the 1980s, these 

innovative methodologies allowed to progress towards more complex questions 

concerning construct domains, population generalizations, and scale comparisons across 

multiple test forms (Kirsch et al., 2013), which allowed for overcoming the simple item 

analyses and the ‘descriptive’ assessments. 

These methodologies were adopted by both the International Association for the 

Evaluation of Educational Achievement (IEA) and the Organization for Economic Co-

operation and Development (OECD), which are currently running some of the main 

ILSAs at worldwide level. 

Since its first large-scale assessment, IEA has conducted more than 25 studies in different 

domains of student achievements. Today, the IEA continuous cycles for the Trends in 

Mathematics and Science Study – TIMSS (started in 1995) and the Progress in Reading 

Literacy Study – PIRLS (launched in 2001) attract country participants all over the world 

and representing most of the worldwide GDP. 

For instance, 40 systems participated in TIMSS 1999, ‘66 systems for TIMSS 2007, and 

79 participants for the TIMSS 2011 assessment, which includes a number of 

benchmarking US states and other subnational systems such as Dubai’ (Wagemaker, 

2013, p. 18). 
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Table 2 - 1 History of ILSAs 

 

Source: William & Engel, 2013, p. 217 
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IEA recently organized other major assessments such as the Teacher Education 

Development Study-Mathematics – TEDS-M, about Mathematics teachers’ competences 

in primary and lower-secondary schools in 17 countries, the Civic Education Study - 

CIVED, and its further cycle the International Civic and Citizenship Education Study – 

ICCS in 2009.  

ICCS 2009 is a comparative assessment of students’ knowledge and conceptual 

understanding, dispositions, beliefs, attitudes, and behaviors related to civics and 

citizenship. Additional questionnaires collect data and context information from different 

stakeholders (i.e. teachers, school principals). IEA has recently launched a new round of 

the program, the ICCS 2016 (http://iccs.iea.nl/).  

In the late 1990s, the OECD launched the Programme for International Student 

Assessment – PISA for the assessment of 15-year-old students in Mathematics, Science, 

and Reading in over 30 countries.  Around 510,000 students in 65 economies took part in 

the PISA 2012 representing about 28 million 15-year-olds globally. PISA 2012 also grew 

in terms of ‘range of domains assessed, with cross-curricular areas such as problem 

solving and financial literacy being added to the assessment’ (Kirsch et al., 2013, p. 4). 

More than 70 economies have signed up to take part in the assessment in 2015, which 

focuses on Science. 

In 2012, the OECD also assessed adult competencies through the first cycle of the 

Programme for the International Assessment of Adult Competencies – PIAAC across 25 

OECD countries in 33 languages. The assessment regarded literacy and basic numeracy 

skills, and it was the first computer-based household survey of adults (aged 15-65). 

The OECD surveys also include the Teaching and Learning International survey (TALIS) 

concerning teaching and learning environment in school and teachers’ working 

conditions. The target population is teachers at the secondary school level, and the study 

intends ‘to measure study participants on latent variables that deal with attitudes, 



Testing cross-national construct equivalence in international surveys 

________________________________________________________________________ 

26 
 

perceptions, and experiences […] summarized in terms of measurement model-based 

scale scores’ (Rutkowsky & Svetina, 2013, p. 2). 

In these pages, we specifically focused on educational assessments because of their 

undeniable relevance and particular interest for the purpose of this dissertation, but the 

reach of international comparative researches is much wider. For example, UNICEF has 

already carried out three cycles of the Multiple Indicator Cluster Survey, with the aim of 

observing women and children conditions at international level. Likewise, the World 

Health Organization – WHO has carried out a World Health Survey on over 70 countries 

in 2002-04. 
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2.2 Growing importance of ILSA  

International large-scale surveys - ILSAs contribute to describing populations with regard 

to a specific field, and they offer unique opportunities for comparing a comprehensive 

range of achievements, values, behaviors, abilities, and opinions of large groups of 

people within and across countries. 

Their development responds to the challenging questions posed by researchers, policy-

makers, and general public all over the world (Kirsch et al., 2013; Stanat & Lüdtke, 

2010). In fact, they provide valuable benchmarking information for researchers and 

policy-makers in different fields and across countries and cultures (Rutkowski et al., 

2013). In various cases, ILSA’s results have reached the large public and stimulated 

media debate (i.e. ‘TIMSS shock’ and ‘PISA shock’ in Germany
2
). 

Going beyond the mere aim of measuring educational outcomes (Robitaille & Garden, 

1989; Postlethwaite & Ross, 1992; Postlethwaite & Wiley, 1992), ILSAs currently 

contribute to the development of evidence-based policies and stimulate countries to 

progress or mark their unexpected achievements (Lockheed & Wagemaker, 2013; 

Hanushek & Woessmann, 2009; Beatty & Pritchett, 2012). 

Today, large-scale surveys, including ILSAs, are recognized as a prime way for learning 

about system quality and understand ‘the contexts in which the achievements of a 

country’s economic competitors take place’ (Wagemaker, 2014, p. 19) and consequently 

improve through the sharing of best practices. ‘We have become an ‘assessment society’ 

[…] developed in previously almost unimaginable ways’ (Broadfoot & Black, 2004, p. 

19). 

                                                           

2
 ‘TIMSS shock’ dates winter 1996/1997 when very poor results were highlighted for German fourth and 

eighth-graders level (Lehmann, 2011). In December 2001, followed the ‘PISA shock’ when Germany 

ranked at the lower end of the comparative scale. German 15-year-old students did poorly in all of the three 

tested subjects.  
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As stated by William & Engel (2013) ‘borrowing’ for improving is not new (Sadler, 

1900; Noah & Eckstein, 1969; Postlethwaite, 1999), but globalization has amplified 

opportunities for external referencing, frequently presented as benchmarking across 

countries (Phillips & Ochs, 2003).  

Following the Board on International and Comparative Studies in Education of the 

National Academy of Sciences (BICSE) as reported by Heyneman and Lee (2014), 

among the main contributions of ILSA, it is possible to identify: 

- A wider laboratory on which to observe the consequences of different domestic 

policies and practices; 

- International test information, which helps define what is realistic in terms of 

domestic education policy;  

- The identification of concepts overlooked at local level; 

- The highlighting of important questions and challenge long-held assumptions. 

 

As independent references, ILSAs and, generally speaking, the connected international 

rankings have also generated animated public debates and have attracted extensive 

attention from the media, with the creation of new categories of winners - high scoring 

countries - and losers - countries lower averages (Williams & Engel, 2013).  

In fact, the use of individual indicators, synthesizing scores representing overall country 

performance and commonly used to scale nations in comparative league tables, has 

showed an incredible potential for policy-makers and media and for the academics. Still, 

the reliability of these comparative league tables and rankings depends on the underlying 

assumptions and the rigorous analysis of the data used. 
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Therefore, a necessary prerequisite to meaningfully compare cross-country and cross-

cultural survey results is the effective measurement of same constructs of interest and the 

use of the same instruments for collecting data across nations, and ‘this is especially true 

for subjective attributes such as values, attitudes, opinions, or behavior’ (Davidov et al., 

2014, p. 55). 

However, international studies have not always paid the necessary attention to verifying 

actual cross-country comparability (invariance), which is often assumed as a sort of 

implicit capacity of the data collected by using the same instruments (i.e. questionnaires 

or tests). 

  



Testing cross-national construct equivalence in international surveys 

________________________________________________________________________ 

30 
 

2.3 The comparability issue - Measurement and invariance 

Measurement refers to the act of ‘ascertaining the size, amount, or degree of (something) 

by using an appropriate instrument or device marked in standard units’ (adapted from 

Oxford Advanced Learner's Dictionary). Researchers try to profile and translate into a 

‘common language’ the traits of interests, and this ‘common language’, which should 

justify valid comparison, is in quantitative terms. Still, the comparability only holds if 

concepts are measured in a sufficiently invariant way, which means that the same 

constructs are measured with the same equivalent measurement instrument in all the 

countries involved in a survey (see Meredith, 1993; Chen, 2008; Weziak-Bialowolska & 

Isac, 2014). 

‘The crux is that cross-group comparisons require pre-requisite assumptions of invariant 

measurement operations across the groups being compared’ (Vandenberg & Lance, 

2000, p. 9), thus the equivalence (or invariance – the two terms are used as synonyms) in 

measurement should be a critical and major concern in comparative researches (i.e. Hui 

& Triandis, 1985; Byrne & van de Vijver, 2010). 

Horn and McArdle (1992) authoritatively argue about measurement invariance or 

measurement equivalence as follows: 

‘The general question of invariance of measurement is one of whether or 

not, under different conditions of observing and studying phenomena, 

measurements yield measures of the same attributes. If there is no 

evidence indicating presence or absence of measurement invariance […] 

findings of differences between individuals and groups cannot be 

unambiguously interpreted’ (p. 117). 

Intuitively, measurement equivalence is valid when ‘members of different populations 

who have the same standing on the construct being measured receive the same observed 
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score’ while ‘ a test violates invariance when two individuals from different populations 

who are identical on the construct score differently on it’ (Schmitt & Kuljanin, 2008, p. 

210).  

Less intuitive, and more sensitive, is the operational translation of this goal, which should 

ensure that the discovered differences and scalar positions in cross-national researches 

are entirely depending on country and cultural differences in the measured construct, and 

they are not due to other disturbing causes. In other words, the respondents’ results on the 

measurement instrument (in case of survey, questionnaires) are not affected by other 

noise factors, specific at country level, which would lead to non-equivalence in 

measurement.  

Non-invariance can depend on different reasons (Byrne & van de Vijer, 2010, Schulz, 

2008; Rutkowsk & Svetina, 2013, .Weziak-Bialowolska, 2014). Traditionally, language 

differences and the related need of translating the instruments are recognized as possible 

sources of non-equivalence. Strict verifications are normally planned and a great attention 

is given to the correct translation of the instruments, but even small differences in the 

meaning of a term can have a significant impact on the item responses (Schulz, 2008; 

Mohler et al., 1998; Harkness et al., 2004). At local level, diverse modalities of 

administration i.e. of questionnaires or dissimilar implementing procedures could result 

in causes of non-equivalence. Apart from these issues, which most international studies 

identify as possible sources of non-invariance and tend to prevent by rigorous reviews 

and strict implementing criteria, non-equivalence can arise from cultural diversities 

across surveyed countries.  

Different cultural behaviors and habits at country level can lead to different approaches to 

an item statement; dissimilar characteristics of the educational system or the national 

context may condition the way in which answers are understood and interpreted (Schulz, 

2008; Schulz, 2003; Kankaras et al., 2010). Therefore, survey results could be affected by 
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bias in measurement, which is a systematically biased score on the measured construct, 

independent of the fact that the instruments are correctly employed (van de Vijver & 

Leung, 1997; van de Vijver & Tanzer, 1997). 

 

Three main kind of bias may affect cross-country studies (Byrne, 2003): 

- Item bias occurs at specific item level because of different cultural habits and 

does not necessarily have an impact on the general measurement of the constructs.  

- Construct bias refers to an actual dissimilarity of the investigated construct. Thus, 

the construct meaning is not shared – or there is only a partial overlap – across 

countries, which leads to evident limitations to cross-cultural comparisons. 

- Method bias is connected to the methodological aspects of a large-scale research. 

Key examples of method bias are extreme response bias – ERB, which implies a 

systematic positioning at the limits of the rating scale (i.e. very good / very bad) 

and the tendency to acquiescence (also called agreement tendency or yea-saying), 

which is the tendency to systematically agree with the item statements (Schulz, 

2008; Kankaras & Moors, 2010). 
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Concerning measurement invariance in a factor analysis framework, which is relevant for 

this research work, three main levels of non-equivalence can be distinguished: 

- configural invariance - common factors are associated with the same items across 

compared groups;  

- metric invariance - the factor loadings across groups are invariant that is the 

common factors have the same meaning across groups and the same measurement 

unit;  

- scalar invariance - factor intercepts are identical across groups. This level of 

equivalence enables meaningful comparisons of the group means as the factors 

have both the same measurement unit and the same reference point. 

 

As showed in the following of this dissertation, only meeting the criteria of scalar 

invariance will justify full country comparisons. 
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Chapter 3 

MEASUREMENT INVARIANCE 

Chapter 3 gives an overview of the invariance issue and the assessment of measurement 

equivalence. In the first section a comprehensive literature review concerning 

measurement invariance and measurement invariance testing in a multi-group 

confirmatory factor analysis - MGCFA - framework is provided. The second section 

presents, still in the factor analysis framework, three main levels of measurement 

invariance and the connected statistical tests: a) configural invariance - common factors 

are associated with the same items across compared groups; b) metric invariance - the 

factor loadings across groups are invariant, that is the common factors have the same 

meaning across groups and the same measurement unit; c) scalar invariance - factor 

intercepts are identical across groups. This later level of equivalence enables meaningful 

comparisons of the group means. The next section distinguishes between measurement 

invariance and structural invariance. Last section offers possible alternative strategies 
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(e.g. partial measurement invariance) in case the measurement invariance requirements 

are not met. 

3.1 Measurement invariance 

As previously discussed, cross-group comparisons are meaningless without assuming 

measurement invariance, for this reason adequate equivalence tests and procedures 

should be applied to avoid ambiguous interpretation of data and improper conclusions. 

Awareness of the measurement invariance issue has grown as proven by studies 

concerning equivalence, recommended practices, and applications of tests (Steenkamp & 

Baumgartner, 1998; Byrne & Stewart., 2006; Davidov et al. 2014). Articles have been 

published in quite diverse research fields (i.e. educational research, organizational 

research, and medical care), but researchers in social and behavioral sciences show the 

most interest in the topic (see for a review Vandenberg & Lance, 2000; Schmitt & 

Kuljanin, 2008).  

Nevertheless, various aspects of measurement equivalence are still rarely evaluated. In 

addition, a common definition about MI has not been agreed upon yet. The nomenclature 

can vary ‘considerably across studies for all ME/I tests and usually reflected the authors’ 

particular substantive concerns’ (see Vandenberg & Lance, 2000, p. 36). 

