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Abstract 

This research examines whether the affective characteristics of the TIMSS 2019 Turkey mathematics application 

provide measurement invariance according to gender. The research sample consists of 4048 8th-grade students 

participating in the TIMSS in 2019. Research data were downloaded from the international website of TIMSS. 

The research data collection tools are “Sense of School Belonging”, “Students Confident in Mathematics”, 

“Students Like Learning Mathematics”, and “Students Value Mathematics” scales. Exploratory Factor Analysis 

(EFA) and Confirmatory Factor Analysis (CFA) were performed in the context of validity analyses to examine 

measurement invariance. In terms of reliability, the Cronbach Alfa internal consistency coefficient was calculated. 

Accordingly, out of the four scales in the study, only “Students Confident in Mathematics” scale could not be 

confirmed in confirmatory factor analysis. Therefore, while “Students Confident in Mathematics” scale was not 

examined for measurement invariance, the other three scales were examined within the scope of measurement 

invariance. For measurement invariance, research data were tested with Multiple Group Confirmatory Factor 

Analysis (MG-CFA), one of the Structural Equation Modeling (SEM) techniques. As a result of the analyses, while 

the strict invariance model was provided in “Students Like Learning Mathematics” scale and “Students Value 

Mathematics” scale, strong invariance/scale invariance model was provided in “Sense of School Belonging” scale. 

It was concluded that there was no gender bias in the three scales for which MG-CFA was performed, and the 

mean scores were comparable according to gender. In this context, it can be said that “Sense of School Belonging”, 

“Students Like Learning Mathematics”, and “Students Value Mathematics” scales are valid in determining the 

differences according to gender. 
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Introduction 

Raising qualified people is one of the most critical issues for countries. Education systems play a 

significant role in raising qualified people. States change their education policies over time and make 

arrangements in their education systems to train qualified people with the desired characteristics. 

In Turkey, regulations have been made in the education system over time. These arrangements are made 

through the findings obtained from the national and international measurement and evaluation practices 

in which Türkiye has participated. Türkiye has been participating in international educational studies 

such as TIMSS (Trends in International Mathematics and Science Study), PISA (Programme for 

International Student Assessment), and PIRLS (Progress in International Reading Literacy Study) for 

many years. Türkiye participates in these studies to compare the education system of Türkiye with the 

education systems of others, to reveal the situation of Türkiye on an international scale, to eliminate the 

deficiencies in the education system based on the findings of these studies, and to make adjustments in 

education policies. 
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One of the most numerous international education studies that Türkiye has participated in is the TIMSS, 

organized by the IEA (International Association for the Evaluation of Educational Achievement). 

TIMSS was first implemented in 1995. Türkiye attended TIMSS for the first time in 1999 and, finally, 

in 2019 (Ministry of National Education-MoNE, 2020). 

TIMSS is an educational study aiming to evaluate the knowledge and skills of 4th and 8th-grade students 

in mathematics and science. Since many variables affect students' success, detailed data about students, 

teachers, schools, and parents are collected through questionnaires within the scope of TIMSS (MoNE, 

2016). Data on determining affective characteristics such as motivation, interest, and attitude are 

collected through TIMSS student questionnaires (Mullis et al., 2016). 

Bloom (2012) states that affective characteristics have a 25% effect on students' academic success. In 

the literature, there are also studies showing that affective characteristics affect mathematics 

achievement (Doğan & Barış, 2010; İlhan & Öner-Sünkür, 2012; Kesici, 2018; Kesici & Aşılıoğlu, 

2017; Lay et al., 2015; Mohammadpour, 2012; Ölçüoğlu & Çetin, 2016; Sarı & Ekici, 2018; Sarıer, 

2020; Yücel & Koç, 2011). 

Demographic variables are influential on academic achievement. Studies in the literature aim to 

determine at what level demographic variables such as gender, socioeconomic level, age, class, and 

geographical region affect success. Among these variables, studies on the gender variable attract 

attention. The number of studies comparing the mean scores of gender groups to examine the effect of 

TIMSS mathematics achievement is relatively high (Aydın, 2015; Hanci, 2015; Kilic & Askin, 2013; 

Louis & Mistele, 2012; Patterson et al., 2003; Sarıer, 2020; Wang et al., 2012; Webster & Fisher, 2000). 

In the 8th-grade Türkiye sample of TIMSS 2019, the mean mathematics scores for male and female 

groups are 490 and 501, respectively. However, the difference in scores between the averages was not 

statistically significant (MoNE, 2020). The measurement results obtained regarding the comparison of 

the groups may vary depending on different characteristics of the individuals. However, the source of 

the differences may only sometimes be individuals. The reason can sometimes be the measurement tool 

itself. When comparing the measurements according to the groups, it is assumed that the measurement 

tool measures the same feature for all groups. In other words, measurement invariance is ensured 

(Başusta & Gelbal, 2015). However, it is crucial to prove that measurement invariance is ensured to 

conduct comparison studies with groups more validly and reliably. 

