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Abstract 

In this research, the aim was to evaluate the effect of zero imputation and multiple imputation missing data 

handling methods on item response theory (IRT) based test equating methods under different conditions. Data 

in this study was obtained from the administration of the TIMSS 2019 eighth-grade science test. Data sets were 

formed by randomly selecting a sample of 1000 students with full data from booklets 7 and 8. By deleting data 

under a completely random missing data mechanism within the scope of common-item nonequivalent groups 

(CINEG) design, four different data sets were obtained with the missing data rates of 10% or 20% in the new 

test or in both tests. The missing da ta problem was solved by using zero imputation and multiple imputation 

methods from these data sets. In this way, 8 different data sets were formed. Then, scaling transformation was 

performed by using characteristic curve transformation methods (Haebara, Stocking-Lord). Test equating results 

were reported in terms of observed scores. The root mean square error (RMSE) was used as the evaluation 

criterion to determine the error involved in test equating. As a result, it was determined that in the case of 10% 

missing data in both tests, generally lower RMSE values were obtained. It was observed that the multiple 

imputation method, one of the methods for handling missing data, was the method that produced RMSE values 

that were both the lowest and closer to the full data set as a reference value compared to the zero-imputation 

method. In addition, it was determined that, when compared to the Haebara method, Stocking-Lord method, one 

of the characteristic curve transformation methods, produced lower RMSE values and these values were closer 

to the full data set, which was taken as a reference value. 

 

Keywords: Missing data, zero imputation method, multiple imputation method, test equating, characteristic curve 

transformation methods 

 

Introduction 

Exams play an important role in making some critical decisions in the lives of individuals. Selection 

of personnel for an institution, promotion, change of title, determination of level, selection of students 

for higher education, etc., are among those exams. Such exams are carried out at the national or 

international level for various purposes. There are some exams that can be administered multiple times 

a year (ALES, YDS, YÖKDİL, TOEFL, etc.) or in certain cycles (TIMSS, PISA, PIRLS, etc.). For 

these exams, alternative test forms consisting of different items are being developed to ensure the 

safety of the items (Cook & Eignor, 1991). Alternative test forms, which are also called parallel test 

forms, are very difficult to produce. There may be slight differences between the difficulty levels of 

the forms (Kolen & Brennan, 2004). It is important for validity that such exams treat all individuals 

who take different test forms equally and impartially (Kan, 2011). For this reason, in order to directly 

compare the performances of individuals who answered different items, their scores should be placed 

on a common scale. With this method, called test equating, different test forms are equated and the 

scores obtained become comparable (Cook & Eignor, 1991). 

mailto:gulden.ozdemir@meb.gov.tr


Journal of Measurement and Evaluation in Education and Psychology 

____________________________________________________________________________________ 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575 Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 
Journal of Measurement and Evaluation in Education and Psychology 106 

Different data collection patterns (random groups design, single group design, and common-item 

nonequivalent groups design) can be used in test equating studies. In this study, the common-item 

nonequivalent groups (CINEG) design was used since the data set in the study was collected in 

accordance with this design. At CINEG, different groups take different forms of tests. These test forms 

have common items. Common items are used to reveal the equating relationship between the two 

groups by comparing the performances of each group (Hambleton et al., 1991; Kolen & Brennan, 

2004). Common items include structure, item type, content, etc. of the entire test. In this respect, it is 

recommended to have a smaller version (representative) of the test (Angoff, 1971). In studies 

conducted in the related literature, it was aimed mainly to determine the test equating method that 

shows better performance under different conditions (such as sample size, number of items, item 

threshold parameter difference, item parameter drift, differential item functioning, guessing, mixed-

format test, etc.), (Atalay Kabasakal, 2014; Aytekin Kazanç, 2019; Demirus, 2015; Han, 2008; 

Karagül, 2020; Kilmen, 2010; Mutluer, 2013; Tian, 2011; Uysal, 2014; Wolf, 2013) or it was aimed 

to compare the performances of test equating methods based on Classical Test Theory (CTT) and Item 

Response Theory (IRT) (Mutluer, 2021; Skaggs, 2005; Yang, 1997). Test equating methods are based 

on different theories such as CTT and IRT (Ryan & Brockmann, 2009). However, the research results 

show that test equating methods based on IRT generally give better results than methods based on 

CTT, depending on the sample size and the number of items (Hambleton & Jones, 1993; Jabrayilov et 

al., 2016; Mutluer, 2021; Yang, 1997). 

Different test equating methods are used in IRT. Accordingly, this method can be examined under two 

headings: concurrent calibration method and separate calibration method. In the concurrent calibration 

method, item parameters are estimated together for both test forms. The estimated parameters are 

automatically on the same scale. In the separate calibration method, item parameters are estimated 

parameters on different scales, and linking or a scale transformation is needed. These transformation 

methods are referred to as moment methods (mean-mean, mean-sigma) and characteristic curve 

methods (Haebara and Stocking Lord; Kolen & Brennan, 2004). The mean-mean method described 

by Loyd and Hoover (1980) calculates by using the means of discrimination (a) and difficulty (b) 

parameters. Thus, A slope and B constant values are obtained, which help to determine the individual’s 

ability levels in different test forms. Mean-sigma method described by Marco (1977) calculates by 

using the mean and standard deviation values of the b parameter. Thus, the coefficients A slope and B 

constant are determined. In the characteristic curve transformation methods developed by Haebara 

(1980) and Stocking and Lord (1983), parameters a, b and c (chance parameter) are estimated 

simultaneously. According to the Haebara (1980) approach, the difference between the item 

characteristic curves is a function that gives the sum of the squares of the differences between the item 

characteristic curves of each item for respondents at a given ability level. In the function developed by 

Stocking and Lord (1983), it is the square of the sum of the difference between the item characteristic 

curves of each item for respondents at a certain ability level. Whichever of these methods is used, IRT 

equating is performed after the item calibration and scale transformation steps. Test forms can be used 

interchangeably as a result of test equating, but proof of validity must be submitted for each alternative 

form used in national or international exams where important decisions about individuals will be made. 

Missing data is an essential factor in making critical decisions about individuals, which may pose a 

question mark about test validity (Hohensinn & Kubinger, 2011). Missing data occurs as a result of 

not answering some of the items in the exams or leaving them blank. Missing data may cause a 

narrowing in the data set, as well as weakening the power of the estimations to be made (Rubin, 1987). 

On the other hand, there are also studies on missing data such as internal consistency, variance analysis 

parameters, model-data fit and item-data fit, psychometric properties of scales, measurement 

invariance, and changing item function affect (Akbaş, 2014; Bayhan, 2018; Enders, 2004; Hohensinn 

& Kubinger, 2011; Işıkoğlu, 2017, Öztemür, 2014; Tamcı, 2018). In addition, standard analysis 

methods are prepared according to the full data set and cannot be applied to missing data sets (Rubin, 

1987). 

Missing data can be on three different missing data mechanisms such as missing completely at random 

(MCAR), missing at random (MAR) and missing not at random (MNAR), depending on whether the 
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probability of missing data in a variable is related to other variables. MCAR data mechanism is the 

situation where there is no relationship between the probability of missing data in a variable and the 

values of this variable and the other variables; that is, it is completely random (Enders, 2010). In this 

case, the missing data can be negligible provided that the MCAR assumptions are met, but providing 

the MAR or MNAR assumptions does not provide sufficient evidence for the negligibility of the 

missing data. Therefore, when missing data is not negligible, it is necessary to use an appropriate 

method of handling missing data in the analyses to be made regarding the psychometric properties of 

the tests (Demir, 2013). For this reason, different methods for handling missing data have been 

developed. These methods were described by Little and Rubin (2002) as deletion methods (listwise 

deletion, partwise deletion), imputation methods (average imputation, regression imputation, hot/cold 

deck imputation, etc.), and model-based methods (expectation-maximization, multiple imputation 

method, Bayesian imputation methods, etc.). 

The statistical software used in the researches offers treating as not administered or treating as incorrect 

as the default method for processing missing data (Ertoprak, 2017). In the method of treating as 

incorrect, also called the zero imputation method, if the value of 0 is among the values that can be 

obtained by observation in the data set, then the value of 0 is imputed instead of the missing data 

(McKnight et al., 2007). In the multiple imputation method, which is one of the newer and probability-

based approaches, two or more values are imputed to replace the missing data, reflecting the 

distribution of possible values (Rubin, 1987). In studies comparing the performances of different 

methods, the method with the best performance; it has been determined that the rate of missing data 

varies according to different conditions such as missing data mechanism and sample size (Akbaş, 

2014; Allison, 2003; Koçak, 2016; Wu et al., 2015). 

Missing data influences the test equating results performed on forms that use different missing data 

handling methods. In order to equate different test forms with or without error, the data set should be 

analyzed using the most appropriate missing data handling method. Numerous studies have been 

encountered on methods of handling missing data or test equating, but it has been observed that studies 

that deal with both concepts are limited (Ertoprak, 2017; Kim, 2015; Ngudgratoke, 2009; Shin, 2009). 

When these studies are examined, it has been found that these studies are limited to the 3-parameter 

logistic model (3PLM), one of the characteristic curve transformation methods based on the Item 

Response Theory (IRT), and Stocking-Lord (SL) and root mean square error (RMSE) and equating 

bias (BIAS) values. Most of these studies used simulated data. Therefore, in this study, it is aimed to 

examine the impacts of the missing data imputation methods on characteristic curve transformation 

methods used in test equating under different conditions on the real data set. 

In this regard, the research questions addressed in this study are: 

1. When the test forms obtained by applying the zero imputation method are equated according 

to the characteristic curve transformation methods, how do the RMSE values change 

according to the location of missing data in the test forms (both tests, the new test) and the 

missing data rate (10%, 20%)? 

2. When the test forms obtained by applying the multiple imputation method are equated 

according to the characteristic curve transformation methods, how do the RMSE values 

change according to the location of the missing data in the test forms (both tests, the new 

test) and the missing data rate (10%, 20%)? 

 

Method 

In this study, it was aimed to determine the effect of missing data coping methods on test equating 

methods under different conditions. For this purpose, data sets in which the method of dealing with 

missing data was applied according to the determined conditions were produced and it was planned to 

find the method that gave the least error. In the research, equating methods are compared with real 

data sets under different conditions in a controlled manner. The research that contributes to the theory 

is basic research in this respect (Karasar, 2009). 
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Data Set 

In this study, the Trends in International Mathematics and Science Study (TIMSS) 2019 data were 

employed. For the study, the top ten countries (Singapore, Taiwan, South Korea, Russia, Finland, 

Lithuania, Hungary, United States, Sweden, and Portugal) that administer computer-based 

applications (eTIMSS) at the eighth-grade level in the TIMSS 2019 science achievement test were 

selected. Then, all the booklets were examined, and the booklets numbered 7 and 8, which had the 

highest number of items, were scored dichotomously, and the number of common items, and the 

number of respondents, were used. After the student answers containing missing data were removed, 

2249 student data were obtained for booklet 7, and 2277 student data were obtained for booklet 8. The 

data set was formed by randomly selecting a sample of 1000 people from these booklets. The sample 

size of 1000 was selected as a generous number that would provide accurate results and a good baseline 

for comparison (Swaminathan & Gifford, 1983). 

 

Data Collection Instruments 

The data used in the study were obtained from the database (https://timss2019.org/international-

database/) published by the International Association for the Evaluation of Educational Assessment 

(IEA). Half of the countries participating in TIMSS 2019 used the eTIMSS application for the first 

time. There were 14 student handbooks consisting of eighth-grade math and science items and 

common items to make connections between the booklets (Mullis et al., 2020). For each of the booklets 

numbered 7 and 8 used in this study, a total of 25 dichotomously scored science items were selected, 

13 of which were common and 12 were non-common. Since the students who responded to the test 

forms in question were different, the equating pattern of the study was determined as the common test 

design in the unequal groups. According to Angoff (1971), in equating studies to be carried out in 

unequal groups, equating errors are to be minimized when the number of common items is equal to at 

least 20% of the total number of items. 

 

Data Analysis 

Since this research is based on IRT, the basic assumptions were tested first. Eigenvalues were 

calculated for Booklet 7 and Booklet 8 to test the unidimensionality assumption. In both booklets, it 

was determined that the eigenvalue of the first factor (6.38, 6.20, respectively) was more than three 

times the eigenvalue of the second factor (1.56, 1.83, respectively). This is an indication that the 

measured structure is one-dimensional (Büyüköztürk, 2011). Yen’s (1984) Q3 statistic was used to 

test the local independence assumption. It was determined that the Q3 values calculated for both 

booklets did not exceed .20. The fact that the Q3 value was calculated based on the correlation between 

residual values not exceeding .20 provides evidence for local independence (Zenisky et al., 2001). As 

a result of the preliminary analysis, it was seen that the assumptions of unidimensionality and local 

independence were supported. Another assumption of IRT is model-data fit. In order to perform a test 

equating based on IRT between the booklets belonging to the data sets, the model-data fit condition 

was checked. The purpose of evaluating this fit was to determine how well an IRT model fits the data 

(Hambleton & Swaminathan, 1985; DeMars, 2010). -2loglikelihood values and chi-square (𝑋2) 

statistics were used to determine which IRT model was compatible with the data. 

 

Table 1 

Determination of Model Data Fit 
                 Booklet 7                   Booklet 8 

Model 2PLM 3PLM 2PLM 3PLM 

-2loglikelihood 28595.60 28560.98 27775.54 27749.93 

Number of parameters 74 99 74 99 

Difference 34.62 25.61 
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According to Table 1, 2PLM (two-parameter logistic model) was preferred because the difference in 

the likelihood obtained from 2PLM and 3PLM (three-parameter logistic model) for both forms was 

not statistically significant (p < .01). For this reason, 2PLM was preferred for parameter estimation in 

the research. 