One of the most influential works in the field was carried out by Meredith (1993). He 

proposes four hierarchical levels of measurement equivalence: configural equivalence, 

weak equivalence, strong equivalence, and strict equivalence. Similarly, Steenkamp & 

Baumgartner (1998) distinguish increasingly levels of measurement invariance, but the 

authors refer to weak invariance as metric one, while strong equivalence is called scalar.  
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Van de Vijver & Leung (1997) define three planes of invariance: construct equivalence, 

measurement unit, and scalar equivalence. Construct equivalence should be considered as 

the basic condition to proceed in any kind of comparison. 

Gregorich (2006) suggests a preliminary stage, the dimensional invariance, which should 

be tested before any other. 

Measurement invariance establishing is conceived as a hierarchical process by most 

researchers. Higher invariance levels are characterized by more severe constrains on 

measurement parameters, and define more restricted models to be compared. Thus, 

equivalence across groups is progressively more demanding, but any further validation 

step allows more extended cross-group comparisons 

Configural invariance (first step) ‘implies that the concept has the same cross-group 

meaning but is not sufficient for meaningful statistical comparison’ (Weziak-

Bialowolska, 2014, p. 56). The weak invariance
3
 (second step), or its variations called 

also pattern invariance (Meredith & Teresi, 2006) or metric factorial invariance (de Jong 

et al., 2007; Davidov, 2008), assures that the measurement unit is analogous across the 

studied countries, and it implies the same one-unit difference. This level of equality may 

be sufficient for researchers interested only in construct validity. The scalar invariance 

(third step) (de Jong et al., 2007; Davidov, 2008), or strong factorial invariance (Meredith 

& Teresi, 2006), allows valid cross-group comparisons of the scores (i.e. country 

rankings based on mean scale scores), because it does guarantee the same origin of the 

scale. 

Following Byrne & van de Vijver (2010) - see also Byrne et al., (1989); Byrne (2012) - 

two different issues must been distinguished: measurement equivalence and structural 

equivalence. The former is related to the observed variables and the extent of their 

                                                           

3
 Horn & McArdle (1992) define configural invariance as a weak one. 
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relation to the latent factors (generally speaking the CFA model), while the latter 

concerns the relations among the latent factors (unobserved variables).  

The structural model ‘specifies the manner by which particular latent variables directly 

or indirectly influence (i.e ‘cause’) changes in the values of certain other latent variables 

in the model’ (Byrne, 2012 p. 14). Therefore, in principle, tests for measurement 

invariance should be planned before assessing structural equivalence, i.e. the analysis of 

the constructs should precede the check of the their possible relations (Anderson & 

Gerbing’s, 1988; Byrne & van de Vijver, 2010) 

Statistical assessment of measurement invariance (level of accepted equivalence) strictly 

depends on the comparison purposes and on the research objectives of the practitioners. 

Although these theoretical and applied measurement works can vary, generally, three 

major testing approaches are traditionally implemented to test measurement equivalence 

(Davidov, 2008). These approaches are: 1. the Item functioning approach (i.e. in Jansen, 

2011), 2. the Item Response Theory Models (i.e. in de Jong et al, 2007) and, 3. the factor 

analysis framework (Davidov et al., 2008; Gregorich, 2006; Wu et al., 2007).  

However, the multi-group confirmatory factor analysis (MG-CFA) is today the most 

frequently followed, and it will be used in this study. The extensive literature on 

measurement invariance in a multi-group confirmatory factor analysis framework 

includes theoretical and didactic papers (Vandeberg & Lance, 2000; Byrne & Stewart, 

2006, Schmitt & Kuljanin, 2008; Davidov et al., 2014), two-group cases, or fewer ones, 

and small samples sizes (Chen, 2007; French & Finch, 2006), large-scale analysis 

(Gregorich, 2006; Byrne & van, de Vijver, 2010; Rutkowski & Svetina, 2013 among 

others), and new approach proposals (Asparouhov & Muthén, 2014; Weziak-

Bialowolska, 2014). 
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3.2 Testing for measurement invariance 

In Chapter 2, we have already introduced different levels of measurement equivalence. In 

this section we intend to discuss these concepts focusing on tests used to validate 

invariance, and their statistical facets. 

In the context of the MG-CFA model, literature reviews and applied studies recommend 

some ME/I tests to be usually applied and satisfied as a precondition for valid cross-

group comparisons. Nevertheless, according to the literature, we stress that these tests do 

not represent a compulsory list to be used as well as it may not be considered as an 

exhaustive one. Far from it, practitioners and researchers are supposed to evaluate the test 

opportunity case by case and to focus on the measurement equivalence hypotheses to be 

tested (i.e. factor loadings, factor covariances, latent factor means…) depending on the 

research objectives and the kind of analyses undertaken. 

As explained before, testing for invariance of a measuring instrument and/or for 

equivalence of a theoretical construct is a hierarchical process, where sets of parameters 

are increasingly constrained from the least to the most restrictive model. 

The testing of the model, or rather the level reached in the progression of nested tests, 

necessarily refers to the research questions and study interests, and it should be carefully 

designed by the researcher prior to testing the hypotheses. This avoids conducting 

demanding and time consuming tests (i.e. a strict invariance test when construct validity 

of an assessment scale is investigated) without any usefulness for the carried out analysis 

or even undermining the results. 

With regard to the pivotal work of Jöreskog (1971), traditionally, the recommended 

practice begins with an omnibus test of the equality of covariance structure across groups 

(Begozzi & Edwards, 1998; Horn & McArdle, 1992; Steenkamp & Baumgartner, 1998). 
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This first step tests the null hypothesis concerning difference of variance-covariance 

matrices: 

 

H0 : ∑
1
 = ∑

2
=…=∑

G
   (3.1) 

 

where ∑ is the population variance –covariance matrix, and for each G-group observed, it 

is given by: 

 

∑
G
 = Ʌ𝑋

𝐺 Φ
GɅ𝑋

𝐺′ + Θ𝛿
𝐺   (3.2) 

 

Being ∑
G
 the covariance matrix among the items (observed variables) in the G-th 

groups, Ʌ𝑋
𝐺 is the matrix of items’ factor loadings relating to the latent variable vector ξ

G
 

(unobserved variable), with associated covariance matrix Φ
G
, and  Θ𝛿

𝐺 
4
 is usually the 

diagonal matrix of unique variances. (Rutkowski & Svetina, 2013; Vandenberg & Lance, 

2000; Schmitt & Kuljanin, 2008). 

If the null hypothesis is verified then the lack of difference is confirmed. This normally 

leads to considering the measure as invariant and no further tests are needed (Alwin & 

                                                           
4
  Θ𝛿

𝐺  is typically assumed to be diagonal, this implies no correlated measurement errors – However, this is 

not strictly necessary. The equation is in the framework of factor analysis, where observed item covariance 

is defined as a function of common and unique factors, and it can be extended to mean structure including a 

vector of intercepts. 

Most applications of covariance structure analysis assume the intercepts to be zero, so their estimations is 

not conducted (Vanderber & Lance, 2000; Joreskog & Sorbom, 1996, p 297).  
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Jackson, 1981; Begozzi & Edwards, 1998; Jöreskog, 1971; Steenkamp & Baumgartner, 

1998). If the condition is not met, a set of nested tests are undertaken and the sources of 

invariance are specifically investigated. 

Nevertheless, Byrne (2012, p. 195) argues that this overall test can lead to contradictory 

findings, i.e. the null hypothesis is not verified yet further tests for measurement or 

structural invariance hold. The author stresses that ‘such inconsistencies in the global test 

for equivalence stem from the fact that there is no baseline model for the test of invariant 

variance-covariance matrices’. Therefore, she strongly suggests starting with a test for 

invariance in terms of configural model. 

The reduced interest for a prior investigation of the differences in the variance-covariance 

matrices seems also proved by the fact that recent studies and articles (as reviewed in 

Schmitt & Kuljanin, 2008) do not report these tests. 

On the contrary, there is full consensus in considering the configural invariance test as 

the further indispensable step in the equivalence assessment process (or as the first 

necessary test to be conducted if the analysis of the covariance matrices is omitted). 
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3.2.1 Configural invariance 

The configural invariance test aims at demonstrating that the observed measures 

represent the same construct across groups, that is the studied concept is actually shared 

and thus meaningfully discussed (Davidov et al., 2014). 

Clearly, there is no sense at all in comparing measurement results if the underlying 

construct is differently considered by respondents. For this reason, the configural 

invariance should be viewed as a sort of pre-requirement to be established before testing 

for further aspects of measurement equivalence.  

Configural invariance implies that an equal number of factors and the factor-loading 

pattern be the same within countries/groups, in other word ‘it ensures that common 

factors are associated with the same items’ (Weziak-Bialowolska, 2014, p. 56). The 

model proved to be valid by the test is the least restrictive one, and it purely implies a 

common factorial structure (or configuration), without any constraints regarding factor 

loadings or other specific parameters (Figure 3 -1 exemplifies a latent variable and its 

observed variables). 

Practically, the way in which the tested model is hypothesized can vary significantly 

across research studies. For example, it can be based on theory, prior studies, researcher 

intuition, or established specifically referring to data.   

Byrne (2012), suggests that prior to any further investigation, a baseline model should be 

estimated for each group/country. This specific model is the one that best fits data in 

terms of both parsimony and significance
5
. This estimation does not imply any between-

group constraints. 

                                                           

5
 ‘It ideally represents one for which fit to the data and minimal parameter specification are optimal’ 
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Once these similar group-base models are established, the multigroup baseline model is 

obtained by repeating again the process with all the data at the same time. This step is 

essential because a well-fitting multigroup baseline model implies that parameters are 

estimated for all groups simultaneously, and only by testing this overall model we have 

the baseline value for further model comparison. 

 

Figure 3-1 Configural Invariance: each group has the same factor structure. The latent variable 
ξ has the same factor pattern (observed variables X1-X3) across groups 
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Normally, the test of configural invariance
6
 verifies the null hypothesis that the defined 

baseline model (a model with invariant pattern of factors and determinate but freely 

estimated factor loadings) fits the measures’ components (observed variables) across 

groups (Horn & McArdle, 1992). 

This configuration reflects the underlying concept and its configural factor structure 

(Vandenberg & Self, 1993). Consequently, the evidence for a common factor structure 

implies no conceptual difference between groups (Vandeberg & Lance, 2000), or at least 

an acceptable similarity. 

Configural equivalence must be tenable in order to proceed with any other more 

constraining test, and this model also serves as ‘the baseline against which all subsequent 

tests for equivalence are compared’ (Byrne & van de Vijver, 2010, p. 109). 

If the hypothesis holds (i.e. via a chi-square test of model fit with appropriate degrees of 

freedom), further tests allow to evaluate if – in addition to the same number of factors 

(latent variables ξ) – the same associated loadings (Ʌx), scale intercepts (ʋx), and 

measurement errors (δ) underlie the set of indicators. 

Alternatively, if the null hypothesis is rejected, additional tests are not justified because 

different constructs are being measured. Therefore, it makes no sense to compare group 

results (Vandenberg & Lance, 2000). 

As outlined, configural invariance represents the first indispensable step in the invariance 

assessment process, but it is not sufficient for meaningful statistical comparisons, such as 

the relationships between factor scores and items or the country rakings based on mean 

scale score.  

                                                           

6
 In not recent articles, we find also different definitions of the test, i.e. a test of ‘same form’ (Bollen, 1989) 

or the ‘practical scientist’s’ invariance (Horn & McArdle, 1992). 
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3.2.2 Metric invariance 

A further level of analysis is a test of metric invariance (Horn & McArdle, 1992; 

Steenkamp & Baumgartner, 1998), also defined as weak measurement equivalence 

(Meredith, 1993) or measurement unit equivalence (van de Vijver & Leung, 1997). 

The metric invariance test is a more constraining test of equivalence than the test of 

configural invariance. In addition to an equal number of factors and the same factor-

loading pattern, factor loadings are also constrained to be invariant (Figure 3 -2). 

The equivalence of factor loadings (Ʌx) means that the regression slopes linking observed 

variables to latent variables (ξ) are the same within the compared groups, thus ‘the 

expected change in the observed score on the item per unit change on the latent variable’ 

are forced to be same (Vandenberg & Lance, 2000, p. 37). 

The null hypothesis to be tested for metric invariance confirmation is: 

 

H0 : Ʌ𝑋
1  =  Ʌ𝑋

2   = …. = Ʌ𝑋
𝐺  ∀ G-group observed  (3.3) 

 

where, as afore mentioned, Ʌ𝑋
𝐺 is the matrix of items’ factor loadings on the latent 

variable vector. 

Thus, metric invariance ensures the cross-group equality of scaling units underlying the 

latent variables assessment (Jöreskog, 1969; Vandenberg & Self, 1993), ‘an increase of 

one unit on the measurement scale has the same meaning in population A as in 

population B’ (Davidov et al., 2014, p. 63). 
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If metric invariance holds, then comparison of different population scores are allowed 

(Steenkamp & Baumgartner,  1998), and researches involving only construct validity 

questions or relationships between latent factors (i.e. factor scores/scales and /or other 

observable variables or test on invariance of factor variances or covariances) are fully 

validated (Weziak-Bialowolska, 2014; Schmitt & Kuljanin, 2008). 

The metric invariance test is conducted by fixing the factor loadings for all the involved 

groups at the same level. Practically, these parameters can be freely set only for the first 

group (or generally speaking for a chosen group), which serves as the reference one 

(Bryne & van de Vijver, 2010). For all other groups/countries, the factor loadings are 

forced to be equal to those of the reference group, and these parameters will remain fixed 

in case of further analysis of invariance taking the fitting metric model as a baseline one. 

Figure 3-2 Metric Invariance: factors loadings (λ1-λ3) between the observed variables (X1-X3) 
and the latent variable are the same across groups 
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Vandenberg & Lance (2000) indicate that almost every paper they reviewed reported 

tests of factor loadings (similarly in 2008 Schmitt & Kuljanin), however the mentioned 

studies were not unanimously agreeing on the consequences of the null hypothesis 

rejection. 

Following a strict line, some researchers suggest that metric invariance must be 

considered as a requisite for any further measurement invariance analysis; thus if the null 

hypothesis about factor loading matrices does not hold, any additional test should be 

considered meaningless (Millsap & Hartog, 1988; Bollen, 1989). On the other hand, 

some authors (Byrne & van de Vijver, 2010, Byrne, 2013; Steenkamp & Baumgartner, 

1998) propose to relax metric invariance constraints and carry out analysis at a partial 

level when the overall test of metric equivalence must be rejected. 