Measurement invariance is defined as the same perception and interpretation of the items in the 

measurement tool in all groups subject to measurement (Byrne & Watkins, 2003). In the scales 

developed to reveal a latent structure, measurement invariance appears as one of the psychometric 

properties (Öncü, 2019). The measurement tool should measure the same structure in the groups to 

ensure measurement invariance. Factor loadings, correlations between factors, and error variances of 

the scale items should be equal to measure the same structure in groups (Byrn et al., 1989). There is a 

consensus in the literature that to compare mean scores by groups, measurement invariance should be 

tested, evidence of strong/scalar invariance model should be obtained, and comparison of mean scores 

without these conditions may not yield significant results (Başusta & Gelbal, 2015; Cheung & Rensvold, 

2000; Gregorich, 2006; Kıbrıslıoğlu, 2015; Öğretmen, 2006; Salzberger et al., 1999; Vandenberg & 

Lance, 2000; Wicherts, 2007; Wu et al., 2007). The purpose of statistical analyses to test measurement 

invariance is to determine whether the established structural model is the same in subgroups and which 

of the parameters included in the structural model are invariant (Mulaik, 2007). 

While the methods in Structural Equation Modeling (SEM) and Item Response Theory (IRT) approaches 

are primarily preferred in determining measurement invariance, methods based on the Latent Class 

Analysis (LCA) approach have also been used in recent years (Yandı et al., 2017). 80% of measurement 

invariance studies are conducted with approaches based on SEM (Vandenberg & Lance,2000). The MG-

CFA (Multiple Group Confirmatory Factor Analysis) method is most frequently used in SEM-based 

approaches. Measurement invariance can be tested by examining the equality of mean covariance 

structures with the MG-CFA method (Yandı et al., 2017). 

In TIMSS and PISA literature, measurement invariance was examined according to countries in some 

studies (Ercikan & Koh, 2005; Karakoc-Alatli et al., 2016; Öncü, 2019; Rutkowski & Rutkowski, 2013; 
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Tavlıca, 2019; Wu et al., 2007; Ma & Qin, 2021; Meng et al., 2019; Polat, 2019; Scherer et al., 2016). 

The subjects of these studies are mathematics and science achievement, socioeconomic level, affective 

variables related to mathematics and science, and using information and communication technologies. 

Some studies also examined measurement invariance according to gender (Ertürk & Erdinç-Akan, 

2018b; Polat, 2019), geographical regions (Ölçüoğlu & Çetin, 2016; Polat, 2019), and household 

resources (Cakici-Eser, 2021). The subjects of these studies are affective variables related to 

mathematics and science, home environment, and school environment. 

There are quite a lot of studies (Aydın, 2015; Kilic & Askin, 2013; Louis & Mistele, 2012; Patterson et 

al., 2003; Sarıer, 2020; Wang et al., 2012; Webster & Fisher, 2000) comparing gender groups on TIMSS 

mathematics achievement without testing measurement invariance. The literature states that 

measurement invariance must first be ensured. If it is not ensured, the comparisons may not yield 

meaningful results (Başusta & Gelbal, 2015; Cheung & Rensvold, 2000; Gregorich, 2006; Kıbrıslıoğlu, 

2015; Salzberger et al., 1999; Vandenberg & Lance, 2000; Wicherts, 2007; Wu et al., 2007). For this 

reason, it is vital to test the measurement invariance before examining the effect of gender on 

mathematics achievement. Thanks to measurement invariance analysis, the way of interpreting the items 

of the subgroups can be determined, and it can be tested whether there is a bias of the subgroups in the 

scale's items (Byrne, 1998; Gregorich, 2006; Kıbrıslıoğlu, 2015; Millsap & Olivera-Aguilar, 2012). 

Failure to provide measurement invariance indicates that some items in the scale are biased. Some 

studies conducted according to gender have provided measurement invariance (Bofah & Hannula, 2015; 

Demir, 2020; Demir, 2017; Gungor & Atalay-Kabasakal, 2020; Jung, 2019; Polat, 2019; Uyar, 2021). 

However, measurement invariance cannot be achieved in some (Ertürk & Erdinç-Akan, 2018b; 

Gülleroğlu, 2017; Uzun & Öğretmen, 2010). Since some studies point to gender bias, this study aims to 

test the measurement invariance of affective characteristics related to TIMSS 2019 mathematics 

achievement according to gender groups. Measurement invariance studies, which indicate biases 

according to gender, show that the degree of accuracy of decisions taken about individuals may be 

inadequate (Öğretmen, 2006). 

