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Abstract: Measurement invariance analyses are carried out in order to find 

evidence for the structural validity of the measurement tools used in the field of 

educational sciences and psychology. The purpose of this research is to examine 

the measurement invariance of Science Motivation and Self-Efficacy Model 

constructed by Instrumental Motivation to Learn Science and Science Self-

Efficacy subscales found in the PISA 2015 Student Questionnaire across different 

groups in the Turkish sample survey. The analysis was carried out with the data 

obtained from 4583 students that met the analysis assumptions. The measurement 

invariance of the model in terms of gender and statistical regional groups was 

examined by the structural equation modeling (SEM) technique. Firstly, the data 

was examined to determine whether the assumptions for the analyses were met. 

Then, measurement models were verified by performing confirmatory factor 

analysis (CFA). The measurement invariance across genders and statistical regions 

was tested by multi-group confirmatory factor analysis (MGCFA). Unweighted 

Least Squares (ULS) method was used as the estimation method in CFA and 

MGCFA stages. In order to make final decisions about the stage of measurement 

invariance models hold, Comparative Fit Index (CFI) was used. The results of the 

study show that the research model ensures all stages of invariance across gender 

groups and regions. Science Motivation and Self-Efficacy Model illustrates that it 

is valid to make comparisons between scores of male and female students or 

students from different regions of Turkey. According to the findings, the research 

model could provide complete measurement invariance. 

1. INTRODUCTION 

Education indicators (budget allocated for education, using education technologies, quality of 

people working within the field of education, literacy rate, etc.) provide significant information 

as to the development level of countries. Performances of students that are included in a specific 

education system can be accepted to be a good indicator of the quality of this education system 

in a country. Measurement and evaluation instruments are frequently used while making 

comparison related to the performances of students. Implementing measurement and evaluation 

at the national and international level plays an important role in developing educational policies 

of countries. There are a great number of assessment and evaluation implementations around 

the world. The most popular ones include large scale exams such as Programme for 
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International Student Assessment (PISA), Trends in International Mathematics and Science 

Study (TIMSS) and Progress in International Reading Literacy Study (PIRLS). PISA is a large-

scale triennial assessment and it focuses on how 15-year-old students make use of their already-

existing knowledge and skills to solve daily life problems. Each implementation is grounded 

on one of the fields among reading skills, mathematical literacy and science literacy. While the 

main subject field of PISA was reading skills in 2000, which is the year when PISA was 

implemented for the first time, the conceptual foundation of the sixth cycle in 2015 was science 

literacy. PISA is a useful assessment instrument in terms of evaluating the effectiveness of 

education systems via collecting data on the basis of students, teachers and schools, and using 

the results obtained at the end of analyzing these data. Taking advantage of PISA to monitor 

the dispositions in the knowledge and skills of students coming from different countries and 

different demographic regions of each participant country leads the drive for developing 

knowledge (Organisation for Economic Co-Operation Development [OECD], 2017). PISA can 

be regarded as a watershed in the discourse on education in many countries. Countries make 

use of the results of PISA while they are developing their own educational policies. Some new 

practices on assessment and curriculum standards have been reformed and PISA-like 

competencies have been incorporated into their systems. Therefore, it is important to stay 

careful when interpreting PISA results regarding comparability. It should be tested whether 

sub-scales that are used in assessment measure the same construct in each sub-group. 

Otherwise, the interpretation that is based on the results of the assessment will not be valid. 

Construct equivalence is a basic assumption that should be met if the developers or executors 

of any assessment aim at comparing the scores of different groups or interpreting these scores 

in compliance with the intended use (Gierl, 2000). When an assessment instrument is designed 

to compare participants coming from two or more cultures, the construct to be measured via the 

test should be equivalent for the comparison to be meaningful (Hambleton, 1994). The necessity 

to examine if the structures to be measured via tests are equivalent or not makes the issue of 

measurement invariance a leading topic within the scope of assessment and evaluation 

implementations.  

1.1. Measurement Invariance  

Measurement invariance is described by Byrne and Watkins (2003) as “the level of items being 

perceived and interpreted the same among groups.” On the other hand, Mellenbergh (1989) as 

well as Meredith and Millsap (1992) starts out from the concept of “biasness” and describes 

measurement invariance as “the state of the conditional probability of obtaining a specific 

observed score related to an ability being independent of group membership in mathematical 

terms.” In other words, measurement invariance is measuring a psychological construct with 

the same level of correctness in all sub-groups (Sireci, Patsula, & Hambleton, 2005). 