Albeit in the literature partial measurement equivalence has never produced a vast 

discussion and there is not a consensus about the statistical criteria for relaxing metric 

equivalence constraints, the approach of limiting the subset of invariant measurement 

parameters is quite common in cross-group studies (Byrne et al, 1989; Byrne & van de 

Vijver, 2010). 

Vandenberg & Lance (2000, p. 38) recommend a conservative approach and restrict the 

use of relaxed metric invariance constraints ‘(a) only for a minority of indicators, (b) on 

as strong a theoretical basis as is possible, and (c) when cross-validation evidence points 

to their viability. Alternately, indicators that do not meet metric invariance restrictions 

may be removed from analysis’. 

  



Testing cross-national construct equivalence in international surveys 

________________________________________________________________________ 

48 
 

Other applied studies suggest replacing in the scale the items causing invariance when 

possible (Byrne & van de Vijver, 2010; Welkenhuysen-Gybels, 2003). 

Steenkamp & Baumgartner (1998) argue that metric invariance constraints can be relaxed 

up to the limit that at least the parameters of two indicators per latent variables (the 

reference indicator and an additional one at least) result invariant across groups in a MG-

CFA model. 
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3.2.3 Scalar and strict invariance 

Metric invariance guarantees that the strength of the link between items and latent factors 

is the same for all the analyzed groups, but this level of equivalence still results 

insufficient for valid means comparisons and meaningful scaling. For this it is necessary 

to move on to an increased level of restrictiveness, testing for scalar equivalence 

(Steenkamp & Baumgartner, 1998, Byrne & van de Vijver, 2010) or strong factorial 

equivalence (Meredith, 1993). 

 

Figure 3-3 Scalar Invariance: not only the factor loadings (λ1-λ3) but also the regression 
intercepts (ʋ1-ʋ3) are equal across groups 
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Scalar invariance implies that also the origin of the scale is the same across groups, i.e. 

the intercepts (ʋ𝑋
𝐺) of the regression equations of the observed items on the latent 

variables are constrained to be equivalent (Figure 3 -3). 

The null hypothesis to be proved for scalar invariance is: 

 

H0 : ʋ𝑋
1  =  ʋ𝑋

2   = …. = ʋ𝑋
𝐺  ∀ G-group observed  (3.4) 

 

where ʋ𝑋
𝐺 is a vector of observed variable intercepts. 

The metric equivalence test as well as the configural invariance one found on the analysis 

of the covariance matrices, consequently all observed indicators (i.e. item scores) could 

be computed as deviations from their means (i.e. fixed to zero). On the contrary, 

constraining item intercepts, the scalar equivalence test implies analysis of both mean and 

covariance structures (moment matrix analysis), consequently element such as item 

means cannot be longer fixed to zero (Byrne & van de Vijver, 2010). 

If the null hypothesis holds, it is statistically verified that equal latent variable scores are 

related to the same expected scores on observed variables across groups (Rutkowski & 

Svetina, 2013), ‘concretely, this means that all observed mean differences in the items 

must be conveyed through mean differences in the latent factor’ (Davidov et al., 2014, p. 

64). 

Given the above, scalar invariance supports meaningful comparison of latent factor 

means (Marsh et al., 2009; Weziak-Bialowolska, 2014) as well as valid country level 

analysis in a multilevel regression analysis framework. 
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In addition, some authors suggest a test for invariance of item intercepts as a standard 

step and contend that it should always be conducted (Little, 1997; Meredith, 1993; Selig 

et al., 2008), but this approach is not totally shared. Actually, other researchers relax the 

approach (Marsh et al., 2006; Byrne, 1993, Byrne & van de Vijver, 2010) and claim that 

less ‘strong’ level of equivalence, such as factor loadings invariance, could be sufficient, 

and more appropriated, on the basis of the kind of the conducted researches (i.e. construct 

validity studies). 

Nevertheless, if until recently the scalar invariance was no widely investigated (see 

Vandenberg & Lance, 2000), awareness of the relevance of such analyses is growing 

among researchers (about 12% of field studies in 2000 vs 54% in 2008), maybe also 

because they give the possibility to testing means and covariances (Chan, 1998; Schmitt 

& Kuljanin, 2008). 

The last test for measurement invariance is a test of the invariance of the unique 

variances related to each observed variable across groups (Schmitt & Kuljanin, 2008). 

Thus, the residuals of the regression equations are fixed for each item, and it may make 

sense only if (at least partial) metric and scalar invariance have already been proven 

(Vandenberg & Lance, 2000). 

The null hypothesis to be tested is: 

 

H0 : 𝛩𝛿
1  =  𝛩𝛿

2  = …. = 𝛩𝛿
𝐺 ∀ G-group observed  (3.5) 

 



Testing cross-national construct equivalence in international surveys 

________________________________________________________________________ 

52 
 

where 𝛩𝛿
𝐺 is a covariance matrix of the measurement errors (δ) for the observed variables. 

Normally, this matrix is assumed to be diagonal, so that measurement errors are 

uncorrelated. 

Due to its high strictness and difficulty to be achieved, this test has been termed strict 

invariance (Meredith, 1993) and most researches often consider it of little concern 

(Bentler, 2005; Widaman & Reise, 1997), unnecessary or not recommended (Little et al., 

2007; Selig et al., 2008; Byrne & Stewart, 2006). These authors argue that the strict 

invariance test cannot provide further improved information regarding the most common 

questions of interest in the field such as investigating differences in factor structure or 

latent means or construct validity for scale assessment. 

Conversely, some authors acknowledge the value of the strict invariance test in testing for 

multigroup equivalence of item reliability (i.e. Byrne, 1988) Yet, as stressed by 

Vandenberg & Lance (2000) strict invariance only holds when the equality of the factors 

variances has also been established (Schmitt & Kuljanin, 2008). 
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3.3 Structural invariance 

The tests illustrated in the previous section are concerned with the relationships between 

observed variables and latent factors (i.e. how measured indicators load on latent 

variables) and are often referred to as tests for measurement invariance. In contrast, the 

tests presented below concern the relationships between the unobserved variables 

themselves and are termed tests for structural invariance (i.e. Byrne et al., 1989; 

Vandeberg & Lance, 2000; Schmitt & Kuljanin, 2008). 

Figure 3-4 Measurement model and Structural model 

 

 

 

 

 

 

 

 

 

 

Source:  Adapted from Byrne, 2012, p. 15 
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In the same way, the tested models are distinct in measurement models (see section 3.1) 

and structural models. The later depict relations among latent factors and specify their 

direct or indirect influence on the model (Byrne, 2012). 

Typically, aspects of structural invariance are investigated by three different tests 

concerning the invariance of factor variances, covariances, and means respectively. They 

assess the independent (or not dependent) issues concerning invariance. For this reason 

the tests for structural invariance do not need to be carried out in a hierarchical or 

sequential order,
7
 as it is the case for the measurement testing (where each test is de facto 

nested in the previous one).  

Further, they are not necessarily looked at in the equivalence assessment process, but 

they are conducted only on the basis of the specific research objectives. In particular, 

construct validity researches related to dimensionality and assessment scale embody such 

studies (Byrne & Shavelson, 1987; Schmitt & Kuljanin, 2008), where factor covariances 

are the major concern or as a prerequisite in item reliability invariance test (see above). 

The factor variance-invariance test assesses whether the variances of the latent variables 

are equal across groups, thus in the tested model factor variances are constrained to 

equality (i.e. the diagonal element of Φ). 

  

                                                           

7
 Even if tests for invariance of factor covariances and variances are often conducted before a test of the 

difference of latent factor means (Schmitt & Kuljanin, 2008). 
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The null hypothesis to be tested is: 

 

H0 : 𝛷𝑗
1  =  𝛷𝑗

2  = …. = 𝛷𝑗
𝐺  ∀ G-group observed  (3.6) 

 

where 𝛷𝑗
𝐺 is the variance matrix of the latent variable ξj. 

If the null hypothesis holds, the groups work in an equal way, while if it is rejected they 

show a different use of ‘the range of the construct continuum’ (Vandenberg & Lance, 

2000): smaller factor variance denoting a closer range. This test is sometimes considered 

together with the metric invariance test, being the detected non-invariance in factor 

variances linked to the group non-invariance in score setting (Schmitt, 1982; Vandenberg 

& Self, 1993). 

Analogously, the invariance of the factor covariances is tested by constraining the 

covariances of latent variable pairs to be equal across groups. 

The test has been considered by some authors as a test of stability (with a test of 

configural invariance) of the factor relations (Schmitt, 1982; Vandenberg & Self, 1993): 

actually, accepting the null hypothesis means that the relationships among unobserved 

factors are statistically the same in all the groups (Milfont & Fischer, 2010).  

In other words, if the conceptual domain is invariant for all the groups then the 

relationships among latent variables should not substantially vary. Conversely, if the 

conceptual domain differs, the invariance of the covariances cannot hold. Nevertheless, 

the additional value of the factor covariance test in this kind of analysis with respect to 

the configural invariance test has been questioned (Vendenberg & Lance, 2000), the latter 

being more stringent than the former. 
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The last test for structural invariance is a test for equal factor means. It evaluates the way 

groups ‘differ in level on the underlying construct(s) ξj that are operationalized (and 

approximated) by the composite of the Xjks’ (Vandeberg & Lance, 2000 p. 40). Normally, 

measurement invariance tests would be carried out priory to validate testing for group 

differences (Vandeberg & Lance, 2000). 

The null hypothesis to be tested is: 

 

H0 : 𝜅𝑗
1  =  𝜅𝑗

2  = …. = 𝜅𝑗
𝐺   ∀ G-group observed  (3.7) 

 

where 𝜅𝑗
𝐺 is the mean of the latent variable ξj. 

If the null hypothesis does not hold, further analyses are necessary to identify specific 

causes for the differences among groups (Schaubroeck & Green, 1989; Vandenberg & 

Self, 1993). 
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3.4 Addressing non-invariance 

Despite the interesting developments in the field, empirical studies on measurement 

equivalence show that obtaining invariance across groups (countries or cultures) is a quite 

difficult issue, in particular when the mere configural invariance level is not sufficient to 

support the research objectives (Davidov et al, 2012; Vandenberg & Lance, 2000; 

Millsap, 2011; van de Schoot et al., 2013). 

If measurement equivalence does not hold, a meaningful comparison of the data across 

countries is not justified (i.e. scores on a latent factor when the underlying model fails to 

be proved equivalent); generally speaking, the researchers should desist from 

comparisons across groups.  

Actually, in case of any such ‘impasse’, some alternative ‘strategies’ (Davidov et al., 

2014) can be undertaken (or tried) by researchers to overpass the hard obstacle of the 

missing data fit. As reported in Davidov et al. (2014), researchers could: 

1 Identify sub-groups of countries where measurement invariance is tenable, and 

continue limiting the comparison to this set (or independent sets) of countries. This 

approach is recommended in the case of cross-cultural research (a) when the 

underlying construct is found to be inappropriate (structurally and psychometrically) 

or (b) when cluster analyses increase both within-cluster homogeneity and between-

cluster heterogeneity (Byrne & van de Vijver, 2010; Weziak-Bialowolska & Isac, 

2014). 

 

2 Conduct further studies to better understand and detect invariance sources, and 

evaluate the possible removal of some of the items causing invariance (Meuleman, 

2012; Gregorich, 2006). ‘However, this can be done only if a few invariant items 
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remain to measure the latent variable after the unusable items have been dropped’ 

(infra, p. 66) 

 

3 Accept and justify measurement invariance on a specific, historical, and/or societal 

level or control for sources of bias such as acquiescence or extreme responding 

(Welkenhuysen-Gybels et al., 2003; Weijters et al, 2008). 

 

Strictly linked to point (2) is a partial treatment of the data, in the sense that researchers 

are ready to relax some parameters to solve the non-equivalence problem, at the cost of 

losing information. 

Implementing a condition of partial measurement invariance – that is ‘some but not all 

measurement parameters are constrained equal across groups in testing’ (Byrne, 2012, 

p. 198) – implies to give up the plain consistency of the models described above. 

However, if some parameters are held constant, whereas others are freely estimated, in 

some cases, it is possible to recover a model where measurement invariance (at partial 

level) still satisfactory holds when full measurement equivalence is not given. 

Most of the studies exploring partial invariance tests show an empirical approach more 

than a theoretical one, as stated by Schmitt & Kuljanin (2008) in their review, ‘when 

researchers found evidence for a lack of invariance […] allowed parameters to be freed 

across groups until they were satisfied that the remainder of the parameters were 

invariant across groups’. 

As stressed by Barbara Byrne (2012, p. 255), one of the first authors to discuss in depth 

the subject of partial invariance (Byrne et al., 1989), partial measurement equivalence has 

been a highly controversial issue in the technical literature (Marsh & Grayson, 1994; 

Widaman & Reise, 1997; Kaplan & George, 1995). 
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In large-scale cross-country studies, where it is often problematic to reach an acceptable 

level of invariance (Rutkowski & Svetina, 2013; Davidov et al. 2008), partial invariance 

can also be unsatisfactory. Partial measurement equivalence works efficiently when few 

items are the source of large differences (van de Schoot et al., 2013) and these items can 

easily be identified. In large-scale studies characterized by a large number of countries, 

the identification of the parameters to be relaxed is a quite difficult aim, ‘due to many 

possible violations of invariance and many possible modifications’ (Weziak-Bialowolska, 

2014, p. 57) of the model. 
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Chapter 4 

DATA AND METHOD 

Chapter 4 provides an overview of the data used and describes the methods applied to the 

empirical study. The first section offers a brief outline of the data source, the 

International Civic and Citizenship Education Study – ICCS conducted by the 

International Association for the Evaluation of Educational Achievement – IEA in 2009. 

In particular, we describe the research focus of the study and the results related to 

students’ attitudes toward equal rights for immigrants in European Countries. Building 

on these data, we formulated the research questions presented in section 2. Section 3 

provides a technical description of the input data sample downloaded from the IEA’s 

website, while section 4 describes the datasets generated from the original IEA data and 

used for the analyses. The last section refers to the data analysis strategy developed for 

the study. 
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4.1 ICCS 2009 - Students’ perceptions of equal rights for 

immigrants 

This empirical study investigates data from the International Civic and Citizenship 

Education Study (ICCS), a large scale survey organized by the International Association 

for the Evaluation of Educational Achievement – IEA. The first cycle of the study, which 

is the object of the current research, took place in 2009; the data collection for the second 

cycle of the study (ICCS 2016) is scheduled for 2016. The final data set of ICCS 2009 

includes data on citizenship competences of Grade 8 (approximately 14 years of age) 

students from 38 countries
8
. The ICCS rules concerning target population implied that if 

the average age of students in Grade 8 was below 13.5 years then Grade 9 students were 

used as target population instead of Grade 8. 