In examining the relationships between TIMSS student questionnaires and mathematics achievement, 

“Sense of School Belonging” (Akyüz & Pala, 2010; Akyüz & Satıcı, 2013; Işlak, 2020; Koç, 2019; Sarı 

et al., 2017; Sarıer, 2020), “Students Confident in Mathematics” (Akyüz-Aru, 2020; Akyüz & Pala, 

2010; Atar, 2011; Aydın, 2015; Demir et al., 2010; Ertürk & Erdinç-Akan, 2018a; Işlak, 2020; Khine et 

al., 2015; Koç, 2019; Oral & McGivney, 2013; Usta & Demirtaşlı, 2018), “Students Like Learning 

Mathematics” (Erşan, 2016; Ertürk & Erdinç-Akan, 2018a; Khine et al., 2015; Koç, 2019; Oral & 

McGivney, 2013), and “Students Value Mathematics” (Doğan & Barış, 2010; Khine et al., 2015) scales 

have been used by some researchers. These affective variables are frequently used in the TIMSS 

literature. 

In the literature, although many studies examine the effect of “Sense of School Belonging” scale on 

mathematics achievement (Akyüz & Pala, 2010; Akyüz ve Satıcı, 2013; Işlak, 2020; Koç, 2019; Sarı et 

al., 2017; Sarıer, 2020), no measurement invariance research has been found. While measurement 

invariance was confirmed in some studies testing the measurement invariance of “Students Confident 

in Mathematics” scale (Bofah & Hannula, 2015; Cakici-Eser, 2021; Polat, 2019; Uyar, 2021), 

measurement invariance could not be achieved in some (Ertürk & Erdinç-Akan, 2018b). In the studies 

that test the measurement invariance of “Students Like Learning Mathematics” (Bofah & Hannula,2015; 

Cakici-Eser, 2021; Ertürk & Erdinç-Akan, 2018b; Polat, 2019; Shukla & Konold, 2014) and “Students 

Value Mathematics” (Bofah & Hannula,2015; Polat, 2019; Uyar, 2021) scales, measurement invariance 

was achieved, and no research was found in which measurement invariance could not be achieved. 

Accordingly, this study aimed to examine the measurement invariance of “Sense of School Belonging”, 

“Students Confident in Mathematics”, “Students Like Learning Mathematics”, and “Students Value 

Mathematics” scales of TIMSS 2019 Turkey 8th-grade in the context of gender. 
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Method 

This research, which aims to examine the measurement invariance of the affective characteristics of the 

students in the Turkish sample who participated in the TIMSS 2019 mathematics according to gender, 

is descriptive. Studies that aim to reveal a situation without intervening are a type of descriptive research 

(Fraenkel & Wallen, 2006; Karasar, 2011). 

 

Participants 

TIMSS 2019 was held with the participation of 4077 eighth-grade students from 181 schools in Turkey. 

However, it was determined that 29 of these students left all the scales in the student questionnaire blank. 

For this reason, 29 students were excluded from the analysis, and the participant group consisted of 4048 

students. The descriptive statistics of the participant group are shown in Table 1. 

 

Table 1 

Descriptive Statistics of Participant Group 
Gender f % Age average 

Female 2009 49.63 13.89 

Male 2039 50.37 13.92 

 

Data Collection Tools 

The data obtained from “Sense of School Belonging”, “Students Confident in Mathematics”, “Students 

Like Learning Mathematics”, and “Students Value Mathematics” scales in the TIMSS 2019 

mathematics student questionnaire were used in this research. Data were downloaded from the TIMSS 

research international website (https://timss2019.org/international-database/). 

“Sense of School Belonging” scale consists of 5 items and a single factor, with a 4-point Likert-type 

rating. The items are scored as “1= disagree a lot”, “2= disagree a little”, “3= agree a little”, and “4= 

agree a lot”. There is no reverse-coded item. Higher scores on the scale indicate a higher sense of 

belonging to the school. Regarding the validity of the TIMSS Turkey sample data set, item factor 

loadings for this scale ranged from 0.58 to 0.77, and the total explained variance rate was 51%. 

Regarding reliability, the Cronbach Alpha coefficient was 0.76 (Yin & Fishbein, 2020). 

