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In this study, the data obtained from the 6-item survey applied to the participants of the Trends in 
International Mathematics and Science Study (TIMSS) 2019 Science course were used. The data of the TIMSS 
2019 United States of America (USA) sample were compared with1 the data of countries that have different 
cultural structures such as Turkey (TUR), Japan (JPN), and Norway (NOR). This study aims to investigate the 
measurement invariance by constructing structural equation models for the comparisons to be meaningful 
and reliable. In the study, Exploratory Factor Analysis (EFA) is performed, and Structural Equation Model 
(SEM) is developed. The measurement invariance was examined by performing confirmatory factor analysis 
of the measurement tool amongst countries with different cultural structures. The results of data comparison 
between the USA and these other three countries (TUR, JPN, and NOR) are as follow; between USA and TUR: 
configural and weak; partially scalar; and partially strict invariance, between USA and JPN: configural and 
weak; scalar and strict invariance, while between USA and NOR: configural and weak; scalar and strict 
invariance. 
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1. INTRODUCTION 
 
For the development of the countries, educating each member of the society is important to ensure social progress. In education, 
international examination and monitoring methods allow countries to observe their states and make comparisons with other 
countries. Countries that participate in the PISA and TIMSS exams, which are composed in this context, determine the policies 
to be applied in the education field based on these data and results. PISA and TIMSS exams question mathematics and science 
literacy and reading skills of 15-year-old students. The obtained data are important for the evaluation of the characteristics and 
the quality of the studies in the field of education. 
 
In these studies, conducted between countries and groups, there are differences in culture, socioeconomic level, language, etc. 
of the groups. The prepared scales are prepared with the assumption that they should measure the same quality in different 
groups. Thinking that the results obtained in the measurement results are only due to the differences between the individual 
and the groups causes incomplete interpretation. This difference may be due to the measurement tool. 
 
Confirmatory factor analysis must be performed to present the evidence regarding the characteristics of the measurement tool. 
In addition, the psychometric characteristics of the measurement tool should be tested with intergroup measurement 
invariance (Gregorich, 2006). 
 
Measurement equivalence is defined by Mellenbergh (1989), Meredith and Millsap (1992) and Meredith (1993) as follows: 
Measurement equivalence is the probability of a person having a certain observation score regardless of which group that 
person is in. As a result, under conditions of measurement equivalence, people with the same score in different groups will have 
the same observation score. If this condition is not met, it may be difficult to interpret the differences between groups based on 
actual group differences, whether they are due to bias in the tests or items (Chan, 2000; Somer, 2004; Stark et al., 2006). 
 
Affective and participant-related traits that cannot be directly observed in social sciences, health sciences, and especially in 
educational studies are called latent traits. Latent traits are tried to be measured by associating them with observable variables. 
The latent variable is the variable that affects observed variables and reveals the relationship between these observed variables. 
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Latent variables act as a guide in confirmatory factor analysis and structural equation models. In the model that is constructed 
with latent variables, the required concordance between the data for the construction of the structure can be presented as proof 
of the structural validity of the measurement tool (Meredith and Horn, 2001). For instance, examination of the correlation 
between variables can give an idea about whether the variables measure the same or different structure. 
 
If we examine the theoretical content of the multi-group latent variable common factor structure, the 4-item two-factor 
structure is shown in two independent groups in Figure 1 as an example. Common factor models represent regression equations 
for each item for which the common factors are the explanatory variable, and each item is the output. In Figure 1, the ovals 
represent common factors, rectangles represent items, and triangles represent item means and estimates. Single-headed arrows 
show regression parameters (λ11, λ12, …, λ42), common factor averages (κ11, κ12, κ21, κ22) and estimates (τ11, τ12, …, τ42). 
The double-headed arrows show the common factor variances (φ11, φ12, φ21, φ22), covariances (ϕ(1,2)1, (ϕ(1,2)2) and item 
residual variances (θ11, θ12, …, θ42). In each parameter, the first index of the parameter indicates the common item or common 
factor, and the second index indicates the group. In the example given in Figure 1, the common two-factor load for two 
structurally identical groups was examined for four items. Under the assumption of normal distribution, factor means (κ) and 
variances (φ11) are shown with the parameters given in parenthesises. Each group has varying common factor loads within 
itself, but the groups are independent of each other. 

