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ABSTRACT: One of the main objectives of international large-scale assessments is to make comparisons between 
different countries, education policies, education systems, or subgroups. One of the main criteria for making 
comparisons between different groups is to ensure measurement invariance. The purpose of this study was to test the 
measurement invariance of the mathematics intrinsic motivation scale across 14 countries. For this purpose, the 
"students like learning mathematics" scale, which measures intrinsic motivation for mathematics, was included in the 
TIMSS 2019 cycle. The study sample consisted of a total of 152992 students, 70192 4th grade and 82800 8th grade 
students from 14 different countries participating in the TIMSS 2019 cycle. Measurement invariance was tested with 
Multi-Group Confirmatory Factor Analysis (MG-CFA) and Alignment Method. The mathematics intrinsic motivation 
scale provides only configural invariance according to MG-CFA at the 4th grade level, whereas the scale provides 
approximate invariance according to the alignment method.  At the 8th grade level, the scale provides configural and 
metric invariance according to MG-CFA, whereas the scale provides approximate invariance according to the 
alignment method. The results indicate that the mathematics intrinsic motivation scale provides approximate 
measurement invariance at both grade levels and that comparisons can be made between the scores of the identified 
countries. 
Keywords: Mathematics, motivation, intrinsic motivation, measurement invariance, cross-national difference, 
students like learning mathematics, alignment method. 

ÖZ: Geniş ölçekli uluslararası değerlendirmelerin temel amaçlarından biri, farklı ülkeler, eğitim politikaları, eğitim 
sistemleri veya alt gruplar arasında karşılaştırmalar yapmaktır. Farklı gruplar arasında karşılaştırma yapmanın temel 
ölçütlerinden biri de ölçme değişmezliğinin sağlanmasıdır. Bu çalışmanın amacı, matematik içsel motivasyon 
ölçeğinin 14 ülke arasında ölçme değişmezliğini test etmektir. Bu amaçla, matematiğe yönelik içsel motivasyonu 
ölçen "öğrenciler matematik öğrenmeyi sever" ölçeği TIMSS 2019 döngüsüne dahil edilmiştir. Çalışmanın örneklemi 
TIMSS 2019 döngüsüne katılan 14 farklı ülkeden 70192 4. sınıf ve 82800 8. sınıf öğrencisi olmak üzere toplam 
152992 öğrenciden oluşmaktadır. Ölçme değişmezliği, Çok Gruplu Doğrulayıcı Faktör Analizi (MG-CFA) ve 
Hizalama Yöntemi ile test edilmiştir. Matematik içsel motivasyon ölçeği, 4. sınıf düzeyinde MG-CFA'ya göre sadece 
yapısal değişmezliği sağlarken, hizalama yöntemine göre yaklaşık değişmezliği sağlamaktadır.  8. sınıf düzeyinde ise 
ölçek, MG-CFA'ya göre konfigüral ve metrik değişmezliği sağlarken, hizalama yöntemine göre yaklaşık değişmezliği 
sağlamaktadır. Sonuçlar, matematik içsel motivasyon ölçeğinin her iki sınıf düzeyinde de yaklaşık ölçme 
değişmezliğini sağladığını ve belirlenen ülkelerin puanları arasında karşılaştırmalar yapılabileceğini göstermektedir.  
Anahtar kelimeler: Matematik, motivasyon, içsel motivasyon, ölçme değişmezliği, ülkeler arası farklılık, öğrenciler 
matematik öğrenmeyi sever, hizalama yöntemi. 

 


* Inst. MSc., Social Sciences University of Ankara, Ankara, Turkey, mahmutsamiyigiter@gmail.com, 
https://orcid.org/0000-0002-2896-0201 
 
Citation Information 
Yiğiter, M. S. (2024). Cross-national measurement of mathematics intrinsic motivation: An investigation of 
measurement invariance with MG-CFA and alignment method across fourteen countries. Kuramsal Eğitimbilim 
Dergisi [Journal of Theoretical Educational Science], 17(1), 1-27. 

http://dergipark.org.tr/akukeg
https://orcid.org/0000-0002-2896-0201
mailto:mahmutsamiyigiter@gmail.com
https://orcid.org/0000-0002-2896-0201


Mahmut Sami YİĞİTER 



© 2024 AKU, Kuramsal Eğitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 1-27


2 

The basis of effective mathematics teaching is to support positive attitudes 
towards learning mathematics and to encourage learning mathematics. According to 
social cognitive theory, an individual's self-efficacy in a subject affects his/her 
motivation in that subject (Schunk & DiBenedetto, 2020). Then, academic success 
emerges with the effect of motivation on performance (Yıldırım, 2011).  An individual's 
motivation to accomplish a task enables him/her to orient himself/herself towards that 
field and to work persistently in that field. Many studies have shown that student 
motivation and academic achievement are related (Ahmed et al., 2010; Cleary & Chen, 
2009; İlter, 2021; Woolley et al., 2010). 

International Large-Scale Assessment (ILSA) programmes have been started to 
be carried out with the participation of many countries since the end of the 20th century 
in order to make comparisons between the education systems of countries and to 
determine student achievement (Cardoso, 2020). Trends in International Mathematics 
and Science Study (TIMSS) is an assessment study that evaluates the academic 
achievement of 4th and 8th-grade students in the fields of mathematics and science 
skills every four years and monitors the achievement differences between countries over 
time and the results of countries' attempts to increase the level of achievement (Mullis 
& Martin, 2017). In addition to measuring mathematics and science skills, TIMSS 
includes many scales and scales that measure cognitive and affective characteristics of 
students and teachers, such as self-confidence, motivation, school belonging, and peer 
bullying (Yin & Fishbein, 2019). Students' affective characteristics for mathematics 
achievement have been measured since 1995. One of the scales included in the TIMSS 
2019 student survey is the "Students Like Learning Mathematics" scale, which 
measures mathematics intrinsic motivation. There are many studies reporting that 
intrinsic motivation has positive and significant effects on mathematics achievement 
(Akben-Selcuk, 2017; Guo et al., 2015; Hooper et al., 2020). Therefore, it is important 
that the scales measuring the characteristics of the mathematics intrinsic motivation 
scale perform valid and reliable measurements in order to accurately and objectively 
reveal the relationships between intrinsic motivation and mathematics achievement in 
cross-country and cross-cultural comparisons.   