“Students Confident in Mathematics”, “Students Like Learning Mathematics”, and “Students Value 

Mathematics” scales consist of 9 items and a single factor, with a 4-point Likert-type rating. Items 2, 3, 

5, 8, and 9 were reverse-coded for “Students Confident in Mathematics” scale, and items 2 and 3 were 

reverse-coded for “Students Like Learning Mathematics” scale. There is no reverse-coded item for 

“Students Value Mathematics” scale. Higher scores on these scales indicate higher self-confidence, 

liking, and value in mathematics. In the TIMSS Turkey sample data set, item factor loadings ranged 

from 0.62 to 0.80 for “Students Confident in Mathematics”, 0.61 to 0.89 for “Students Like Learning 

Mathematics”, and 0.58 to 0.81 for “Students Value Mathematics”. The total explained variance was 

54% for “Students Confident in Mathematics”, 62% for “Students Like Learning Mathematics”, and 

51% for “Students Value Mathematics”. The Cronbach Alpha coefficient was 0.89 for “Students 

Confident in Mathematics”, 0.89 for “Students Like Learning Mathematics”, and 0.88 for “Students 

Value Mathematics” (Yin & Fishbein, 2020). 

 

Data Analysis 

Data analysis was carried out in three stages. In the first stage, the processes of examining the missing 

data, extreme values, and normality were followed, sequentially. In the second stage, EFA (Exploratory 

Factor Analysis) and CFA (Confirmatory Factor Analysis) were performed to create affective trait 

models associated with mathematics achievement. Cronbach Alpha internal consistency coefficients for 

each affective trait model created for reliability were calculated. In the last stage, MG-CFA (Multiple 

https://timss2019.org/international-database/
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Group Confirmatory Factor Analysis) was performed to determine the measurement invariance 

according to gender groups in the validated models. 

SPSS IBM 20.0 and R Studio were used to analyze the data. For MG-CFA, semTools (Jorgensen et al., 

2021) and lavaan (Rosseel, 2012) packages were used. 

 

Results 

Before testing the measurement invariance for each scale, missing data, extreme values, and normality 

were examined in terms of the suitability of the data for analysis. As a result of missing data analysis, 

47 participants for “Students Value Mathematics”, 90 for “Students Like Learning Mathematics”, 52 

for “Students Confident in Mathematics”, and 16 for “Sense of School Belonging” scales were excluded 

from the analysis. The extreme value analysis converted each scale's items into Z scores. No extreme 

values were found except -4 and +4 (Çokluk et al., 2016; Harrington, 2009; Pituch & Stevens, 2016; 

Tabachnick & Fidell, 2013). In the normality examination, the skewness and kurtosis values were 

calculated separately for all the items in each scale. It has been determined that all related scales have 

skewness and kurtosis values except -1 and +1 (Çokluk et al., 2016; Hair et al., 2014; Harrington, 2009; 

Raykov & Marcoulides, 2006). For this reason, the relevant scales did not show a normal distribution. 

In the second stage, the validity and reliability of the scores collected from scales were discussed. 

According to the EFA, the item factor loadings for “Students Value Mathematics” ranged from 0.58 to 

0.81, for “Students Like Learning Mathematics” 0.60 to 0.89, for “Students Confident in Mathematics” 

0.62 to 0.79, and for “Sense of School Belonging” 0.57 to 0.77.  The total explained variance was 

50.39% for “Students Value Mathematics”, 61.19% for “Students Like Learning Mathematics”, 52.45% 

for “Students Confident in Mathematics”, and 50.49% for “Sense of School Belonging”. The DWLS 

(Diagonally Weighted Least Squares) method is used when the number of categories in the scoring of 

the items in the Likert-type graded scales at the ranking level is less than five, and the multivariate 

normality requirement cannot be met in the data set (Kline, 2015; Mindrila, 2010; Schumacker & 

Beyerlein, 2000). Therefore, the DWLS method was preferred as the estimation method in CFA. χ2, 

CFI, TLI, RMSEA and SRMR goodness-of-fit indices are used in this study to evaluate CFA results. 

The criterion values are presented in Table 2 (Çokluk et al., 2016; Harrington, 2009; Kline, 2015; 

Tabachnick & Fidell, 2013). 

 

Table 2 

Criterion Values in Goodness of Fit Indices 

Fit Index Good Fit Acceptable Fit 

χ2  p>  .05  p>  .05 

CFI 0.95 ≤ CFI ≤ 1.00 0.90 ≤ CFI ≤ 0.95 

TLI 0.95 ≤ TLI ≤ 1.00 0.90 ≤ TLI ≤ 0.95 

RMSEA 0 ≤ RMSEA ≤ 0.05 0.05 ≤ RMSEA ≤ 0.08 

SRMR 0 ≤ SRMR ≤ 0.05 0.05 ≤ SRMR ≤ 0.08 

 

CFA was conducted for “Students Value Mathematics” scale with two modifications. Covariance was 

established between M3 and M4 items and M1 and M2 items with the recommendation of the R 

program. CFA was conducted for “Students Like Learning Mathematics” scale with a modification. 

Covariance was established between M2 and M3 items with the recommendation of the R program. 