 

The International Association for the Evaluation of Educational Achievement, known as 

IEA, is an independent, international consortium of national research institutions and 

governmental research agencies, with headquarters in Amsterdam. 

Its primary purpose is to conduct large-scale comparative studies of educational 

achievement with the aim of gaining more in-depth understanding of the effects of 

policies and practices within and across systems of education. 

 

 

                                                           

8
 Austria, Belgium (Flemish), Bulgaria, Chile, Chinese Taipei, Colombia, Cyprus, Czech Republic, 

Denmark, Dominican Republic, England, Estonia, Finland, Greece, Guatemala, Hong Kong SAR, 

Indonesia, Ireland, Italy, Republic of Korea, Latvia, Liechtenstein, Lithuania, Luxembourg, Malta, Mexico, 

The Netherlands, New Zealand, Norway, Paraguay, Poland, Russian Federation, Slovak Republic, 

Slovenia, Spain, Sweden, Switzerland, and Thailand. 
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The ICCS 2009 Research Question 3 investigated ‘what is the extent of interest and 

disposition to engage in public and political life among adolescents and which factors 

within or across countries are related to it ’ (ICCS 2009 International Report, p. 87). 

With the aim of investigating this broad subject, more specific sub-issues were defined to 

cover all its facets. Among the various aspects investigated, they identified students’ 

perceptions of democracy and citizenship, students’ perceptions of equal rights in society, 

students’ perceptions of their country, and students’ engagement with religion. Each of 

these matters was further developed into sets of sub-questions, which finally were 

operationalized in questionnaire items. 

More specifically, the students’ perceptions of equal rights in society subject was 

translated into three main research questions connected to students’ attitudes toward 

gender equality, equal rights for all ethic/racial group in society, and equal rights and 

opportunities for immigrants, which is the specific field of interest for this dissertation. 

In this latter research area, various dimensions were considered for the analysis. 

Specifically, the survey items referred to students’ perceptions of equal rights in society, 

students’ attitudes toward intercultural relations as well as students’ attitudes toward race, 

migration, immigration and cohesion. 
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Figure 4 -1  Supplement 1 – International Version of the ICCS 2009 Questionnaires 

 

Source:  ICCS 2009 User Guide for the International Database Supplement 1, 2014 – p. 75 
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In particular, with regard to students’ attitudes toward equal rights for immigrants 

(Schulz at al., 2010) the ICCS 2009 student questionnaire (Figure 4 -1) included the 

following six Likert-type items (with possible answer categories ‘strongly agree’, ‘agree’, 

‘disagree’, ‘strongly disagree’): 

 Immigrants should have the opportunity to continue speaking their own language; 

 Immigrant children should have the same opportunities for education that other 

children in the country have; 

 Immigrants who live in a country for several years should have the opportunity to 

vote in elections; 

 Immigrants should have the opportunity to continue their own customs and 

lifestyle; 

 Immigrants should have all the same rights that everyone else in the country has; 

 When there are not many jobs available, immigration should be restricted. 

 

It must be pointed out that the ICCS 2009 research aim was to capture students’ attitudes 

toward the principle of equality in rights and opportunities for immigrants, for this reason 

a stem question introducing the above items related to immigration to any country, and 

was formulated as follows: 

People are increasingly moving from one country to another How much do you agree or 

disagree with the following statements about <immigrants>? 

This approach allowed including also countries with very low levels of immigration. 
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Table 4-1 Comparison of national averages for students’ attitudes toward rights for 
immigrants9 

 

Source:  adapted from ICCS 2009 European Report   p. 92 

 

The collected data were used for elaborating the ICCS 2009 students’ attitudes toward 

equal rights for immigrants scale (Table 4 -1). The scale includes five items
10

. The sixth 

                                                           

9
 A similar scale with regard to all 38 countries is reported in the ICCS 2009 International Report (2010, 

p.102 ) 
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item =-When there are not many jobs available, immigration should be restricted’ was 

not used for scaling. 

 

Figure 4-2 Students ‘attitudes toward equal rights for immigrants (IMMRGHT). 

 

                                                                                                         

Source: ICCS 2009 Technical Report, 2011  

 

The ICCS 2009 International Report (p. 100) states that the five discussed items form a 

highly reliable scale, with a Cronbach’s alpha of 0.90 for the whole international dataset 

(38 countries).  

The higher scale scores indicate higher levels of support for the rights of immigrants. On 

the basis of these data, albeit the important differences between countries, it could be 

assumed that a student with an ICCS average score of 50 had more than 50 percent 

                                                                                                                                                                             

10
 Analogously, the CIVED survey in 1999 (a predecessor of ICCS 2009) considered a set of eight items to 

capture students’ attitudes toward immigrants, but only five of these were included in the scale (Schulz, 

2004). 

IMMRGHT 
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likelihood of agreeing with all five items. Figure 4 -3a (from the Appendix E of the ICCS 

2009 International Report, p. 275) illustrates the item-by-score map for the scale. 

 

Figure 4-3a - Item-by-score map for students' attitudes toward equal rights for immigrants 

 

Source:  adapted from ICCS 2009 International Report 

 

The agreement ranged from 76 percent with the first statement ‘immigrants should have 

the opportunity to continue speaking their language’ to 92 percent referred to the 
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statement ‘immigrant children should have the same opportunities for education’ (Figure 

4- 3b). 

Figure 4-3b - Item-by-score map for students' attitudes toward equal rights for immigrants 
(Item frequencies) 

 

 

Source:  adapted from ICCS 2009 International Report 

 

At European level, on average, these percentages were some score points lower (ICCS 

2009 European Report, 2010). The agreement ranged from 72 percent with the first 

statement ‘immigrants should have the opportunity to continue speaking their language’ 
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to 91 percent referred to the statement ‘immigrant children should have the same 

opportunities for education’. The European average score was 49 points (the ICCS 

international average was 50 points), and the scores for the European countries ranged 

from 46 to 52 points. Belgium (Flemish), England, and Latvia showed the lowest national 

averages, while Bulgaria, Luxembourg, and Sweden the highest levels of attitude toward 

equal rights for immigrants. 

Figure 4-4 Student participation in ICCS 2009 survey – European Countries for immigration 
background  

Source: ICCS 2009 International Dataset – Data elaborated using IEA IDB analyzer and SPSS 
software 
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The ICCS 2009 European Report stresses that the differences across European national 

scores of students’ attitudes toward equal rights for immigrants may be influenced by the 

different immigration context and history of the participating countries. 

It is argued that the levels and the origin of immigrant populations vary greatly in Europe. 

This difference is also highlighted by the variance in the surveyed student rates with 

respect to the immigrant background (see Figure 4 -4 and Table 4 -3). The government 

and policy actions concerning immigration and the perception of immigrants in society 

are dissimilar within and across European countries.  

As stated in the same report, studies confirm the complexity and different impact of 

immigration in Europe (Penninx, 2005; Penninx at al., 2006), for example: 

 Some Western European countries (such as England, France, and the Netherlands) 

display a lasting and quite complex immigration histories, in same case strongly 

intertwined with colonialism; 

 Some Southern and Northern European countries (such Finland, Greece, Italy, 

Norway and Spain) have been facing new significant flows of migrants; 

 Finally, some Central and Eastern European countries have experienced 

immigration only in recent years. 

 

Further, the ICCS 2009 research team considered also that cultural factors (such as family 

background) may effectively influence students’ attitudes toward minorities and 

immigrants at an European level (papers as Dejaeghere & Quintelier, 2008; Torney at al., 

2008 were reviewed). 

  



Testing cross-national construct equivalence in international surveys 

________________________________________________________________________ 

74 
 

Table 4-2 Student participation in ICCS 2009 survey for immigration background – Descriptive 
Statistics 

 

Source: ICCS 2009 International Dataset – Data elaborated using IEA analyzer and SPSS software 

*COUNTRY ID* *IMMIGRATION BACKGROUND* Sum of Cases
Sum of 

TOTWGTS
Percent

_______________________ _________________________ ______ __________ ________

Austria NATIVE STUDENTS 2646 68656 80.62

FIRST-GENERATION STUDENTS 408 10919 12.82

NON-NATIVE STUDENTS 207 5588 6.56

Bulgaria NATIVE STUDENTS 3185 62101 99.27

FIRST-GENERATION STUDENTS 15 311 0.5

NON-NATIVE STUDENTS 7 148 0.24

Cyprus NATIVE STUDENTS 2880 8033 92.88

FIRST-GENERATION STUDENTS 32 88 1.02

NON-NATIVE STUDENTS 198 528 6.1

Czech Republic NATIVE STUDENTS 4484 92700 97.53

FIRST-GENERATION STUDENTS 50 1060 1.11

NON-NATIVE STUDENTS 62 1293 1.36

Denmark NATIVE STUDENTS 3901 54571 91.35

FIRST-GENERATION STUDENTS 273 3359 5.62

NON-NATIVE STUDENTS 142 1806 3.02

Estonia NATIVE STUDENTS 2510 10770 93.14

FIRST-GENERATION STUDENTS 169 696 6.02

NON-NATIVE STUDENTS 25 97 0.84

Finland NATIVE STUDENTS 3196 60711 97.64

FIRST-GENERATION STUDENTS 35 651 1.05

NON-NATIVE STUDENTS 43 817 1.31

Greece NATIVE STUDENTS 2790 88596 88.68

FIRST-GENERATION STUDENTS 112 3555 3.56

NON-NATIVE STUDENTS 223 7757 7.76

Ireland NATIVE STUDENTS 2882 47388 87.92

FIRST-GENERATION STUDENTS 47 763 1.42

NON-NATIVE STUDENTS 339 5750 10.67

Italy NATIVE STUDENTS 3070 491014 92.74

FIRST-GENERATION STUDENTS 49 8171 1.54
NON-NATIVE STUDENTS 184 30280 5.72

Latvia NATIVE STUDENTS 2568 19532 95.09

FIRST-GENERATION STUDENTS 137 901 4.38

NON-NATIVE STUDENTS 14 108 0.53

Lithuania NATIVE STUDENTS 3671 36577 98.32

FIRST-GENERATION STUDENTS 153 546 1.47

NON-NATIVE STUDENTS 26 79 0.21
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Table 4-2 Student participation in ICCS 2009 survey for immigration background – Descriptive 
Statistics (continued) 

 

Source: ICCS 2009 International Dataset – Data elaborated using IEA IDB analyzer and SPSS 
software 

*COUNTRY ID* *IMMIGRATION BACKGROUND* Sum of Cases
Sum of 

TOTWGTS
Percent

_______________________ _________________________ ______ __________ ________

Luxembourg NATIVE STUDENTS 2860 3206 56.86

FIRST-GENERATION STUDENTS 1272 1599 28.37
NON-NATIVE STUDENTS 595 833 14.77

Malta NATIVE STUDENTS 2053 4653 98.13
FIRST-GENERATION STUDENTS 12 28 0.59

NON-NATIVE STUDENTS 24 61 1.29

Netherlands NATIVE STUDENTS 1682 135028 86.73
FIRST-GENERATION STUDENTS 150 14638 9.4

NON-NATIVE STUDENTS 69 6022 3.87

Norway NATIVE STUDENTS 2602 51534 89.8

FIRST-GENERATION STUDENTS 172 3336 5.81
NON-NATIVE STUDENTS 127 2520 4.39

Poland NATIVE STUDENTS 3167 428414 98.55

FIRST-GENERATION STUDENTS 42 5481 1.26
NON-NATIVE STUDENTS 5 839 0.19

Slovak Republic NATIVE STUDENTS 2909 50601 99.27

FIRST-GENERATION STUDENTS 11 200 0.39

NON-NATIVE STUDENTS 8 171 0.34

Slovenia NATIVE STUDENTS 2708 15330 89.84
FIRST-GENERATION STUDENTS 266 1437 8.42

NON-NATIVE STUDENTS 56 297 1.74

Spain NATIVE STUDENTS 2918 387701 88.87
FIRST-GENERATION STUDENTS 63 8171 1.87

NON-NATIVE STUDENTS 293 40380 9.26

Sweden NATIVE STUDENTS 2715 88703 86.14

FIRST-GENERATION STUDENTS 419 9562 9.29
NON-NATIVE STUDENTS 199 4709 4.57

Switzerland NATIVE STUDENTS 2109 61298 75.99

FIRST-GENERATION STUDENTS 495 12961 16.07
NON-NATIVE STUDENTS 233 6409 7.94

England NATIVE STUDENTS 2401 451871 85.09
FIRST-GENERATION STUDENTS 247 47691 8.98

NON-NATIVE STUDENTS 161 31463 5.92

Belgium (Flemish) NATIVE STUDENTS 2585 59396 89.28
FIRST-GENERATION STUDENTS 180 4010 6.03

NON-NATIVE STUDENTS 147 3120 4.69
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Starting from this assumption, the European research team decided to explore whether 

attitudes toward rights for immigrants varied significantly among students from non-

immigrant and immigrant families. Therefore, scale scores were produced and compared 

for these two groups of students. The associated table (see Table 4 -3) of the ICCS 2009 

European Report showed the average score for each European country on the construct 

(in a similar fashion with the ICCS 2009 International Report) and added two different 

columns to compare ‘student from non-immigrant families’ and ‘student with immigrant-

background’ scores. These enabled average comparisons within countries (e.g. native 

versus immigrant students in country X) and mean comparisons across countries (e.g. 

average scores of native students in country X compared with country Y). 

Following the distinction already adopted in the ICCS 2009 International Report, only 

two categories of students were compared referred to ‘students from non-immigrant 

families’, including students who were born in another country but whose parents had 

been born in the country of the test, and ‘students with immigrant background’, including 

non-native students and first-generation students.  

As previously mentioned, the European picture is fairly mixed (see data relating to 

participants’ immigration background as illustrated below), and not all the ICCS 2009 

European countries presented sufficient large sub-samples of students with an immigrant 

background to be included in the analysis. The ICCS researchers fixed the minimum sub-

sample size at 50 students from immigrant families.  