One of the main goals of ILSAs is to make comparisons between different 
countries, education systems, subgroups, and individuals (Engel & Rutkowski, 2021). 
There is increasing methodological discussion about the use of data from ILSAs for 
making comparisons (Gustafsson, 2018; Rutkowski & Svetina, 2014). One of the basic 
and critical criteria for making comparisons between different groups is the 
establishment of measurement invariance (Putnick & Bornstein, 2016). Measurement 
invariance is a statistical property that analyses whether the scale has equivalent 
psychometric values between the different groups or sub-groups to which it is applied 
(Raykov, 2004). A measurement tool should measure the construct in a 
psychometrically equivalent way in each subgroup. If the psychometric properties of the 
measurements obtained from subgroups differ, it would not be correct to generalize the 
results (Başusta & Gelbal, 2015).  Therefore, a measurement tool should measure the 
construct equivalently in each subgroup. With measurement invariance, showing that 
the factor loadings, inter-dimensional correlations, and error variances of a scale are the 
same in each group will show that the measurement tool has an equivalent structure in 
different groups (Jöreskog & Sörbom, 1993). Researchers obtain evidence on whether 
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the scale measures the same construct in subgroups (Millsap & Olivera-Ogilar, 2012; 
Uyar & Doğan, 2014). Failure to provide measurement invariance is a validity problem 
for the measurement tool. Therefore, interpretations regarding the results of group 
comparisons based on such a measurement tool may also be incorrect (Vandenberg & 
Lance, 2000). Demonstrating that measurement invariance is established will also 
provide validity evidence for the measurement tool. He et al. (2019), in their study on 
cross-cultural comparability with TIMSS and PISA data, state that comparisons made 
without examining measurement invariance may lead to inaccurate results, hence the 
importance of testing measurement invariance. 

Mathematics Intrinsic Motivation 
Intrinsic motivation is defined as the enjoyment received while engaging in an 

activity and the drive to perform this activity (OECD, 2013). Students' willingness to 
learn mathematics stems from the fact that they find mathematics interesting and fun 
(Ryan & Deci, 2009). Intrinsically motivated students take action to "learn" rather than 
doing something for a purpose. Extrinsically motivated students see the task as a means 
to achieve a goal and complete this task with concepts such as "grade, reward, 
competition, performance, external evaluation." For example, a student who studies for 
an exam to get a good grade is motivated (extrinsically) by the grade he/she gets. 
Students who study only because they enjoy it are intrinsically motivated. Previous 
research has revealed that students' intrinsic motivation can be positively influenced by 
the teacher's approach, curriculum, methods applied in the lesson, learning environment 
design, and practices (Freiberger et al., 2012; Middleton, 1995; Weidinger et al., 2017). 
Mueller et al. (2011) state that solving open-ended questions and discussing in the 
classroom environment can increase intrinsic motivation. Similarly, problem-based 
learning increases students' intrinsic motivation (Henderson & Landesman, 1995). 
There are studies indicating that applied learning and active learning activities increase 
intrinsic motivation (Barak & Asad, 2012; Nugent et al., 2010). In addition, when 
students accomplish a difficult task, their motivation increases (Middleton, 1995).   

Intrinsic motivation is a source of energy and a precondition for behaviour 
(Malone & Lepper, 2021). Previous studies show that there is a strong relationship 
between intrinsic motivation and mathematics achievement (Hooper et al., 2020; İlhan 
& Çetin, 2013; Mullis et al., 2017; Tavani & Losh, 2003; Zembat et al., 2018). Intrinsic 
Motivation for Mathematics is measured with nine items under the "Students Like 
Learning Mathematics" scale at both 4th and 8th-grade levels in TIMSS 2019.  

Measurement Invariance with Multi-Group Confirmatory Factor Analysis  
Measurement invariance investigates whether a latent construct is measured 

consistently across different groups, categories, or times (Cheung & Rensvold, 2002; 
Sözer et al., 2021).  In other words, if the psychometric values obtained from the same 
scale differ in different groups, it can be said that measurement invariance cannot be 
provided. Individuals in different groups who are equivalent to each other in terms of 
the measured feature (construct) are expected to get the same observed score from a 
test. If the individuals are the same in terms of the construct measured, but their 
observed scores are different, it can be said that measurement invariance of the scale 
(test) cannot be ensured (Schmitt & Kuljanin, 2008). If measurement invariance cannot 
be proved, it is not correct to interpret the results of intergroup comparisons. The reason 
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for this is that it cannot be known whether the difference between the groups is due to a 
real construct difference or the difference between the responses to the scale items 
(Adibatmaz & Yildiz, 2020; Horn & McArdle, 1992). Therefore, it is important to test 
for measurement invariance before making inferences about measurements from two or 
more groups (Yiğiter, 2023). 

One of the most commonly used methods in the literature to test measurement 
invariance is Confirmatory Factor Analysis (CFA) (Schmitt & Kuljanin, 2008; Van De 
Schoot et al., 2015). Measurement invariance is tested in four hierarchical stages with 
the Multi-Group CFA (MG-CFA) method. These stages are configural invariance, 
metric invariance, scalar invariance, and strict invariance (Meredith, 1993). 

Configural Invariance 

It is the first hierarchical stage of measurement invariance. At this stage, whether 
the groups have the same factor structure is tested. For this purpose, the equivalence of 
factors and the pattern of factor loadings are analysed at this stage (Taris et al., 1998). 
No parameter restriction is made at this stage. If configural invariance is provided, it can 
be stated that the groups measure the same construct (Wu et al., 2007). If configural 
invariance is not provided, it is stated that the groups measure different constructs, and 
the further stages of measurement invariance are not passed. Configural invariance is 
also referred to as structural invariance in the literature.   

Metric Invariance 

When it is shown that configural invariance is provided, a metric invariance test 
can be performed (Milfont & Fischer, 2010). In metric invariance, the equality of factor 
loadings in different groups is tested. In other words, factor loadings estimated from one 
group are fixed to the other group, and the fit indices of the model are examined. If 
metric invariance is provided, comparisons between groups based on factor loadings can 
be defended (Gregorich, 2006). Metric invariance is also known as weak invariance 
(Meredith, 1993).   

Scalar Invariance 

If metric invariance is provided, the scalar invariance stage is proceeded. In this 
stage, the equivalence of both factor loadings and regression constants between groups 
is tested. In other words, at this stage, where the equivalence of factor variance and 
covariances between groups is tested, the equivalence of factor loadings is also 
examined. If scalar invariance is provided, it means that the means and factor loadings 
of the observed variables can be compared (Gregorich, 2006). Scalar invariance is also 
known as strong invariance. 

Strict Invariance 

At this stage, which is the last step of measurement invariance, in addition to the 
restrictions in the previous stages, the equality of error variances is also tested 
(Vandenberg & Lance, 2000). Scales that claim to measure the same construct across 
groups should provide strict invariance. By ensuring strict invariance, measurement 
invariance will be fully provided. 
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Measurement Invariance with Multi-Group Alignment Method 
In measurement invariance with MG-CFA - especially when the number of 

groups is large - it becomes difficult to ensure model fit across stages. MG-CFA 
assumes strict invariance, which may be an unreachable goal when the number of 
groups increases. When measurement invariance is rejected in MG-CFA, partial models 
with free estimation of some item parameters can be tested, but there is no guarantee 
that these models will also provide measurement invariance (Asparouhov & Muthén, 
2014). On the other hand, when measurement invariance is rejected with MG-CFA, the 
causes of invariance are not properly identified by the analysis. Moreover, the 
probability of incorrect calculation will increase as a result of MG-CFA's pair-by-pair 
comparison of groups. Therefore, MG-CFA is not practical when comparing the 
measurement invariance of a large number of groups (Sırgancı et al., 2020). 