Without modifications, CFA was conducted for “Students Confident in Mathematics” and “Sense of 

School Belonging” scales. After all these procedures, the CFA results for the four scales are presented 

in Table 3. 
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Table 3 

CFA Results of Affective Scales 
Scales χ2 CFI TLI RMSEA SRMR 

Students Value Mathematics 135.667 (p< .05) .993 .990 .033 

*(.028, .039) 

.036 

Students Like Learning Mathematics 116.191 (p< .05) .998 .997 .030 

*(.024, .035) 

.027 

Students Confident in Mathematics 1510.635 (p< .05) .954 .938 .117 

*(.112, .122) 

.094 

Sense of School Belonging 9.307 (p> .05) .999 .997 .015 

*(.000, .029) 

.016 

*Lower and upper confidence interval for RMSEA 

 

Table 3 shows that CFI, TLI, RMSEA and SRMR values for “Students Value Mathematics” and 

“Students Like Learning Mathematics” scales indicate good fit, and the χ2 value is not within acceptable 

fit ranges. When the literature is examined, it is stated that the sample size affects the χ2 (Kline, 2015). 

When all goodness-of-fit indices are evaluated together, it can be said that “Students Value 

Mathematics” and “Students Like Learning Mathematics” scales are confirmed. CFI value for “Students 

Confident in Mathematics” scale indicates a good fit. TLI value is acceptable, and the χ2, RMSEA, and 

SRMR values are not at acceptable ranges. When all goodness-of-fit indices are evaluated together, it 

can be said that “Students Confident in Mathematics” scale cannot be confirmed. For “Sense of School 

Belonging” scale, χ2, CFI, TLI, RMSEA and SRMR values indicate a good fit. When all goodness-of-

fit indices are evaluated together, it can be said that “Sense of School Belonging” scale is confirmed. 

Regarding reliability, the Cronbach Alpha coefficient was calculated for three scales except for 

“Students Confident in Mathematics” scale because the scale was not confirmed by CFA. Cronbach 

Alpha coefficients were calculated as 0.87, 0.92, and 0.75 for “Students Value Mathematics”, “Students 

Like Learning Mathematics”, and “Sense of School Belonging” scales, respectively. A Cronbach Alpha 

coefficient of 0.70 and above indicates that the level of reliability is good, and a value between 0.60 and 

0.70 indicates that the level of reliability is acceptable (Hair et al., 2014). In this context, the reliability 

of the three scales is reasonable. 

 

Measurement Invariance 

In the data analysis, measurement invariance according to gender was tested for three affective scales, 

which CFA confirmed at the last stage. MG-CFA method was used to test the measurement invariance. 

Measurement invariance by MG-CFA method, structural invariance, weak/metric invariance, 

strong/scalar invariance, and strict invariance models are examined by looking for evidence. 

Measurement invariance models have a 4-stage hierarchical structure (Byrne et al., 1989; Stark et al., 

2006; Vandenberg & Lance, 2000; Wu et al., 2007). The model with the minor parameter constraints is 

the structural invariance model, and the model with the most parameter constraint is the strict invariance 

model. Due to the hierarchical structure of the invariance models, if there is no evidence that 

measurement invariance is provided for the model with fewer parameter constraints, there will be no 

evidence that measurement invariance is provided for the models with more parameter constraints. The 

goodness of fit values at that stage is considered when looking for evidence for invariance models. Then, 

the Δχ2 value between it and the previous model, which has fewer parameter limitations, is considered. 

Suppose the Δχ2 value is not statistically significant (p> .05), and the goodness-of-fit values of the model 

with more parameter limitations are within acceptable values. In that case, evidence of measurement 

invariance is obtained for the model with more parameter limitations. However, since the Δχ2 value is 

affected by the sample size, the p-value in the Δχ2 test tends to be significant. For this reason, it is stated 

by some researchers that ΔCFI (Comparative Fit Index Differences), ΔRMSEA (Root Mean Square 

Error of Approximation Differences), and ΔSRMR (Standardized Root Mean Square Residual 

Differences) values can be considered instead of Δχ2 (Chen, 2007; Cheung & Rensvold, 2002; French 

& Finch, 2006; Meade et al., 2008). When comparing the models, if the ΔCFI value is between -0.01 

and +0.01, evidence is obtained that the model with more parameter constraint provides measurement 
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invariance (Cheung & Rensvold, 2002). Chen (2007) states that besides the 0.01 change in ΔCFI value, 

changes of 0.015 for the ΔRMSEA value and 0.030 for the ΔSRMR value are acceptable in the 

weak/metric invariance stage, while changes of 0.015 for the ΔRMSEA and ΔSRMR values are 

acceptable in the scalar/strong invariance and strict invariance stages. Considering all these reasons, in 

this study, while comparing the invariance models, ΔCFI, ΔRMSEA, and ΔSRMR values were also 

considered, in addition to the Δχ2 value. This study considered that at least two of the difference tests 

were within the desired criteria while deciding that models with measurement invariance were provided. 