Measurement invariance is a special property that should be tested in order for the between-

group comparisons of the psychological construct that will be measured to be meaningful 

(Cheung & Rensvold, 2002) and for the deductions and interpretations that will be made at the 

end of comparisons to be valid (Somer, Korkmaz, Dural, & Can, 2009). Measurement 

invariance analysis can be carried out to find proof for the structural validity of tests that are 

developed to draw between-group comparisons. The test of measurement invariance is a kind 

of covariance structure analysis and it is designed on the basis of measuring a specific structure 

on different groups (Başusta, 2010). The most common method of testing measurement 

invariance is Multi-Group Confirmatory Factor Analysis (MGCFA) that falls under the 

umbrella term of Structural Equation Modeling (SEM) (Jöreskog & Sörbom, 1999; Kline, 2011; 

Koh & Zumbo, 2008). While SEM includes measurement errors in the model, it also considers 

the direct and indirect effects of the variances in the created model. Hence, it makes it possible 

to test, estimate and develop multivariate complex models (Raykov & Marcoulides, 2006). Four 

hierarchical nested models should be tested while examining measurement invariance with 

https://tureng.com/tr/turkce-ingilizce/hierarchical


Int. J. Asst. Tools in Educ., Vol. 7, No. 2, (2020) pp. 207–222 

 209 

MGCFA under the umbrella term of SEM. These four hierarchical models can be listed as (1) 

configural invariance, (2) weak invariance, (3) strong invariance and (4) strict invariance 

respectively (Meredith, 1993; Wu, Li & Zumbo, 2007). 

1.1.1. Configural invariance 

This is the first step of measurement invariance test. The groups are tested to see if they have 

the same factor structure or not at this stage. For that purpose, equivalence of factors and pattern 

of factor loading is analysed at this stage (Taris, Bok & Meijer, 1998). If configural invariance 

is ensured at the end of the analysis, this means that the same structure is measured in the 

comparison groups. If the analysis shows that the conditions of configural invariance are not 

met, this means that different structures are measured among groups (Wu, Li & Zumbo, 2007). 

Kline (2011) states that if the necessary conditions are not met at this stage, measurement 

invariance cannot be ensured at more constrained stages.  

1.1.2. Weak invariance 

The equivalence of measurement unit or factor loadings are analysed at this stage. It is tested if 

the groups have the same measurement unit concerning the latent variable or not at this stage 

of weak invariance. Therefore, this stage, which can be described as the test of the measurement 

unit, is called metric invariance. In this model, factor loadings are also restricted in addition to 

the conditions that are valid at the stage of configural invariance (Vandenberg & Lance, 2000). 

If the weak invariance cannot be ensured, it can be discussed that factors do not mean the same 

in different groups (Gregorich, 2006).   

1.1.3. Strong invariance 

It is tested if the constant of regression that is obtained when the factor scores of the groups to 

be compared is zero is equal or not at this stage of strong invariance. Because of this reason, 

strong invariance is also called as scalar invariance (Vandenberg & Lance, 2000). The 

equivalence of the observed variables and factor loadings are also examined at this stage, which 

requires between-group equivalence of factor variance and covariances. If the necessary 

conditions are met, it means that the means of the observed variables and factor loadings can 

be compared (Gregorich, 2006). 

1.1.4. Strict invariance 

While invariance is tested, parameter restrictions as well as error variances are limited at this 

stage (Vandenberg & Lance, 2000; Wu, Li & Zumbo, 2007). This is the last step of 

measurement invariance test. Ensuring this stage is proof of measurement invariance. 

Assessment tools that claim to be measuring the same construct among the groups should meet 

the conditions of strict invariance. Measurement invariance can be ensured only if this stage is 

ensured. The stages and the related conditions in question are summarized in Table 1. 

Table 1. Measurement invariance stages. 

Degree of 

Invariance 

Condition of Invariance Group Comparison 

Configural 

Invariance 

Item/Factor groups - 

Weak Invariance Item/Factor groups and factor loadings Factor variance and covariances 

Strong Invariance Item/Factor groups, factor loadings 

and item intercepts 

Factor variance and covariances, factor 

and observed variable averages 

Strict Invariance Item/Factor groups, factor loadings, 

item intercepts, and item residual 

variance 

Factor variance and covariances, factor 

and observed variable averages, 

observed variance and covariances 

[Kıbrıslıoğlu Uysal & Akın Arıkan, 2018] 
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1.2. Instrumental Motivation to Learn Science 

Motivation is a psychological construct that affects student success and it provides people with 

the necessary power to carry out a specific activity (Schunk, Meece & Pintrich, 2014). When 

motivation is addressed within the scope of learning, it is the power that stimulates, maintains 

and directs the behaviour towards a specific goal (Dilts, 1998). If the student thinks that the 

knowledge that s/he has acquired in a lesson will be useful in her/his life and career, s/he can 

make a great effort in this lesson even if the topics in the lessons are not interesting for her/him 

(İlhan, 2015). This effort is influential on this student’s performance. Such a motivation is 

called instrumental motivation. Instrumental motivation means that students discern that what 

they have learnt will be useful in their future studies and career plans, and so they are eager to 

learn science (Wigfield & Eccles, 2000). Student motivation is an indispensable part of a 

qualified educational life. Although it is widely accepted that motivation is an indispensable 

part of education, it is not known well how to use motivation in instructional design and what 

it means in this context. This results from the fact that motivation is a construct. Instrumental 

motivation in learning science under the heading of motivation to learn science was measured 

via a four-point Likert type sub-scale consisting of four items in the cycle of 2015. The items 

included in the sub-scale try to measure if the students think that science lesson will be useful 

in their future educational life and career plans (OECD, 2016). The items included in the 

Instrumental Motivation to Learn Science Scale, which is the subject matter of this study, is 

given in Table 2.  