 
Figure 1. Two-group latent variable common factor 

 
The difference in the measurement results may be due to the measurement tool. A measurement model with the same structure 
in more than one group means that the factor loadings of the items, their interfactor correlations and the error variances of the 
scale in question are the same (Jöreskog & Sörbom, 1993; Byrne, 1998). In intergroup comparisons, the invariance of the 
measurements emerges as a condition for the relevance of this comparison (Bollen, 1989; Cheung & Rensvold, 2000). Primarily, 
these tests serve to prove whether the obtained measurement results obtained from the measurement tool measure equal 
structures. Before examining the measurement invariance, it must be examined whether there are equal number of factors in 
each group in the constructed structural equation models. In structural equation models, the same number of items and factors 
are preferred. There are four stages in proving measurement invariance (Meredith, 1993). These stages are as follows: 
 
1) Configural invariance: In the first stage of the configural invariance examination, it was determined that the conceptual 
structures of the compared groups were the same based on the established theory, and the comparison of the basic structure 
between the groups was evaluated as meaningful and possible. In a word, it is investigated whether the groups have the same 
factor structure. Factor loadings, regression constants and error variances are released by limiting the number of intergroup 
factors and loading patterns (Vandenberg & Lance, 2000; Wu et al., 2007). A model is composed in which the number of factors 
and the model created for the groups are the same in all groups. 
 
2) Weak (Metric) invariance: When metric invariance is investigated, the similarity of the measurement unit of the latent 
variable is tested. In metric invariance testing, factor loadings are also limited along with the number of factors and loading 
pattern (Vandenberg & Lance, 2000; Wu et al., 2007). The structural relationships formed for the groups are the same, and the 
comparison of the structure in terms of variables may be appropriate and meaningful in subgroups. 
 
3) Scalar (Strong) invariance: When scalar or strong invariance is investigated, the number of factors, loading pattern and the 
regression constant in the constructed regression equation are limited (Vandenberg and Lance, 2000; Wu et al., 2007). 
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Comparison of latent variables may be appropriate and meaningful since the structural relationship created for the groups and 
the structural association are the same along the error sources for the subgroups. 
 
4) Strict invariance: When strict invariance is investigated, error variances are limited along with all parameter limitations in 
measurement invariance (Vandenberg and Lance, 2000; Wu et al., 2007). It is checked whether error variances change between 
groups. 
 
In the hierarchical four-step invariance stages, for moving to the next step, required fit tests of the previous invariance stage 
must be provided. Invariance measurement methods that use covariance structure analysis instead of traditional approaches 
in evaluating differences between groups are used in the comparison of different between-group structures. The most 
commonly used method in invariance research is Confirmatory Factor Analysis (CFA) (Jöreskog & Sörbom, 1999). CFA tries to 
ensure the invariance of parameters between groups by making comparisons between models from the least limited model to 
the most limited model (Horn & McArdle, 1992). It is stated that a study without evidence of invariance in the measurements is 
considered a weak study (Horn, 1992). 
 
Although the complete proof of invariance has been done in many studies, Byrne and his friends described partial measurement 
invariance in the CFA structure for the first time (1989). In the study of Gregorich (2006) and the following studies, partial 
measurement invariance started to be mentioned. According to Gregorich; in a 4-item single-factor study, if the 4th item shows 
the difference between groups although 3 out of 4-factor loads remain unchanged, it should be defined as partial invariance. 
Essentially, for some of the items that meet the metric, invariance measurements are used to estimate the related group 
differences. In accordance with the hierarchical model, it should not be also used in the next invariance step. For instance, items 
used in the scalar invariance model should not be used in the next one: the strict invariance model. According to Gregorich; in a 
partially scalar factorial invariance model, only the items that provide scalar factorial invariance criterion contribute to the 
estimations of group differences in factor means; if observed means are to be compared, only the items that provide scalar 
factorial invariance criterion should be included in composite measures. 
 