A more recent approach, the Alignment method, greatly simplifies the 
measurement invariance analysis. It allows testing the invariance of parameters 
according to items and groups. In other words, in the alignment method, it can be 
determined which group contributes to measurement invariance. The alignment method 
proposed by Asparouhov and Muthén (2014) provides a result that minimises parameter 
invariance between groups in an iterative process, similar to rotation in exploratory 
factor analysis (Glassow et al., 2021). 

Aim and Significance of the Study 
The purpose of this study is to examine the measurement invariance of the 

mathematics intrinsic motivation scale in the TIMSS 2019 cycle according to 14 
countries. When the invariance studies in the literature were examined, it was seen that 
measurement invariance studies were carried out according to culture, region, language, 
and gender (Alatlı, 2020; Bağdu Söyler et al., 2021; Ertürk & Erdinç-Akan, 2018; Uyar 
& Doğan, 2014;). Studies examining measurement invariance according to the 
mathematics intrinsic motivation scale are quite limited (He et al., 2019). No study was 
found that tested the measurement invariance of the mathematics intrinsic motivation 
scale across cultures with the TIMSS 2019 data. This study is important both because it 
focuses on the cross-cultural measurement invariance of the mathematics intrinsic 
motivation scale and because it has not been investigated before. 

Related Studies 
Glasgow et al. (2019) examined the measurement invariance of mathematics 

teachers' Job satisfaction, School emphasis on academic success, School condition and 
resources, Safe and orderly school, and teacher Self-efficacy scales obtained from 
TIMMS 2015 teacher surveys across 46 countries. The results show that only three 
constructs provide metric invariance. The results of measurement invariance with the 
Alignment Optimisation method show that all five constructs provide approximate 
invariance so that these constructs can be validly compared across educational systems.  

Sırgancı et al. (2020), in their study explaining the basic concepts and processes 
of the alignment method, compared the measurement invariance of 56 countries on the 
Instrumental Motivation Scale data in the PISA 2015 cycle with both MG-CFA and 
alignment method. MG-CFA findings show that the scale provides only configural 
invariance. Then, the measurement invariance findings with the alignment method 
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provide more detailed information about which countries and which items contribute 
better to measurement invariance. 

Tekin and Cobanoglu-Aktan (2021) examined the measurement invariance of 
collaborative problem-solving skills in the PISA 2015 cycle between Singapore, 
Norway, and Turkey with the MG-CFA method. The results of the study show that the 
construct provides only configural invariance but not metric, scalar, and strict 
invariance. 

Method 
This study is descriptive research since it aims to determine whether the 

"Students Like Learning Mathematics" scale from TIMSS 2019, which is included in 
the TIMSS 2019 student questionnaire and measures mathematics intrinsic motivation, 
does not change according to 14 different countries (Büyüköztürk et al., 2017). 

Population and Sample 
More than 580,000 students from 64 countries around the world participated in 

TIMSS 2019, which was administered by the International Association for the 
Evaluation of Educational Achievement (IEA). Approximately 330.000 of these 
students are in Grade 4, and 250.000 are in Grade 8. The sample of this study consists of 
a total of 152.992 students, 70.192 of whom are 4th graders and 82.800 of whom are 8th 
graders, who participated in TIMSS 2019 from 14 countries. In determining the sample, 
countries were determined by taking into account the differentiation in terms of 
language, continent, culture, and achievement rankings. In addition, since the research 
was conducted for both the 4th and 8th-grade levels, the countries that participated in 
TIMSS 2019 at both grade levels were selected for the current study. The distribution of 
the sampled countries according to their sample sizes, languages, and continents is 
given in Table 1. 
 

Table 1 
Countries in the Sample and Their Characteristics 

Country Name ISO Country Code Language Continent 4th Grade 8th Grade 

Australia 36 English Oceania 5664 8898 

Chile 152 Spanish South America 4039 4061 

Hungary 348 Hungarian Europe 4433 4537 

Italy 380 Italian Europe 3666 3600 

Japan 392 Japanese Asia 4162 4443 

Morocco 504 Moroccan Arabic and others Africa 7645 8440 

Portugal 620 Portuguese Europe 4256 3348 

Russia 643 Russian Europe-Asia 3993 3890 

Saudi Arabia 682 Arabic Asia 5334 5634 

Singapore 702 English, Malay, and others Asia 4362 4165 

South Africa 710 Afrikaans Africa 11729 20717 
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Sweden 752 Swedish Europe 3816 3907 

Turkey 792 Turkish Asia 3998 3978 

Pakistan 926 Urdu Asia 3095 3182 

Total 
   

70192 82800 

 
As seen in Table 1, 14 countries in the sample are located on five different 

continents. In addition, the official languages of each of these countries are different. 

Data Source 
The data were obtained from the database at "https://timss2019.org/international-

database/". The TIMSS administration includes mathematics and science achievement 
tests as well as student, teacher, school, and home questionnaires. In addition, there are 
also items that examine the affective characteristics of students in mathematics and 
science. This study was limited to the "Students Like Learning Mathematics" scale, 
which measures intrinsic motivation for mathematics. The items and codes in this scale 
are given in Table 2.  
 

Table 2 
Items and Codes in the Scale 

Item Code 
Description 

4. Grade 8. Grade 

ASBM02A          BSBM16A       I enjoy learning mathematics 

ASBM02B BSBM16B I wish I did not have to study mathematics R 

ASBM02C BSBM16C Mathematics is boring R 

ASBM02D BSBM16D I learn many interesting things in mathematics 

ASBM02E BSBM16E I like mathematics 

ASBM02F BSBM16F I like any schoolwork that involves numbers 

ASBM02G BSBM16G I like to solve mathematics problems 

ASBM02H BSBM16H I look forward to mathematics lessons 

ASBM02I BSBM16I Mathematics is one of my favourite subjects 

 
There are nine items in this scale, as seen in Table 2.  Items 2 and 3 are reverse-

coded questions. All items were scored on a 4-point Likert rating scale with the options 
"agree a lot, agree a little, disagree a little, disagree a lot." 

Data Analysis 
All analyses in this study were performed with the open-source R program.  

"dplyr" (Wickham et al., 2019) for data manipulation, "lavaan" (Rosseel, 2012) for CFA 
and MG-CFA analyses, "sirt" (Robitzsch, 2019) for alignment method, "naniar" 
(Tierney et al., 2021) for missing data analysis, "mvdalab" (Afanador et al., 2016) for 
missing data imputation, "Performance Analytics" (Peterson et al., 2018) for normality 
analysis. Grade 4 and Grade 8 data obtained from the TIMSS 2019 database were 
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analysed separately. Before starting the data analysis, missing data, outliers, normality, 
and multicollinearity were examined.  