Table 2. Items that constitute Instrumental Motivation to Learn Science Scale in PISA 2015 student 

questionnaire. 

Code Item 

ST113Q01TA Making an effort in my <school science> subject(s) is worth it because this will 

help me in the work I want to do later on. 

ST113Q02TA What I learn in my <school science> subject(s) is important for me because I 

need this for what I want to do later on. 

ST113Q03TA Studying my <school science> subject(s) is worthwhile for me because what I 

learn will improve my career prospects. 

ST113Q04TA Many things I learn in my <school science> subject(s) will help me to get a job. 

1.3. Science Self-Efficacy 

Efficacy belief is one of the concepts that underpin the Social Learning Theory developed by 

Bandura. Bandura (1997) describes self-efficacy as the judgments of individuals as to what they 

are able to do and their belief as to the ability to fulfill a specific task successfully or display a 

behaviour accomplished. Self-efficacy is individuals’ own judgments about how well they are 

able to fulfil an activity that is necessary for the solution to possible problems (Bıkmaz, 2002). 

Self-efficacy is not related to people’s knowing what to do, but to their belief about what they 

are able to do or learn (Schunk & Pajares, 2009). With reference to these descriptions, it seems 

possible to describe science self-efficacy as individuals’ own judgments about how well they 

are able to do the specific tasks that are necessary for finding solutions for problems in science. 

Science self-efficacy is one of the fields on which many studies focus on the literature (Bakan 

Kalaycıoğlu, 2015; Bircan & Sungur, 2016; Britner & Pajares, 2001; Uzun, Gelbal & 

Öğretmen, 2010; Zedlin, Britner & Pajares, 2007). It was concluded at the end of a study carried 

out by Uzun, Gelbal and Öğretmen (2010) in order to examine the relationship between success 

in science and cognitive qualities that science self-efficacy is the most important variable used 

to explain the male and female students’ success in science. Science self-efficacy was measured 

in PISA in 2006 and 2015 with the same four-point Likert-type sub-scale that consisted of eight 

items (OECD, 2016). Whereas PISA is implemented in the same subject field once every nine 
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years, similar and same items are used for students. The purpose of using some common items 

in these implementations is to examine the trends in education. The items that constitute Science 

Self-Efficacy Scale, which is the subject matter of this study, are given in Table 3. 

Table 3. Items that constitute Science Self-Efficacy Scale in PISA 2015 student questionnaire. 

Code Item 

ST129Q01TA Recognise the science question that underlies a newspaper report on a health issue. 

ST129Q02TA Explain why earthquakes occur more frequently in some ares than in others. 

ST129Q03TA Describe the role of antibiotics in the treatment of disease. 

ST129Q04TA Identify the science question associated with the disposal of garbage. 

ST129Q05TA Predict how changes to an environment will affect the survival of certain species. 

ST129Q06TA Interpret the scientific information provided on the labelling of food items. 

ST129Q07TA Discuss how new evidence can lead you to change your understanding about the 

possibility of life on Mars. 

ST129Q08TA Identify the better of two explanations for the formation of acid rain. 

1.4. Literature Review 

The interpretations of the scores that are obtained from the measurement tools may vary among 

different groups. If the scores obtained from the same test are not comparable among different 

groups (gender, culture, socio-economic level, etc.), the differences in the mean scores of the 

groups or the correlation patterns of the test with external variables are potentially artificial and 

they may be misleading to a great extent (Reise, Widaman & Pugh, 1993). A test that is 

implemented with different groups may ensure measurement invariance while it does not serve 

for the measurement invariance among genders. This may result from between-group real 

differences whereas it may also result from the assessment tool itself (Başusta & Gelbal, 2015). 

For that reason, measurement invariance studies are carried out with large scale international 

tests such as PISA, TIMSS and PIRLS, whose results are preferred to make comparisons 

(Akyıldız, 2009; Alivernini, 2011; Asil & Gelbal, 2012; Ayvallı & Biçak, 2018; Başusta & 

Gelbal, 2015; Ercikan & Koh, 2005; Ertürk & Erdinç Akan, 2018; Gülleroğlu, 2017; Karakoç 

Alatlı, Ayan, Polat Demir & Uzun, 2016; Kıbrıslıoğlu Uysal & Akın Arıkan, 2018; Nagengast 

& Marsh, 2014; Oliden & Lizaso, 2013; Ölçüoğlu & Çetin, 2016; Scherer, Nilsen & Jansen, 

2016; Uyar & Doğan, 2014; Uyar & Kaya Uyanık, 2019; Wu, Li & Zumbo, 2007). For example, 

Ölçüoğlu and Çetin (2016) modelled some variables that affect the maths success of 8-grade 

students that participated in TIMSS 2011 in Turkey, and they examined the measurement 

invariance with MGCFA among the seven regions in Turkey. The sample of this study was 

composed of 6928 14-year-old students chosen from 239 schools in Turkey. The results showed 

that only configural invariance and weak invariance were maintained in sub-groups of regions. 