After meeting the assumptions, data sets were created from the booklets according to the different 

conditions in the research. From the data sets, data were deleted under the missing completely at 

random (MCAR) data mechanism via R. Little’s MCAR has been tested to see if the missing data in 

the data sets is completely random. According to the Little’s MCAR test result, it was determined that 

the missing data was MCAR (p > .05). Four different data sets were obtained in the new test or in both 

tests of 10% or 20% missing data. In this study, booklet 7 was determined as “new test (NT)”, booklet 

8 as “old test (OT)”, booklet 7 and booklet 8 as “both tests (BT)”. Using the zero imputation and 

multiple imputation methods from these data sets, 8 different data sets were created to solve the 

missing data problem. Detailed information about the data sets formed within the scope of the research 

is given in Table 2. 

 

Table 2 

Data Sets Formed Within the Scope of the Research 
Sample size 

Missing data rate 
Missing data 

location 

Techniques of handling missing 

Zero imputation Multiple imputation  

1000 

10% 
New test DS1* DS2  

Both test DS3 DS4  

20% 
New test DS5 DS6  

Both test DS7 DS8  

* DS: Data Set 

 

For item parameter estimation, the Expected A Posteriori (EAP) method (Embretson & Reise, 2000), 

which uses prior distribution information, was utilized. Analyses were performed with the “mirt” 

package (Chalmers et al., 2021) in the R software. Since the predicted item and ability parameters are 

in different scales, they should be placed on a common scale; that is, scale transformation should be 

performed (Kim & Hanson, 2000). In the research, scale transformation was performed by using 

characteristic curve transformation methods (Haebara H, Stocking-Lord SL), which is one of the test 

equating methods based on IRT. The scores obtained from the new form were equal to the scores 

obtained from the old form. Analyses were performed with the “equateIRT” package (Battauz, 2021) 

in R and test scores were reported in terms of observed scores. RMSE was used as the evaluation 

criterion to determine the error involved in test equating. The RMSE index provides a statistic based 

on the difference between the actual ability level and the predicted ability level. Equation 1 used to 

calculate the RMSE coefficient is given below. While writing the equation, Harris and Crouse (1993) 

and Keller and Keller (2011) were utilized. 

RMSE = √
1

𝑓
(∑ (Ɵ̂𝑖 − Ɵ𝑖)

𝑓
𝑖=1

2
,     (1) 

where Ɵ̂i, predicted skill level; Ɵi, actual skill level; f, frequency. 

 

Results 

When the test forms obtained by using missing data imputation methods are equated according to test 

equating methods, the location of missing data in the test forms and RMSE values according to missing 

data rates are reported in Table 3 and Figure 1, respectively. 
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Table 3 

RMSE Values in Test Equating with Zero Imputation and Multiple Imputation Methods 
Missing data rate Missing data imputation methods Missing data 

location 

Test equating method Observed score 

RMSE 

Full data set*   Haebara 0.141 

Stocking-Lord 0.130 

10% 

Zero imputation 

New test 
Haebara 0.149 

Stocking-Lord 0.131 

Both test 
Haebara 0.143 

Stocking-Lord 0.133 

Multiple imputation 

New test 
Haebara 0.143 

Stocking-Lord 0.130 

Both test 
Haebara 0.140 

Stocking-Lord 0.129 

20% 

Zero imputation 

New test 
Haebara 0.157 

Stocking-Lord 0.138 

Both test 
Haebara 0.152 

Stocking-Lord 0.138 

Multiple imputation 

New test 
Haebara 0.140 

Stocking-Lord 0.131 

Both test 
Haebara 0.145 

Stocking-Lord 0.135 

* Taken as a reference value. 

 

According to Table 3, the RMSE value was determined as 0.141 when the test forms that did not 

contain missing data at the beginning and had full data were equated according to the Haebara method, 

and the RMSE value was observed as 0.130 when they were equated according to the Stocking Lord 

method. These values are considered reference values. 

 

Figure 1 

RMSE Values in Test Equating with Zero Imputation and Multiple Imputation Methods 

 
 

According to Figure 1, it is seen that the RMSE values are lower when the test forms obtained by using 

the multiple imputation method compared to the zero imputation method are equating under all 

conditions. 

 

Change According to Zero Imputation and Characteristic Curve Transformation Methods 

According to Table 3, if 10% missing data was only included in the new test, the RMSE value was 

determined as 0.149 for test forms with full data obtained by applying the zero imputation method to 

these missing data when equated according to the Haebara method, and 0.131 when equated according 

to the Stocking Lord method. In the case of 10% missing data that was included in both tests, the 
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RMSE value was observed as 0.143 for test forms with full data obtained by applying the zero 

imputation method to the missing data when equated according to the Haebara method, and 0.133 

when equated according to the Stocking Lord method. 

In the case of 20% missing data that was only included in the new test, the RMSE value was determined 

as 0.157 for test forms with full data obtained by applying the zero-imputation method to the missing 

data when equated according to the Haebara method, and 0.138 when equated according to the 

Stocking Lord method. In the case of 20% missing data that was included in both tests for test forms 

with full data obtained by applying the zero imputation method to the missing data, the RMSE value 

was found as 0.152 when equated according to the Haebara method, and 0.138 when equated according 

to the Stocking Lord method. 

According to Figure 1, when the missing data rate increased, the performance of the zero imputation 

method decreased and it produced higher RMSE values. In general, it is seen that the missing data is 

found at the rate of 10% in the new test and the lowest RMSE value is obtained for the condition where 

the test equating is made according to the Stocking Lord method. In addition, it was determined that 

the missing data was found at the rate of 20% in the new test and the highest RMSE value was produced 

for the condition in which the test equating was made according to the Haebara method. 

 

Change According to Multiple Imputation and Characteristic Curve Transformation Methods 

According to Table 3, if 10% missing data was only included in the new test for test forms with full 

data obtained by applying the multiple imputation method to the missing data, the RMSE value was 

determined as 0.143 when equated according to the Haebara method, and 0.130 when equated 

according to the Stocking Lord method. In the case of 10% missing data that was included in both 

tests, the RMSE value was observed as 0.140 for test forms with full data obtained by applying the 

multiple imputation method to the missing data when equated according to the Haebara method, and 

0.129 when equated according to the Stocking Lord method. 

In the case of 20% missing data that was only included in the new test for test forms with full data 

obtained by applying the multiple imputation method to the missing data, the RMSE value was 

determined as 0.140 when equated according to the Haebara method, and 0.131 when equated 

according to the Stocking Lord method. When 20% missing data were included in both tests, the 

RMSE value was found as 0.145 for test forms with full data obtained by applying the multiple 

imputation method to the missing data when equated according to the Haebara method, and 0.135 

when equated according to the Stocking Lord method. 

According to Figure 1, when the missing data rate increases, the performance of the multiple 

imputation method decreases, and it produces higher RMSE values. It is seen that the missing data 

was found at the rate of 10% in both tests, and the lowest RMSE value was obtained for the condition 

where the test equating was made according to the Stocking Lord method. In addition, it was 

determined that the missing data was found at the rate of 20% in both tests, and the highest RMSE 

value was produced for the condition where the test equalization was made according to the Haebara 

method. 

 

Discussion and Conclusion 

In this research, when the test forms obtained by zero imputation and multiple imputation methods are 

equated according to characteristic curve transformation methods, one of the test equating methods 

based on IRT how the RMSE value changes according to different conditions (the rate of missing data, 

the location of missing data in the test forms) has been examined on the real data set. In the light of 

the findings obtained from the research, the impact of each missing data handling method on the test 

equating methods under different conditions was examined and discussed. 

When the test forms obtained by applying the zero-imputation method were equated according to the 

characteristic curve transformation methods, the lowest RMSE value was obtained with 10% of 
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missing data in both tests. In addition, it was observed that RMSE values increased when the missing 

data rate was 20%. When the test forms obtained by applying the multiple imputation method were 

equated according to the characteristic curve transformation methods, the lowest RMSE value was 

obtained with 10% of missing data in both tests, and it was obtained with 20% of missing data in the 

new test. These results indicate that lower RMSE values were generally obtained when missing data 

were present in both tests (new form, old form). These indicators support the results of the study 

conducted by Ertoprak (2017), which also covers the conditions in which the missing data was found 

in both tests, the new test and the joint test. According to the missing data rate condition discussed in 

the research, it was seen that the equating error generally increases as the amount of missing data 

increases. This result concurs with studies showing that the data sets handled under different conditions 

give more reliable results as the missing data rate decreases, RMSE and bias values decrease, and a 

closer parameter estimation can be made (Bayram, 2020; Finch, 2008; Zhu, 2014). 

The multiple imputation method has been determined as the method that produces the lowest RMSE 

value among the methods of handling missing data discussed in the research. In addition, it was 

concluded that the multiple imputation method produced RMSE values closer to the full data set, which 

was considered the reference value in the research. This result coincides with the findings in the studies 

on the methods of handling missing data in the literature. It was emphasized that under the conditions 

discussed in the studies, the multiple imputation method came to the fore because it produced fewer 

error values (Bayram, 2020; Demir, 2013; Koçak, 2016; Zhu, 2014). Additionally, the results of the 

studies on methods of handling missing data and test equating methods together support this result 

(Ertoprak, 2017; Kim, 2015; Ngudgratoke, 2009; Shin, 2009). 

The Stocking-Lord method, one of the characteristic curve transformation methods among the test 

equating methods examined in the research, produced both the lowest and the closest RMSE value to 

the full data set, which was considered as a reference value compared to the Haebara method. This 

result is consistent with the results of the study conducted by Karkee and Wright (2004), Kilmen 

(2010), Aksekioğlu (2017) and Mutluer (2021), which found that the Stocking-Lord method 

outperformed the Haebara method. However, in the study conducted by Lee and Ban (2010) using a 

random group design, they found that the Haebara method gave better results than the Stocking-Lord 

method. The reason for this can be explained by the difference in the selected test equating pattern. 

Based on these results, in order to make an equation with the data set that is scored dichotomously and 

contains missing data, before determining the most appropriate techniques of handling the missing 

data, it is regarded as essential to examine the missing data rate and the location of the missing data in 

the test forms. As the missing data rate increases, the performance of the methods of dealing with 

missing data decreases and the RMSE values increase. According to the conditions discussed in the 

research, the multiple imputation method, one of the methods for dealing with missing data, and 

Stocking-Lord method, one of the test equating methods, came to the fore as less error-producing 

methods. However, it should also be noted that there is no single method that can be used in all 

conditions and gives the best results. This research is limited to a single data set as it has been obtained 

from the real data set. For this reason, it is recommended to conduct different studies to compare the 

results by replication. In addition, for further research, it can be suggested that this study should be 

conducted using different sample sizes, missing data mechanisms, methods of handling missing data, 

equating design, test equating methods, and/or evaluation criteria. 
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Abstract
The purpose of this study was to estimate the mean value for the reliability coefficients reported by the studies
using the Mathematics Anxiety Scale for Primary School Students (MASPSS) and to examine the sources of the
variation of the reliability coefficients reported in each study. A reliability generalization meta-analysis study was
conducted by combining the Cronbach's alpha values of 34 studies that met the inclusion criteria. The Cronbach’s
alpha values used in the studies were converted to the transformed coefficient values by applying the Bonett
transformation, and the analyses were carried out under the random-effects model. The mean Cronbach's alpha
value of the MASPSS across 34 studies was found to be .855 (95% CI: .841-.869), and this result was statistically
significant (p<.01). According to the results, there was a lack of publication bias in this meta-analysis study.
Moderator analyses were conducted to explain the possible sources of heterogeneity across the individual studies.
Findings revealed that the Cronbach’s alpha estimates did not show any statistical differences based on publication
year, female percentage, publication type and research method variables. It was found that the sample type affected
the estimation of Cronbach's alpha coefficient. In addition, suggestions were made for psychometric studies that
would use the MASPSS in the future.

Keywords: mathematics anxiety, reliability generalization, meta-analysis

Introduction

The concept of anxiety has been included in different areas as an indispensable element of daily life for
many communities in the world. Our formal schooling period, which covers a certain part of many
people's lives, is one of these areas. It is known that some people are more anxious during these periods.
Although the concept of anxiety is attributed to different meanings by people, the concept that is most
confused is the fear (Manav, 2011). So what does the concept of anxiety really mean? While the anxiety
was previously accepted as a biological concept, it has entered the psychological literature with its
definition by Freud as a function of the ego (Manav, 2011). Anxiety is a reflection of the fear of any
danger and is defined as a state of uneasiness or irrational fear that manifests itself in people and differs
from fear as it is objectless (Budak, 2000, p. 437).

Throughout the formal education life, mathematics has been one of the most encountered fields, because
it is universal and penetrates many areas of life. During their formal education years, many people may
have encountered people with anxiety in math classes. This state of anxiety, which we see in
mathematics lessons, is called mathematics anxiety. Different definitions of this concept have been made
in previous studies (Newstead, 1998; Richardson & Suinn, 1972; Tobias & Weissbrod, 1980).
Richardson and Suinn (1972) defined mathematics anxiety as “a feeling of tension and anxiety that
interferes with the manipulation of numbers and solving math problems in a variety of life and academic
situations” (p. 551).