There are many examples about studies on measurement invariance in Turkey. For instance, in Önen’s 2009 study, the 
measurement invariance and partial measurement invariance of the Turkish Form of Epistemological Beliefs Inventory across 
gender groups were examined. There are also many studies in TUR based on TIMSS and PISA results. For instance, in 2010, 
Öğretmen and Uzun, conducted measurement invariance tests on the latent variables they found using the Structural Equation 
Modelling technique in their study with TIMSS TUR data. After examining the fit criterion, it was concluded that the metric 
invariance condition was met in the model, but the strict invariance condition was not met in the gender groups. In the study 
by Karakoç, Alatlı, Ayan, Polat-Demir, and Uzun et al (2016) the intercultural measurement invariance in gender differences of 
TIMSS 2011 mathematics achievement test for 4th graders was examined. 
 
Brancu, Şahin, Guðmundsdóttir, and Çetin et al (2022) evaluated the factor structure and measurement invariance of the 
Cultural Intelligence Scale (CIS) and analyzed it using data obtained from university students in Romania, Turkey and Iceland. 
The findings showed a lack of scalar invariance across countries; In other words, it was observed that partial measurement 
invariance was achieved. 
 
Countries participating in nationwide exams such as TIMSS, PIRLS and PISA gain the opportunity to reach the causes of 
problems in their education system and to make the necessary changes by using the obtained data. In the PISA-2018 exam, 
differing from the previous ones, instead of ‘Science Achievement’, ‘Scientific Literacy’ was mentioned. The use of the term 
“Scientific Literacy” instead of “Science” emphasises the significance that PISA attaches to the application of scientific knowledge 
in the context of real-world situations (MEB, 2019). This new evaluation of ‘Scientific Literacy’ was updated in the 2015 and 
2018 implementations of PISA and became characterized with competence, scientific knowledge, and real-life contexts 
(content). 
 
It is thought that working with reliable data such as TIMSS, PIRLS and PISA will be important in terms of questioning student 
skills in the 21st century. According to TIMSS 2019 data, it is examined whether it is meaningful to compare the variables in the 
model that measures students' affective characteristics towards science for different groups. Research findings will contribute 
to the literature, and the obtained research findings will make important contributions to the experimental studies carried out 
for the purpose of change and development in the education system in our country and in other countries. 
 

1.1. The Problem of Study 
 
Score-comparing based structures of internationally and interculturally applied exams such as PISA and TIMSS cause the 
investigation of their validity. The validity of cross-country comparisons is required to be proven, and this is only possible when 
the structures of the countries' test scores are measured in the same metric and found to be equal (Meredith and Horn, 2001). 
Besides, these comparisons are also made on latent traits such as cognitive characteristics, attitudes, and individual differences 
in psychology and education. For the latent traits of the individuals that are participated in the test to be comparable, the 
measurement equivalence between groups in terms of their structure must be provided. 
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Determination of the affective characteristics and qualities of students is merely possible with the evidence obtained from 
experimental studies. For these pieces of evidence to be used, intergroup comparison of the measured structures alone is not 
enough. When making comparisons, the investigation of the structures of the groups being compared is also required. 
 

1.2. Purpose of the Study 
 
This study aims to investigate the measurement invariance by constructing structural equation models for the comparisons to 
be meaningful and reliable. In this study, participant answers to the survey questions that aim to determine the attitudes of the 
students towards the Science course in the TIMSS 2019 exam were compared. Performing invariance study in the comparison 
process of groups gives more accurate and reliable results. For these comparisons to be meaningful, measurement invariance 
should be examined; evaluation of data obtained from both Turkey and other countries with different cultural structures will 
be enlighten the future studies in terms of the quality of Turkey’s science education. 
 

2. METHODOLOGY 
 

2.1. Sample and Data Collection 
 
The data obtained from the TIMSS 2019 USA sample were compared with the data of countries with different cultural structures 
such as TUR, JPN, and NOR. For comparisons to be meaningful and reliable, structural equation models were created and 
measurement invariance was examined. The answers given to the questions measuring the affective characteristics about 
science, which took place in the student survey applied to the 8th grader participants of the TIMSS 2019 international exam by 
the International Association for the Evaluation of Educational Achievement (IEA), were used as data. In the research, the 
number of students participating in USA, TUR, JPN and NOR are 8167, 3213, 6802 and 4260, respectively. The countries whose 
data are used are countries with different cultural structures in which this scale is applied. 
 