According to this result, the scale could not meet the conditions of invariance and strict factorial 

invariance cannot be detected. Therefore, according to the findings of the study, it wouldn’t 

yield valid results to make a comparison between regions with the the scores which have been 

obtained via the items that constitute the subject matter of the study and that are deemed to have 

an effect on maths success of students. Gülleroğlu (2017) carried out a study with the data of 

PISA 2012 in order to examine the measurement invariance of affective qualities towards maths 

according to the variable of gender. The sample of the study was composed of 1598 students 

that took Form B in the test and were chosen from 15-year-old 4848 students in 170 schools in 

Turkey. The measurement invariance of factors which can be listed as interest in mathematics, 

anxiety for maths, self-perception towards maths and self-efficacy were examined with 

MGCFA. The researcher reported at the end of the study that all the variables apart from self-

efficacy met the conditions of configural invariance. The researcher, who examined the 

measurement invariance through hierarchical measurement invariance, concluded that strict 
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invariance was not ensured in all the five factors that were analyzed. Therefore, strict 

measurement invariance could not be provided in all five factors that were the subject matter 

of the study. Ertürk and Erdinç Akan (2018) carried out a study of measurement invariance 

according to gender with the data of TIMSS 2015. The study aimed at examining the 

measurement invariance of some variables related to the success of maths according to gender. 

The sample of the study consisted of 6456 4-grade students who participated in the test in 

Turkey. The latent variables that were chosen for the study were liking mathematics, interest in 

mathematics and confidence in mathematics, which were all thought to have an impact on 

maths. Each variable was examined separately and MGCFA was used to examine the 

measurement invariance hierarchically. The differences between the values of CFI 

(comparative fit index) among the invariance were tested. It was found out at the end of the 

study that all the variables that were tested in the study met the conditions of configural 

invariance whereas only the variable of liking mathematics met the conditions of strict 

invariance. Uyar and Doğan (2014) carried out a study with PISA 2009 Turkey sample in which 

they established a model called learning strategies and they examined the measurement 

invariance of the model according to the statistical regions in Turkey. The researchers reported 

that the model met the conditions of strict measurement invariance. For instance, Uyar and 

Kaya Uyanık (2019) established a different model with the affective scales that are also the 

subject matter of this study and that were included in PISA 2015, and they examined the gender-

based measurement invariance with the sample of Turkey. As a result, the model that was 

constructed by the researchers could only meet the conditions of the stage of weak invariance. 

On the contrary to these studies, Ayvallı & Biçak (2018) carried out a study with one of the 

affective tests of PISA 2012 Turkey sample and reported that strict measurement invariance 

was ensured after doing analysis between genders. Similarly, Başusta and Gelbal (2015), who 

carried out a study with the data of PISA 2006 implementation, reported that strict measurement 

invariance was ensured between gender groups. It can be concluded from the results of these 

studies that it is possible to have different findings as to whether similar and same tests provide 

measurement invariance or not.  

Polat and Madra (2018) carried out a study based on gender by using the data obtained from 

both PISA and TIMSS 2015 and they found out at the end of the study that female students in 

Turkey were far behind male students about turning advantageous qualities such as self-

confidence, sense of belonging to school, motivation, liking to learn into success. There are 

inconsistent results in the studies based on gender about the success in the field of maths and 

science (Ağaç & Masal, 2015; Batyra, 2017; Larson, Stephen, Bonitz & Wu, 2014). Starting 

from study results, the variables that are chosen for this study are Instrumental Motivation to 

Learn Science and Science Self-Efficacy, which are thought to have an impact on science 

literacy. One should be sure that the same assessment tool is used in all of the groups in order 

to interpret the research findings correctly. If the sub-scales included in the PISA Student 

Questionnaire provide measurement invariance, this means that the same qualities are measured 

across different groups. Only the data obtained in this way can be comparable across groups. 

There are a number of measurement invariance studies that use gender and regions as variables 

(Başusta & Gelbal, 2015; İmrol, 2017; Kıbrıslıoğlu, 2015; Ölçüoğlu & Çetin, 2016; Uyar & 

Doğan, 2014). Different results have been reported in these studies.  

1.5. Aim of the Study 

Aim of the study is to examine the measurement invariance of Science Motivation and Self-

Efficacy Model constructed by Instrumental Motivation to Learn Science and Science Self-

Efficacy subscales in the PISA 2015 Student Questionnaire across different groups in Turkish 

sample. Measurement invariance of a model that was constructed with the scales used in PISA 

was examined in this study. The differences between the groups to which the scales are applied 
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can result from the real differences between the groups, whereas they may also arise from the 

scales themselves. In this study, it is aimed to provide evidence of the validity of inferences 

based on differences between groups by investigation of comparability. 