Students' mathematics anxiety is among the important factors affecting math achievement (Bozkurt,
2012; Dursun & Bindak, 2011; İlhan & Öner Sünkür, 2012; Kutluca et al., 2015; Kuzu, 2021; Mutlu et
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al., 2017; Şad et al., 2016). Previous studies have stated that as the mathematics anxiety level increases, 
students' math achievement decreases and it affects learning negatively (Bozkurt, 2012; Dursun & 
Bindak, 2011; İnci Kuzu, 2021; Kutluca et al., 2015; Mutlu et al., 2017; Tooke & Leonard, 1998; 
Wadlington & Wadlington, 2008). A recent meta-analysis study examining the relationship between 
mathematics anxiety and math achievement has concluded that students with higher mathematics 
anxiety levels had lower math achievement levels (Şad et al., 2016). In a different study, a negative and 
high-level correlation was also found between the students' readiness for mathematics lesson and their 
mathematics anxiety (Ergenç, 2011). The concept of mathematics anxiety that develops in students can 
be caused by four main reasons: teachers, students themselves, their families and friends (Alkan, 2011). 
It has also been stated that mathematics anxiety can occur due to more than one reason (Alkan, 2011). 
According to this information, it can be interpreted that anxiety can be caused by more than one variable 
and different variables can affect anxiety at the same time. For instance, when we consider the studies 
examining the effect of the gender variable on mathematics anxiety, statistically significant differences 
were observed in some studies (Arı et al, 2010; Şahin, 2008), while in others, no statistically significant 
difference was observed (Dede & Dursun, 2008; Dursun & Bindak, 2011; Gündüz Çetin, 2020; Kandal 
& Baş, 2021; Kutluca et al., 2015; Mutlu et al., 2017; Şimşek et al., 2017; Tan, 2015; Taşdemir, 2015; 
Yetgin, 2017). When we look at the studies examining the effects of the grade level variable on 
mathematics anxiety, some studies have stated that grade level has a significant effect on mathematics 
anxiety (Dursun & Bindak, 2011; Taşdemir, 2015), while some others have stated that grade level has 
no significant effect (Bozkurt, 2012; Dede & Dursun, 2008; Kandal & Baş, 2021). Some studies showed 
that families could also be the cause of mathematics anxiety in students (Kesici, 2018b; Maloney et al., 
2015). According to Yetgin (2017), students who received private lessons or study training center 
support had less mathematics anxiety than students who did not receive support. 

Many scale development and adaptation studies have been conducted to determine students' 
mathematics anxiety levels and to explain which variables would cause anxiety (Alexander & Martray, 
1989; Bai et al., 2009; Fennema & Sherman, 1976; Hopko et al., 2003; Hunt et al., 2011; Ikegulu, 1998; 
Plake & Parker, 1982; Richardson & Suinn, 1972; Sandman, 1980; Suinn & Edwards, 1982; Suinn et 
al., 1988). Some of these scales were adapted into Turkish (Akçakın et al., 2015; Baloğlu & Balgalmış, 
2010; Baloğlu, 2005). 

In Turkey, some scale development and adaptation studies were also carried out in order to measure the 
mathematics anxiety of students, teachers and parents (Akçakın et al., 2015; Akın et al., 2011; Baloğlu, 
2005; Baloğlu & Balgamış, 2010; Bindak, 2005; Mutlu & Söylemez, 2018; Mutlu et al., 2018; Peker, 
2006; Sarı, 2014; Şan & Akdağ, 2017; Üldaş, 2005; Yıldırım & Gürbüz, 2017).  For instance, Akçakın 
et al. (2015) adapted the Mathematics Anxiety Scale (MAS; Bai et al., 2009) into Turkish. Similarly, 
Akın et al. (2011) also adapted the Revised Mathematics Anxiety Rating Scale (RMARS; Plake and 
Parker, 1982) into Turkish. In another study, Baloğlu and Balgalmış (2010) adapted the Mathematics 
Anxiety Rating Scale Primary Education Form (MARS-E; Suinn et al., 1988) scale into Turkish. The 
Mathematics Exam Anxiety Scale (MEAS) was developed by Şan and Akdağ (2017) to determine the 
mathematics test anxiety of middle school students. The Mathematics Anxiety Scale for Primary School 
Students, developed by Bindak (2005), was also developed to determine the mathematics anxiety levels 
of primary school students. When we look at the scale adaptation and development studies to determine 
students' mathematics anxiety levels, it was seen that the scale developed by Bindak (2005) was used in 
more studies compared to other Turkish scales. 

In this meta-analysis study, Mathematics Anxiety Scale for Primary School Students (MASPSS), 
developed by Bindak (2005), was examined as it is the most cited scale among Turkish scales measuring 
mathematics anxiety. Bindak (2005) developed a 10-item mathematics anxiety scale as a result of his 
analysis. With this scale developed, it was aimed to determine the levels of mathematics anxiety in 
primary school students (Bindak, 2005). In the first draft of the scale, there were four items to obtain 
students' personal information and 16 items in a 5-point Likert type format that can express mathematics 
anxiety. Each student responding to the scale selects one of the five categories (always, most of the time, 
sometimes, almost never and never). Positive items for anxiety in the scale were scored as 5-4-3-2-1 and 
negative items for anxiety were scored as 1-2-3-4-5. Thus, an anxiety score is obtained for the whole 
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scale. Higher scores obtained from the scale indicate higher mathematics anxiety. Based on the item-
total correlation (two items) and factor analysis (four items) with the preliminary scale, six items were 
eliminated and a final scale of 10 items was constructed in Bindak (2005). In this case, the anxiety score 
formed by the scale ranges from 10 to 50 points. 

As a result of the factor analysis, the explained total variance of the scale with 10 items was 51.7% 
(Bindak, 2005). In addition, Bindak (2005) reported that the internal consistency coefficient (i.e., 
Cronbach’s alpha) of the scale was .84. After this original scale development study, the scale (MASPSS) 
has been used in several studies. It has been observed that studies using this scale have reported different 
Cronbach's alpha values. Using the scale developed by Bindak (2005), several studies have been carried 
out in different cities and districts, at different grade levels, in different years and with different research 
methods (Aydın & Keskin, 2017; Berber, 2021; Dede & Dursun, 2008; Küçük, 2019; Yurt & Kurnaz, 
2015). However, while some studies found the Cronbach's alpha coefficient to be around .70 (Erdik, 
2018; Şimşek et al., 2017; Tuncer & Yılmaz, 2016) some studies had values of .80 and above (Akgül & 
Nuhoğlu, 2020; Aydın & Keskin, 2017; Küçük, 2019; Şahin, 2018). For this reason, a number of 
different Cronbach's alpha coefficient has been reported in these studies. Some studies also reported the 
reliability value obtained from previous studies that used that scale before, rather than calculating based 
on their own sample. In this case, it is assumed that reliability is a fixed and stable characteristic of the 
scale itself, not the measurement results. This is called reliability induction (Vacha-Haase, et al., 2000). 
Since the reliability values reported in previous studies vary, it may not be appropriate to generalize a 
reliability value over the studies without necessary analyses. As a result, the reliability of the scores 
should be confirmed due to the variability in reported reliability values with its widespread use in 
different environments and populations. A reliability generalization study was needed to learn the 
general condition of the reliability coefficient obtained from the MASPSS and to help researchers who 
may want to induce a reliability value. In this study, a “reliability generalization (RG)” (Vacha-Haase, 
1998), which is a meta-analytic technique, was conducted for the review, integration and analysis of 
research results. Our aim in this study is to obtain an overall reliability coefficient inference of the 
MASPSS developed by Bindak (2005) and to examine how the reliability coefficients change between 
the uses of the scales in different samples. More precisely, the aims of this study are: a) to examine the 
generalizability of reliability estimates in studies using the MASPSS and to investigate the variables that 
may explain this heterogeneity if heterogeneity is found in the estimates of this parameter. In order to 
achieve these aims, studies reporting alpha coefficients were determined using the aforementioned scale, 
and subgroup analyses were carried out by examining some variables as well. 

 

Method 

Research Design 

Glass (1976) defined meta-analysis as an analysis method for summarizing the results obtained from 
individual studies as a single result. In other words, meta-analysis is a type of quantitative study that 
combines the findings of more than one study and presents it as a single finding (Şen & Yıldırım, 2020). 
The meta-analysis study conducted on the reliability values of a specified scale is known as the reliability 
generalization meta-analysis (Vacha-Haase, 1998). Reliability generalization is known as a meta-
analysis study that investigates the reliability values of the scores obtained from the scales and helps to 
determine what causes measurement error. This meta-analysis study for the reliability generalization of 
the primary school mathematics anxiety scale was presented following the REGEMA guidelines 
(Sánchez-Meca et al., 2021). 

 

Data Collection 

For the research data used in the study, National Thesis Center of the Council of Higher Education, Web 
of Science, and ERIC databases and Google Scholar search engine were scanned extensively. While 
searching the Turkish terms "matematik kaygı ölçeği" and "matematik kaygısı" and combinations of the 
English equivalents of these terms "Math Anxiety Scale", "Math Anxiety", "Mathematics Anxiety 
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Scale" and "Mathematics Anxiety” were searched throughout the text. In addition, via the “cited by” 
option in Google Scholar, references to the primary school mathematics anxiety scale (Bindak, 2005) 
were also reviewed in this study. 

 

Inclusion/Exclusion Criteria 

The following criteria were considered in determining the individual studies included in this study; 

1) The articles must be written in Turkish and/or English. 

2) The Mathematics Anxiety Scale for Primary School Students (Bindak, 2005) must be used. 

3) Since the Mathematics Anxiety Scale for Primary School Students (Bindak, 2005) used in this 
study was published in 2005, the studies to be included can be either published or unpublished 
studies after 2005 until December 2021. 

4) Having a reliability coefficient (e.g., Cronbach’s alpha) reported on the sample in the study for 
the Mathematics Anxiety Scale for Primary School Students used in the studies. 

The criteria listed above have been used in this study for selecting the possible studies. The 
inclusion/exclusion process is illustrated by the PRISMA flowchart (Figure 1). The number of studies 
found in searches was 2,213. Of these studies, 2,179 were excluded from the study due to the reasons 
such as being a duplicate study, not including the reliability (Cronbach's alpha) coefficient. After 
excluding the studies that do not meet the inclusion criteria, 34 studies remained. 

 
Figure 1 
Prisma Flow Chart: Studies Included in the Research 
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Coding of Data 
In addition to the reliability coefficient and the number of items reported by the individual studies, the 
year they were published, the types of publications, the sample sizes, the school level in which the study 
was conducted, the percentage of female participants, the mean score and the standard deviation of 
MASPSS, the research method used in the studies were saved in an Excel file and coded accordingly. 
Information on the recorded variables is summarized in Table 1. 
 
Table 1 
Coding Method of Studies Included in the Meta-Analysis 

Variable Type Coding Method 

ID Categorical A unique number assigned to each study. 

Year of publication Continuous Year of publication or report (for unpublished studies) 

Publication type Categorical 0= Thesis, 1= Article 

Sample size Continuous The sample sizes specified in the studies were recorded. 

Alpha Continuous The Cronbach’s alpha values presented in the studies were recorded. 

Number of items Continuous The number of scale items presented in the studies was recorded. 

The average score  Continuous The average anxiety scores presented in the studies were recorded. 

Standard deviation Continuous The standard deviation scores of the means presented in the studies were 
recorded. 

Sample type Categorical 0= Primary School, 1=Middle School, 2= High School 

Research method Categorical 0= Experimental, 1= Non-experimental studies 

 

Two researchers independently coded the data from individual studies. The inter-rater reliability was 
examined using the agreement index, which is a relatively simple way of checking the inter-rater 
reliability (Şen & Yıldırım, 2020). The percentage of agreement between the coders was calculated as 
95%. Inconsistencies in coding were discussed and corrected by consensus. Then, the final data file 
created was transferred to the R software environment (R Core Development Team, 2021) for the 
statistical analyses. 

 

Effect Size Calculation and Statistical Analyses 

The focus of this study was the reliability generalization analysis used to estimate the mean reliability 
coefficient of the Mathematics Anxiety Scale for Primary School Students. An average value was 
calculated over the reliability coefficients reported in individual studies that used this scale. Since 
Cronbach's alpha value was predominantly used in these individual studies, only alpha coefficient was 
considered in the current study. While conducting reliability generalization studies, it is necessary to 
consider the transformation and weighting the alpha coefficients (Şen, 2021). Since the typical 
Cronbach's alpha values appeared to be skewed (Semma et al., 2019), Bonett's transformation formula 
(Bonett, 2002) was used to normalize the sample distributions and stabilize the variance. The calculation 
of the mean effect size in the meta-analysis literature is carried out with the either a fixed-effect model 
or the random-effects model (Borenstein et al., 2009; Şen & Yıldırım, 2020). It would be a more accurate 
approach to use the random-effects model for the studies conducted in social sciences (Borenstein et al., 
2009). The random-effects model is needed in cases where results are desired to be generalized to the 
population (Schmid et al., 2021). In this respect, the mean effect size was calculated using the random-
effects model in this study. 

Whether there was heterogeneity among the studies included in the meta-analysis was examined by 
calculating Cochran's Q-test and I2 value (Higgins & Thompson, 2002). A significant Q-statistic and an 
I2 value of more than 75% can be taken as the evidence of the heterogeneity (Higgins et al., 2003). In 
cases where heterogeneity was detected, the relationship between Cronbach's alpha values and 
moderator variables would be examined using metaregression for continuous variables and weighted 
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analysis of variance (analog to the ANOVA) models for categorical variables. All of the analyses in this 
study were carried out using the metafor (Viechtbauer, 2010) package in the R software environment. 