MG-CFA results by gender for “Sense of School Belonging” scale are presented in Table 4. 

 
Table 4 
MG-CFA Results by Gender for “Sense of School Belonging” Scale 

 Structural Invariance Metric Invariance Scalar Invariance Strict Invariance 

χ2 p> .05 p> .05 p> .05 p< .05 

CFI 1.000 1.000 1.000 0.991 

TLI 0.999 1.000 1.000 0.992 

RMSEA 0.009 

*(0.000, 0.026) 

0.002 

*(0.000, 0.022) 

0.000 

*(0.000, 0.018) 

0.024 

*(0.015, 0.033) 

SRMR 0.015 0.017 0.018 0.039 

ΔCFI - 0.000 0.000 -0.009 

ΔRMSEA - -0.006 -0.002 0.024 

ΔSRMR - 0.002 0.001 0.021 

Δχ2 - p> .05 p> .05 p< .05 

*Lower and upper confidence interval for RMSEA 

 
According to Table 4, all the goodness-of-fit values calculated for the structural invariance model 

indicate a good fit. For this reason, “Sense of School Belonging” scale provides the structural invariance 

model. All the goodness-of-fit values calculated for the weak/metric invariance model indicate a good 

fit. The Δχ2, ΔCFI, ΔRMSEA, and ΔSRMR values between the structural and the weak/metric 

invariance models are all within the benchmark values. For this reason, “Sense of School Belonging” 

scale provides the weak/metric invariance model. All the goodness-of-fit values calculated for the 

strong/scalar invariance model indicate a good fit. The Δχ2, ΔCFI, ΔRMSEA, and ΔSRMR values 

between the weak/metric and the strong/scalar invariance models are all within the benchmark values. 

For this reason, “Sense of School Belonging” scale provides a strong/scalar invariance model. The χ2 

value, one of the goodness-of-fit values calculated for the strict invariance model, indicates an 

unacceptable fit. Other goodness of fit values indicate a good fit. Only the ΔCFI value is among the 

benchmark values for the difference tests between the strong/scale and strict invariance models. Δχ2, 

ΔRMSEA, and ΔSRMR values are outside the criterion values. In this study, “Sense of School 

Belonging” scale does not provide the strict invariance model since at least two of the difference tests 

were determined as a prerequisite for obtaining evidence of measurement invariance. MG-CFA results 

by gender for “Students Like Learning Mathematics” scale are presented in Table 5. 
 
Table 5 
MG-CFA Results by Gender for “Students Like Learning Mathematics” Scale 

 Structural Invariance Metric Invariance Scalar Invariance Strict Invariance 

χ2 p< .05 p< .05 p< .05 p< .05 

CFI 0.998 0.998 0.997 0.997 

TLI 0.998 0.997 0.997 0.997 

RMSEA 0.027 

*(0.021, 0.033) 

0.29 

*(0.023, 0.034) 

0.030 

*(0.025, 0.036) 

0.030 

*(0.025, 0.035) 

SRMR 0.026 0.029 0.031 0.033 

ΔCFI - -0.001 -0.001 -0.009 

ΔRMSEA - 0.002 0.002 0.000 

ΔSRMR - 0.003 0.003 0.001 

Δχ2 - p< .05 p< .05 p< .05 

*Lower and upper confidence interval for RMSEA 
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According to Table 5, the χ2 value, one of the goodness-of-fit values calculated for the structural 

invariance model, indicates an unacceptable fit. Other goodness of fit values indicate a good fit. For this 

reason, “Students Like Learning Mathematics” scale provides the structural invariance model. The χ2 

value, one of the goodness-of-fit values calculated for the weak/metric invariance model, indicates an 

unacceptable fit. Other goodness of fit values indicate a good fit. The ΔCFI, ΔRMSEA, and ΔSRMR 

values between the structural and weak/metric invariance models are among the benchmark values. Only 

the Δχ2 value was found to be statistically significant. Since three of the four difference tests are among 

the criteria values, “Students Like Learning Mathematics” scale provides the weak/metric invariance 

model. The χ2 value, one of the goodness-of-fit values calculated for the strong/scalar invariance model, 

indicates an unacceptable fit. Other goodness of fit values indicate a good fit. The ΔCFI, ΔRMSEA, and 

ΔSRMR values between the weak/metric and the strong/scalar invariance models are among the 

benchmark values. Only the Δχ2 value was found to be statistically significant. Since three of the four 

difference tests are among the criteria values, “Students Like Learning Mathematics” scale provides a 

strong/scalar invariance model. The χ2 value, one of the goodness-of-fit values calculated for the strict 

invariance model, indicates an unacceptable fit. Other goodness of fit values indicate a good fit. The 

ΔCFI, ΔRMSEA, and ΔSRMR values between the strong/scale and strict invariance models are within 

the benchmark values. Only the Δχ2 value was found to be statistically significant. Since three of the 

four difference tests are among the criteria values, “Students Like Learning Mathematics” scale provides 

the strict invariance model. MG-CFA results by gender for “Students Value Mathematics” scale are 

presented in Table 6. 