As showed in Table 4 -2, for some European countries the number (and percentage) of 

participants in the ‘first-generation students’ and/or the ‘non-native students’ categories 

were very poor, consequently, despite the aggregation explained above, Slovak Republic, 

Poland, Malta, and Bulgaria immigrant background students’ data were not  investigated. 
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Table 4-3 National averages for students' attitudes toward equal rights for immigrants by 
immigrant background 

 

Source: ICCS 2009 European Report, p. 92 
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The ICCS 2009 International Report (Schulz et al., 2010), the ICCS 2009 European 

Report (Kerr et al., 2010), and the ICCS 2009 Technical Report (Schulz et al., 2011) can 

be consulted for an exhaustive description of the ICCS 2009 methodologies and 

factor/scale properties. 
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4.2 Research Questions 

The data concerning students’ attitudes towards immigration, collected through the ICCS 

2009 questionnaire (ICCS 2009 International Report; Schulz et al., 2008) and the league 

tables built and reported on such information (ICCS 2009 European Report, 2010), 

provided the premises for our empirical investigation of assessing measurement 

invariance. 

Apart from the data structure and richness, the topic of immigrant rights caught our 

attention also from a theoretical point of view due to the increased mobility at European 

level and the recent migration phenomena. The relevance of such topic makes the issues 

of measurement invariance quite relevant and justified country comparisons that are very 

important for any further meaningful societal, scientific and policy discourses on the 

topic. 

Therefore, building on the information described in this chapter, we elaborated our plan 

of testing for measurement invariance. To address the legitimacy of all possible 

comparisons at the international scale (mean comparisons across countries) we have 

operationalized the topic addressing four main research questions as follows: 

 

a) Can country average levels of student attitudes toward equal rights for immigrants 

be compared with confidence among all European countries and/or relevant sub-

groups of countries? 

b) Can such comparisons be carried out also for sub-groups of students such as the 

non-immigrant/native students in these countries? 

c) Can country average levels of student attitudes toward equal rights for immigrants 

also be compared when we consider only the group of students with an immigrant 

background in these countries? 
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d) Is it possible to identify reference country sub-groups for which measurement 

invariance holds at higher levels? 

 

The plan of research took into account the data collected on the full battery of six items 

(see Figure 4 -1). Therefore, the analysis has been conducted at European level with 

regard to two formats of the instrument: the six-items battery of the original ICCS 2009 

study and the five items battery used by the ICCS 2009 team to construct the students’ 

attitudes toward equal rights for immigrants scale as reported in the ICCS 2009 

International Report and the ICCS 2009 European Report (ICCS 2009 European Report, 

2011, p. 92). 

Finally, the scaling procedures referred to in the ICCS 2009 European Report 

significantly contributed to formulate the research questions set above. Nevertheless, it 

must be noted that the European country scaling presented in the aforementioned Report 

ranks European countries on the basis of the analyses done on the full international 

dataset (European scale scores have been estimated for the full international sample as 

reported in the ICCS 2009 International Report table). This approach is understandable 

especially if the aim is to keep the European Countries anchored to the overall results 

presented in the main study; while as clearly stated in the research questions, in this 

dissertation we have chosen to conduct all the analyses strictly on the sample (and 

subsamples) of European countries of interest. 
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4.3 Sample structure 

The study has been conducted using data from the International Civic and Citizenship 

Education Study (ICCS) study carried out by the International Association for the 

Evaluation of Educational Achievement - IEA in 2009. The ICCS 2009 final data set 

includes data on Grade 8 (approximately 14 years of age) students’ citizenship 

competences from 38 countries. 

A two-stage cluster sample procedure was applied to identify the samples. In the first step 

to sampling, probability proportional to size procedures (referring to the number of 

students enrolled in a school) were employed obtaining a sample of about 150 schools in 

each country (ICCS 2009 International Report – Schulz et al., 2010). 

During the second phase, within each school the students of a unique (intact) class were 

randomly selected to participate in the survey. This has resulted in country student 

samples varied from between 3.000 and 4.500 elements.  

At country level the needed participation rate was 85 percent of the designed schools and 

85 percent of the selected students for each of the participating schools, or ‘a weighted 

overall participation rate of 75 percent’ (for more details see ICCS 2009 International 

Report, 2010). 

With regard to the research questions of this dissertation, only European countries were 

of interest, therefore we initially considered 25 of the 38 countries participating in the 

ICCS 2009 survey. After a preliminary descripted statistical analysis, we excluded 

Liechtenstein due to its very small population (less than 40.000). 
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Table 4 - 4 ICCS 2009 European participation – Descriptive Statistics 

 

Note: Due to the necessary data cleaning procedures the numbers reported here can be 
different from those published in the ICCS report (Schulz et al., 2010) 

 

Furthermore, concerning the subsample of students with immigrant background, the 

ICCS 2009 European Report did not investigate data from sub-samples with fewer than 

50 students. Accordingly, Bulgaria, Malta, Poland, and Slovak Republic were not 

included in the ICCS 2009 European table due to the small size of the samples of students 

with immigrant background. 

Country N Students (All) Only immigrant 

background

Percentage

Austria 3261 615 19.38

Belgium (Flemish) 2912 327 10.72

Cyprus 3110 230 7.12

Czech Republic 4596 112 2.47

Estonia 2704 194 6.86

Denmark 4316 415 8.65

England 2809 408 14.91

Finland 3274 78 2.36

Greece 3125 335 11.32

Ireland 3268 386 12.08

Italy 3303 233 7.26

Latvia 2719 151 4.91

Lithuania 3850 179 1.68

Luxembourg 4727 1867 43.14

Neherlands 1901 219 13.27

Slovenia 3030 322 10.16

Spain 3274 356 11.13

Sweden 3333 618 13.86

Switzerland 2837 728 24.01

Total

62349 7773
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Even though Norway participated in the ICCS 2009 survey, after the preliminary stage 

the national research coordinators (NRCs) decided not to be part of the European module, 

therefore this country was also excluded from the dataset.  

The Netherlands score appeared in a distinct section of the table due to Dutch sample 

characteristics (lower participation rates), which imposed a separate treatment of its 

results by the ICCS 2009 research team
11

. 

Moreover, following the distinction already adopted in the ICCS 2009 European Report, 

only two categories of students were considered: ‘students from non-immigrant families’, 

including students who were born in another country but whose parents had been born in 

the country of the test, and ‘students with immigrant background’, including non-native 

students and first-generation students. 

As a result, we created a further subsample of 18 countries with a relevant immigrant 

subgroup of at least 50 students, as follows: Austria, Belgium (Flanders), Cyprus, Czech 

Republic, Denmark, England, Estonia, Finland, Greece, Ireland, Italy, Latvia, Lithuania, 

Luxembourg, Slovenia, Spain, Sweden, and Switzerland (all the countries reported in the 

ICCS 2009 European Report but Liechtenstein). 

Figures are reported in Table 4 -4 (see Appendix for further details on sample 

characteristics concerning single items) concerning the student data sample. The number 

of students selected across these 18 countries was 60,448, of which 7,773 students with 

an immigrant background. These numbers are estimated after the data cleaning 

procedures. These referred to the categorical variable indicating the background-status of 

the student (native, first or second generation immigrant).  If was answer categories on 

                                                           

11
 With respect to student sampling participation rates countries were distinguished into three Categories.  

The Netherlands were placed into Category 3: Unacceptable sampling response rate even when 

replacement schools were included. 
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this variable were omitted or invalid, the student record was not further examined. The 

missing data represented about 1.7% of the data included in the analysis for all countries. 

After a careful examination of country data, and referring to the recent literature on 

measurement equivalence testing with multivariate and large-scale sample size, we 

decided to adopt a more conservative approach to sample size selection. We therefore 

carried out also an investigation of optimal sample sizes by country and identified 

countries with an immigrant sub-sample of at least 200 students (Boomsma & Hoogland, 

2001; Byrne & van de Vijver, 2010). In spite of our prior aggregation of the two 

categories of the first-generation and non-native students into the unique group of 

students with immigrant background, Czech Republic, Estonia, Finland, Latvia, and 

Lithuania did not reach the required threshold of 200 elements for the immigrant sub-

sample, and consequently they were excluded from this research step.  

Following this further cut, we obtained a sub-sample of 13 European countries (12 

European Union member states and Switzerland): Austria, Belgium (Flanders), Cyprus, 

Denmark, England, Greece, Ireland, Italy, Luxembourg, Slovenia, Spain, Sweden, and 

Switzerland. The number of students selected for the 13 countries resulted 43,305, of 

which 6,840 students with immigrant background.  

  



Testing cross-national construct equivalence in international surveys 

________________________________________________________________________ 

85 
 

4.4 Data sources and characteristics 

The data were downloaded in SPSS format from the ICCS dataset available on the IEA 

site (http://rms.iea-dpc.org/#) selecting all the original 24 countries of interest 

(Liechtenstein was not included). IEA provides single raw data files at country level. 

Table 4-5 ICCS 2009 International database – Relevant variables 

Source: ICCS 2009 International Database (http://rms.iea-dpc.org/#) 

Variable name Type Width Decimals Label Values/Comments

IDCNTRY Numeric 5 0 *COUNTRY ID* Code of the country 

IS2P26A Numeric 1 0 IMMIGRANTS-SPEAKING OWN LANGUAGE 1 - STRONGLY AGREE

2 - AGREE

3 - DISAGREE

4 - STRONGLY DISAGREE

IS2P26B Numeric 1 0 IMMIGRANTS-SAME OPPORTUNITIES EDUCATION 1 - STRONGLY AGREE

2 - AGREE

3 - DISAGREE

4 - STRONGLY DISAGREE

IS2P26C Numeric 1 0 IMMIGRANTS-OPPORTUNITY VOTE IN ELECTIONS 1 - STRONGLY AGREE

2 - AGREE

3 - DISAGREE

4 - STRONGLY DISAGREE

IS2P26D Numeric 1 0 IMMIGRANTS-CONTINUE OWN CUSTOMS 1 - STRONGLY AGREE

2 - AGREE

3 - DISAGREE

4 - STRONGLY DISAGREE

IS2P26E Numeric 1 0 IMMIGRANTS-SAME RIGHTS AS EVERYONE 1 - STRONGLY AGREE

2 - AGREE

3 - DISAGREE

4 - STRONGLY DISAGREE

IS2P26F Numeric 1 0 IMMIGRANTS-NOT MANY JOBS RESTRICT IMMIG. 1 - STRONGLY AGREE

2 - AGREE

3 - DISAGREE

4 - STRONGLY DISAGREE

TOTWGTS Numeric 8 3 *FINAL STUDENT WEIGHT* The final student weight of each student k in class j of school i in 

stratum h is the product of the five student-weight components:
TOTWGTShijk = WGTFAC1hi x WGTADJ1Shi x WGTFAC2Shij x WGTADJ2Shi x WGTADJ3Shijk

IDGRADE Numeric 2 0 *GRADE ID* 7 - GRADE 7

8 - GRADE 8

9 - GRADE 9

10 - GRADE 10

99 - OMITTED

IMMIG Numeric 1 0 *IMMIGRATION BACKGROUND* 1 - NATIVE STUDENTS

2 - FIRST-GENERATION STUDENTS

3 - NON-NATIVE STUDENTS

7 - INVALID

9 - OMITTED

http://rms.iea-dpc.org/
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From the same site, we obtained the IDB Analyzer developed by IEA. As stated in the 

relevant page ‘the IDB Analyzer is software used to combine and analyze data from IEA 

studies such as TIMSS
12

, TIMSS Advanced
13

, PIRLS
14

, SITES
15

, TEDS
16

, CivED
17

, ICCS 

and other large-scale assessments. It creates SPSS syntax that can be used to perform 

analysis with the aforementioned international databases’ (http://www.iea.nl/eula.html) 

and to merge the files. 

 

Table 4–6 Students data – Descriptive Statistics 
 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid NATIVE STUDENTS 68492 87.4 89.3 89.3 

FIRST-GENERATION 

STUDENTS 
4809 6.1 6.3 95.6 

NON-NATIVE STUDENTS 3387 4.3 4.4 100.0 

Total 76688 97.8 100.0  

Missing INVALID 60 .1   

OMITTED 1237 1.6   

System 418 .5   

Total 1715 2.2   

Total 78403 100.0   

 

  

                                                           
12

 Trends in International Mathematics and Science Study 
13 Trends in International Mathematics and Science Study Advanced 
14 Progress in International Reading Literacy Study 
15 Second Information Technology in Education Study 
16 Teacher Education and Development Study 
17 Civic Education Study 

http://www.iea.nl/eula.html
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Using the Merge Module of the IDB Analyzer, a unique data set was created by 

combining data files from different countries. Information was selected at student level, 

including among other variables relating to country identifier, the six dependent variables 

referring to the six surveyed items, the final student weight, and the immigrant 

background status variable (Table 4 -5). Subsequently, the data set - combined using the 

Merge Module - was elaborated through the Analysis Module – IDB Analyzer and SPSS 

codes were created to obtain an initial dataset (please refer to Appendix). This constituted 

of about 78,400 records (Table 4 -6). Based on these records, some basic descriptive 

statistics were produced to better illustrate the data (i.e. Table 4-7). 

 

Table 4-7 Students data – Descriptive Statistics 

 

 IS2P26A IS2P26B IS2P26C IS2P26D IS2P26E IS2P26F 

N Valid 76518 76607 76407 76209 76396 76120 

Missing 1885 1796 1996 2194 2007 2283 

 

In the ICCS 2009 European Report table (ICCS 2009 European Report, 2010 -  p. 92 ), 

the higher scale scores indicate more positive attitudes toward the rights of immigrant in 

society, accordingly  item values were re-coded in our dataset: 

1 - STRONGLY DISAGREE  

2 - DISAGREE  

3 - AGREE 

4 - STRONGLY AGREE. 
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Moreover, the immigrant status variable was re-coded to 0 (zero) for first-generation 

students (prior value 2) and non-native students (prior value 3) to obtain only two 

categories of students: 

0 - IMMIGRANT 

1 - NATIVE. 

 

Finally, missing data was recoded to ‘-9’ to be used for further analysis in Mplus 7.3. 