 

Publication Bias Analyses 

Publication bias term is used to describe that statistically significant results are more likely to be 
presented and published than nonsignificant results (Petitti, 2000). Since researchers generally tend to 
publish large effect sizes rather than small effect sizes, including only studies with large effect sizes in 
the meta-analyses raises a problem referred to as publication bias (Göçen & Şen, 2021). Publication bias 
is seen as a possible threat for meta-analysis studies (Rothstein et al., 2005). Moreover, publication bias, 
which is a widespread problem, can skew the effect size to be estimated (Thornton & Lee, 2000), and 
this might distort results of meta-analysis (Yumuşak & Korkmaz, 2021). In this study, publication bias 
was assessed using a funnel plot, Rosenthal's (1979) fail safe N and two statistical tests based on rank 
correlations (Begg & Mazumdar, 1994) and Egger's (Egger et al., 1997) regression method. 

 

Results 

Characteristics of Individual Studies 

This reliability generalization meta-analysis includes 34 individual studies conducted between 2005 and 
2021 that have reported reliability coefficients based on their own sample. Seventy-four percent of the 
studies were published (N =25) and 26% were unpublished (N =9). The total population in individual 
studies consisted of 10,855 individuals. Sixteen percent of the studies were carried out at primary school 
level, 75% at middle school level and 9% at high school level. Some of the studies using this scale at 
different school levels have conducted confirmatory factor analysis (Erdik, 2018; Gündüz Çetin, 2020; 
Yetgin, 2017), however, most of them have used the scale without any validation analyses. The 
Cronbach's alpha coefficient as a reliability index in the studies was reported between .737 and .920. In 
addition, 79% of the studies were conducted with experimental design and 21% with non-experimental 
design. Summary information about the studies is shown in Table 2. 
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Table 2 
Information about the Studies 

ID Author(Year) Publication Type N α 
Sample  
Level 

Female 
(%) 

Publication  
Year 

Method 

1 Bindak (2005) Published 122 .840 MS  2005 Non-experimental 

2 Dede and Dursun (2008) Published 204 .800 MS 42.0 2008 Non-experimental 

3 Dursun and Bindak (2011) Published 266 .888 MS 45.5 2011 Non-experimental 

4 Küçük (2019) Unpublished 52 .870 MS  2019 Experimental 

5 Yurt and Kurnaz (2015) Published 260 .800 MS 51.5 2015 Non-experimental 

6 Aydın and Keskin (2017) Published 619 .860 MS 50.4 2017 Non-experimental 

7 Kutluca et al. (2015) Published 158 .800 MS 49.4 2015 Non-experimental 

8 Kesici (2018a) Published 463 .884 HS  2018 Non-experimental 

9 Çoruk and Çakır (2017) Published 31 .880 PS 59.0 2017 Experimental 

10 Duran et al. (2017) Published 51 .820 MS  2017 Non-experimental 

11 Kandal and Baş (2021) Published 124 .840 MS 49.2 2021 Non-experimental 

12 Şimsek et al. (2017) Published 437 .780  44.1 2017 Non-experimental 

13 İlhan and Öner Sünkür (2012) Published 201 .830 MS 50.7 2012 Non-experimental 

14 Doruk et al. (2016) Published 246 .870 MS 54.8 2016 Non-experimental 

15 Tuncer and Şimşek (2019) Published 72 .840 MS  2019 Experimental 

16 Akgül and Nuhoğlu (2020) Published 121 .910 PS 37.2 2020 Non-experimental 

17 Yetgin (2017) Unpublished 860 .910 HS 37.0 2017 Non-experimental 

18 Gündüz Çetin (2020) Unpublished 555 .890 HS 49.4 2020 Non-experimental 

19 Erdik (2018) Published 1563 .737 MS 51.4 2018 Non-experimental 

20 Baklacı (2017) Unpublished 204 .850 MS 42.2 2017 Non-experimental 

21 Kesici (2018b) Published 132 .879 MS  2018 Non-experimental 

22 İlhan and Öner Sünkür (2013) Published 348 .860 MS 49.7 2013 Non-experimental 

23 Berber (2021) Unpublished 40 .920 MS 57.5 2021 Experimental 

24 Kuzu and Çalışkan (2018) Published 375 .876  78.4 2018 Non-experimental 

25 Tuncer and Yılmaz (2016) Published 225 .795 MS 48.0 2016 Non-experimental 

26 Taşdemir (2015) Published 280 .850 MS 51.4 2015 Non-experimental 

27 Ergenç (2011) Unpublished 526 .890 MS 49.8 2011 Non-experimental 

28 Çağırgan and Soytürk (2021) Published 568 .865 MS 51.1 2021 Non-experimental 

29 Gevrek (2009) Unpublished 932 .800 MS 50.9 2009 Non-experimental 

30 Tabakçı (2018) Unpublished 415 .840 PS 52.0 2018 Non-experimental 

31 Borlat (2018) Unpublished 18 .860 PS 38.9 2018 Experimental 

32 Şahin (2018) Published 30 .830 PS  2018 Experimental 

33 Birgin et al. (2010) Published 220 .910 MS 51.4 2010 Non-experimental 

34 Tok (2013) Published 137 .860 MS 52.7 2013 Experimental 

Notes. N=sample size, α=Cronbach’s alpha, PS=Primary school, MS=Middle school, HS=High school. All studies had 10 items 
on the scale except that Tok (2013) had 9. 

 

Results of Publication Bias 

In the present study, the possibility of publication bias was investigated using the funnel plot, Rosenthal's 
(1979) fail safe N value and two statistical tests: Begg and Mazumdar (1994) rank correlations, and 
Egger's (Egger et al., 1997) linear regression method. An asymmetrical shape observed in the funnel 
plot indicates a possible publication bias (Borenstein et al., 2009). As seen in the funnel plot presented 
in Figure 2, Cronbach's alpha values of the studies appear to be symmetrically distributed according to 
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the mean transformed alpha value. Therefore, it was found that the present study did not have publication 
bias. However, since it cannot be said that an asymmetrical funnel plot is formed as a result of 
publication bias, care should be taken while interpreting the chart (Üstün & Eryılmaz, 2014). When the 
publication bias was examined according to Rosenthal's classical fail safe N method, 7081 studies were 
required to turn the mean effect size value into statistically non-significant (p>.05) situation. If the 
Rosenthal’s fail safe N value is NR >5k+10 (180 for this study), the possibility of publication bias is low 
(Şen & Yıldırım, 2020). Kendall's tau b statistic was observed to be nonsignificant (Tau b = -0.05; ptwo-

tails=.6565) according to Begg and Mazumdar's rank correlations. Finally, it was observed that the t-value 
was not statistically significant in Egger's linear regression test (t(32)=0.7792, p =.4416). These findings 
showed that there was no indication of publication bias. 

 
Figure 2 
Funnel Plot Examining the Relationship between Transformed Alpha (Bonett, 2002) and Standard Error 

 

Mean reliability  

The mean value of raw reliability coefficient values reported in 34 studies, without weighting, was .851 
(SD=0.04, Median=.86). A mean of .851 indicates good internal consistency for the mathematics anxiety 
scale among studies. A stem and leaf plot of the raw reliability coefficients is presented in Figure 3. 
 

Figure 3 
Distribution of Raw Alpha Values 
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As can be seen in Figure 3, the reliability coefficient values reported in studies vary between .737 and 
.920. According to these values, the reliability coefficients appear to be at a sufficient level (>.70) in all 
samples. 

The reliability coefficients are known to have a skewed distribution and cannot be directly used in 
reliability generalization studies. Thus, the reliability coefficient values of thirty-four studies were 
transformed using the Bonett (2002) transformation method in order to normalize the distribution of the 
coefficients and stabilize the variance. The mean reliability coefficient was obtained by analyzing them 
with the random-effects model. The pooled reliability coefficient value in this study was found to be 
.855 (95% CI: .841-.869), which was statistically significant (p<.001). This mean value was close to the 
first published reliability coefficient value of the scale (Bindak, 2005). Q-test value in this study was 
also statistically significant (Q(33) =554,588; p<.001). In addition, I2 value of 90.80 showed that the 
heterogeneity among the studies was high. The variability in the reliability coefficients can also be 
observed in the forest plot (see Figure 4). 

 
Figure 4  
Forest Plot of Studies 

 

 

Results of the Moderator Analyses 

Considering the heterogeneity that emerged in this meta-analysis study, it is important to identify the 
possible sources of this heterogeneity. Therefore, the variables of publication type and publication year, 
sample level, female percentage, and research method given in Table 2 were determined as moderator 
variables. Three of the variables were categorical (type of publication, sample level and research 
method), and the remaining variables were continuous (year of publication and female percentage). 
Descriptive statistics of moderator variables are presented in Table 3. Categorical variables were 
analyzed with analog to the ANOVA approach and continuous variables were analyzed with meta-
regression method to reveal whether there was a relationship between alpha values and the moderator 
variables. 

 
 

RE Model (Q = 554.59, df = 33, p < .01; I
2
 = 90.8%, )

0.63 0.78 0.86 0.92 0.95

Cronbach Alfa

Tok (2013)
Birgin et al. (2010)
Şahin (2018)
Borlat (2018)
Tabakçı (2018)
Gevrek (2009)
Cağırgan and Soytürk (2021)
Ergenç (2011)
Taşdemir (2015)
Tuncer and Yılmaz (2016)
Kuzu and Çalışkan (2018)
Berber (2021)
İlhan and Sünkür(2013)
Kesici (2018b)
Baklacı (2017)
Erdik (2018)
Çetin (2020)
Yetgin (2017)
Akgül and Nuhoğlu(2020)
Tuncer and Şimşek(2019)
Doruk et al. (2016)
İlhan and Sünkür (2012)
Şimsek et al. (2017)
Kandal and Baş (2021)
Duran et al. (2017)
Çoruk and Çakır (2017)
Kesici (2018a)
Kutluca et al. (2015)
Aydın and Keskin (2017)
Yurt and Kurnaz (2015)
Küçük (2019)
Dursun and Bindak (2011)
Dede and Dursun (2008)
Bindak (2005)

0.86 [0.82, 0.89]
0.91 [0.89, 0.93]
0.83 [0.70, 0.90]
0.86 [0.71, 0.93]
0.84 [0.82, 0.86]
0.80 [0.78, 0.82]
0.86 [0.85, 0.88]
0.89 [0.88, 0.90]
0.85 [0.82, 0.87]
0.80 [0.75, 0.83]
0.88 [0.86, 0.89]
0.92 [0.87, 0.95]
0.86 [0.84, 0.88]
0.88 [0.84, 0.91]
0.85 [0.82, 0.88]
0.74 [0.72, 0.76]
0.89 [0.88, 0.90]
0.91 [0.90, 0.92]
0.91 [0.88, 0.93]
0.84 [0.77, 0.89]
0.87 [0.84, 0.89]
0.83 [0.79, 0.86]
0.78 [0.75, 0.81]
0.84 [0.79, 0.88]
0.82 [0.73, 0.88]
0.88 [0.79, 0.93]
0.88 [0.87, 0.90]
0.80 [0.75, 0.84]
0.86 [0.84, 0.88]
0.80 [0.76, 0.83]
0.87 [0.80, 0.91]
0.89 [0.87, 0.91]
0.80 [0.75, 0.84]
0.84 [0.79, 0.88]

0.86 [0.84, 0.87]

Author(s) and Year Cronbach's Alfa [95% CI]
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Table 3 
Characteristics of the moderators 

Variable k % 

Publication Type (k= 34)   

 Published 25 73.53 

 Unpublished 9 26.47 

Sample Level (k =32)   

 Primary School 5 15.63 

 Middle School 24 75 

 High school 3 9.37 

Research Method (k =34)   

 Experimental 7 20.58 

 Non-experimental 27 79.42 

 M S 

 Year of publication 2016 3.95 

 Female percentage 49.84 7.77 

M = Mean, S = Standard Deviation 

 

The results of the analog to the ANOVA analyses of three moderators are presented in Table 4. As 
shown in Table 4, no statistically significant difference was found between the sub-categories of 
publication type and research method variables (p>.05). However, a statistically significant difference 
was found among the subcategories of the sample level variable (p<.05). While the reliability coefficient 
was found to be higher at high school level (.8958) than primary school level (.8694), the lowest value 
was found at middle school level (.8483) (See Table 4). 

  
Table 4 
Mixed Effects Analog to the ANOVA Results  

    95% CI    

Variable Category k α Lower 
Limit 

Upper 
Limit 

Q B df p 

Sample level Primary school 5 0.8694 0.8266 0.9016 

6.3690 2 0.0414  Middle school 24 0.8483 0.8308 0.8642 

 High school 3 0.8958 0.8784 0.9108 

Publication type Published 25 0.8490 0.8310 0.8652 2.3345 1 0.1265 

 Unpublished 9 0.8731 0.8462 0.8954 

Research method Experimental 7 0.8684 0.8286 0.8988 0.5457 1 0.4601 

 Non-experimental 27 0.8533 0.8366 0.8684 

Notes. k = Number of studies, CI = Confidence interval. 

Two continuous moderators, the year of publication and the female percentage, of the reliability 
coefficient were analyzed with meta-regression. Meta-regression results are given in Table 5. As can be 
seen in Table 5, none of the continuous variables were statistically significant predictors of the reliability 
coefficient (p>.05). 
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Table 5 
Meta-Regression Results According to Moderator Variables 

Moderator k bj SE p QE 

Year 34 -21.6115 26,1454 0.3678 552.3145** 

Female %  25 1.9227 0.4007 0.9754 516.9344 

k=number of studies, bj =Unstandardized regression coefficient, SE =Standard error, QE =Heterogeneity statistics, ** p<.001. 