In this research, data obtained from a 6-item survey about the TIMSS 2019 Science course were used. This research is 
descriptive research designed to test the relationship between the variables in the model and success by presenting a model 
that does not change according to different cultures. For the scaling, 4-point Likert type is used (1-Strongly agree, 2-Somewhat 
agree, 3-Somewhat disagree, 4-Strongly disagree). 
 

2.3. Data Analysis 
 
Three main analysis methods were used in this study. First, exploratory factor analysis (EFA) was performed. Exploratory factor 
analysis was done on the 6-item survey of the TIMSS 2019 Science course and ATTITUDE is determined as the latent variable. 
Before the Exploratory Factor analysis was performed using SPSS 25, KMO (Kaiser-Meyer-Olkin) and Barlett's test of Sphericity 
were applied. 
 
The KMO value shows that there is a sufficient sample of the item sample in the scale, and the Bartlett Sphericity test shows that 
the relationship matrix of the test data is factorable. Secondly, in the Structural Equation Model created, the structural 
relationship between the predictive variables (6 items in the survey) and the latent variable in the factor analysis was examined. 
With Structural Equation Model (SEM), it is aimed to combine the predictive structural relationship between the variables in 
the regression model and the latent factor structures in factor analysis with a comprehensive analysis. Third, the measurement 
invariance of the measurement tool across countries with different cultures was examined with multi-group confirmatory factor 
analysis (MGCFI). 
 
Gregorich (2006) discussed the “full” version of each factorial form and explained how to analyze partial factorial invariance. In 
fact, Byrne and colleagues first explicitly defined partial invariance within the CFA framework. Details about the partial factorial 
invariance method are available in his article. 
 
Data from other countries were compared with the sample of USA, whose native language is English. In this study, differences 
between the Comparative Fit Index (CFI) were used. The differences between the measurement invariance obtained in the 
created structural equation model and the CFI were examined respectively. Invariance was examined in the items that are 
consistent with the data used in the study and has |ΔCFI| ≤0.01 value and partial invariance was accepted for items that did not 
fit. (Wu, Li & Zumbo, 2007). In order for ECVI values to be a compatible model; the result of value investigation must be smaller 
than the ECVI Independent Model values. 

 
3. FINDINGS 
 
The Exploratory Factor analysis was performed using SPSS 25, KMO (Kaiser-Meyer-Olkin) and Barlett's test of Sphericity were 
applied. Exploratory factor analysis was performed on the 6-item survey of the TIMSS 2019 Science course. The KMO statistic 
results of USA, TUR, JPN and NOR are 0.917, 0.855, 0.950 and 0.904 respectively. The Bartlett sphericity test results of all groups 
are all a Sig. (p-value) of 0,000. KMO values show the sample size to be excellent and highly suitable for EFA. Barlett's test of 
Sphericity shows that the test data come from a multivariate normal distribution and factor analysis can be performed. In the 
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answers of USA, TUR, JPN, and NOR, whose data were analysed, the factor load is found sufficient and factor analysis is found 
performable. In the analysis, the number of factors with eigenvalues greater than 3 was found to be one factor called ATTITUDE 
and ATTITUDE is determined as the latent variable. The amount of explained variances of USA, TUR, JPN and NOR datas are % 
71, % 55, % 68, % 56 and obtained only one factor. 
 
The data of USA are gradually combined with the data of TUR, JPN and NOR, and the CFI difference value between configural 
invariance, metric invariance, scalar invariance, and strict invariance is evaluated. The comparison of USA and TUR data is given 
in Table 1. When the data in Table 1 are examined with the Configural and Weak invariance criteria, ECVI, RMSEA, CFI, GFI and 
NFI are within the acceptable range (Meredith, 1993). In the given degrees of freedom, the ratio of Chi-Square to the degrees of 
freedom should be (χ2/sd < 3). However, in cases where the sample is larger, if other fit indices are provided, the fact that this 
is being less than 3 loses its importance. Therefore, it is concluded that the measurement model for each variable is compatible 
for both groups and have the same structure. 
 