4th Grade Level 

 It is seen that there are a total of 73336 students participating in the exam at the 
4th grade level from 14 countries. Firstly, missing data, which are questions not 
answered by the students, were analysed. It was observed that the rate of missing data 
on a variable basis varied between 2.5% (1878/73336) and 4.8% (3546/73336). On the 
basis of all data, the rate of missing data reaches 11.3% (8323/73336). Little MCAR test 
was performed to examine the randomness of the missing data. The Little MCAR test 
results show that the missing data is random and does not contain any pattern 
(LittleMCAR=5091; df=2604; p>0.05). Since the missing data is more than 10%, 
missing data assignment was preferred instead of the listwise deletion method in order 
not to lose the analysis power.  Before assigning missing data, 1065 participants who 
left the entire scale used in the study blank were deleted. Then, the missing data 
assignment was performed with the EM algorithm. The extreme value analysis was 
performed in two stages. Before the extreme value analysis, participants who answered 
carelessly were identified. Participants who give the same responses to questions with 
reverse coding and questions with normal coding in the scale exhibit careless 
responding behaviour (Woods, 2006). It is stated that these participants have disruptive 
effects on the factor structure (Kam, 2019). In the 4th grade data, 1560 participants with 
careless responding behaviour were identified and excluded from the sample (Kam & 
Meyer, 2015). In the second stage, total and standardised Z scores were calculated 
according to the scales. According to the z score, participants who were outside the [-
3,+3] range were determined as outliers (Kaliyaperumal et al., 2015). According to the 
Z scores, 519 observations outside this range were identified as outliers and deleted 
from the data.  Skewness and kurtosis values of the variables were analysed to 
determine whether the data were normally distributed. Since the kurtosis and skewness 
coefficients were in the range of [-1.5,+1.5], it was decided that the data were normally 
distributed (Tabachnick & Fidell, 2013). In order to examine the multicollinearity, the 
VIF (variance inflation factor) value was calculated for all items. The highest VIF value 
was found to be 3.55 in the item coded BSBM16E. It was decided that there was no 
multicollinearity problem since a multicollinearity problem would occur if the VIF 
value was greater than 5 (Kline, 2011). 

8th Grade Level 

It is seen that there are 84345 students from 14 countries who participated in the 
exam at the 8th-grade level. Firstly, missing data, which are questions not answered by 
the students, were analysed. It was observed that the missing data rates on a variable 
basis varied between 1.5% (1275/84345) and 3.7% (3142/84345). On the basis of all 
data, the missing data rate reaches 8.21% (6927/84345). Little MCAR test was 
performed to examine the randomness of missing data. The Little MCAR test results 
show that the missing data is random and does not contain any pattern 
(LittleMCAR=3.179; sd=1701; p>0.05). Before assigning missing data, 860 participants 
who left the entire scale used in the study blank were deleted. Missing data assignment 
was made with the EM algorithm.  The extreme value analysis was performed in two 
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stages. Before the extreme value analysis, participants who carelessly responded were 
identified. In this data, 685 participants who responded carelessly were identified and 
removed from the sample (Kam & Meyer, 2015). Since there was no value outside the 
range of [-3,+3] according to Z scores, it was decided that there was no outlier 
(Kaliyaperumal et al. , 2015). The fact that the kurtosis and skewness coefficients are in 
the range of [-1.5,+1.5] indicates that the data are normally distributed (Tabachnick & 
Fidell, 2013). The highest VIF value calculated to examine the multicollinearity 
problem was found to be 4.37 in the item coded BSBM16E. It was decided that there 
was no multicollinearity problem since a multicollinearity problem would occur if the 
VIF value was greater than 5 (Kline, 2011).  

Multi-Group CFA analyses were performed using the lavaan package in R 
(Rosseel, 2012). Another reason why this package was preferred is that it allows the use 
of sample weights when estimating with the MG-CFA model. In large-scale 
assessments, all participants in the population (all students at the relevant grade level) 
cannot be included in the sample due to time and financial limitations. In order to 
overcome this limitation and to ensure the generalisability of the sample to the 
population, sampling weights are used (Arıkan et al., 2020). Student weights in the 
TIMSS 2019 data were added to the model as sampling weights. In this study, country 
code as a categorical variable and items of the intrinsic motivation scale as ordinal 
variables were used. It is recommended to use WLS (weighted least squares), WLSMV 
(robust weighted least squares), or ULS (unweighted least squares) methods that are 
robust to violations of assumptions as estimation methods (Brown, 2006; Koğar & 
Yılmaz Koğar, 2015). Therefore, the WLSMV estimation method, which is reported to 
give good results in the MG-CFA model, was used as the estimation method (Forero et 
al., 2009). 

Measurement invariance was analysed by testing four hierarchical stages with 
MG-CFA. These four stages are configural invariance, metric invariance, scalar 
invariance, and strict invariance (Vandenberg & Lance, 2000). To examine the model-
data fit between the stages, χ2, χ2/df, 𝑅𝑀𝑆𝐸𝐴, 𝑆𝑅𝑀𝑅, 𝑇𝐿𝐼, 𝐶𝐹𝐼 and ∆𝐶𝐹𝐼 values were 
reported. Acceptable levels of these values are presented in Table 3 (Hu & Bentler, 
1999).   
 

Table 3 
Acceptable Ranges of Goodness of Fit Indices 

Fit Indices Acceptable Fit Good Fit 

 χ2/df 3 < χ2/df < 5 0 < χ2/df  < 3 

CFI 0.95 < CFI < 0.97 0.97 < CFI < 1 

TLI 0.95 < TLI < 0.97 0.97 < TLI < 1 

RMSEA 0.05 < RMSEA < 0.08 0.00 < RMSEA < 0.05 

SRMR 0.05 < SRMR < 0.08 0.00 < SRMR < 0.05 

Note. (Hu & Bentler, 1999) 
 

In the MG-CFA method, once it was determined that the fit at a particular stage 
was satisfactory, the analysis proceeded to the next stage. There are studies suggesting 
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that the significance can be tested according to the difference of chi-square values (∆χ2) 
in determining whether inter-stage invariance is achieved (Schmitt & Kuljanin, 2008). 
However, the chi-square difference test rejects the null hypothesis with too much power 
as the sample size increases. Therefore, Cheung and Rensvold (2002) suggested 
examining the change in CFI value (Δ𝐶𝐹𝐼) as an alternative to ∆χ2. In this study, a 
difference of Δ𝐶𝐹𝐼 less than or equal to 0.01 was used as a criterion to determine 
whether inter-stage invariance was achieved (Cheung & Rensvold, 2002). 

In measurement invariance with the Alignment Method, the fit of a configural 
model without restriction between groups was first assessed. Then, it was optimised 
with a component loss function to minimise the invariance between the means of each 
factor and the variances of the groups under the configural model (Asparouhov & 
Muthén, 2014). The tolerance criteria proposed by Robitzsch (2020) were used (factor 
loadings (λ=.40) and intercepts (ν=.20)). The alignment strength for the parameters was 
determined as .25 (Fischer & Karl, 2019). The equivalence of the parameters was 
interpreted with the R2 value. R2 values close to 1 indicate that there is more invariance 
(Asparouhov & Muthén, 2014). In determining the measurement invariance, the cut-off 
criterion of 25% of the invariant parameter ratio of the intercept and slope parameters 
was used (Asparouhov & Muthén, 2014). 

Results 
In this section, the findings obtained from the mathematics intrinsic motivation 

scale for 4th and 8th grade levels according to TIMSS 2019 data are presented. 
Analyses were conducted separately for both grade levels. Firstly, CFA was conducted. 
Finally, measurement invariance was tested with MG-CFA.  