 

Discussion and Conclusion 

The aim of the present reliability generalization meta-analysis study was to obtain the general reliability 
for the Mathematics Anxiety Scale for Primary School Students and to examine the moderator variables 
that would reveal the variability between studies. For this purpose, individual studies using the 
Mathematics Anxiety Scale for Primary School Students and reporting the alpha coefficient of the 
sample were examined. The pooled reliability coefficient from 34 studies was .855. Based on this value, 
the overall estimate of Cronbach's alpha can be said to be within reasonable limits (>.70) for exploratory 
research (Clark & Watson, 1995; DeVellis, 1991; Nunnally & Bernstein, 1994). 

Heterogeneity was observed between studies (I2 = 90.80). This shows that it would not be appropriate 
to generalize the reliability coefficients of the Mathematics Anxiety Scale for Primary School Students 
since they vary in different samples. Therefore, it is not recommended for researchers who will use this 
scale to apply reliability induction. 

The moderator variables that could be the source of the resulting heterogeneity in the reliability 
coefficients were examined. Three categorical (publication type, sample level and research method) and 
two continuous (year of publication and female percentage) variables were examined. It was concluded 
that the mean estimate of Cronbach's alpha coefficient did not show statistical differences according to 
the subcategories of publication type and research method and there was no statistically significant 
relationship between alpha coefficient and two continuous moderators: publication year and female 
percentage. It was concluded that only the sample level variable statistically affected the estimates of 
Cronbach's alpha coefficient. When Cronbach's alpha reliability coefficients were examined for the 
sample level, it was observed that the highest estimate was observed in the studies applied at the high 
school level. Although the name of the scale is Mathematics Anxiety Scale for Primary School Students, 
this scale was applied to high school students and it was observed that higher reliability coefficients 
were obtained. One of the reasons for obtaining a higher reliability coefficient in high school students 
is that these students are older and may have a better understanding of what the items in the scale mean. 

Reporting the reliability findings of the sample in the studies conducted is very important to increase 
the validity, generalization and quality of the results (Wilkinson, 1999). Despite this, studies that did not 
report the reliability coefficient were encountered during the search process of this study. In some of 
these studies, reliability coefficients were not included, while in others, the reliability coefficient 
reported in the original article (Bindak, 2005) was reported. Assuming that reliability is a fixed and 
unchanging property of the scale itself, not the results of the measurement, is called reliability induction 
(Vacha-Haase et al.,  2000). It is not appropriate to apply reliability induction except in special cases 
where it can be applied (Crocker & Algina, 1986; Vacha-Haase et al., 2000). 

In the meta-analysis study, only studies reporting the widely used Cronbach’s alpha reliability 
coefficient for the Mathematics Anxiety Scale for Primary School Students were included. However, it 
is known that Cronbach's alpha coefficient has some unrealistic assumptions (McNeish, 2018). Although 
Cronbach's alpha is widely used, there are different reliability methods for scales: test-retest, parallel 
(equivalent) tests and split-half methods. Some studies showed that the coefficients of Omega 
(McDonald, 1970), H-coefficient (Hancock & Mueller, 2001), maximal reliability (Hancock & Mueller, 
2001), and greatest lower bound” (Jackson & Agunwamba, 1977) may be better option than alpha in 
terms of examining the reliability of the measure produced by a scale in different situations. In this 
context, different reliability coefficients could be used to give better results for the study. Therefore, it 
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would be useful to report different reliability coefficients in future studies to obtain better results. The 
use of only alpha coefficients in this study can be considered a limitation. 

In the reliability generalization study, care was taken to include all studies conducted with the 
Mathematics Anxiety Scale for Primary School Students. The obtained Cronbach’s alpha values were 
limited to the scope of the literature review. Therefore, it is possible that this reliability generalization 
study may have not included all studies using the Mathematics Anxiety Scale for Primary School 
Students. In addition, the inability to publish articles with low reliability values may have led to the 
underrepresentation of studies with lower reliability values. Besides, the fact that some studies do not 
report the sample level and female student percentages can be another limitation. Since the reliability 
coefficients may differ in each sample, it is important for researchers who use any scale in their own 
study to present detailed demographic and descriptive information about the sample from which this 
value was obtained, while reporting their reliability findings. 

Considering the effect of mathematics anxiety on children in daily life, it is thought that the results 
obtained from current study would be useful for the researchers and practitioners. A properly performed 
reliability generalization meta-analysis can provide more precise estimates of score reliability. The 
findings of the current study would be useful for researchers who want to study mathematics anxiety 
and make informed decisions. 

As a result, it has been observed that this study and studies using the Mathematics Anxiety Scale for 
Primary School Students produced Cronbach's alpha coefficients at an acceptable level. In addition, the 
scale provides reliable results at different sample levels. Results of the study revealed that the reliability 
coefficients produced from the scale used differ in terms of the sample level variable. We also believe 
that it would be useful to make some suggestions based on the experiences we have gained as a result 
of current study. It was observed that the reliability coefficients used in the study were not reported in 
all individual studies. Therefore, there is a need to strengthen reliability reporting studies. We think that 
researchers should be more careful when reporting reliability coefficient and characteristic information 
such as age, gender, ethnicity, and sample level. It would be beneficial to use not only Cronbach's alpha 
values but also consider other reliability indicators (e.g. Omega, composite reliability) in future research 
studies. 
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Abstract 

The Satisfaction with Life Scale is a widely used measurement tool. In this study, it was aimed to examine the 

measurement invariance of the Turkish version of the life satisfaction scale across ages. Of the 483 people 

participating in the study, 198 were men and 285 were women. Participants were divided into two age ranges, 

18-24 and 25-43. A first-order single factor solution was provided for both the entire group and all age groups. 

The findings showed that the configural invariance was achieved by age groups. However, metric invariance 

could not be provided for age groups. The absence of equivalent factor loadings between the ages of 18-24 and 

25-43 means that the latent structure measured by life satisfaction according to age groups does not have the 

same meaning. Partial metric invariance was obtained when the constraint of the 4th item parameter was freely 

estimated in further analysis. Subsequent analysis showed that scalar invariance was supported. On the other 

hand, full strict invariance could not be obtained, but only partially when the parameter constraint of item 1 was 

released. In summary, the results of this study revealed that comparison of age groups is possible with invariant 

items. It is hoped that this research will help us to clarify and deepen our inferences about life satisfaction and 

lifespan. 

 

Keywords: Life satisfaction, age, invariance, partial metric, partial strict 

 

Introduction 

Studies on examining psychological variables in a cultural context and comparing them between 

cultures have intensified in the last three decades. One of the main reasons for this is to determine 

whether the psychological construct of interest is specific to the developed culture or a structure that 

has intercultural validity. With such studies, our understanding of these psychological constructs also 

improves (Dimitrov, 2010; Leong et al., 2010). 

As of their origins, psychological theories and scales are of western origin. The validity of these scales 

and theories in different languages and cultures is investigated through adaptation. However, following 

the routine adaptation processes does not mean that the scores of the relevant psychological structure 

are comparable across cultures and between subgroups (Hambleton, 2005; Sireci, 2005). It has been 

suggested that taxonomic equivalence should be examined in evaluating the comparability of 

translated or adapted tests (van de Vijver & Tanzer, 2004). The most important thing in the adaptation 

process is to be able to figure out whether the scores obtained from the adapted scale are at a common 

scale level with the original scale (Sireci, 2005). Provided that this is achieved, the comparability of 

the scores becomes meaningful. In other words, to the extent that equivalence is not achieved, the 

comparability of scores becomes limited (van de Vijver & Poortinga, 2005). The impairment of 

equivalence may mean that test scores may be affected by cultural bias. 

A series of incremental processes are required to ensure score comparability across cultures. The first 

stage is to test the configural equivalence (providing the same factor pattern between the comparison 

groups), the second stage requires testing the metric equivalence (providing the same factor loadings 

between the groups), and the third stage requires testing the scalar equivalence (providing the same 

intercepts and same measurement unit between the groups) (Dimitrov, 2010; van de Vijver & 
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Poortinga, 2005). However, if an equivalence at the scalar level can be achieved, it is able to compare 

the characteristics of individuals included in diverse groups in a valid and direct manner. When scalar 

equivalence is mentioned, it is assumed that measurements are made completely independent of bias 

(van de Vijver & Poortinga, 2005). Strict equivalence is considered the top-order equivalence and 

refers to the residual variances equivalence between comparison groups. However, invariance testing 

“across groups is often loosely applied (or not at all) in studies that deal with validation of assessment 

instruments in counseling and education” (Dimitrov, 2010, p. 121). 

Subjective well-being (SWB) refers to individuals’ judgments about evaluating their lives which 

“include people’s emotional reactions to events, their moods, and judgments they form about their life 

satisfaction, fulfillment, and satisfaction with domains such as marriage and work” (Diener et al., 2003, 

p. 404). The cognitive dimension of subjective well-being, which is presented as a two-dimensional 

construct, has been defined to express life satisfaction (Diener et al., 1985). The reason why the 

cognitive dimension is important is that it is a more robust construct “typically not susceptible to 

change due to short-term emotional reactions to life events” (Proctor et al., 2009, p. 129). 

Life satisfaction has been an issue studied in numerous areas such as education, health, psychology, 

social sciences, and economics (Diener et al., 1999). This is because life satisfaction is related to many 

variables (Tomás et al., 2015), including the individual’s personality (Diener et al., 2003; Meléndez et 

al., 2019), self-esteem and self-perception (Miller et al., 2019), attitudes (Crowe & Kim, 2020), social 

support (Hansson et al., 2005), job satisfaction (Ilies et al., 2019), financial situation (Steckermeier, 

2021), mental health (Fergusson et al., 2015; Huebner et al., 2000), psychiatric disorders (in Goldbeck 

et al., 2007) and health behavior (Grant et al., 2009). 

Life satisfaction is also highly correlated with educational variables. Researches have indicated that 

life satisfaction is connected with academic achievement (Areepattamannil & Bano, 2020), student 

engagement (Hakimzadeh et al., 2016), achievement goals (Antaramian, 2017; Diseth et al., 2012), 

academic competence (Leung et al., 2004), academic self-efficacy (Kandemir, 2014; O’Sullivan, 

2011), achievement motivation, academic stress and locus of control (Karaman & Watson, 2017), 

school climate (Suldo et al., 2008) and academic procrastination (Balkıs, 2013). On that account, it is 

very valuable to scrutinize life satisfaction in understanding the characteristics of human and social 

welfare in behavioral sciences as well as in education (Diener et al., 2003). Besides, life satisfaction 

has become accepted as an indicator of social progress and development for policymakers and social 

scientists (Stiglitz et al., 2009). The use of such statistical indicators is important and necessary as they 

reflect “modern economies and the widespread use of information technology” (Stiglitz et al., 2009, 

p. 7) as well as the developments in education. Besides being an educational indicator, due to the 

importance and functionality of the critical role it plays in decision-making mechanisms, the tools 

employed to ascertain the level of life satisfaction should be well tested psychometrically. 

The Satisfaction with Life Scale (SWLS; Diener et al., 1985) is a short and easy-to-use self-report tool. 

Therefore, it has been adapted to many cultures and languages. In addition, it is widely used in 

comparing life satisfaction between cross-cultural and socio-demographic groups. If the metrics used 

are not equivalent for the comparison groups, inferences based on these metrics may be flawed or 

biased. Therefore, measurement invariance studies should be conducted for life satisfaction to be valid 

for both the relationships with other variables and the scores obtained for the comparison groups. 

The measurement invariance of life satisfaction (LS) according to many socio-demographic variables 

was examined. One of these variables was age; since it was stated in the studies that life satisfaction 

could change with age depending on factors such as attitude, health, and social-economic status (Suh 

et al., 2012). Life satisfaction is sensitive to changing life conditions; therefore, life satisfaction is 

expected to change depending on age (Hartung et al., 2021). Cross-sectional and longitudinal studies 

have shown that life satisfaction scores change as life periods change (Bittmann, 2021; Chen, 2001; 

Jovanović & Lazić, 2020) 

Since life satisfaction is an age-related variable, life satisfaction in different age groups was examined. 

Inconsistent findings on life satisfaction regarding age in the literature necessitated the continuity of 

these studies. In some studies, measurement invariance was obtained among age groups. For instance, 
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Checa et al. (2019) obtained scalar invariance in LS between the groups aged 18-24 years and aged 

25-47 years. Durak et al. (2010) also reported no statistically significant difference between the 

constrained and non-constrained models among the ages. Tomás et al. (2015) found strict invariance 

across age (among 14–65-year-old). Likewise, Ortuño-Sierra et al. (2019) found scalar invariance for 

participants’ ages ranged from 13 to 19. Esnaola et al. (2017) found scalar invariance in LS among 

adolescents. Similarly, Bacro et al. (2020) found strict invariance across students aged 8 to 16 years. 

On the other hand, different findings regarding the equivalence of life satisfaction scores in age groups 

were also reported in some studies. Clench-Aas et al. (2011) found partial scalar invariance was met, 

but strict invariance couldn’t be achieved across age groups. Pons et al. (2000) observed factor 

structure and factor loading non-invariance between adolescent and elderly groups. Hultell and 

Gustavsson (2008) stated in their study that two items were sensitive to the three age groups (24 years 

old or younger, 25 to 34 years, and 35 years old or older). The researchers stated that age differences 

in life satisfaction might be “the result of adaptation strategies, cohort effects or age-specific life 

circumstances” (Westerhof et al., 2001, p. 183). Likewise, in the study conducted by Chen (2001), it 

was stated that age groups might have a cohort effect on life satisfaction. The previous research 

findings yielded traces of measurement invariance for particular age groups. Therefore, measurement 

invariance should be inspected to provide valid inferences on age-based life satisfaction latent mean 

comparisons. 