 

Table 4-8 ICCS 2009 Students data – IS2P26A item 

 

Source: ICCS 2009 International Database (http://rms.iea-dpc.org/#) 

 

COUNTRY - immigrant

 sub-sample less than 50
Status ST R ON GLY 

D ISA GR EE

D ISA GR EE A GR EE ST R ON GLY 

A GR EE

Sum of 

cases 

Bulgaria immigrant 3 5 12 20

native 117 374 1366 1203 3060

Malta immigrant 4 4 15 12 35

native 86 233 975 714 2008

Poland immigrant 2 5 27 13 47

native 72 364 1866 842 3144

Slovak Republic immigrant 2 1 9 6 18

native 157 796 1501 451 2905

COUNTRY - immigrant

 sub-sample less than 200
Status ST R ON GLY 

D ISA GR EE

D ISA GR EE A GR EE ST R ON GLY 

A GR EE

Sum of 

cases

Czech Republic immigrant 1 17 51 41 110

native 373 1382 2170 532 4457

Estonia immigrant 3 22 93 72 190

native 194 840 1128 322 2484

Finland immigrant 1 2 25 50 78

native 213 837 1666 420 3136

Latvia immigrant 2 19 85 43 149

native 138 732 1296 381 2547

Lithuania immigrant 1 11 97 68 177

native 44 311 1993 1311 3659

IS2P26A - Immigrants should have the opportunity to continue speaking their own language
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Even though the two categories of the first-generation and non-native students were 

aggregated into the unique group of students with immigrant background, for some 

countries the sub-sample of students with an immigrant background was very small. 

These were Bulgaria, Malta, Poland, and Slovak Republic with immigrant sub-sample of 

less than 50 elements, and Czech Republic, Estonia, Finland, Latvia, and Lithuania with 

less than 200 students. Table 4 –8 gives an example of the small rate of response in in 

these countries for the immigrant subsamples with respect to the first questionnaire item. 

Summary descriptive statistics for the five items used by IEA researchers to measure the 

Student’s attitudes towards equal right for immigrants scale as well as for the 6
th

 relevant 

item of the ICCS 2009 questionnaire are reported in Appendix.  
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4.5 Main data analysis strategy 

Building upon the data previously detailed, we proceeded with testing for measurement 

invariance. The data were analyzed in a multi-group factor analysis framework using 

Mplus 7.3. software (Muthén & Muthén, 2012; Muthén & Muthén, 2014).  

Prior to performing the main analysis, the conversion of data was required due to the 

specific format input accepted by Mplus. Thus, the dataset produced in SPSS was 

converted into a database file (.dat) and adequately structured to be used with Mplus. 

As extensively explained in Part I, in a first step it was necessary to test the least 

restrictive model – configural invariance (Horn & McArdle, 1992), and only if this level 

of equivalence was established (Byrne & van de Vijver, 2010; Byrne, 2012) we could 

verified more restrictive models, that is metric (weak) invariance and scalar (strong) 

invariance. 

Moreover, we considered that data had three discriminant variables to be taken into 

account for our research objectives: countries for the multi-group analysis, students’ 

codified answers for factor analysis (six or five item model), and the background status 

(native/immigrant) relevant for the two separated analyses (as indicated in the previous 

chapter). 

Based on these preliminary considerations, our plan of testing was articulated into two 

analogue but parallel analyses respectively referring to the six-item model and the five-

item model, in this last case with specific reference to the ICCS 2009 Students’ attitudes 

towards immigrant scale. Therefore, the steps described hereafter were common for both 

the models.  
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Initially, adopting a bottom-up approach and with the aim of confirming the possibility of 

a common baseline model for the measured countries, we started with a CFA of a one-

factor model with respect to each of 24 countries considered individually. 

After testing for the fit of the one-factor model in each country, we could proceed with 

the check of the measurement invariance properties. 

As said, the first step involved testing for configural measurement invariance. The 

configural measurement equivalence analysis was conducted for the whole group of 24 

European countries. Furthermore, following the ICCS 2009 European research team’s 

choice of analyzing only countries with an immigrant subgroup of at least 50 students, a 

second run for testing configural invariance involved the 18 countries which reached the 

immigrant subgroup limit. Additionally, assuming a more restrictive approach concerning 

sample dimensionality in large-scale analysis, a third test was run for only the 13 

countries with an immigrant subgroup of at least 200 students (Boomsma & Hoogland, 

2001; Byrne & van de Vijver, 2010). In case configural equivalence held, further tests for 

metric and scalar invariance were run and results evaluated. 

In the second step, measurement invariance properties were analyzed with respect to both 

the two subgroups of non-immigrant/native and immigrant background students. Starting 

from the original dataset, two different input files were prepared in SPSS with the aim of 

distinguishing the students’ records on the background status variable. As previously 

described for the whole sample dataset, the two SPSS datasets were converted into 

database files (.dat files) for their use with Mplus software. As usual, we started with a 

configural invariance assessment. When configural equivalence was verified, further tests 

for metric and scalar invariance were run and results evaluated. 

Next, we proceeded with the examination of the immigrant students subgroup. Due to the 

small subgroup size and in particular for the too much reduced number of cases surveyed 
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for some European countries, we were obliged to restrain our analysis at the 13 countries 

level. 

Still, our prior concern was to check for configural measurement invariance, and further 

investigating both the weak invariance and strong invariance properties of the immigrant 

background student data. 

Moreover, on the basis of the information provided by the Mplus output files during the 

previously analyses, and in particular evaluating the misfit contributions of the different 

countries, we tried to identify a possible subgroup of countries better fitting a baseline 

model and for which measurement invariance resulted at the highest level. 

Finally, equality constraints regarding variables (full invariant analysis) were relaxed and 

tentative partial versions of invariance were investigated with regard to both the 

preliminary item models. 

Concerning the model fit statistics used to evaluate measurement invariance in our study, 

based on the latest available literature, we decided to refer to the root-mean-square error 

of approximation – RMSEA (Steiger & Lind, 1980), the comparative fit index – CFI 

(Bentler, 1990), and the Tucker-Lewis fit index – TLI (Tucker & Lewis, 1973). 

Actually, Mplus outputs offer several goodness-of-fit values, all of which relate to a 

model as a whole (Byrne, 2012, p. 66). Nevertheless, on the basis of our sample/data 

structures we were obliged to avoid more common fit statistic like a chi-square (χ
2
) 

statistic. 

As an ‘absolute misfit index’ (Browne et al. 2002), the RMSEA is correlated in a 

negative way to model fit, that is it increases as goodness of fit decreases. Commonly, 

RMSEA values below 0.05 indicate good fit, and values until 0.08 can be considered as a 

signal of an acceptable level of errors of approximation, thus a reasonable low level of 
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noise in the model (Browne & Cudek, 1993; MacCallum et al., 1996; Hu & Bentler, 

1999). 

Therefore, for the RMSEA range we initially referred to a value as high as 0.08 both for 

the index and its upper boundary of 90% confidence interval. When this limit was exceed 

we decided to adopt a less restrictive rule and refer the model fit assessment to RMSEA 

values less than 0.10 (Byrne & van de Vijver, 2010; Kline, 2011, Rutkowski & Svetina, 

2013), but clearly stating this decision.  

The CFI and the TLI are incremental indices which measure the improvement in model 

fit comparing the constrained model with the less restricted nested one. These indices are 

positively correlated to model fit, meaning that they increase as goodness of fit increases. 

For both these indices, values higher than 0.90 were normally considered acceptable. 

More recently, a revised cutoff value close to 0.95 has been suggested, but its strength 

was questioned (Bentler, 1992; Hu & Bentler, 1999; Marsh et al., 2012; Byrne, 2012; 

Kline, 2011).  

Consequently, we referred to the cutoff value of 0.95, but when this lower limit was not 

satisfied we decided to adopt a less strict approach and refer the model fit assessment to 

CFI/TLI values over 0.90. When this approach was assumed we clearly stated the 

decision. 
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In the estimation procedure the categorical character of our item variables has been taken 

into account and the robust weighted least square estimator – WLSMV was selected in 

CFA analyses run with Mplus software (Muthén & Muthén, 2012)
18

.  

  

                                                           

18
 When at least one factor indicator or other observed dependent variable is binary or ordered categorical, 

Mplus has seven estimator choices: weighted least squares (WLS), robust weighted least squares (WLSM, 

WLSMV), maximum likelihood (ML), maximum likelihood with robust standard errors and chi-square 

(MLR, MLF), and unweighted least squares (ULS) When at least one factor indicator or other observed 

dependent variable is censored, unordered categorical, or a count, Mplus has six estimator choices: weighted least 

squares (WLS), robust weighted least squares (WLSM, WLSMV), maximum likelihood (ML), and maximum 

likelihood with robust standard errors and chi-square (MLR, MLF). ( http://www.statmodel.com). Our choice was the 

default one. 

http://www.statmodel.com/
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Chapter 5 

RESULTS 

In the current chapter research results are showed. More precisely, results are illustrated 

in answer to the 4 research questions and two separate sets of analyses: one conducted 

with regard to the six items of the original ICCS 2009 questionnaire and the other for the 

only five items used for the building of the students’ attitudes toward equal rights for 

immigrants scale as reported in the ICCS 2009 International Report and the ICCS 2009 

European Report (ICCS 2009 European Report, 2010, p. 92). Having as reference these 

two analogous but different constructs based respectively on six items (observed 

variables for questionnaire) and five items (observed variables used for scale), each 

research question was investigated twice. In the first section of this chapter, results for the 

six item model are presented. Investigations are applied both to all European countries 

and subgroups (18 and 13 countries), and with regard to all students sample (first 

research question) as well as to subgroups of students, that is the non-immigrant/native 

students (second question) and students with an immigrant background (third research 

question). Similarly, in the next section, results are shown for the five item construct, 
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following each of the prior analysis steps (all European countries and subgroups, all 

students sample and native/immigrant background subgroups). Finally, the last section is 

dedicated to explorative results about country groupings with better fit and partial 

invariance (fourth research question). 

 

 

 

5.1 Six item model 

All students 

The first model tested for measurement invariance involved all the six items included in 

the ICCS questionnaire (Brese et al., ICCS 2009 User Guide for the International Data 

base Supplement 1, 2014). 

The results indicated a modest fit of the one-factor model when 24 European countries
19

 

were analyzed one by one. In fact, as shown in Table 5-1, the one-factor model was not 

well fitted in all the countries included in the study. 

 

                                                           

19
 Austria, Belgium (Flemish), Bulgaria, Cyprus, Czech Republic, Denmark, England, Estonia, Finland, 

Greece, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, The Netherlands, Norway, Poland, Slovak 

Republic, Slovenia, Spain, Sweden, and Switzerland. Liechtenstein was excluded due to its very small 

population (less than 40.000) 
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More specifically, only 9 countries fitted the model perfectly, RMSEA < 0.08 and 

CFI/TLI > 0.95: Bulgaria, Cyprus, Czech Republic, Greece, Latvia, Lithuania, 

Luxembourg, Malta, and Poland. Adopting the proposed less strict approach for the fit 

assessment, that was to reduce the limit for the RMSEA to RMSEA < 0.10 (CFI and TLI 

are confirmed over 0.95), further 5 countries could be considered as fitting the model: 

Austria, Ireland, Slovak Republic, Slovenia, and Switzerland. The remaining 10 countries 

did not fit the model. 

Nevertheless, when the data for all 24 countries were analyzed simultaneously (pulled 

dataset without applying a multi-group approach), the results showed that the fit of the 

one-factor model was very good: RMSEA = 0.069 (90 Percent C.I.  0.067 - 0.071), CFI = 

0.969, and TLI = 0.948. 

With the aim of answering the first research question, we proceed with the measurement 

invariance testing in a multiple-group confirmatory factor analysis framework. The 

results for the six-item model revealed a quite questionable level of configural invariance 

when 24 countries were considered (Table 5-2). 

 

Table 5 -2   Six items - fit statistics

Country RMSEA 90 Percent C.I. CFI TLI

All European countries 0.095 0.093  -  0.097 0.979 0.964

18 countries 0.098 0.096  - 0.100 0.978 0.964

13 countries 0.102 0.100 - 0.105 0.978 0.964

All European countries 0.110 0.108  -  0.112 0.956 0.952

18 countries 0.116 0.114  -  0.117 0.954 0.950

All European countries 0.109 0.108  -  0.111 0.923 0.953

18 countries 0.112 0.111 - 0.114 0.925 0.953

Note: RMSEA = root mean square error of approximation; 90 Percent C.I. = 90% Confidence Interval for RMSEA;

CFI = comparative fit index; TLI = Tucker-Lewis index

Configural Invariance

Metric Invariance

Scalar Invariance
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As a matter of fact, our results for the configural invariance test might have been 

considered as borderline, with the RMSEA = 0.095 (90 Percent C.I.  0.093 - 0.097), CFI 

= 0.979 and TLI=0.964. The required value of RMSEA < 0.08 was not achieved, yet we 

had to consider the peculiar large-scale structure of our data and the cross-group analysis 

conducted. Therefore, following Byrne and Van de Vijver (2010), Kline (2011), and 

Rutkowski and Svetina (2013) we accepted a less strict value for the RMSEA, that is 

RMSEA < 0.10, and consequently we considered the configural invariance verified for all 

24 European countries. 

Having established the configural invariance for 24 countries, the metric and scalar 

invariance were investigated.  

The results showed that neither metric invariance nor scalar equivalence held: the 

RMSEA value resulted unacceptable in both analyses (RMSEA = 0.110 for weak 

invariance and RMSEA = 0.109 for the strong invariance). 

In the second step, following the lead of the procedures applied in the ICCS 2009 

European Report (which investigated data only from subsamples bigger than 50 

students), we reduced the country sample to the countries that fitted this criterion. 

Consequently, only 18 out of the 24 European countries
20

 were considered for the 

analyses.  

Adopting the prior discussed less strict approach for the RMSEA, the configural 

invariance could be verified for this subgroup with RMSEA = 0.098 (90 Percent C.I.  

0.096 - 0.100), CFI=0.978 and, TLI = 0.964. 

                                                           

20
 Bulgaria, Malta, Poland, and Slovak Republic were not included in the study due to the small immigrant 

background student samples. In addition, The Netherlands and Norway were not included because of their 

exclusion from the European Report analysis. 
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Having established the configural invariance for 18 countries, the metric and scalar 

invariance were analyzed for this subgroup.  