However, when the scalar invariance was examined, since ΔCFI > 0.01 and RMSEA > 0.08, it was decided that partially scalar 
invariance was required. Therefore, the regression constant in the regression equation for item 6 is also not limited. As a result 
of the modification, CFI and RMSEA fit indices are found to be compatible. When the partially strict invariance is examined, it 
was decided that partially strict invariance should be performed on another item since ΔCFI > 0.01 and RMSEA > 0.08. Therefore, 
the error variances of the 8th item are not limited with the 6th item. As a result of the modification, CFI and RMSEA fit indices 
were found to be compatible. 
 
Table 1. 

Concordance Statistics of the Data from USA and TUR 

USA-TUR sd χ2 ECVI RMSEA CFI GFI NFI ΔCFI Δχ2 
Configural invariance 18 247,110 0,045 0,064 0,990 0,990 0,990 - - 
Weak invariance 23 262,880 0,054 0,064 0,990 0,990 0,990 0,000 15,770 
Scalar invariance 28 472,630 0,170 0,110 0,970 0,990 0,970 0,020 209,750 
Partially Scalar invariance (item 6) 27 320,420 0,079 0,073 0,990 0,990 0,990 0,000 57,540 
Partially Strict invariance (item 6) 32 492,560 0,120 0,084 0,970 0,980 0,980 0,020 172,140 
Partially Strict invariance (item 6&8) 31 390,070 0,091 0,074 0,990 0,990 0,990 0,000 69,650 

 
The data of USA and JPN comparison is given in Table 2. When the data in Table 2 are examined with the Configural, Weak, 
Scalar and Strict invariance criteria, ECVI, RMSEA, CFI, GFI and NFI are within the acceptable range (Meredith, 1993). 
 
Table 2. 
Concordance Statistics of the Data from USA and JPN  
USA-JPN sd χ2 ECVI RMSEA CFI GFI NFI ΔCFI Δχ2 
Configural invariance 18 247,110 0,042 0,062 0,990 0,980 0,990 - - 
Weak invariance 23 285,820 0,051 0,062 0,990 0,990 0,990 0,000 38,710 
Scalar invariance 28 344,420 0,059 0,061 0,990 0,990 0,990 0,000 58,600 
Strict invariance 34 471,250 0,088 0,070 0,990 0,980 0,990 0,000 126,830 

 
The data of USA and NOR comparison is given in Table 3. When the data in Table 3 are examined with the Configural and Weak 
invariance criteria, ECVI, RMSEA, CFI, GFI and NFI are within the acceptable range (Meredith, 1993). In other words, the latent 
variable ATTITUDE for these two groups is configural and weak invariant. However, when the scalar invariance is examined, it 
can be observed that ECVI and RMSEA values increased and CFI, GFI and NFI values decreased. Therefore, for item 6, the 
regression constant in the regression equation is also not limited. As a result of the modification, CFI and RMSEA fit indices are 
found to be compatible. Therefore, it can be stated that these two data groups are partially scalar invariant in other items except 
the 6th. When the Partially Strict invariance is examined, the error variance of item 6 is not limited.  
 
Table 3. 
Concordance Statistics of the Data from USA and NOR 
USA-NOR sd χ2 ECVI RMSEA CFI GFI NFI ΔCFI Δχ2 
Configural invariance 18 247,110 0,048 0,067 0,990 0,980 0,990 - - 
Weak invariance 23 304,610 0,059 0,062 0,990 0,970 0,990 0,000 57,500 
Scalar invariance 28 552,850 0,110 0,086 0,980 0,970 0,980 0,010 248,240 
Partially Scalar invariance (item 6) 27 320,420 0,096 0,081 0,980 0,970 0,980 0,010 15,810 
Partially Strict invariance (item 6) 32 515,100 0,100 0,077 0,980 0,970 0,980 0,000 194,680 

 