In the literature, there are different results regarding the form of the relationship between age and life 

satisfaction (Pinquart & Sörensen, 2000). A considerable amount of research from large-scale life 

satisfaction surveys shows a U-shaped pattern of life satisfaction with age. (Blanchflower, 2020, 

Blanchflower & Oswald, 2008; Frijters & Beatton 2012; Park et al., 2020). Hudomiet et al. (2021) 

stated “average life satisfaction is high at younger ages, reaches a minimum at about age 40, which is 

sometimes called the ‘midlife crisis,’ after which it monotonically increases” (p. 1). Checa et al. (2019) 

examined measurement invariance in two groups aged 24 years or younger and older than 24 years in 

their study. The researchers declared that “these two groups were used as life-change references in 

previous SWLS invariance studies” (Checa et al., 2019, p. 267). Clench-Aas et al. (2011), on the other 

hand, examined the measurement invariance of life satisfaction according to the 16-24 and 25-44 age 

groups. Tomás et al. (2015) also separated two of the age groups as 18-24 and 25-34 in their study in 

which they examined the measurement invariance of life satisfaction according to age. In the current 

study, age groups were determined in accordance with the literature. Participants aged 24 and under 

are still defined as students, and participants aged 25 and over are defined as a graduate, non-working 

or working. In addition, it was deemed appropriate to take the cut-off age as 24 in order to provide a 

sufficient number to examine the measurement invariance in the older age group. 

In short, cultural and contextual studies have been going on for a long since in life satisfaction studies. 

However, most of these studies focus on western and individualistic cultures. There are relatively a 

few studies drawn from eastern and collectivist cultural settings. However, a deep analysis of each 

psychological construct in a particular culture provides important information about both that variable 

and the culture under which it is studied (Cheung et al., 2011). Many studies conducted in Turkey have 

benefited from the satisfaction with life scale. However, life satisfaction measurement invariance has 

rarely been studied in the Turkish sample (e.g., Arıkan & Zorbaz, 2020). Furthermore, exploring age 

differences in life satisfaction can raise awareness to have more care for the psychological 

development of individuals throughout life. It can also help guide our assessments of educational and 

quality of life to advance the life satisfaction of individuals regarding age. 

 

Purpose of the Study 

Therefore, in this study, it was aimed to examine the measurement invariance of the Turkish version 

of the life satisfaction scale by age. 
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Method 

This study is a cross-sectional study. At the same time, it is an explanatory study as it examines the 

measurement invariance of the Life Satisfaction Scale in this culture. 

Participants 

Data were collected with convenience sampling. There were 483 people in the sample. All individuals 

were volunteers. The 198 of the participants were men, and the 285 were women. The 309 participants 

were between the ages of 18-24, and 174 were between the ages of 25-43. 

 

Data Collection Instruments 

The SWLS developed by Diener et al. (1985) was used. There are five items in the SWLS scale. These 

items are as follows: (1) “In most ways my life is close to my ideal.” (2) “The conditions of my life 

are excellent.” (3) “I am satisfied with my life.” (4) “So far I have gotten the important things I want 

in life.” (5) “If I could live my life over, I would change almost nothing.” The response set is taken 

from a 7-point Likert-type scale from 1 (strongly disagree) to 7 (strongly agree). Therefore, the total 

score can take values between 5 and 35. The scale is a one-dimensional self-reporting scale. Items 

measure perceived general life satisfaction. SWLS was adapted into Turkish first by Köker (1991) and 

then by Yetim (1993). Köker (1991) adapted the life satisfaction scale on 150 university students aged 

between 17 and 24 within the scope of his/her thesis. The researcher stated that the test-retest reliability 

of the scale was .85 and the item-test correlations were .71 to .80. The Turkish version of the scale, 

which was later adapted to Turkish culture by Yetim (1993), was reported to have .86 Cronbach alpha 

and .73 test-retest reliability. This current study revealed that Cronbach’s Alpha reliability was .87 in 

the 18-24 age group and .82 in the 25-43 age group. 

 

Data Analysis 

Analyses were conducted with AMOS version 22. Multi-group confirmatory factor analyses 

(MGCFA) were performed to examine the measurement invariance. Following the suggestion of Hu 

and Bentler (1999), multiple fit indices such as the root mean square of error of approximation 

(RMSEA), standardized root mean square residual (SRMR), comparative fit index (CFI), Tucker–

Lewis Index (TLI), Goodness of fit (GFI), Incremental Fit Index (IFI), chi-square (χ2), and the chi-

square to degrees of freedom ratio (χ2/df) were taken into account in the evaluation. RMSEA and 

SRMR values less than .08, CFI, TLI, GFI, IFI values higher than .90, a non-significant p-value of the 

chi-square test and χ2/df ratio of 3 or less indicate an acceptable fit to the data (Byrne, 2008; Hu & 

Bentler, 1999). 

 

Measurement Invariance Tests 

When examining measurement invariance, a taxonomic order is followed. Starting with the 

simplest/unconstrained model (configural), an upper constrained model (metric, scalar, and strict, 

respectively) is evaluated with gradually increased constraints. Before conducting a multi-group 

analysis, the model-data fit should be evaluated separately for both the whole group and each 

comparison group (Milfont & Fischer, 2010). In the invariance analysis, “a baseline model needs to 

be established prior to any invariance constraints” (Wu & Yao, 2006, p. 1263). Therefore, firstly two 

CFAs are conducted separately for participants in each age group. At this stage, after examining the 

model data fit indices and deciding that the baseline model is the same for both age groups, the 

configural model is tested. What is tested here is whether each of the age groups being compared has 

the same factor pattern. Model fit indices are taken into account when evaluating the configural model. 

If the configural model is achieved, it is time to test the more restricted metric model. In order to test 

for metric invariance, factor loadings are constrained to be equal across the groups (Wu & Yao, 2006). 

Thus, the equivalence of factor loadings is tested for age groups compared in the metric model. At this 

stage, difference tests are applied to test equivalence. In difference tests, the difference between an 
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upper (more restricted) model and a lower (less restricted) model is tested. If the inequivalence is 

determined, partial equivalence is examined. In this study, each newly tested model is sequentially 

numbered (such as model 1, model 2, etc.). If metric or partial metric invariance is achieved, scalar 

invariance is tested in the next step. In scalar invariance process, the equivalence of latent intercepts 

for age groups is investigated. If scalar or partial scalar invariance is achieved, then the highest level 

of strict invariance is tested. The equivalence of residual variances is tested in strict invariance. 

Difference tests are applied to evaluate these nested models (Cheung & Rensvold, 2002). In this study 

Δχ2, ΔCFI and ΔRMSEA were applied. The fact that the chi-square difference (Δχ2) between the 

models is not statistically significant means that invariance is provided (Dimitrov, 2010). Considering 

the suggestion of Chen (2007), a ΔCFI of ≥-.01 was used to indicate invariance, and ΔRMSEA of ≥ 

.015 was used to indicate of non-invariance between nested models (Chen, 2007). 

In addition, the Akaike information criterion (AIC) value was also taken into account in the decision 

of model selection of nested models since the AIC is “one of the more popular methods of comparing 

multiple models, taking both descriptive accuracy and parsimony into account” (Wagenmakers & 

Farrell, 2004, p. 192). The smaller the AIC, the better the fit of the model. When comparing models, 

the lower AIC value is preferred. “However, the process of model evaluation is complicated by the 

fact that a model with many free parameters is more flexible than a model with only a few parameters” 

(Wagenmakers & Farrell, 2004, p. 192). Therefore, AIC has been evaluated together with the other 

indicators mentioned above when comparing nested models. 

 

Results 

Initial analysis displayed that there were no extreme responses or missing values. Means, standard 

deviations, skewness, and kurtosis for SWLS items were examined. The skewness and the kurtosis 

values were found to be within the range of (-2.00, 2.00). The values of means and standard deviations 

were given in Table 2. The reason why it is given in Table 2 is so that it can be evaluated together with 

other values. As a result of examining these values, no findings that violate the assumptions under 

CFA analysis were found. 

Before examining the measurement invariance, a series of CFAs were performed. First of all, the 

model-data fit of the one-factor structure was evaluated for the entire sample. As seen in the Table 1, 

the overall model-data fit of the Turkish version of SWLS was quite well except for the chi-square 

value (χ2 / df = 3.91). However, it has been noticed that the RMSEA (.079) value was very close to the 

cut-off value. Then, the baseline model was examined separately for age groups. The CFAs tests for 

separate groups revealed that model data fit was better in the older group than in the younger group 

(in Table 1). 

 

Table 1 

Goodness-of-fit Indexes for the Full Sample and the Baseline Model among Age Groups 
 

         
90% CI for 

RMSEA 

Group χ2 df p χ2
/df CFI GFI TLI SRMR RMSEA L U  

Whole  19.58 5 .000 3.91  .98 .99 .97 .032 .079 .049 .111 

18-24 aged 17.65 5 .003 3.53  .97 .98 .94 .053 .089 .051 .147 
25-43 aged 6.03 5 .302 1.21  .99 .98 .99 .060 .045 .000 .150 

 

As seen in Table 1, the 25-43 aged were provided excellent model-data fit. Although the incremental 

fit index values were very well for the 18-24 aged group, absolute fit indices such as chi-square and 

RMSEA indicated model misfit. Since chi-square is a statistic sensitive to the sample size, it is not 

surprising that it indicates a model mismatch. The literature states that when the degree of freedom 

(df) of the model is small, “the RMSEA too often falsely indicates a poor fitting model” (Kenny et al., 

2015, p. 486). The fact that the chi-square and RMSEA could produce misleading results in assessing 
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model data fit under current conditions, other indices were taken into account. According to these other 

indices, it was observed that the model-data fit was achieved across age groups. 

Standardized factor loadings and error terms for the baseline model across age presented in Table 2. 

Standardized factor loadings varied from .51 and .82 for the 18-24 aged group, and .65 and .89 for the 

25-43 aged group. Since no justification for modification was found in the analysis outputs, the 

unmodified model was used for multi-group tests. After the suitability of the baseline model was 

supported, it was time to examine a series of models in which the constraints were gradually increased 

in order to examine equivalence between age groups. 

 

Measurement Invariance 

Table 3 represents the results of comparison fit indexes between the 18-24 aged and 25-43 aged 

respondent groups. Model 1 fitted well across age groups, so configural invariance was met across the 

age groups. The change in chi-square between model 1 (configural) and model 2 (metric) was not 

statistically significant at the .01 level, but with regard to ΔCFI there was being present a significant 

diminish in model fit (∆CFI = -.014 < -.01). The lack of support for metric invariance provided 

evidence of non-invariance factor loadings across age groups. At this stage, the difference between the 

factor loadings of the item is the most; the loading of that item is released. As given in Table 2, the 

difference between factor loadings for item 4 was found to be the highest. Additionally, tests showed 

that if factor loading of the item 4 (SWLS-4) is freely estimated across the age groups, partial metric 

invariance is achieved by assessing the differentiation in chi-square, ΔCFI and ΔRMSEA for model 1 

and model 3 (partial metric) (Table 3). In the consequent process, scalar invariance was met. However, 

the comparison of model 4 (scalar) and model 5 (strict) pointed out significant decrease in model fit 

both statistically (p < .01) and practically (∆CFI = -.034 > -.01). Since strict invariance was rejected, 

partial invariance was examined. After investigating which item or items caused the largest difference 

between the error terms in the unconstrained model across the age groups (Table 2), item 1 was 

detected the source of discrepancy. When the error parameter of item 1 freely estimated across age 

groups, non-significant model decrease was observed between the model 4 and model 6 (p = .092, 

∆CFI = -.008 > -.01 and ΔRMSEA = -.001 < .015). Thus, partial strict invariance was met. 

 

Table 2 

Standardized Factor Loadings and Error Terms (for the baseline model) Across Age Groups 
 Standardized factor 

loadings 

 
Error variances 

 
Mean (SD) 

Items 18 - 24 25 - 43  18 - 24 25 - 43  18 - 24 25 - 43 
1 .72 .65  .66 1.35  4.85 (1.10) 4.71 (1.38) 
2 .70 .76  .83 1.14  4.32 (1.26) 4.31 (1.44) 

3 .82 .77  .54  .96  5.08 (1.29) 5.06 (1.38) 

4 .68 .89  .91  .44  4.88 (1.18) 4.60 (1.47) 

5 .51 .67     2.35 1.98  3.70 (1.70) 3.32 (1.91) 

 

Table 3 

Fit Indices for MGCFA Models and Difference Tests 
Model χ2 df χ2

/df CFI TLI IFI AIC RMSEA 

Model 1 Configural 26.172 10 2.617 .970 .94 .97 66.17 .072 

Model 2 Metric 37.825 14 2.702 .956 .94 .96 69.83 .074 

Model 3 Partial metric-I4 28.357 13 2.181 .972 .96 .97 62.36 .062 

Model 4 Scalar 37.340 17 2.196 .963 .96 .96 83.34 .062 
Model 5 Strict  60.433 22 2.747 .929 .94 .93 96.43 .075 

Model 6 Partial strict-I1 45.327 21 2.158 .955 .96 .96 83.33 .061 

Difference models ∆χ2 ∆df p ∆CFI ∆RMSEA 

Model 2 – Model 1  1.653 4 .020 -.014 .002 
Model 3 – Model 1 2.185 3 .534 .002 -.01 

Model 4 – Model 3 8.983 4 .062 -.009 .00 

Model 5 – Model 4 23.093 5 .000 -.034 .013 

Model 6 – Model 4 7.987 4 .092 -.008 -.001 
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Discussion and Conclusion 

This study investigated measurement invariance for the Turkish version of life satisfaction items across 

the age groups. Moreover, its dimensionality in such a middle-eastern culture has been examined. The 

solution for the first-order one-factor model indicated an acceptable fit for the entire sample. Therefore, 

the one-dimensional structure of SWLS has been verified without modification. These results showed 

that the one-factor structure was supported in the entire group. This result was consistent with the other 

findings in the literature that the one-dimensional structure of SWLS is quite common (Emerson et al., 

2017). 