 

Table 6 

MG-CFA Results by Gender for “Students Value Mathematics” Scale 
 Structural Invariance Metric Invariance Scalar Invariance Strict Invariance 

χ2 p< .05 p< .05 p< .05 p< .05 

CFI 0.995 0.989 0.986 0.983 

TLI 0.992 0.986 0.985 0.984 

RMSEA 0.030 

*(0.024, 0.036) 

0.040 

*(0.035, 0.045) 

0.041 

*(0.036, 0.046) 

0.042 

*(0.038, 0.047) 

SRMR 0.033 0.044 0.046 0.056 

ΔCFI - -0.006 -0.003 -0.003 

ΔRMSEA - 0.010 0.002 0.001 

ΔSRMR - 0.011 0.002 0.010 

Δχ2 - p< .05 p< .05 p< .05 

*Lower and upper confidence interval for RMSEA 

 

According to Table 6, the χ2 value, one of the goodness-of-fit values calculated for the structural 

invariance model, indicates an unacceptable fit. Other goodness of fit values indicate a good fit. For this 

reason, “Students Value Mathematics” scale provides the structural invariance model. The χ2 value, one 

of the goodness-of-fit values calculated for the weak/metric invariance model, indicates an unacceptable 

fit. Other goodness of fit values indicate a good fit. The ΔCFI, ΔRMSEA, and ΔSRMR values between 

the structural and the weak/metric invariance models are among the benchmark values. Only the Δχ2 

value was found to be statistically significant. Since three of the four difference tests are among the 

criteria values, “Students Value Mathematics” scale provides the weak/metric invariance model. The χ2 

value, one of the goodness-of-fit values calculated for the strong/scalar invariance model, indicates an 

unacceptable fit. Other goodness of fit values indicate a good fit. The ΔCFI, ΔRMSEA, and ΔSRMR 

values between the weak/metric and the strong/scalar invariance models are among the benchmark 

values. Only the Δχ2 value was found to be statistically significant. Since three of the four difference 

tests are among the criterion values, it can be said that “Students Value Mathematics” scale provides a 

strong/scalar invariance model. The χ2 value, one of the goodness-of-fit values calculated for the strict 

invariance model, indicates an unacceptable fit. SRMR value indicates an acceptable fit. Other goodness 

of fit values indicate a good fit. The ΔCFI, ΔRMSEA, and ΔSRMR values between the strong/scale and 

strict invariance models are within the benchmark values. Only the Δχ2 value was found to be statistically 
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significant. Since three of the four difference tests are among the criteria values, “Students Value 

Mathematics” scale provides the strict invariance model.  

 

Discussion and Conclusion 

This study aimed to examine the measurement invariance of affective scales in the TIMSS 2019 Turkey 

8th-grade mathematics student questionnaire in the context of gender. For this purpose, the validity of 

the relevant affective structures for the Turkish sample was tested by performing CFA separately for the 

four scales. Then, to determine the measurement invariance, MG-CFA was performed according to 

gender in the scales confirmed by CFA. 

“Students Confident in Mathematics” scale could not be verified by CFA. However, many studies in the 

literature examining the effect of self-confidence on success in mathematics (Akyüz-Aru, 2020; Akyüz 

& Pala, 2010; Atar, 2011; Aydın, 2015; Demir et al., 2010; Ertürk & Erdinç-Akan, 2018a; Işlak, 2020; 

Khine et al., 2015; Koç, 2019; Oral & McGivney, 2013; Usta & Demirtaşlı, 2018). It can be said that 

“Students Confident in Mathematics” scale is not valid for the mathematics data of the 8th-grade sample 

of TIMSS Turkey. For this reason, the validity of the results of studies in which this scale will be used 

in the data of the TIMSS 2019 Turkey 8th-grade mathematics sample in the future will also be low. The 

measurement invariance of “Students Confident in Mathematics” scale was not examined within the 

scope of this study since it is not statistically significant to perform MG-CFA analyses of a structure 

that CFA cannot verify. As a matter of fact, in some of the studies testing the measurement invariance 

of self-confidence in mathematics, measurement invariance is ensured (Bofah & Hannula, 2015; Cakici-

Eser, 2021; Polat, 2019; Uyar, 2021), while measurement invariance cannot be achieved in some (Ertürk 

& Erdinç-Akan, 2018b). The finding of this study shows parallelism with studies that cannot provide 

measurement invariance. 