Turkey’s variation in performance between schools is particularly large and is about twice the 

OECD average between-school variance. Therefore, it is thought that the investigation of the 

comparability of the region groups is especially important. In this context, it is expected that 

the study results will contribute to the literature of measurement invariance. 

2. METHOD 

2.1. Research Method 

This study is a descriptive study as it aims at identifying whether Science Motivation and Self-

Efficacy Model constructed by Instrumental Motivation to Learn Science and Science Self-

Efficacy subscales in the Student Questionnaire of PISA 2015 is invariant by gender and 

statistical regions of Turkey. 

2.2. Population and Sample 

The sixth cycle of PISA, which is implemented by the Ministry of National Education, 

Directorate General for Measurement, Assessment and Examination Services, was carried out 

in 2015 in a computer-based way with the participation of 5895 students in Turkey. Population 

of PISA 2015 Turkey implementation was determined to be 15-year-old 1.324.089 students 

while the sample to be able to participate in the implementation was found to be 925.366 

students (Ministry of National Education [MNE], 2016). 

The sample of this study is composed of 4583 students that met the analysis assumptions. Some 

statistical regions have been excluded from the scope of this study in accordance with the results 

of CFA that was conducted for the variables of gender and statistical region separately. The 

information about the regions that have been excluded from the study is given in FINDINGS 

section. The figures of the sample with which the study was carried out are given in Table 4. 

Table 4. Sample of the study by gender and statistical regions. 

Gender n % 

Female 2318 50.6 

Male 2265 49.4 

Region n % 

Istanbul (TR1) 837 26.3 

Aegean (TR3) 562 17.6 

West Anatolia (TR5) 456 14.3 

Meditarrenean (TR6) 669 21 

Middle East Anatolia (TRB) 179 5.6 

Southeast Anatolia (TRC) 485 15.2 

Note. TR1, TR3, TR5, TRB and TRC are the codes of the given regions. 

2.3. Data Analysis 

Because of the reason that all multi-variable statistical techniques are based on assumptions to 

a certain extent (Çokluk, Şekercioğlu & Büyüköztürk, 2016), the assumptions of (1) missing 

values, (2) extreme values, (3) normality, (4) multicollinearity, (5) linearity, (6) homogeneity 

and (7) sample size are tested.  

All the analysis carried out within the framework of this study were done by taking the 

advantage of open-source R software (R Development Core Team, 2017). The scale items 

which were not answered by the students were accepted to be missing values in this study. As 
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there was not a specific pattern among the data of students who had missing answers (the item 

that had the highest missing value was the item coded ST129Q03TA with 374 data, which 

represented 6.3% of the data set), data gathered from 1063 students were excluded from the 

data set. It was examined in the study whether there was a univariate extreme value or not. For 

that purpose, z scores of 12 items in two different scales were calculated. It was found out that 

all z scores were between the values of -3 and +3. Afterwards, Mahalanobis distances of the 

variables were examined. The critical values of 𝜒2 were examined when 𝑝<0.001. The value of 

32.9095 was obtained for the degree of freedom (df) of 12 and 249 data that were above this 

value were excluded from the study. The values of skewness and kurtosis of the variables were 

taken into consideration in order to decide whether the data had a normal distribution or not. It 

was decided at the end of the statistical analysis that the data had normal distribution. The items 

that are the subject matter of this study were examined for multicollinearity analysis, and the 

item coded ST113Q02TA (MOT-2) had the highest VIF value of 4.107 among the items 

belonging to the Scale of Instrumental Motivation to Learn Science. Similarly, the item coded 

ST129Q05TA (SCIEFF-5) had the highest VIF value of 2.403 among the items belonging to 

the Scale of Science Self-Efficacy. Moreover, CI values of items were examined and the highest 

CI value among the items of the scale was found to be 22.594. With reference to the results of 

these analyses, it can be stated that there is not a problem of multicollinearity among the items 

used in this study (Gujarati, 1995; Kline, 2011). Scatter matrix was used for the linearity 

assumption in the study. It is expected for linearity that diagrams formed by the variable pairs 

should be ellipsis or ellipsis-like shapes, but linearity assumption could not be ensured in this 

study. Homoscedasticity can also be examined with Box-M test in multi-variable statistics. 

When Box-M test is found to be significant (𝑝<0.05), it can be concluded that homoscedasticity 

assumption cannot be ensured. Box-M test had significant results in this study. When multi-

variate normality is ensured, the relation among variables can be said to be homoscedastic 

(Tabachnick & Fidell, 2013). It can be stated that statistics related to linearity and 

homoscedasticity assumptions are not enough to ensure normality assumption. Although there 

are debates about the adequate size of the sample, it is stated that the smallest sample for SEM 

analysis should be over 150 (Anderson & Gerbing, 1988; Kline, 2005). In this study, the 

assumptions of missing values, extreme values, normality, multicollinearity as well as size of 

the sample were examined. The data obtained from 4583 students ensuring the assumptions 

were found to be enough for SEM analysis. In this study, CFA was used to confirm Science 

Motivation and Self-Efficacy Model established with the two scales. The model and 

coefficients obtained according to the results of CFA are given in path diagram in Figure 1.  