With regard to measurement invariance, configural invariance was observed, suggesting that the 

SWLS uni-dimensional model operates similarly between age groups. That means, a similar latent 

factor structure was affirmed with respect to age groups. Therewithal, among the age groups, the 

concept of life satisfaction was framed similarly. In this research, metric invariance was not supported 

according to age groups. The fact that metric invariance is not reached shows that the factor loadings 

connecting life satisfaction construct and items are not equivalent between age periods. The factor 

loadings were not invariant across samples aged 18-24 years and aged 25-43 years. The further tests 

indicated that individuals with aged 18-24 years and aged 25-43 years were assigned a different weight 

to item 4 “So far, I have gotten the important things I want in life” while evaluating their life 

satisfaction. Concerning the loading of item 4, it is .68 in the younger age group and .89 in the older 

age group. Item 4 had more weight in the older group. This implies item 4 more strongly related to life 

satisfaction for aged 25-43 years. Meanwhile, van de Vijver and Poortinga (2005) mentioned that 

differences in factor loadings on an item basis might indicate item bias. After the constraint on item 4 

was set to free, partial metric invariance has achieved throughout age groups. In other words, it implies 

that item 4 does not have the same meaning for the age periods. This finding is consistent with Hultell 

and Gustavsson (2008), who pointed out that item 4 was sensitive to age. In their study, the findings 

did not demonstrate any invariance for three age groups (24 or younger, 25-34 years, and aged 35 or 

elder). 

These results are in accordance with the findings of Pavot and Diener (2008), who stated that the item 

4 might be linked with aging. Consistent with the results of this present study, it has been reported that 

item 4 is not invariant with respect to age groups in other studies (Bai et al., 2011). Esnaola et al. 

(2017) pointed out that “still there was only partial scalar invariance, with the intercept for item 4 

varying across countries” (p. 597). 

After obtaining partial invariance by releasing factor loadings’ constraint of item 4, the scalar 

invariance was tested. The scalar invariance was supported, which indicated no age differences 

occurred at the level of item intercepts. However, strict invariance has not been achieved throughout 

the age groups. Partial strict invariance was reached after the residual variance of item 1 was freely 

estimated. That is, the residual of item 1 (In most ways my life is close to my ideal) varied throughout 

the age groups. Emerson et al. (2017) pointed out that the interpretation of the words such as the word 

ideal in the item content might differ in various languages and cultural contexts. The word ideal is 

perhaps more questioned over time and may be an ambiguous concept for older individuals. 

Differences in response patterns in item 4 and item 1 indicate that there may be conceptual differences 

between age groups. Previous studies reported similar results (Pavot & Diener, 2008). For instance, 

Clench-Aas et al. (2011) obtained partial metric invariance by freeing constraints on factor loadings 

for item 1. Likewise, Pons et al. (2000) found the error variances for the observed item 4 to be different 

between adolescents and elderly age groups. Similarly, Jovanović (2019) achieved partial scalar 

invariance by age. Emerson et al. (2017) declared that item 4 might have functioned differently 

between age groups because of differences in time conceptualization. The finding that item 4 is not 

invariant in age groups indicates that there is sensitivity to this item in the context of age subgroups. 

Considering the age group, it was observed that the younger participants had higher -but not 

significant- mean scores on the LS items than the elderly. In parallel with this research result, Diener 

and Diener (1995) emphasized, in many parts of the world, it has been stated that university students 

are mostly satisfied with their lives. Similarly, Jovanović (2019) found that older adults reported the 
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lowest life satisfaction. Likewise, in the study conducted by Chen (2001), it was stated that “life 

satisfaction decreased as age advanced” (p. 74). 

The results confirmed a first-order single-factor solution in both for the whole group and each of the 

age group members. Briefly, these results mean that the single-factor latent structure of the Turkish 

version of SWLS is valid. The findings suggested that the configural invariance was achieved with 

regard to age groups. This represents the same factor pattern is valid among age groups. Metric 

invariance was not supported for age groups. The fact that there were not equivalent factor loadings 

across 18-24 years and aged 25-43 years suggested that the latent construct measured by the life 

satisfaction regarding age groups does not attribute the same meaning. However, invariant factor 

loadings for age were partially confirmed when the restriction of item 4 parameter was freely 

estimated. The forward analysis showed that scalar invariance was supported. On the other hand, full 

strict invariance could not be obtained, but only partially when the parameter constraint of item 1 was 

released. Summing up, the results of this study reveal that comparison of age groups is possible through 

invariant items. 

This study was conducted in only two age categories. This limits the fulfillment of generalizability. It 

is recommended to repeat the future studies by expanding the diverse age span. Since such cross-

sectional studies may limit our understanding of life satisfaction, it is recommended that future studies 

be conducted in such a way that researchers can examine all segments of society more 

comprehensively. For example, longitudinal panel studies may provide more valid results for age 

groups. Researchers are recommended to interpret with caution when comparing SWLS scores by age, 

as the results of the study show that partial invariance has been achieved. 

Despite its limitations, this study has some implications. The knowledge that life satisfaction is a factor 

related to age gives hints to professionals on how to improve the physiological, mental and 

psychological well-being of the individuals. In addition, the emergence of age-specific non-invariance 

on life satisfaction items indicates that we should be careful when comparing between age groups to 

achieve valid inferences. Despite the variety of findings in the literature, the continuation of such 

research will help us to clarify and deepen our inferences regarding life satisfaction and life 

period/span. 
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Abstract 

The purpose of this study was to examine the variables that explain science literacy with the answers given by 

Turkish students to the Program for International Student Assessment (PISA) 2015 student questionnaire. The 

Turkish sample of the research, which was conducted in a relational scanning model, is composed of 5895 students 

selected through a stratified sampling design. The sample of the study consists of 3052 people who remained after 

the data containing missing values were removed. In this study, Chi-squared Automatic Interaction Detection 

(CHAID) method, which is one of the data mining decision tree algorithms, was used for data analysis. As a result 

of the analysis, it was concluded that the variable that best explains the science literacy of Turkish students is “the 

number of books in the home”. Other variables explaining the science literacy of Turkish students were also 

investigated in detail. In the research, gain values were examined to determine the most effective node in separating 

successful and unsuccessful students. As a result, it was seen that the most effective node consisted of students 

with science self-efficacy among students who had more than 200 books at home, and those who had more than 

40 course hours in a week at school. 

 

Keywords: PISA, science literacy, data mining, CHAID analysis 

 

 

Introduction 

In this period, in which we live in the information age, there are new developments in assessment every 

day. Miller et al. (2009, pp. 28) define assessment as “a general term that includes the full range of 

procedures used to gain information about student learning (observations, ratings of performances or 

projects, paper-and-pencil tests) and the formation of value judgments concerning learning progress”. 

Russell and Airasian (2012, pp. 10) defined it as “a process of collecting, synthesizing and interpreting 

information in order to make a decision”. As it can be understood from these definitions, the purpose of 

determining the situation is not to make a judgment about the student but to make an inference about his 

learning and performance. Due diligence studies are carried out at both national and international levels. 

PISA is an international due diligence study. PISA is one of the largest international education studies 

organized by the Organization for Economic Cooperation and Development (OECD) that evaluates 

students’ knowledge and skills in the fields of science, mathematics, and reading skills. This project 

covers the ability of students aged 15 who have reached the end of compulsory education to use what 

they have learned in school and in their out-of-school life, not how much they can remember what they 

have learned. Furthermore, it aims to determine the extent to which they can benefit from their 

knowledge and skills in order to understand new situations they will encounter, solve questions, make 

predictions about unfamiliar subjects, and make judgments. This purpose of PISA distinguishes it from 

other evaluation projects (Ministry of National Education [MoNE], 2010). 
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The experts in the countries participating in the PISA project form the evaluation framework and 

conceptual qualifications of the research, which are then approved by the joint decision of the 

participating countries as a result of the interviews. In this regard, a new understanding of the concept 

of “literacy” has been formed. The concept of literacy is defined as the capacity of students to make 

inferences from what they have learned in order to use their knowledge in daily life, to make logical 

inferences, to interpret and solve problems related to various situations. In this project, 15-year-old 

students are not asked to have learned everything they need like adults; they are expected to reach a 

solid foundation in science, mathematics and reading skills, to continue this learning throughout their 

lives and to be able to use the knowledge they have flexibly in their daily lives (MoNE, 2010). 

The PISA project is carried out in three-year cycles. In each cycle, one of the areas of reading skills, 

mathematics and science literacy is examined in more detail, while the other areas are examined in less 

detail. PISA 2015 research focused on science literacy. 

Science literacy is defined in PISA 2015 as “the ability to deal with science-related ideas and issues 

related to science as an active citizen”. An individual who is scientifically literate wants to participate 

in speeches and conversations in the field of science-based on certain elements. For this, scientific 

explanation, scientific inquiry, and evaluation competencies are required. In science literacy, students’ 

affective characteristics, such as their interests and attitudes towards science, can increase their 

motivation and affect their participation (MoNE, 2016). 

Science literacy is important both at the national and international levels. Because humanity confronts 

great challenges in providing adequate water and food, controlling diseases, producing enough energy, 

and adapting to climate change. However, many problems also arise at the local level, where individuals 

may be faced with decisions regarding practices that affect their health and food resources, the 

appropriate use of materials, the use of new technologies, and energy use. In order to cope with all these 

difficulties, the contribution of science and technology is required. However, as discussed by the 

European Commission, “Unless young people have a certain scientific awareness, it is not a subject of 

conscious discussion.” Also, that doesn’t mean turning everyone into a scientific expert. But it is 

necessary to ensure that they take an enlightened role in making choices that affect their environment 

and to enable them to broadly understand the social implications of debates among experts. Given that 

the knowledge of science and science-based technology makes a significant contribution to the personal, 

social and professional lives of individuals, the understanding of science and technology is very 

important for the “preparation for life” of a teenager (OECD, 2017). 

Everyone has individual differences, so it is not possible for all individuals to be scientifically literate 

at the same level. The important thing is to raise individuals who are interested in science, who can 

transfer and use what they have learned in their lives, and who have a level of knowledge to have a say 

in science-related issues in society. In this process, the desire for lifelong learning should be based. 

Some aim to pursue a career in science, while others seek leadership in science-related social issues. 

The important thing here is to give everyone the opportunity to learn the knowledge and skills that can 

meet the needs of society. The two main forces that shape our social life are science and technology. 

Therefore, in our age, societies want citizens to have the capacity to make decisions and make 

comparisons, when necessary, in the field of science and technology. The purpose of science education, 

which prepares children for the future, is to raise scientifically literate individuals because science and 

technology literacy is the basis of being effective in the world (Anagün, 2008). 

The PISA application provides detailed information about the countries participating in the research, 

according to the established reference points, what their education levels are and what measures should 

be taken throughout the country. Thanks to this project, countries see the deficiencies in the education 

system, compare them with other countries and eventually find the opportunity to make new regulations 

regarding education. 

In the literature review, many studies were found in which the variables affecting student success in 

PISA application were examined. In the study of Çeçen (2015), it was determined that the opportunities 

of the students at home, the cultural richness of the family, the education level of the parents and their 

positions at the workplace significantly predicted the PISA science literacy scores in 2003, 2006, 2009 
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and 2012 applications. In Karabay’s (2013) study, it was found that the variables of the number of books 

in the home, having a room of their own, having a computer at home, and the education level of the 

parents were significant predictors for both PISA applications (2003, 2006, 2009) and application areas 

(science and mathematical literacy, reading skills). In addition to these, it was found that the variable of 

quality of educational resources at school was a significant predictor both during PISA applications 

(2003, 2006, 2009) and for application areas (science and mathematics literacy, reading skills) (Karabay, 

2013). In the study of Özer and Anıl (2011), it was determined that the variable that most predicts 

students’ science and mathematics achievement in the PISA 2006 application is the “time devoted to 

learning” variable. In the study of Anagün (2011), it was determined that the most important factor 

affecting science literacy in PISA 2006 application was “the time devoted to learning” and this was 

followed by the variable “inquiry-based learning activities”. 

In these studies, analysis was mostly made with parametric statistical methods, which require certain 

assumptions. In these studies, it was stated that assumptions such as missing data, extreme values, 

multicollinearity problem, normality, linearity, and homogeneity were met. Researchers generally used 

parametric methods such as factor analysis, analysis of variance, t-test, multiple linear regression, and 

structural equation modeling. In these studies, in which certain variables were selected from the student 

questionnaire applied in PISA, a limited number of variables were included in the analysis. 