CFA Results 
CFA analysis was performed to check the unidimensional factor structure. The 

results of the CFA analyses are presented under separate subheadings according to the 
grade level. 

CFA Results (4th Grade Level) 

The fit indices obtained from the CFA analysis are presented in Table 4. 
 

Table 4 
Fit Statistics of the CFA Model (4th Grade) 

χ2 df χ2/df RMSEA 𝑆𝑅𝑀𝑅 𝑇𝐿𝐼 𝐶𝐹𝐼 

14905.4 27 552.0 0.049 0.048 0.985 0.989 

 
The χ2/df value is expected to be less than 5 to ensure model-data fit. However, 

since the χ2/df ratio is especially affected by the sample size, it is recommended to use 
other indexes in model-data fit. The results indicate an RMSEA of 0.049, an SRMR of 
0.048, a CFI index of 0.989, and a TLI index of 0.985. According to these values, it can 
be concluded that the model-data fit is at an acceptable level (Schreiber et al., 2006). 
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The standardised factor loadings, AVE (average variance extracted) values, and 
reliability coefficients obtained from the CFA model are presented in Table 5. 
 

Table 5 
Standardised Factor Loadings, AVE Values, and Reliability Coefficients 

Items Factor 
Loadings AVE Cronbach Alfa McDonald's 

Omega 

ASBM02A 0.689 

%52.55 0.902 0.905 

ASBM02B 0.483 

ASBM02C 0.577 

ASBM02D 0.504 

ASBM02E 0.802 

ASBM02F 0.679 

ASBM02G 0.726 

ASBM02H 0.827 

ASBM02I 0.876 

 
According to the CFA results, factor loadings are expected to be 0.30 and above 

(Harrington, 2009). These results show that all of the factor loadings are at a sufficient 
level. The AVE (average variance extracted) values in the Table 5 are calculated from 
the factor loadings and give information about what percentage of the variance of the 
items the factor explains. Generally, this value is desired to be 50% and above (Hair et 
al., 2014). It can be said that the scale has a good AVE value. On the other hand, 
internal consistency coefficients provide evidence of whether a homogeneous structure 
is measured in addition to providing evidence of reliability (Aybek, 2022). Cronbach's 
Alpha and McDonald's Omega coefficients of the scales are presented in Table 5 on 
internal consistency. According to Büyüköztürk (2011), a reliability coefficient of 0.70 
and above is considered sufficient for scale reliability. Kline (2011) categorises 0.90 and 
above as excellent, 0.80 and above as good, and 0.70 and above as acceptable. As seen 
in the Table 5, both Cronbach's Alpha and McDonald's Omega coefficients are more 
than 0.70 and are considered to be at a good level. 

The results of the separately conducted CFAs for each country are presented in 
Appendix 1. It is observed that the fit indices for Morocco, South Africa, and Saudi 
Arabia are notably low. In addition, it is noticeable that the factor loadings of the 
reverse-coded items in these countries are quite low. It can be stated that the CFA 
results of other countries are at a good level in terms of fit indices, factor loadings, 
AVE, and reliability values. 
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CFA Results (8th Grade Level) 

The fit indices obtained from the CFA analysis are presented in Table 6. 
 

Table 6 
Fit Statistics of the CFA Model (8th Grade) 

χ2 df χ2/df RMSEA 𝑆𝑅𝑀𝑅 𝑇𝐿𝐼 𝐶𝐹𝐼 

22238.6 27 823.6 0.048 0.039 0.993 0.994 

 
Table 6 shows that RMSEA is 0.048, SRMR is 0.039, CFI index is 0.994, and 

TLI index is 0.993. According to these values, it can be said that the model-data fit is at 
a good level (Schreiber et al., 2006). 

The standardised factor loadings, AVE (average variance extracted) values, and 
reliability coefficients obtained from the CFA model are presented in Table 7. 
 

Table 7 
Standardised Factor Loadings, AVE Values, and Reliability Coefficients 

Items Factor Loadings AVE Cronbach Alfa McDonald's 
Omega 

BSBM16A 0.796 

%60.60 0.928 0.931 

BSBM16B 0.597 

BSBM16C 0.677 

BSBM16D 0.644 

BSBM16E 0.929 

BSBM16F 0.780 

BSBM16G 0.840 

BSBM16H 0.820 

BSBM16I 0.958 

 
When Table 7 is analysed, it is seen that all of the factor loadings are at a 

sufficient level. It can be said that the AVE value is at a good level. In addition, both 
Cronbach's Alpha and McDonald's Omega coefficients are more than 0.70 and are 
accepted to be at a good level. 

CFA results separately by country are presented in Appendix 2. It can be stated 
that the CFA fit indices of all countries are at a good or acceptable level.  

Measurement Invariance Results 
Measurement invariance was analysed in two stages. Firstly, under the known 

MG-CFA model, configurational invariance, metric invariance, scalar invariance, and 
strict invariance were tested in hierarchical order. In the second stage, measurement 
invariance was analysed by the alignment method. In the MG-CFA model, the ∆𝐶𝐹𝐼 
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value was taken into account in determining whether the invariance was achieved 
between two hierarchical stages. When this value is ∆𝐶𝐹𝐼<0.01 between the stages, it is 
interpreted that measurement invariance is provided at the relevant stage (Cheung & 
Rensvold, 2002). In this section, the measurement invariance of the mathematics 
intrinsic motivation scale according to the 4th and 8th-grade data was carried out and 
reported separately according to the grade level. 

Measurement Invariance Results (4th Grade)  

The measurement invariance findings of the mathematics intrinsic motivation 
scale with the MG-CFA method according to 14 countries are presented in Table 8. 

 

Table 8 
Measurement Invariance by Countries (4th Grade) 

Stage χ2 df χ2/df 𝑅𝑀𝑆𝐸𝐴 𝑆𝑅𝑀𝑅 𝑇𝐿𝐼 𝐶𝐹𝐼 Δ𝐶𝐹I 

Configural 5506.1 378 14.5 0.053 0.043 0.984 0.987 - 

Metric 12872.1 482 26.7 0.072 0.068 0.971 0.972 0.015 

 
When the configural invariance findings are analysed, it is evident that the 

scale's structure is compatible with configural invariance in all country groups (𝑅𝑀𝑆𝐸𝐴 
< .08, 𝑆𝑅𝑀𝑅 < .08, 𝑇𝐿𝐼 > .95, 𝐶𝐹𝐼 > .95). After configural invariance, metric invariance 
was analysed. However, as the difference in CFI value between the configural 
invariance and metric invariance stages is 0.015 (∆𝐶𝐹𝐼>0.01), it is apparent that metric 
invariance cannot be established across countries. 