 

Figure 1. Science Motivation and Self-Efficacy Model path diagram.   
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In addition to the values of the model above, goodness of fit statistics of the model (𝜒2 =
401.661, 𝜒2 𝑑𝑓⁄ = 7.578, 𝑅𝑀𝑆𝐸𝐴 = .038, 𝑆𝑅𝑀𝑅 = .034, 𝑇𝐿𝐼 = .995, 𝐶𝐹𝐼 = .996) were 

between acceptable intervals. Researchers can carry out measurement invariance tests through 

different methods according to the type of the scale and variables, whether the data set has a 

normal distribution or not, and the size of the sample. Categorical and ordinal variables are used 

in this study. Moreover, univariate normality assumption is ensured while multicollinearity and 

homoscedasticity assumptions are not ensured thoroughly. Because of the aforementioned 

reasons, the method of ULS estimation, which is reported to give good results for MGCFA 

under the roof of CFA and SEM, was preferred in this study (Forero, Maydeu-Olivares & 

Gallardo-Pujol, 2009; Koğar & Yılmaz Koğar, 2015). The analysis was carried out with the 

open-source statistical software called R ‘lavaan’ (Rosseel, 2012), which gives the opportunity 

to make estimations with the method of ULS.   

Measurement invariance in MGCFA was examined by means of testing four nested hierarchical 

model or hypothesis. These four hierarchical models are respectively listed as ‘configural 

invariance’, ‘weak invariance’, ‘strong invariance’ and ‘strict invariance’ (Byrne, Shavelson & 

Muthen, 1989; Steenkamp & Baumgartner, 1998; Vandenberg & Lance, 2000). While model-

data fit was being examined at these stages, the values of 𝜒2, 𝜒2 𝑑𝑓⁄ , 𝑅𝑀𝑆𝐸𝐴 (𝑅𝑀𝑆𝐸𝐴 < .08), 

𝑆𝑅𝑀𝑅 (𝑆𝑅𝑀𝑅 < .08), 𝑇𝐿𝐼 (𝑇𝐿𝐼 > .95), 𝐶𝐹𝐼 (𝐶𝐹𝐼 > .95), ∆𝐶𝐹𝐼 were taken into 

consideration (Browne & Cudeck, 1993; Hu & Bentler, 1999; Kaplan, 2000; Schermelleh-

Engel, Moosbrugger & Müller, 2003; Schumacker & Lomax, 1996). When the fit was thought 

to be at an adequate level, the next step was started. First of all, the change in  Chi-squared 

difference between two nested models ( ∆𝜒2) was used to find out whether comparing the two 

models would be significant or not, as is suggested by Hirschfeld and von Brachel (2014) in 

their study.  However,  ∆𝜒2 is also a function of sample size and its usefulness has been 

discussed in many studies. Chi-squared difference test rejects the null hypothesis with too much 

power as the sample size increases. Cheung and Rensvold (2002) warned researchers that ∆𝜒2 

has less value in making practical decisions about measurement invariance. One of the 

alternatives to ∆𝜒2 which was suggested by Cheung and Rensvold (2002) was the change in 

the CFI value (Δ𝐶𝐹𝐼). Cheung and Rensvold (2002) stated the appropriate cut-offs for change 

in fit indices to determine. Wishing to extend Cheung and Rensvold’s research, Wu, Li and 

Zumbo (2007) provided extensive research about the practice of using the change in fit statistics 

to test for measurement invariance.  Based on the studies mentioned above, Δ𝐶𝐹𝐼  was 

conducted to make final decisions about which stage of measurement invariance model holds. 

Δ𝐶𝐹𝐼 was examined among the two models that were more restricted when compared to each 

other. Δ𝐶𝐹𝐼 values smaller than or equal to -0.01; indicate invariance is not satisfied (Cheung 

& Rensvold, 2002).  

3. FINDINGS 

Measurement invariance was examined through MGCFA under the roof of SEM at this stage 

of the study. Before examining measurement invariance by gender and statistical regions, CFA 

was carried out for these variables separately and the model-data fit was investigated. 