Further results for the weak measurement invariance and strong invariance attested a poor 

fit: namely RMSEA = 0.116 and CFI = 0.954 for metric equivalence, RMSEA = 0.112 

and CFI=0.925 for scalar equivalence. 

Thirdly in a subsequent step we further reduced the number of countries to those   with an 

immigrant subsample of at least 200 students
21

. This procedure resulted in the selection 

of a subgroup of 13 countries with an immigrant subsample of at least 200 students
22

. 

Analyses applied to this subsample showed that the configural invariance did not hold 

with a poor level of RMSEA = 0.102 (90 Percent C.I.  0.100 - 0.105), CFI = 0.978 and 

TLI = 0.964.  

Thus, given that configural invariance was not achieved higher levels of equivalence 

were not investigated further for this subgroup of countries. 

Overall, the results obtained for the six-item model showed a modest level of 

measurement invariance. In fact, for all 24 European countries and the two subgroups of 

countries considered, both metric invariance and scalar invariance were not reached. 

Only a common structure in the factor held for 24 and 18 countries cases, when a more 

lenient approach was taken to model fit evaluation (RMSEA).  

  

                                                           
21

 On the basis of documented literature about sample dimensionality in large-scale data analysis 

(Boomsma & Hoogland, 2001; Byrne & van de Vijver, 2010), it was decided to adopt a conservative 

approach in terms of sample dimension. Consequently, only countries with an immigrant subsample of at 

least 200 students have been investigated for the third research question: ‘Can country average levels of 

student attitudes toward equal rights for immigrants also be compared when we consider only the group of 

students with an immigrant background in these countries?’ 
22

 In the final sample were included: Austria, Belgium (Flemish), Cyprus, Denmark, England, Greece, Ireland, 

Italy, Luxembourg, Slovenia, Spain, Sweden, and Switzerland. For the completeness of the dissertation also other 

sample students (all students and native ones) were investigated with regard to this 13 country sample 
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Native students 

With regard to the second research question, similar analyses were applied to the 

subsample of native students. 

When 24 countries were considered, the results for the six-item model showed that 

configural invariance held only if we accepted a less strict value for the RMSEA, namely 

RMSEA < 0.10, while both metric and scalar invariance were not verified (Table 5-3). 

For the subgroup of 18 countries, configural invariance could not be assumed with 

RMSEA=0.103 (90 Percent C.I.  0.101 - 0.106), CFI = 0.975 and TLI = 0.959. Therefore, 

higher levels of equivalence were not tested for this subgroup of countries. 

Similarly, for the subgroup of 13 countries, configural invariance was not demonstrated 

and no other higher levels could be investigated as illustrated in Table 5 -3. 

 

 

  

Table 5 -3   Six items - fit statistics

Country RMSEA 90 Percent C.I. CFI TLI

All European countries 0.100 0.097  0.102 0.976 0.959

18 countries 0.103 0.101  0.106 0.975 0.959

13 countries 0.109 0.106  0.112 0.974 0.957

All European countries 0.111 0.110  0.113 0.953 0.949

All European countries 0.113 0.112  0.114 0.915 0.947
Note: RMSEA = root mean square error of approximation; 90 Percent C.I. = 90% Confidence Interval for RMSEA;

CFI = comparative fit index;   TLI = Tucker-Lewis index

Configural Invariance

Metric Invariance

Scalar Invariance
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Immigrant background students 

The third research question regarded the possibility of valid data comparisons for the 

immigrant background student subsample. 

Following relevant literature (Boomsma & Hoogland, 2001; Byrne & van de Vijver, 

2010), a conservative approach has been adopted. Consequently, only countries with an 

immigrant subsample of at least 200 students have been investigated. Moreover, given 

the reduced number of response for some countries
23

 involved in the ICCS 2009 survey
24

, 

measurement invariance tests with respect to the immigrant sub-sample could be possible 

only referring to a subsample of 13 countries. 

The results for configural invariance test showed a good level of equivalence: 

RMSEA=0.071 (90 Percent C.I.  0.064 - 0.079), CFI = 0.986 and TLI = 0.977. Being the 

RMSEA < .08 and CFI/TLI > 0.95, consequently we could assume the needed cross-

country configural measurement equivalence (Table 5 -4). 

Furthermore, higher levels of equivalence were investigated.  

 

 

                                                           

23
 Bulgaria, Cyprus, Czech Republic, Estonia, Finland, Latvia, Lithuania, Malta, and Poland 

24
 The Netherlands and Norway were not included because of their exclusion in the European Report table. 

Table 5 -4   Six items - fit statistics

Country RMSEA 90 Percent C.I. CFI TLI

Configural invariance 0.071 0.064    0.079 0.986 0.977

Metric invariance 0.055 0.049    0.062 0.987 0.986

Scalar invariance 0.056 0.051    0.061 0.978 0.986
Note: RMSEA = root mean square error of approximation; 90 Percent C.I. = 90% Confidence Interval for RMSEA;

CFI = comparative fit index;   TLI = Tucker-Lewis index

Immigrant background students - 13 countries
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The results obtained for the metric invariance test denoted a very good fit: 

RMSEA=0.055 (90 Percent C.I.  0.049 - 0.062), CFI = 0.987 and TLI = 0.986. 

Moreover, the strong (scalar) measurement invariance was found tenable. These last 

results confirmed that all the examined measurement invariance tests held for the 

subsample of the immigrant background students. 

Interpreting these results on the basis of the theory illustrated in the previous chapter 

allows to state that data from immigrant background students (included in the considered 

subsample of 13 countries) can be validly compared. 

The configural equivalence assures a common factor model across the country-groups. 

The metric equivalence guarantees the same ‘strength of the relation’ between the 

independent factor and other variables. Finally, the reached scalar invariance would allow 

investigations in a comparative perspective (i.e. comparing of average performances) and 

a wide range of secondary data analysis. 
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5.2 Students’ attitudes towards equal rights for immigrants - 

Five item model  

All students 

In a second stage, we analyzed the one-factor model with regard to the 5 items answers 

on which the Students’ attitudes towards equal rights for immigrants concept had been 

scaled in the ICCS 2009 study (ICCS 2009 International Report – Schulz et al., 2010; 

ICCS 2009 European Report – Kerr et al., 2010).  

The results for 24 European countries analyzed on a one by one basis showed a worse fit 

compared to the prior analysis with six items (in Table 5 -5 fitting countries are 

highlighted).  

More specifically, only 5 countries fitted the model perfectly complying with the 

standard values of RMSEA < 0.08 and CFI/TLI > 0.95: Bulgaria, Cyprus, Latvia, 

Lithuania, Malta, and Poland. Adopting a less strict approach to model fit assessment 

(that is reducing the limit for the RMSEA to RMSEA< 0.10 and accepting CFI and TLI 

values of over 0.95), 5 additional countries might be considered as fitting the model: 

Austria, Czech Republic, Greece, Lithuania, and Luxembourg. The last 14 countries did 

not fit the model, with very poor fit particularly for Belgium (Flemish), Denmark, Italy, 

The Netherlands, and Spain. 

With regard to the fit of the one-factor model for all 24 countries simultaneously 

analyzed (pulled data, no multiple group approach), the results showed a questionable 

level of RMSEA = 0.092 (90 Percent C.I.  0.089  0.094), a CFI=0.968, and TLI = 0.936 

Still, we took the decision of adopting a less strict approach  referring to the following 

limits for the evaluated indices: RMSEA < 0.10, CFI > 0.90, and TLI>0.90. After this, 

we could consider the one-factor model (5 items) fitting for all countries. 
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Regarding the first research question, we tested for measurement invariance. The results 

were not better (Table 5-6). The configural measurement invariance did not hold with 

RMSEA = 0.124 (90 Percent C.I.  0.121 - 0.126), CFI=0.979, and TLI = 0.959. Thus, 

higher levels of equivalence were not investigated. 

 

 

 

Furthermore, the test for invariance regarding the 18 countries subsamples returned the 

same misfit values (see Table 5-6). Therefore, no level of measurement equivalence 

could be identified. 

Finally, also the results for 13 countries revealed no configural measurement invariance: 

RMSEA= 0.132 (90 Percent C.I.  0.129  0.136), CFI = 0.979, and TLI = 0.959 (see Table 

5-6) . 

  

Table 5 -6  Five items - fit statistics

Country RMSEA 90 Percent C.I. CFI TLI

All European countries 0.124 0.121    0.126 0.979 0.959

18 countries 0.127 0.124    0.130 0.979 0.959

13 countries 0.132 0.129    0.136 0.979 0.959
Note: RMSEA = root mean square error of approximation; 90 Percent C.I. = 90% Confidence Interval for RMSEA;

CFI = comparative fit index;   TLI = Tucker-Lewis index

Configural Invariance - All students
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Native students 

Relating to native students, under the scope of the second research question of this 

dissertation, results showed that measurement invariance did not hold for all countries as 

well as for the two analyzed subsamples. 

When 24 countries were considered, configural invariance tests showed a result of 

RMSEA=0.130. Similar results were reached with tests for measurement equivalence for 

the subgroup of 18 countries (RMSEA = 0.134) and for the subgroup of 13 countries 

(RMSEA = 0.142). Due to the lack of configural measurement invariance, higher levels 

of equivalence were not further investigated. 

Table 5-7 presents the results of the configural invariance tests: 

 

 

  

Table 5 -7   Five items - fit statistics

Country RMSEA 90 Percent C.I. CFI TLI

All European countries 0.130 0.127    0.133 0.976 0.953

18 countries 0.134 0.130    0.137 0.976 0.953

13 countries 0.142 0.138    0.146 0.975 0.951

Configural Invariance - Native students 

Note: RMSEA = root mean square error of approximation; 90 Percent C.I. = 90% Confidence Interval for RMSEA;

CFI = comparative fit index;   TLI = Tucker-Lewis index
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Immigrant background students 

Analyses carried out for the subsample of the immigrant background students (third 

research question) with regard to the Students’ attitudes towards equal rights for 

immigrants concept showed that configural equivalence could be assumed if a less strict 

approach was applied for the thresholds of the goodness-of-fit indices evaluating the 

model. As for the prior case, we decided to consider the new boundaries RMSEA < 0.10 

and CFI/TLI > 0.90 as acceptable. 

After this choice, referring to the subsample of 13 countries, the configural invariance 

was proved on the basis of the following results: RMSEA = 0.087 (90 Percent C.I.  0.078  

0.097), CFI = 0.988 and TLI = 0.977.  

Moreover, both weak and strong measurement invariance were confirmed. Table 5-8 

shows the relevant results of the measurement invariance tests. 

 

  

 

The results for strong invariance were very satisfactory: RMSEA = 0.060 (90 Percent C.I.  

0.054 - 0.065), CFI = 0.981, and definitely authorize researchers to data comparison at 

cross-country level. 

Table 5 -8   Five items - fit statistics

Country RMSEA 90 Percent C.I. CFI TLI

Configural invariance 0.087 0.078    0.097 0.988 0.977

Metric invariance 0.058 0.050    0.066 0.991 0.990

Scalar invariance 0.060 0.054    0.065 0.981 0.989
Note: RMSEA = root mean square error of approximation; 90 Percent C.I. = 90% Confidence Interval for RMSEA;

CFI = comparative fit index;   TLI = Tucker-Lewis index

Immigrant background students - 13 countries
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5.3 Further findings 

As shown in the previous paragraphs, there are evident limitations in guaranteeing 

equivalence and thus ample cross-country comparability. 

As posited in Chapter 3, these limitations can be overcome either by relaxing the 

requirements for configural invariance, or by exploring alternative strategies with more 

limited or specific scope. 

Hence, with regard to the last research question relating to the possibility of identifying 

sub-groups for which measurement invariance held at higher levels, we conducted further 

tests. This final step of investigation was carried out along two different strands as 

follows: 

 Discover possible country subgroups with better test performances referring to the 

prior batteries of six-items and five-items (Byrne & van de Vijver, 2010; Weziak-

Bialowolska, 2013); 

 

 Isolate a subset of variables (items) with improved results – partial invariance 

(Byrne, 2012, Byrne & van de Vijver, 2010).  

This last step of study was conducted only with respect to the whole student sample. 

On the basis of the misfit contributions values and proceeding with meticulous analyses, 

a subsample of 8 countries (Austria, Cyprus, England, Greece, Ireland, Luxembourg, 

Sweden, and Switzerland) was identified
25

. 

 

                                                           

25
 Only countries with an immigrant subsample of at least 200 students were taken into account in this 

phase. 
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The results for the configural measurement invariance tests definitely improved respect 

both the six-item (Table 5 -9) and the five-item (Table 5 -10) cases conducted with other 

country subgroups. 

 

 

 

The configural invariance test showed a result of RMSEA = 0.081 when six observed 

variables were considered, and a border value of RMSEA = 0.099 in the case of the five-

item model. Still, a less strict approach was applied for the thresholds of the goodness-of-

fit indices evaluating the models, and consequently the new boundaries of RMSEA < 

0.10 and CFI/TLI > 0.90 were accepted. 

After this decision, higher levels of equivalence were investigated. 
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For the six-item case, metric invariance was assumed on the basis of the prior choice of 

relaxing the RMSEA limit, being RMSEA = 0.083 (90 Percent C.I.  0.080 - 0.086), CFI = 

0.980 and TLI = 0.987. The scalar invariance test gave a value of RMSEA = 0.078 (Table 

5 -9). 

The configural invariance test showed heavily borderline results for the alternative case 

of only 5 variables. However, the first level of equivalence was accepted applying a less 

strict rule for the RMSEA value.  

Moreover, both weak and strong measurement invariance were confirmed with good 

values of RMSEA = 0.076 and RMSEA = 0.079 respectively. Table 5 -10 shows the 

relevant results for the measurement invariance tests in case of five observed variables.  

Finally, we were able to detect a five-item battery non-including the first observed item
26

, 

for which measurement invariance testing showed tenable and better fits for all levels of 

equivalence (Table 5 -11). This last case referred to all students and the 13 countries 

subsample. 

 

 

                                                           

26
 The first ICCS 2009 questionnaire question relating students’ attitudes toward equal rights for 

immigrants was: IS2P26A- Immigrants should have the opportunity to continue speaking their own 

language? 