According to the results of the analyses conducted with the MG-CFA method, 
when the ∆𝐶𝐹𝐼 (∆𝐶𝐹𝐼 < 0.01) values and goodness of fit statistics (𝑅𝑀𝑆𝐸𝐴 < .08, 
𝑆𝑅𝑀𝑅 < .08, 𝑇𝐿𝐼 > .95, 𝐶𝐹𝐼 > .95) of the 4th-grade data were taken into consideration, 
it was concluded that 14 different countries provided only configural invariance. 
According to this result, it can be stated that the item-factor structure is equivalent 
between groups, but factor loadings, variances, covariances, and error variances are not 
equivalent between groups.  

4th-grade level Mathematics Intrinsic Motivation scale measurement invariance 
with alignment method findings are presented in Table 9 and Table 10. 
 

Table 9 
Each item's Alignment Results of 14 Countries 

Stage Items Mean SD Min Max R2 % 

Factor Loadings 

ASBM02A 0.64 0.05 0.52 0.72 0.991 %0.0 

ASBM02B 0.50 0.12 0.30 0.67 

ASBM02C 0.59 0.11 0.38 0.73 

ASBM02D 0.47 0.09 0.36 0.63 

ASBM02E 0.78 0.03 0.74 0.82 
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ASBM02F 0.61 0.05 0.50 0.72 

ASBM02G 0.69 0.05 0.60 0.75 

ASBM02H 0.79 0.03 0.74 0.84 

ASBM02I 0.85 0.03 0.79 0.88 

Intercept 

ASBM02A 1.66 0.07 1.56 1.79 0.995 %8.7 

ASBM02B 1.85 0.20 1.46 2.30 

ASBM02C 1.84 0.14 1.54 2.08 

ASBM02D 1.58 0.10 1.43 1.73 

ASBM02E 1.72 0.03 1.67 1.80 

ASBM02F 1.85 0.15 1.64 2.15 

ASBM02G 1.89 0.09 1.80 2.12 

ASBM02H 2.00 0.08 1.82 2.14 

ASBM02I 2.02 0.07 1.89 2.17 

 
The alignment method was invariant for the factor loadings (R2=.991) and the 

intercepts of the items (R2=.995) of the Mathematics Intrinsic Motivation Scale, as seen 
in Table 9. While there is no non-invariant parameter in the factor parameters (0.0%), 
11 parameters are non-invariant according to the item intercepts (8.7%). Since the 
percentage of non-invariant parameters is lower than 25%, it can be stated that the scale 
provides approximate measurement invariance (Asparouhov & Muthén, 2014). 

Table 10 presents the invariance findings of intercept and factor loading 
parameters on an item and country basis. Countries in brackets and bold are labelled as 
non-invariant since they show more variability than the tolerance parameter. 

 

Table 10 
Each Item's Alignment Results of 14 Countries 

Items Intercepts Factor Loadings 

ASBM02A 
36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

ASBM02B 
36, (152), 348, 380, (392), (504), 
(620), (643), 682, 702, 710, 752, 

792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

ASBM02C 
36, 152, 348, 380, 392, (504), 

(620), 643, 682, 702, 710, 752, 
792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

ASBM02D 
36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

ASBM02E 
36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 
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ASBM02F 
(36), 152, 348, 380, 392, 504, 

620, 643, (682), 702, 710, 752, 
792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

ASBM02G 
(36), 152, 348, 380, 392, 504, 
620, 643, 682, 702, 710, 752, 

792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

ASBM02H 
36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, (710), 752, 792, 

926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

ASBM02I 
36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

Note. 36: Australia, 152: Chile, 348: Hungary, 380: Italy, 392: Japan, 504: Morocco, 620: Portugal, 643: Russia, 682: Saudi Arabia,  
702: Singapore, 710: South Africa, 752: Sweden, 792: Turkey, 926: Pakistan. 

  
When Table 10 is examined, it is seen that all factor loadings of Mathematics 

Intrinsic Motivation are invariant in 14 countries at the 4th-grade level. According to the 
intercept coefficients, it can be stated that five parameters in item ASBM02B, two 
parameters in item ASBM02C, two parameters in item ASBM02F, one parameter in 
item ASBM02G, and one parameter in item ASBM02H are non-invariant. Findings on 
an item basis show that 4 out of 9 items are invariant across all countries, while in 5 
items, some countries are non-invariant in the intercept coefficients. On the other hand, 
it is seen that the negatively rooted items ASBM02B and ASBM02C are the items that 
violate invariance the most. Findings by country suggest that factor loading parameters 
are invariant across all countries. According to the intercept parameter, Australia is non-
invariant in two items: Morocco in two, Portugal in two, Japan in one, Russia in one, 
Saudi Arabia in one, Chile in one, and South Africa in one item. It can be stated that 
both factor loadings and intercept parameters of Hungary, Italy, Singapore, Sweden, 
Turkey, and Pakistan are equivalent. As Asparouhov and Muthén (2014) suggested, 
since the non-invariant parameter ratio of factor loading and intercept parameters is 
below 25%, it can be stated that the Mathematics Intrinsic Motivation scale provides 
approximate invariance and all groups can be compared. 

Measurement Invariance Results (8th Grade)  

The measurement invariance findings of the mathematics intrinsic motivation 
scale with the MG-CFA method according to 14 countries are presented in Table 11. 

 

Table 11 
Measurement Invariance by Countries (8th Grade) 

Stage χ2 df χ2/df 𝑅𝑀𝑆𝐸𝐴 𝑆𝑅𝑀𝑅 𝑇𝐿𝐼 𝐶𝐹𝐼 Δ𝐶𝐹I 

Configural 5480.9 378 14.5 0.049 0.036 0.993 0.994 - 

Metric 12919.7 482 26.8 0.067 0.054 0.986 0.987 0.007 

Scalar 25908.5 586 44.2 0.086 0.076 0.977 0.974 0.013 

 
When analyzing the configural invariance findings, the scale structure is found 

to be compatible across all country groups (𝑅𝑀𝑆𝐸𝐴 < .08, 𝑆𝑅𝑀𝑅 < .08, 𝑇𝐿𝐼 > .95, 𝐶𝐹𝐼 
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> .95). After configural invariance, metric invariance was analysed. Since the difference 
in CFI value between the configural invariance and metric invariance stages (∆𝐶𝐹𝐼) was 
0.008, it was decided that metric invariance was also provided according to the 
countries. Additionally, other fit indices are also observed to be at a satisfactory level at 
the metric invariance stage (𝑅𝑀𝑆𝐸𝐴=0.066, 𝑆𝑅𝑀𝑅=0.064, 𝑇𝐿𝐼= 0.987). After metric 
invariance, scalar invariance was analysed. Since the ∆𝐶𝐹𝐼 value between metric 
invariance and scalar invariance is 0.013 (∆𝐶𝐹𝐼>0.01), it is decided that scalar 
invariance is not provided. It should also be noted that the RMSEA value at the scalar 
invariance stage showed incompatibility (𝑅𝑀𝑆𝐸𝐴 > .08).  

According to the results of the analyses conducted with the MG-CFA method, 
considering the ∆𝐶𝐹𝐼 (∆𝐶𝐹𝐼 < 0.01) values and goodness of fit statistics (𝑅𝑀𝑆𝐸𝐴 < .08, 
𝑆𝑅𝑀𝑅 < .08, 𝑇𝐿𝐼 > .95, 𝐶𝐹𝐼 > .95) of the 8th-grade data, it was concluded that 14 
different countries provided configural and metric invariance. According to this result, it 
can be stated that item-factor structure and factor loadings are equivalent between 
groups, but variances, covariances, and error variances are not equivalent between 
groups. 