According to the results of CFA, the goodness of fit statistics were acceptable for gender groups 

whereas they were outside of the acceptable range in West Marmara (𝑅𝑀𝑆𝐸𝐴 = 0.00, 𝑇𝐿𝐼 =
1.001, 𝜒2 = 49.153), East Marmara (𝑅𝑀𝑆𝐸𝐴 = 0.00, 𝑇𝐿𝐼 = 1.003, 𝜒2 = 38.173), Middle 

Anatolia (𝑅𝑀𝑆𝐸𝐴 = 0.00, 𝑇𝐿𝐼 = 1.001, 𝜒2 = 39.439), West Black Sea (𝑅𝑀𝑆𝐸𝐴 =
0.00, 𝑇𝐿𝐼 = 1.006, 𝜒2 = 32.644), East Black Sea (𝑅𝑀𝑆𝐸𝐴 = 0.00, 𝑇𝐿𝐼 = 1.007, 𝜒2 =
37.088), Northeast Anatolia (𝑅𝑀𝑆𝐸𝐴 = 0.00, 𝑇𝐿𝐼 = 1.012, 𝜒2 = 29.361), and so these 

regions were excluded from the scope of the study.  
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Measurement invariance was tested in accordance with the hierarchical sort order of configural 

invariance, weak invariance, strong invariance and strict invariance. Results of the two change 

detection tests and the value of ∆𝐶𝐹𝐼 were considered among the two invariance models. The 

examinations were kept going on until the stage where the study model provided the invariance 

in the related group. 

3.1. Measurement Invariance of the Model by Gender 

Within the scope of this model, a model was created with the two scales belonging to the PISA 

2015 cycle and the measurement invariance of this model was examined by gender. At the end 

of the examination, which was done via the method of MGCFA, the Model of Science 

Motivation and Self-Efficacy met the conditions of all stages of invariance in PISA 2015 

Turkey sample. According to this result, it can be stated that the item-factor structure in this 

study had an equal distribution among males and females. Also, factor loadings, variances, 

covariances and error variances are found out to be equal by gender. It can be concluded that 

the study model provided measurement invariance. According to Hirschfeld and von Brachel 

(2014), the change in the value of 𝜒2 between the models should be tested. The results of the 

test regarding the change in the value of 𝜒2 between the four hierarchical models are given in 

Table 5. 

Table 5. Test of change in 𝜒2 between the four hierarchial models.  

 𝜒2 df ∆𝜒2 Δ𝑑𝑓 p 

Configural 426.641 106 - -  

Weak 452.303 116 25.66 10 0.004 

Strong 625.290 138 172.99 22 <.01 

Strict 1114.154 140 488.86 2 <.01 

Moreover, the change in 𝜒2 value of the models created in four different stages was examined. 

As is seen in Table 5, the change in Chi-square was found to be 25.66 and this change is 

statistically significant at the level of  𝑝 < .01. Although the goodness of fit statistics were 

between acceptable intervals, the change in Chi-square was found to be significant. However, 

it is known that Chi-squared tests are highly sensitive to sample size. For this reason, the study 

was continued with the analyses of hierarchical models. The stages that were tested during the 

examination of measurement invariance by gender and the data belonging to the goodness of 

fit statistics are given in Table 6. 

Table 6. Measurement invariance of the model by gender. 

 𝜒2 df 𝜒2 𝑑𝑓⁄  𝑅𝑀𝑆𝐸𝐴 𝑆𝑅𝑀𝑅 𝑇𝐿𝐼 𝐶𝐹𝐼 Δ𝐶𝐹𝐼 

Configural 426.641 106 4.02 0.036 0.035 0.995 0.996 - 

Weak 452.303 116 3.90 0.036 0.036 0.995 0.996 0.000 

Strong 625.294 138 4.53 0.039 0.036 0.994 0.994 -0.002 

Strict 1114.154 140 7.98 0.055 0.036 0.988 0.988 -0.006 

When the goodness of fit statistics and ∆𝐶𝐹𝐼 (∆𝐶𝐹𝐼 > −.01) values given in Table 6 are 

considered (𝑅𝑀𝑆𝐸𝐴 < .08, 𝑆𝑅𝑀𝑅 < .08, 𝑇𝐿𝐼 > .95, 𝐶𝐹𝐼 > .95), it can be concluded that 

measurement invariance is ensured between genders.  

3.1. Measurement Invariance of the Model by Statistical Regions 

The model created with the two sub-scales was examined among statistical regional groups. At 

the end of the examination that was done through the method of MGCFA, the Model of Science 

Motivation and Self-Efficacy met the conditions of all stages of invariance in PISA 2015 

Turkey sample. Before having the data of the goodness of fit statistics of the models, the change 
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in the value of 𝜒2 between the models were tested. The results of the test regarding the change 

in the value of 𝜒2 between the four hierarchical models are given in Table 7. 

Table 7. Test of change in 𝜒2 among the four hierarchial models. 

 𝜒2 df ∆𝜒2 Δ𝑑𝑓 p 

Configural 446.719 318 - - - 

Weak 501.565 368 54.846 50 0.296 

Strong 698.656 478 197.091 110 <.01 

Strict 997.433 488 298.77 10 <.01 

The change in 𝜒2 value between the models which were obtained at the end of each stage and 

which were more restricted when compared to each other was examined. p value that was 

obtained at the stage of strong invariance is statistically significant at the level of 0.01. When 

Table 7 is examined, it is clear that the change between the Chi-square values of weak and 

strong invariance models is found to be 197.091 and this change is statistically significant at 

the level of  𝑝 < .01. Although the goodness of fit statistics were between acceptable intervals, 

the change in Chi-square was found to be significant. However, it is known that Chi-squared 

tests are highly sensitive to sample size. For this reason, the study was continued with the 

analyses of hierarchical models, as Wu, Li and Zumbo (2007) suggested. The stages that were 

tested during the examination of measurement invariance by statistical regions and the data 

belonging to the goodness of fit statistics are given in Table 8. 