Table 5 -11  Five items - fit statistics

Country RMSEA 90 Percent C.I. CFI TLI

Configural invariance 0.052 0.048  0.055 0.996 0.992

Metric invariance 0.053 0.050  0.056 0.993 0.992

Scalar invariance 0.075 0.073  0.077 0.973 0.984

All students - without IP2P26A

Note: RMSEA = root mean square error of approximation; 90 Percent C.I. = 90% Confidence Interval for RMSEA;

CFI = comparative fit index;   TLI = Tucker-Lewis index
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Chapter 6 

DISCUSSION AND CONCLUSIONS 

This chapter concludes the dissertation. In section one, the main findings of the research 

work are summarized. Research questions are critically linked to the results of the study 

and discussed. Next, core conclusions concerning the research work are provided. 

Moreover, the second section is dedicated to pinpoint some limitations of the current 

study. Furthermore, some suggestions are made with regard to possible avenues for 

further research in the field of measurement invariance of instruments and constructs 

based on data collected across groups and cultures. 

  



Testing cross-national construct equivalence in international surveys 

________________________________________________________________________ 

114 
 

6.1 Summary of the findings and conclusions 

This dissertation aimed to address the issue of MI of attitudinal measures and the need of 

statistical tests to be carried out in order to verify the comparability of data collected in 

International Large Scale Assessments - ILSAs via questionnaire instruments. In 

particular, the levels of invariance necessary to guarantee the significant comparison of 

the observed items as well as the meaningful definition of country scales referring to a 

common construct (i.e. built on country averages) have been examined. 

The empirical study conducted for this dissertation is based on data from the International 

Civic and Citizenship Education Study (ICCS). The ICCS research was carried out by the 

International Association for the Evaluation of Educational Achievement - IEA in 2009 

and its final data set includes data on Grade 8 (approximately 14 years of age) students’ 

civic competences from 38 countries. 

The assessment of measuring instruments and the validity of cross-country comparisons 

have been a priority for the ICCS team since the trial stage (Schulz et al., 2011), but a 

comprehensive invariance testing has not been drawn-out.   ‘The implication is that most 

scales in ICCS are still to be validated in order to compare constructs with some 

confidence across countries’ (Weziak-Bialowolska & Isac, 2014, p. 3) Starting from 

these views, we drew a research plan for assessing the measurement invariance of non-

cognitive outcomes concerning European students’ attitudes towards immigration. This 

data was collected through the ICCS survey via the student questionnaire (ICCS 2009 

International Report, 2010; Schulz et al., 2008). More precisely, two different analyses 

have been conducted with regard to both the six-item battery of the original ICCS 2009 

questionnaire and the only five-item battery used by the ICCS team for building the 

students’ attitudes toward equal rights for immigrants scale as reported in the ICCS 2009 

International Report and the ICCS 2009 European Report (ICCS 2009 European Report, 

2010, p. 92). 
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Specifically, we addressed the following research questions: 

a) Can country average levels of student attitudes toward equal rights for immigrants 

be compared with confidence among all European countries and/or relevant sub-

groups of countries? 

b) Can such comparisons be carried out also for sub-groups of students such as the 

non-immigrant/native students in these countries? 

c) Can country average levels of student attitudes toward equal rights for immigrants 

also be compared when we consider only the group of students with an immigrant 

background in these countries? 

d) Is it possible to identify reference country sub-groups for which measurement 

invariance holds at higher levels? 

 

Having as reference two analogous but different models based respectively on six items 

(observed variables for questionnaire) and five items (observed variables used for scale), 

each research question was investigated twice. Namely, two similar parallel analyses 

were carried out referring to both the six-item model and the five-item model.  

Measurement invariance was tested under a factor analytical framework and starting from 

a perspective of full measurement equivalence of the instrument used to measure 

students’ attitudes toward equal rights for immigrants. 
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With respect to the first research question, we initially tested for measurement invariance 

using data on the full sample of students (regardless of immigrant status) for all 24 

European countries
27

 involved in the ICCS 2009 survey. 

Furthermore, following the ICCS 2009 European research team’s choice of analyzing 

only countries with an immigrant subgroup of at least 50 students, the measurement 

invariance properties were investigated regarding the only 18 countries which satisfied 

this subgroup limit (Austria, Belgium- Flanders, Cyprus, Czech Republic, Denmark, 

England, Estonia, Finland, Greece, Ireland, Italy, Latvia, Lithuania, Luxembourg, 

Slovenia, Spain, Sweden, and Switzerland). 

Finally, based on related literature (i.e. Boomsma & Hoogland, 2001; Byrne & van de 

Vijver, 2010), a third set of tests was run for only the 13 countries (Czech Republic, 

Estonia, Finland, Latvia, and Lithuania were excluded) with an immigrant subgroup of at 

least 200 students.  

With regard to the six-item model, results for all 24 countries and the subgroup of 18 

countries revealed a quite questionable level of configural invariance when the whole 

sample of students was taken into account. As a matter of fact, results might be 

considered borderline. Nevertheless, supported by relevant literature (Byrne & van de 

Vijver, 2010; Kline, 2011) and given the large-scale structure of our data, we decided to 

adopt a less strict approach in evaluating the model fit. Consequently, we considered the 

configural invariance verified for these two cases, and we could proceed with further tests 

                                                           

27 Austria, Belgium (Flemish), Bulgaria, Cyprus, Czech Republic, Denmark, England, Estonia, Finland, 

Greece, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands (The), Norway, Poland, Slovak 

Republic, Slovenia, Spain, Sweden, and Switzerland. Liechtenstein was excluded due to its very small 

population (less than 40.000) 
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of metric (weak) and scalar (strong) invariance. The results showed that neither metric 

invariance nor scalar equivalence held. 

Next, we analyzed the subgroup of only 13 countries. The first level of equivalence did 

not hold. Due to the fact that configural invariance was not achieved, higher levels of 

equivalence were not investigated further for this subgroup of countries. 

For all previous cases (including all students and only native students) the detected 

misfits implied that a broad measurement invariance of the instrument across countries 

(or subgroups) is not verified. In all 24 countries and the subgroup of 18 countries, where 

at least certain levels of configural equivalence were showed, a common understanding 

of the investigated concept could be assumed. Nevertheless due to the missing scalar 

invariance, the valid comparison of average performance on a scale was not supported. 

With regard to five-item model of students’ attitudes toward equal rights for immigrants 

scale, first, we tested measurement invariance respect to the whole sample of students. In 

all cases considered, that is all 24 countries, 18 countries, and 13 countries, the configural 

measurement invariance did not hold. Consequently, higher levels of equivalence were 

not investigated. 

Next, with the aim of answering the second research question, our analyses were 

replicated considering the non-immigrant/native subsample, firstly referring to six 

observed variables and then to the case of only five items.  

With respect to the six-item model, as for the whole student sample, in case of 24 

countries, the results showed that configural invariance held only if we assumed a less 

strict rule in evaluating the model fit. Nevertheless, further exams for testing both metric 

and scalar invariance did not lead to a good model fit. Furthermore, for both the 

subgroups of 18 countries and the subgroup of 13 countries, configural invariance could 
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not be assumed. Therefore, higher levels of equivalence were not analyzed for these 

subgroups of countries. 

For the parallel case of five-items, our investigation applied to the native students sample 

showed the similar results as for all students. More specifically no level of equivalence 

was reached. 

Once more, the detected misfit for all levels of measurement equivalence illustrated the 

limitations of the data with regard to possible comparisons across countries. We can 

conclude that, given such findings, researchers must be cautious when using these data 

for secondary analyses and for comparing studies. 

In response to the third research question, the last subgroup to be investigated was the 

subgroup of students with an immigrant background. The test was conducted with regard 

to the only 13 countries with an immigrant subgroup of at least 200 students.  

In this last case, results were satisfactory in terms of verified levels of invariance both for 

the six and the five-item models. Tests for configural invariance showed a good level of 

fit, consequently we could assume the needed configural measurement equivalence and 

proceed to further tests. The results obtained for the metric invariance tests denoted a 

very good equivalence. Finally, the strong (scalar) measurement invariance was found 

tenable in this case. 

On the basis of these results, we assumed that data relating to these subgroups of 

immigrant students can be validly compared across the analyzed countries. As argued in 

this dissertation, the configural equivalence assures a common factor model across the 

country-groups. The metric equivalence guarantees the same ‘strength of the relation’ 

between the independent factor and other variables. And finally, the reached scalar 

invariance allows investigations in a comparative perspective (i.e. comparisons of 

country average performance) and a wide range of other types of secondary data analysis. 
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In other words, it means that for this student subsample not only the loading 

configuration is the same across countries, but also the associated loading values, and 

intercepts. Therefore, the measurement instrument can be used for assessment including 

comparisons across groups involving mean values. 

Having controlled for measurement invariance of the available data on a six-items and 

five items basis on all potential groupings, in a last step, we investigated explorative 

scenarios addressing our fourth research question. We proceeded to identify within or 

across the original groupings, smaller subgroups of countries or subsets of items that 

might be in fact comparable. 

This additional step, conducted regarding the all students sample, resulted in the detection 

of two possible configurations with high level of measurement invariance.  

First, it was possible to recognize a smaller subgroup of 8 countries (Austria, Cyprus, 

England, Greece, Ireland, Luxembourg, Sweden, and Switzerland) for which also scalar 

invariance held. 

Second, a preliminary analysis for invariance of the whole student samples referring to 

subsets of observed variables showed the possibility of identifying models with higher 

levels of equivalence. A new subgroup of variables, where the first questionnaire item 

was excluded, was detected and investigated (partial invariance) referring to the 13 

countries subgroup (Austria, Belgium -Flanders, Cyprus, Czech-Republic, Denmark, 

England, Greece, Ireland, Italy, Luxembourg, Spain, Sweden, and Switzerland). This last 

analysis showed very good results at all levels of equivalence. 

Although these findings open up promising avenues, this scenario needs to be further 

investigated. 
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6.2 Conclusion, limitations and avenues for future studies 

In this dissertation we stressed that ILSAs data provide a unique opportunity of 

information and their development responds to the ‘increasingly challenging questions 

posed by researchers and policymaker around the world’ (Kirsch et al., 2013, p. 1).  

However we also made the point that such studies have not always received the due 

attention in guaranteeing comparability (measurement invariance), nevertheless the 

collected data are used for cross-country comparisons. 

In this respect, our current findings provide some valuable information on measurement 

invariance tests for non-cognitive LSA data illustrated with an empirical example. This 

example is based on ICCS 2009 and the items measuring students’ attitudes towards 

immigrants. We stress however that the ICCS study and data are only one random 

example chosen for illustrative purposes and that the main conclusions outlined here are 

equally applicable to all other LSA’s that valuably feed scientific and policy discussions. 

Taken together, our results confirm an increasing body of literature that indicates that 

measurement invariance of questionnaire data in LSA’s cannot be achieved easily. With 

our empirical example we illustrated that country averages comparisons are not always 

possible even if they are based on a sample of countries that share cultural similarity (in 

this case European countries). As our tests applied to several groupings of countries and 

individuals show, country mean comparisons may be defensible at times but, in many 

instances, their validity is not guaranteed. This has important implications for researchers 

and policy makers that may draw conclusions and take decisions based on country 

rankings.   

Therefore, the most important conclusion of this research is that measurement invariance 

tests are a useful tool in assessing the validly of country comparisons and they should be 

employed and presented in official reports and empirical research papers in order to 
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enable readers to arrive to a correct interpretation of the data. Only when measurement 

invariance is empirically demonstrated, country rankings may lead to meaningful debate.  

Nevertheless, as showed here, in some cases, lower levels of invariance such as 

configural invariance can be achieved or invariance may be reached for sub-groups of 

countries or individuals. This leads to the conclusion that researchers should investigate 

more in-depth possibilities to improve measurement invariance and that although country 

rankings may not be possible at times, LSA data remains useful for answering other 

research questions. Regarding the latter, when only tests of configural invariance are met, 

the researcher cannot compare means but may proceed with other types of analyses such 

as studying associations between the latent construct and other constructs of interest 

across countries. 

Nonetheless, next to these conclusions, here we must also highlight some limitations that 

characterize this research and may provide some relating leads to be further tested in the 

future. 

First, given the aims of the current study, we conducted an extensive exam of the data on 

different country subgroups and with respect to different subsets of variables. Yet our 

grouping remains substantially based on the geographical location (our analyses were 

always orientated to group comparisons). Still, following Byrne and van de Vijver 

(2010), in large-scale research other ways to group countries may be found and 

investigated (i.e. other groupings or sub-groupings based on a more refined cultural or 

political similarity). 

Second, we could identify some cases in which measurement invariance did not hold and, 

in particular, showed that strong MI was often absent. Yet this kind of analysis does not 

help in detecting the reasons for non-invariance. Such dissimilarities could be explained 

also on the basis of a comprehensive framework involving cultural country characteristics 

and historical/political country background (i.e. historical correspondences or common 
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political experiences). Consequently, further research could be integrated with the 

examination of contextual country level variables that may explain non-invariance 

(Davidov et al., 2012; Weziak-Bialowolska & Isac, 2014). In addition, specific 

complementary cognitive tests could contribute to examine the reasons for measurement 

non-invariance and improve measurement quality (Davidov, 2008). Therefore, an 

interesting topic to investigate in the future could be the way in which measurement 

invariance analysis can be instrumental in detecting country difference explanations. 

Moreover, we could not explore alternative techniques to assess MI or even just if other 

methods were possible. We worked under a full measurement invariance framework and 

our partial invariance test (subsets of variable) was only explored. In particular, further 

research could involve in a comparative way other procedures like Multilevel Structural 

Equations Modelling - SEM techniques (Davidov et al., 2012, Byrne, 2013), exploring 

partial invariance more extensively, or alignment method as very recently introduced 

(Muthén & Asparouhov, 2013). 

Furthermore, our first requirement was to refer to a factor analytical framework, but as 

for the ICCS 2009 study, analyses could be done under an Item Response Theory context. 

As a final point, in model fit evaluation, we accepted a less strict approach of the relevant 

statistics. In this respect, we have been fully supported by the relevant literature (Byrne & 

van de Vijver, 2010; Kline, 2011; Rutkowski & Svetina, 2013), but clearly without this 

first decision and taking a more conservative approach (Hu & Bentler, 1999) some of the 

findings and conclusions of this dissertation would have been different (i.e. configural 

invariance could not be accepted regarding the whole student sample). 
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