8th-grade level Mathematics Intrinsic Motivation scale measurement invariance 
with alignment method findings are presented in Table 12 and Table 13. 

 

Table 12 
Each Item's Alignment Results of 14 Countries 

Stage Items Mean SD Min Max R2 % 

Factor Loadings 

BSBM16A 0.78 0.05 0.69 0.85 0.995 %0.0 

BSBM16B 0.65 0.09 0.51 0.80 

BSBM16C 0.68 0.06 0.59 0.80 

BSBM16D 0.61 0.06 0.51 0.71 

BSBM16E 0.91 0.01 0.88 0.91 

BSBM16F 0.72 0.03 0.67 0.79 

BSBM16G 0.82 0.03 0.76 0.87 

BSBM16H 0.77 0.06 0.69 0.91 

BSBM16I 0.93 0.06 0.80 1.04 

Intercept 

BSBM16A 1.96 0.07 1.86 2.09 0.997 %8.7 

BSBM16B 2.12 0.19 1.93 2.67 

BSBM16C 2.23 0.15 1.95 2.43 

BSBM16D 1.97 0.08 1.86 2.17 

BSBM16E 2.07 0.06 2.01 2.18 

BSBM16F 2.33 0.14 2.07 2.53 

BSBM16G 2.26 0.07 2.20 2.41 

BSBM16H 2.48 0.14 2.15 2.66 

BSBM16I 2.46 0.08 2.33 2.58 
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The alignment method was invariant for the factor loadings (R2=.995) and the 
intercepts of the items (R2=.997) of the Mathematics Intrinsic Motivation Scale, as seen 
in Table 12. While there is no non-invariant parameter in the factor parameters (0.0%), 
11 parameters are non-invariant according to the item intercepts (8.7%). Since the 
percentage of non-invariant parameters is lower than 25%, it can be stated that the scale 
provides approximate measurement invariance (Asparouhov & Muthén, 2014). 

Table 13 presents the invariance findings of intercept and factor loading 
parameters on an item and country basis. Countries in brackets and bold are labelled as 
non-invariant since they show more variability than the tolerance parameter. 
 

Table 13 
Each Item's Alignment Results of 14 Countries 

Item Intercepts Factor Loadings 

BSBM16A 
36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

BSBM16B 
36, 152, 348, 380, 392, (504), 
620, 643, 682, 702, 710, 752, 

(792), 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

BSBM16C 
36, 152, 348, 380, 392, 504, 
(620), 643, (682), 702, 710, 

(752), (792), 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

BSBM16D 
36, 152, 348, 380, 392, 504, 

(620), 643, 682, 702, 710, 752, 
792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

BSBM16E 36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

BSBM16F 
36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, (710), 752, 792, 

(926) 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

BSBM16G 36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

BSBM16H 
36, 152, 348, 380, 392, (504), 
620, 643, 682, 702, 710, 752, 

(792), 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

BSBM16I 36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

36, 152, 348, 380, 392, 504, 620, 
643, 682, 702, 710, 752, 792, 926 

Note. 36: Australia, 152: Chile, 348: Hungary, 380: Italy, 392: Japan, 504: Morocco, 620: Portugal, 643: Russia, 682: Saudi Arabia,  
702: Singapore, 710: South Africa, 752: Sweden, 792: Turkey, 926: Pakistan. 

 
When Table 13 is examined, it is seen that all factor loadings of Mathematics 

Intrinsic Motivation are invariant in 14 countries at the 8th-grade level. According to the 
intercept coefficients, two parameters in item BSBM16B, four parameters in item 
BSBM16C, one parameter in item BSBM16D, two parameters in item BSBM16F, and 
one parameter in item BSBM16H are non-invariant. Findings on an item basis show 
that 4 out of 9 items are invariant across all countries, whereas in 5 items, there are 
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differences in the intercept coefficients of some countries. On the other hand, it can be 
said that the negatively rooted items BSBM16B and BSBM16C are the items that 
violate the invariance the most. The country-based findings suggest that the factor 
loading parameters are invariant across all countries. According to the intercept 
parameter, Morocco is non-invariant in two items: Portugal in two, Saudi Arabia in one, 
South Africa in one, Sweden in one, Turkey in three, and Pakistan in one item. Both 
factor loadings and intercept parameters are equivalent for Australia, Chile, Hungary, 
Italy, Japan, Russia, and Singapore. As Asparouhov and Muthén (2014) suggested, 
since the non-invariant parameter ratio of factor loading and intercept parameters is 
below 25%, it can be stated that the Mathematics Intrinsic Motivation scale provides 
approximate invariance at the 8th-grade level, and all groups can be compared. 

Discussion and Conclusion 
The fact that the factor structures of the groups are different from each other in 

the measurement made with the same scale on two or more groups may indicate that the 
measurement tool is perceived differently in each group or that it measures a different 
psychological characteristic. If this is the case, it would not be correct to compare the 
measurements obtained from these groups. The reason for the different factor structures 
of the groups may be application conditions, cultural reasons, and linguistic translation 
problems (Başusta, 2010). According to the results of measurement invariance, it can be 
evaluated whether the items in the measurement tool are perceived in the same way by 
the participants according to groups such as different genders, languages, and cultures.  

In this study, it was examined whether the mathematics intrinsic motivation 
scale in the TIMSS 2019 application showed measurement invariance according to 14 
different countries. The analyses were performed with MG-CFA and MG Alignment 
methods.  Since the stages in measurement invariance with MG-CFA are nested models, 
∆χ2 and ΔCFI values are generally used in the literature to compare the models. In this 
study, Δ𝐶𝐹𝐼 value was used to decide the measurement invariance between the stages 
due to the large sample size. Other goodness of fit statistics is also reported.  

According to the measurement invariance results of the study with MG-CFA, the 
TIMSS 2019 4th grade mathematics intrinsic motivation scale provides only configural 
invariance across 14 different countries. It was observed that metric, scalar, and strict 
invariance were not achieved. Similarly, the 8th-grade mathematics intrinsic motivation 
scale provides configural and metric invariance across 14 different countries. However, 
it was observed that it did not provide scalar and strict invariance. Following these 
results, measurement invariance was analysed with the Alignment method. The results 
of the alignment method applied to factor loading and intercept parameters showed that 
the mathematics intrinsic motivation scale at the 4th-grade level provided approximate 
measurement invariance and that the scores of the countries could be compared. 
Similarly, at the 8th-grade level, the results showed that the mathematics intrinsic 
motivation scale also provided approximate measurement invariance and that the scores 
of the countries could be compared.  