Table 8. Measurement invariance of the model by statistical regions. 

 𝜒2 df 𝜒2 𝑑𝑓⁄  𝑅𝑀𝑆𝐸𝐴 𝑆𝑅𝑀𝑅 𝑇𝐿𝐼 𝐶𝐹𝐼 Δ𝐶𝐹𝐼 

Configural 446.719 318 1.40 0.028 0.042 0.997 0.998 - 

Weak 501.565 368 1.63 0.026 0.044 0.997 0.998 0.000 

Strong 698.656 478 1.46 0.030 0.045 0.997 0.996 -0.002 

Strict 997.433 488 2.04 0.044 0.046 0.996 0.991 -0.005 

When the goodness of fit statistics and ∆𝐶𝐹𝐼 (∆𝐶𝐹𝐼 > −.01) values given in Table 8 are 

considered (𝑅𝑀𝑆𝐸𝐴 < .08, 𝑆𝑅𝑀𝑅 < .08, 𝑇𝐿𝐼 > .95, 𝐶𝐹𝐼 > .95), it can be concluded that 

measurement invariance is ensured among the statistical regions. 

4. DISCUSSION and CONCLUSION 

A model was created in this study with the two sub-scales included in the PISA 2015 Student 

Questionnaire and the measurement invariance of this model was examined among different 

groups. It was found out at the end of the study that the model could provide measurement 

invariance by gender and statistical regions. The Model of Science Motivation and Self-

Efficacy shows that valid comparisons can be made among the scores of male and female 

students as well as students in different regions of Turkey. The study results comply with the 

results of the study carried out by Kıbrıslıoğlu Uysal and Akın Arıkan (2018), who examined 

the measurement invariance of the Science Self-Efficacy Scale used in PISA 2006 and 2015 by 

gender. The researchers reported at the end of the study that the scale that was used in the two 

PISA cycles met the conditions of all the stages of measurement invariance by gender. It seems 

necessary to be more careful while preparing assessment tools to be used in affective domains 

in science and to carry out measurement invariance examinations for these tools in different 

groups. Moreover, it would be helpful for researchers to make comparisons by gender and 

statistical regions with the scores obtained through the assessments in affective domains in 

science. On contrary to this, Uyar and Kaya Uyanık (2019) used the affective qualities about 

science and gender as variables in their study that was conducted with PISA 2015 Turkey 
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sample. The results of their analyses showed that their model provides only configural and weak 

invariance between genders in Turkey sample. In addition, Uyar and Doğan (2014) used same 

variables to investigate measurement invariance of a model on learning strategies in ‘Learning 

by strategies’ part of PISA 2009 Student Questionnaire. In their study, it is reported that while 

the model only provided configural and weak invariance stages in the groups of gender and 

school types, it provided all measurement invariance stages among regions of Turkey. 

In this study, measurement invariance by gender and statistical regions of the created model 

was examined. As a result, it is found that strict measurement invariance was provided by either 

of the variables. Measurement invariance was examined through MGCFA under the roof of 

SEM in this research. It is possible to have different results when different methods are used in 

measurement invariance examinations (Yandı, Köse & Uysal, 2017). It is recommended that 

the research model should be tested with different methods. Moreover, four hierarchical nested 

models were tested while examining measurement invariance with MGCFA. There are different 

notions in the literature about the comparison of the nested models and the rejection of the null 

hypothesis. At those stages, ∆𝜒2 and ΔCFI were used in addition to the goodness of fit statistics. 

It is possible to have different results, when ∆𝜒2 and Δ𝐶𝐹𝐼 values are used together. In this 

study, Δ𝐶𝐹𝐼 values were used to make final decisions about which stage of measurement 

invariance model holds. Δ𝐶𝐹𝐼 values were examined among the two models that were more 

restricted when compared to each other, as Wu, Li and Zumbo (2007) suggested. More research 

results are needed about which criteria can be accepted while making comparisons in the 

investigation of measurement invariance. It is thought that simulation studies could provide this 

contribution to the field. 

Although there are a number of studies about the cognitive domain in literature, the researchers 

that carry out in the affective domain state that they do research in a more virgin field (Boyd, 

Dooley & Felton, 2006). There is a need for study results that will contribute to developing 

scales in this field as well as analyzing the differences among groups in the country. It is 

believed that this study will contribute to the literature in this field with its results. In this study, 

measurement invariance was conducted only for gender and statistical regions. Future research 

on the invariance of the construct across different demographic groups would be concerning. 
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