4. RESULTS, DISCUSSION AND RECOMMENDATIONS 
 
In the first step, all groups have the structural relationship between the predictor variables and the latent variable ATTITUDE 
in the factor analysis. EFA indicated that the one factor model, ATTIDUTE and it was created SEM Model. Our findings have 
shown that one latent factor, ATTIDUTE is the same along with the items loaded with their hypothesized construct. In this study, 
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there are some limitations. First of them, the 6-item survey about the TIMSS 2019 Science course used consists of latent factor, 
but if there were more items and more factors, it would be more comparative study for understanding cross-cultural 
equivalence and discovering the construct of differences across the cultures. This is a limitation for this research and in future 
studies it is recommended to be used other scales of TIMSS or PISA exams to explore multidimensional structure. Therefore, we 
did not examine the relationship between Science course survey and Science exam results across different countries. Future 
research efforts examining the relationships will be beneficial. 
 
The second limitation is that the TIMSS 2019 Science course was not administered in all countries. Besides, the third limitation 
is that datas and the answers given obtained from some countries was missing or invalid. As is known, ordinal indicators and 
missing data are common in applied studies examining latent structures. Unfortunately, the linearity assumption of traditional 
CFA, which is routinely applied to provide evidence of construct validity of measurement instruments, is violated by ordinal 
indicators. 
 
(Lei & Shiverdecker, 2020). The countries whose data are used are only four countries of them in this study. So, it was difficult 
for us to choose the countries in different cultures. It is recommended that measurement invariance will be examined by using 
the data obtained from different cultures and explored the reason of the missing answers. 
 
In the first stage of the invariance examination, it is determined that all groups are configural invariant. In fact, it means that the 
number of factors and the model created for the groups are the same in all groups. In the second stage, it is determined that all 
groups are weak invariant. It is found that the structural relationships formed for the groups are the same, and the comparison 
of the structure in terms of variables may be appropriate and meaningful in subgroups. The data of USA and JPN are examined 
and there is no need any modification. The latent variable ATTITUDE for two groups is configural, weak, scalar, and strict 
invariant. As a result of the examination, comparison of latent variable is appropriate and meaningful since the structural 
relationship created for the USA and JPN samples and the structural association are the same along the error sources for the 
subgroups and error variances aren’t different in the groups. 
 
After examining the data of USA and NOR, there is need modification for one item. As a result of the modification for item 6, CFI 
and RMSEA fit indices are found to be compatible. Therefore, two data groups are partially scalar invariant and partially strict 
invariant in other items except for the 6th item. Comparison of latent variable is appropriate and meaningful since the structural 
relationship created for the USA and JPN samples and the structural association are the same along the error sources for the 
subgroups and error variances aren’t different in the groups except for the 6th item. 
 
The data of USA and TUR are examined. As a result of the modification for the 6th item, CFI and RMSEA fit indices are found to 
be compatible. Therefore, two data groups are partially scalar invariant in every item except the 6th. As a result of the 
modification, CFI and RMSEA fit indices were found to be compatible. Therefore, two data groups are partially strict invariant 
except for the 6th and 8th items. Based on the comparison between the data obtained from the TIMSS 2019 United States sample 
and the data obtained from three countries with different cultural structures; TUR, JPN, NOR, the following is concluded: In the 
Turkey sample, scalar and strict measure invariance is partially achieved, and the answers given to the Item 6, “I look forward 
to learning Science at school.”, and to the Item 8, “I like doing science experiments.”, of the Science survey partially provide 
measurement invariance. The samples of USA and JPN are invariant and the comparisons are reliable. However, after 
modification of 6th and 8th items, the samples of USA and NOR and the samples of USA and TUR are invariant. If 6th and 8th items 
are extracted from questionnaire, the comparisons of between countries (USA-NOR and USA-TUR) will be meaningful. The 
precision and significance of the comparisons cannot be mentioned. We notice that 6th and 8th items are about experiments and 
the methods of Science lecture. We wonder that it is coincidence or not and it can be investigated in future studies. Therefore, 
when we consider the reasons that USA-TUR and USA- NOR are scalar invariant and partially strict invariant in other items 
except for the 6th and 8th items, the relations of the variables not included in the model with the independent variable may have 
affected the causality relationship. For this reason, the datas will be examined by adding variables like provinces, gender, 
regions, the social structure etc. 
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