In the literature, there are studies examining the measurement invariance of 
different scales used in large-scale assessments across countries. He et al. (2019) 
examined the measurement invariance of 29 countries according to Instrumental 
Motivation, Enjoyment of Science, and Sense of School Belonging scales with PISA 
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and TIMSS data. The results show that all three scales provide only metric invariance. 
Raižienė et al. (2021) examined the measurement invariance of the motivational 
constructs (competitiveness, work mastery, and fairness of failure) model with the PISA 
2018 application with EU countries and concluded that the model provides metric 
invariance. Tekin and Çobanoğlu-Aktan (2021) conducted a measurement invariance 
study comparing Turkey, Norway, and Singapore on the collaborative problem-solving 
scale with PISA 2015 data. The results of the study reported that these three countries 
met only the configural invariance stage. Ersözlü et al. (2022) reported that metric 
invariance and partial scalar invariance of the mathematics anxiety scale were met in 
their study examining measurement invariance between Australian and Russian groups. 
Karakoç-Alatlı et al. (2016) examined the measurement invariance of the TIMSS 2011 
mathematics test between four different countries (Turkey, England, Japan, and the 
USA) and concluded that the test provided only configural invariance. According to 
measurement invariance with MG-CFA, the results of the current study are similar to 
the results of these studies. However, it should be noted that these studies did not 
examine measurement invariance with the Alignment method but only with MG-CFA.  
On the other hand, MG-CFA is not practical in comparing a large number of groups 
(i.e., countries) since it makes many pairwise comparisons between countries and may 
produce incorrect results (Sırgancı et al., 2020). In addition, when measurement 
invariance cannot be achieved with MG-CFA, it does not provide any information about 
the groups that violate invariance. Therefore, measurement invariance should be 
examined with the Alignment method, which overcomes these disadvantages of MG-
CFA (Asparouhov & Muthén, 2014).  

Glasgow et al. (2019) examined the measurement invariance of mathematics 
teachers' Job satisfaction, School emphasis on academic success, School condition and 
resources, Safe and orderly school, and teacher Self-efficacy scales obtained from 
TIMMS 2015 teacher surveys across 46 countries. The results showed that only three 
constructs achieved metric invariance, while the other constructs remained in configural 
invariance. In the present study, the results of measurement invariance using the 
alignment method show that all five constructs achieve approximate invariance, 
indicating that these constructs can be validly compared across educational systems. 
Sirganci et al. (2020), in their study explaining the basic concepts and processes of the 
alignment method, examined the measurement invariance of 56 countries on the 
Instrumental Motivation Scale data in the PISA 2015 cycle, MG-CFA results show that 
the scale provides only configural invariance. The measurement invariance findings 
with the alignment method provide more detailed information about which countries 
and which items contribute better to measurement invariance. Kaya et al. (2023) 
examined the measurement invariance of the Self-Efficacy scale data obtained from 
PISA 2018 on 79 countries. The researchers report that only configural invariance was 
met in the cross-country comparison. Jami and Kemmelmeier (2021), in their study 
examining the measurement invariance of the Subjective well-being scale in 36 
countries, MG-CFA findings showed that metric invariance was achieved, while the 
alignment method was found to provide approximate measurement invariance of the 
scale. The results of the current study are similar to the results of these studies in the 
literature (Glasgow et al., 2019; Sırgancı et al., 2020; Jami & Kemmelmeier, 2020). 
Ertürk and Oyar (2021) examined the measurement invariance between different 
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countries with different methods using the "Mathematics Liking Scale" obtained from 
PISA 2015 data. Researchers stated that when determining the method to be used in 
measurement invariance studies, attention should be focused on meeting the 
assumptions and the structure of the data (Ertürk & Oyar, 2021). Therefore, in line with 
both the findings of this study and Sırgancı et al. (2020), the Alignment Method should 
be preferred in examining the measurement invariance of scales/tests with a large 
number of groups. 

When the measurement invariance results on an item basis were analysed by 
alignment method, it was concluded that four items at the 4th-grade level and four items 
at the 8th-grade level were invariant according to both factor loadings and intercept 
parameters. On the other hand, the second and third items in the scale have negatively 
worded items, and it can be seen that the intercept parameters of these two items are the 
most non-invariant parameters according to the intercept parameter among the 
countries. This result shows that items negatively worded have a decreasing effect on 
measurement invariance. Therefore, it is important to translate the items with negative 
roots in a more comprehensible way and in accordance with the student's level. 

When the results of measurement invariance by alignment method on a country 
basis were analysed, it was concluded that the parameters of 14 countries were 
equivalent in six countries at the 4th-grade level and seven countries at the 8th-grade 
level according to both factor loadings and intercept parameters. Morocco, Portugal, 
Saudi Arabia, and South Africa were found to have non-invariant parameters in the 
intercept parameters at both grade levels. 

In conclusion, as Asparouhov and Muthén (2014) suggested, since the factor 
loading and the non-invariant parameter ratio of the intercept parameters are below 
25%, the Mathematics Intrinsic Motivation scale provides approximate measurement 
invariance at both 4th and 8th-grade levels and the scores of the countries are 
comparable. 

Limitations and Recommendations 
In this study, the measurement invariance of the mathematics intrinsic 

motivation scale was compared across countries at both the 4th and 8th grades. 
Therefore, countries that completed this scale at both 4th and 8th-grade levels were 
selected, and other countries were not included in the scope of the study. This is a 
limitation of the study. Future studies can be carried out to cover all countries according 
to one grade level of this scale. 

Scores obtained from large-scale exams such as PISA and TIMSS can be 
compared with the scores obtained by applying the same scale in different grades with 
measurement invariance, and the differentiation of the factor structure of different grade 
levels can be examined.  

In this study, it was concluded that questions with negative roots had a 
disruptive effect on measurement invariance. The effect of negatively rooted questions 
on measurement invariance can be addressed in future studies. 

The findings of this study - similar to the literature - show that in cross-country 
comparisons, MG-CFA findings do not indicate the presence of measurement 
invariance, while the findings of the alignment method indicate approximate 



Cross-National Measurement of Mathematics Intrinsic Motivation… 
 

© 2024 AKU, Kuramsal Eğitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 1-27


21 

measurement invariance. Therefore, it is recommended that measurement invariance be 
tested with the alignment method in future multi-group measurement invariance studies.  
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Appendix 1 
CFA Result (4th Grade) 

Country i1 i2 i3 i4 i5 i6 i7 i8 i9 cfi tli rmsea srmr Cronbach Omega AVE 

Australia                 

Chile                 

Hungary                 

Italy                 

Japan                 

Morocco                 

Portugal                 

Russia                 

Saudi Arabia                 

Singapore                 

South Africa                 

Sweden                 

Turkey                 

Pakistan                 

Note. i1: item1 factor loading, AVE : average variance extracted 
 

Appendix 2 
CFA Result (8th Grade) 

Country i1 i2 i3 i4 i5 i6 i7 i8 i9 cfi tli rmsea srmr Cronbach Omega AVE 

Australia                 

Chile                 

Hungary                 

Italy                 

Japan                 

Morocco                 

Portugal                 

Russia                 

Saudi Arabia                 

Singapore                 

South Africa                 

Sweden                 

Turkey                 

Pakistan                 

Note. i1: item1 factor loading, AVE : average variance extracted 
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