“Sense of School Belonging” scale was validated by CFA. For this reason, the sense of belonging to the 

school is valid for the mathematics data of the 8th-grade sample of TIMSS Turkey. Although there are 

many studies (Akyüz & Pala, 2010; Akyüz & Satıcı, 2013; Işlak, 2020; Koç, 2019; Sarı et al., 2017; 

Sarıer, 2020) examining the effect of belonging to school on mathematics achievement in the literature, 

no study of measurement invariance of this affective variable was found. It is crucial to test the 

measurement invariance of belonging to the school, whose effect on mathematics achievement is the 

subject of research. As a result of the MG-CFA for this scale, evidence could be obtained that the scale 

provided strong/scalar invariance but no evidence that it provided strict invariance. Since this scale 

provides strong/scalar invariance, the factor score is zero in gender subgroups, while the regression 

constants are equal. The mean scores on the factor and observed variables are comparable. The 

differences between the mean scores of the subgroups arise from the latent variable (Başusta & Gelbal, 

2015). As a result, it can be said that this scale provides measurement invariance according to gender, 

there is no bias in the items according to gender, and the mean scores are comparable according to 

gender. 

“Students Like Learning Mathematics” scale was validated by CFA. For this reason, liking mathematics 

is valid for the mathematics data of the 8th-grade sample of TIMSS Turkey. In the literature, there are 

many studies (Erşan, 2016; Ertürk & Erdinç-Akan, 2018a; Khine et al., 2015; Koç, 2019; Oral & 

McGivney, 2013) examining the effect of liking mathematics on success in mathematics. It is crucial to 

test the measurement invariance of the affective variable of liking mathematics, whose effect on 

mathematics achievement is the subject of research. As a result of the MG-CFA conducted for this scale, 

evidence was obtained that the scale provides strict invariance. Since strict invariance is provided in this 

scale, it was concluded that the error variances for the measured items were equal in gender groups 

(Widaman & Reise, 1997). In the literature, in the studies in which the measurement invariance of the 

affective variable of liking mathematics was tested (Bofah & Hannula,2015; Cakici-Eser, 2021; Ertürk 

& Erdinç-Akan, 2018b; Polat, 2019; Shukla & Konold, 2014), evidence was obtained regarding the 

measurement invariance. There was no study in which measurement invariance could not be achieved 

in the measurement invariance studies conducted with the affective variable of liking mathematics. The 

finding of this study is in parallel with the studies in the literature. As a result, it can be said that this 
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scale provides measurement invariance according to gender, there is no bias in the items according to 

gender, and the mean scores are comparable according to gender. 

“Students Value Mathematics” scale was validated by CFA. For this reason, valuing mathematics is 

valid for the mathematics data of the 8th-grade sample of TIMSS Turkey. In the literature, studies 

(Doğan & Barış, 2010; Khine et al., 2015) examine the effect of valuing mathematics on mathematics 

achievement. It is crucial to test the measurement invariance of the affective variable of valuing 

mathematics, whose effect on mathematics achievement is the subject of research. As a result of the 

MG-CFA conducted for this scale, evidence was obtained that the scale provides strict invariance. Since 

strict invariance is provided in this scale, it was concluded that the error variances for the measured 

items were equal in gender groups (Widaman & Reise, 1997). In the literature, in studies where the 

measurement invariance of the affective variable of valuing mathematics was tested (Bofah & Hannula, 

2015; Polat, 2019; Uyar, 2021), evidence was obtained that the measurement invariance was provided. 

In the studies of measurement invariance conducted with the affective variable of valuing mathematics, 

no study was found in which measurement invariance could not be achieved. The finding of this study 

is in parallel with the studies in the literature. As a result, it can be said that this scale provides 

measurement invariance according to gender, there is no bias in the items according to gender, and the 

mean scores are comparable according to gender. 

The study's large sample size affects the χ2 goodness-of-fit index used in CFA and Δχ2 values used to 

compare the differences between models in MG-CFA. In future studies, the effect of sample size can be 

reduced by choosing a smaller sample than the entire TIMSS sample. In this study, the structure of 

“Students Confident in Mathematics” scale could not be confirmed by CFA. In future research, it is 

recommended that researchers approach this scale with caution. In this study, only measurement 

invariance was examined. Measurement invariance can reveal whether there are biases in terms of items 

in subgroups. However, it does not reveal which items have biases. In future research, it can be revealed 

from which items the biases originate by examining the Differential Item Functioning (DIF) based on 

IRT for “Students Confident in Mathematics” scale. 
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