Despite the reforms in education in Turkey, it is quite remarkable that the average of success in the PISA 

project is below the OECD average. In this study, variables explaining science literacy in the PISA 2015 

project were examined. The results of the research are important not only in science literacy but also in 

terms of taking necessary precautions and eliminating deficiencies in the education system. For this 

reason, the variables explaining the PISA 2015 science literacy of Turkish students were examined with 

CHAID analysis, one of the data mining methods. Thus, unlike other studies, the data did not need to 

provide various assumptions and many categorical and continuous predictor variables could be included 

in the analysis at the same time. 

 

 

Purpose of the Study 

The general purpose of the study is to examine the variables that explain science literacy with the 

answers given by Turkish students to the variables selected from the PISA 2015 student questionnaire. 

In line with the determined purposes, answers to the following questions are sought within the scope of 

this study: 

1. Which predictor variable best explains the science literacy of Turkish students and divides the 

data set into homogeneous subgroups in the PISA 2015 Turkey sample? 

2. Which variables respectively explain the science literacy of Turkish students in the PISA 2015 

Turkey sample? 

3. What is the order of importance of the predictor variables in classifying science literacy levels 

in the PISA 2015 Turkey sample? 

 

 

Method 

This research, conducted on Turkish students based on PISA 2015 data, is in a relational screening 

pattern of screening models. 

 

Sample 

In the PISA application, the sample setup is determined according to the stratified random sampling 

design through national centers. In this setup, the selection criteria (region, program type, school type) 

of the sample and schools are arranged. 187 schools and 5895 students from 61 provinces participated 
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in the PISA 2015 application representing the 12 Statistical Regional Units Classification (İBBS) in 

Turkey (MoNE, 2016). 

Since answering and not answering the questionnaire items in the student questionnaire used in the study 

may cause a bias, the missing values in the data set were analyzed first. Little (1988) states that if the 

missing values are randomly distributed, the list-based deletion method can be used. In this study, it was 

determined that the missing values were randomly distributed. Therefore, the missing values in the items 

in the student questionnaire were deleted. As a result, 3052 students who filled out the variables selected 

from the student questionnaire completely constitute the sample of the research. 

 

 

Data Collection Tools 

The measurement tools used in the research are the science literacy achievement test in the PISA 2015 

application and the PISA 2015 student questionnaire applied to the students who answered this 

achievement test. In order to determine the variables that affect science literacy, student questionnaire 

items and indices created using these items were examined. The items and indexes selected from the 

student questionnaire within the scope of this research are given in Table 1. 

 

Table 1 

Variables Used in the Research on Science Literacy 

 Variables Description Items 

Number 

of 

Items 

 

 

 

VARIABLES 

RELATED TO 

STUDENT, 

STUDENT’S 

FAMILY AND 

STUDENT’S 

HOME 

ST001 Grade level ST001Q01TA 1 

ST004 Gender ST004Q01TA 1 

ST011 Home educational 

resources 

ST011Q01TA, ST011Q02TA, ST011Q03TA, 

ST011Q04TA, ST011Q05TA, ST011Q06TA, 

ST011Q07TA, ST011Q08TA, ST011Q09TA, 

ST011Q10TA, ST011Q11TA, ST011Q12TA, 

ST011Q16TA 

13 

ST012 Number of items at 

home 

ST012Q01TA, ST012Q02TA, ST012Q03TA, 

ST012Q05NA, ST012Q06NA, 

ST012Q07NA, ST012Q08NA, 

ST012Q09NA 

8 

ST013 Number of books in 

home 

ST013Q01TA 1 

ST123 Parents emotional 

support 

ST123Q01NA, ST123Q02NA, 

ST123Q03NA, ST123Q04NA 

4 

ST125 Duration in early 

childhood care 

ST125Q01NA 1 

ST126 Duration in early 

childhood education 

ST126Q01TA 1 

MISCED Mother’s education ST005, ST006  

FISCED Father’s education ST007, ST008  

HISEI Highest parental 

occupational status 

ST014, ST015  

 

VARIABLES 

RELATED TO 

STUDENT’S 

OWN LIFE 

 

ST118 Test anxiety ST118Q01NA, ST118Q02NA, 

ST118Q03NA, ST118Q04NA, 

ST118Q05NA 

5 

ST119 Achieving 

motivation 

ST119Q01NA, ST119Q02NA, 

ST119Q03NA, ST119Q04NA, 

ST119Q05NA 

5 

BSMJ Student’s expected 

occupational status 

ST114  
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Table 1 (continued) 
 

Variables Description Items 

Number 

of 

Items 

 

VARIABLES 

RELATED TO 

STUDENT’S 

SCHOOL 

ST082 Collaborative 

problem solving 

ST082Q01NA, ST082Q02NA, 

ST082Q03NA, ST082Q08NA, 

ST082Q09NA, ST082Q12NA, 

ST082Q13NA, ST082Q14NA 

8 

ST034 Sense of belonging 

to school 

ST034Q01TA, ST034Q02TA, ST034Q03TA, 

ST034Q04TA, ST034Q05TA, ST034Q06TA 

6 

Unfairteacher Teacher Fairness ST039  

 

VARIABLES 

RELATED TO 

SCHOOL 

CALENDAR 

AND 

LEARNING 

TIME 

ST060 The number of class 

periods per week 

attended in total 

ST060Q01NA 1 

ST061 Average number of 

minutes in a class 

period 

ST061Q01NA 1 

SMINS Learning time per 

week in science 

(min) 

 

ST059, ST061  

 

VARIABLES 

RELATED TO 

SCIENCE 

LEARNING IN 

SCHOOL 

ST097 Disciplinary climate 

in science classes 

ST097Q01TA, ST097Q02TA, ST097Q03TA, 

ST097Q04TA, ST097Q05TA 

5 

ST098 Inquiry-based 

science teaching and 

learning practices 

ST098Q01TA, ST098Q02TA, 

ST098Q03NA, ST098Q05TA, 

ST098Q06TA, ST098Q07TA, 

ST098Q08NA, ST098Q09TA, ST098Q10NA 

9 

 

 

 

 

VARIABLES 

RELATED TO 

STUDENT’S 

TENDENCY TO 

SCIENCE 

ST092 Environmental 

awareness 

ST092Q01TA, ST092Q02TA, ST092Q04TA, 

ST092Q05TA, ST092Q06NA, 

ST092Q08NA, ST092Q09NA 

7 

ST093 Environmental 

optimism 

ST093Q01TA, ST093Q03TA, ST093Q04TA, 

ST093Q05TA, ST093Q06TA, 

ST093Q07NA, ST093Q08NA 

7 

ST094 Enjoyment of 

science 

ST094Q01NA, ST094Q02NA, 

ST094Q03NA, ST094Q04NA, 

ST094Q05NA 

5 

ST095 Interest in broad 

science topics 

ST095Q04NA, ST095Q07NA, 

ST095Q08NA, ST095Q13NA, 

ST095Q15NA 

5 

ST129 Science self-efficacy ST129Q01TA, ST129Q02TA, ST129Q03TA, 

ST129Q04TA, ST129Q05TA, ST129Q06TA, 

ST129Q07TA, ST129Q08TA 

8 

ST131 Epistemological 

beliefs 

ST131Q01NA, ST131Q03NA, 

ST131Q04NA, ST131Q06NA, 

ST131Q08NA, ST131Q11NA 

6 

 

Data Analysis 

In this study, the analysis of the data was carried out by using the SPSS Statistics 21 package program 

using the CHAID analysis, one of data mining decision trees algorithms. Decision trees are one of the 

most used classification methods. The creation and interpretation of decision trees is simpler than other 

methods. In addition, another advantage of decision trees is that the models they create are successful. 

In order to be able to classify decision trees in practice, a tree model is created in accordance with the 

available data, the data set is applied to this model and classification takes place in accordance with the 

result (Silahtaroğlu, 2013). The CHAID algorithm is one of the most widely used decision tree 

algorithms. 

In this study, it was aimed to determine the variables that best explain science literacy from the variables 

related to the students themselves, their families, homes, and schools. In PISA 2015, 10 different 

PVSCIE coded science scores were calculated from the answers given to the achievement tests. Brown 

and Micklewright (2004) stated that it is difficult to easily combine success statistics into a single 

number in PISA. In order to combine these success statistics, the average score of each country in 
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different tests can be taken into account (Brown & Micklewright, 2004). The average of these 10 

different scores determined for science literacy was taken, and the average science literacy score was 

formed. Since the mean science literacy score has a correlation of around .95 with 10 different score 

types, it was chosen as the dependent variable in this study. Then, the mean of the dependent variable 

obtained was taken (�̅�=443.23), and this value was determined as the cut-off point. Students with a 

science literacy score below the determined value were categorized as “unsuccessful”, and students with 

a science literacy score equal to or higher than the average were categorized as “successful”. After this 

step, CHAID analysis from the data mining decision tree algorithm was performed to find answers to 

the research questions. 

The performance of the tree model created as a result of the CHAID analysis was determined by the 

cross-validation method. Validation shows the generalizability of the established model to the universe. 

In the analysis phase, there are two types of validation: split-sample validation and cross validation 

(Aksu & Karaman, 2016). In split-sample validation, the data is separated into training and test data. 

The purpose of separating the data as training and testing is to determine the performance of the model 

on the data set it encounters for the first time. Some of the datasets are used to train the model, while the 

rest is used to test the model. In this way, models are produced by testing samples. In cross-validation, 

the sample is divided into k subsamples or multiples. A data set with a total of n samples is divided into 

k pieces, each of which contains 𝑛/𝑘 samples. Each time, a different dataset is reserved for testing, and 

the remaining k-1 dataset is used for training. This process is repeated k times, and at the end of each 

classification, the average of the performance values given to the tree is taken, and the performance of 

the model is determined in this way. In this study, the k number was determined as 10, and the data set 

was divided into 10 sub-samples. 

The most important step in the creation of decision trees is to determine the criteria for branching in the 

tree or to create the tree structure according to which attribute values. There are various approaches 

developed for this in the literature. Han et al. (2012) explained these as gain ratio, gini index, 𝜒2 

probability table statistics, and uncertainty coefficient, which takes into account the probability of each 

attribute value. In this study, 𝜒2 probability table statistics were used as the branching criterion in the 

tree. 

 

 

Results 

As a result of the CHAID analysis, a table is given about the correct classification of successful and 

unsuccessful students. Han et al. (2012) presented criteria to evaluate classification accuracy. These are 

accuracy (recognition rate), sensitivity (or recall), specificity, precision, F1, and Fβ. When explaining 

these, four classifications are used: true positives (TP), true negatives (TN), false positives (FP), and 

false negatives (FN). 

True positives (TP) refer to the positive tuples that were correctly labeled by the classifier. True 

negatives (TN) are the negative tuples that were correctly labeled by the classifier. False positives (FP) 

are the negative tuples that were incorrectly labeled as positive. False negatives (FN) are the positive 

tuples that were mislabeled as negative. The evaluation criteria starting from accuracy are introduced 

below: 

• Accuracy: The percentage of test set tuples that are correctly classified by the classifier. 

[(TP+TN)/(P+N)] 

• Sensitivity: The proportion of positive tuples that are correctly identified. 

[TP/P] 

• Specificity: The proportion of negative tuples that are correctly identified. 

[TN/N] 

• Precision: Measure of exactness (i.e., what percentage of tuples labeled as positive are actually 

such) 

[TP/(TP+FP)] 
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• Recall: A measure of completeness (what percentage of positive tuples are labeled as such). it 

is the same as sensitivity (or the true positive rate) 

[TP/(TP+FN)]=TP/P 

• F1 and Fβ: An alternative way to use precision and recall is to combine them into a single 

measure. 

 

The results related to the classification formed as a result of the analysis are given in Table 2. 

 

Table 2 

Classification Table for Success Status 

 Predicted 

Observed Successful Unsuccessful Success Percentage 

Successful (P) 1207 (TP) 284 (FN) 81 

Unsuccessful (N) 565 (FP) 996 (TN) 63.8 

Total Percentage 58.1 41.9 72.2 

 

Table 2 shows that 1207 of 1491 successful students were classified correctly in the model and the 

sensitivity (or recall) was 81%. Similarly, it was determined that 996 of 1561 unsuccessful students were 

classified correctly, and the specificity was 63.8%. It was seen that 1207 of 1772 students who were 

classified as successful were really successful, and the precision in classification was 68.1%. When the 

ratio of 1207 successful students and 996 unsuccessful students who were classified correctly to the total 

number of students was examined, it was determined that the classification accuracy was 72.2%. Apart 

from classification, the risk value table showing the margin of error of the model is given. Accordingly, 

the margin of error of the model was determined as approximately 27.8%. 

As a result of the analysis, a decision tree with 52 nodes and 3 branches was formed. This decision tree 

is given at https://github.com/serifezeybekoglu/karar_agac/blob/main/karar_agac%C4%B1.pdf. 

Predictive variables explaining the students' science literacy, their order of importance on the dependent 

variable, and the frequency and percentage values related to the classification of successful and 

unsuccessful students are seen in the decision tree. When this tree is examined, the CHAID analysis, in 

which the average scores of science literacy are determined as the dependent variable, first of all, there 

is the variable that has the highest effect on the dependent variable. 

There are 3052 students in this study. It is seen that 48.9% (1491) of the students were classified as 

successful and 51.1% (1561) as unsuccessful. According to the results of the CHAID analysis, among 

the items selected from the student questionnaire, the variable that best explains the science literacy of 

the students was the “number of books in home” variable (𝜒2=326.14, p=.000). It was determined that 

five branches occurred at the starting node of this variable in question. It is seen that students who have 

books between “0-10” at home gather in Node 1. Students in this group constitute 21.8% of the entire 

data set, and it was determined that the majority of these students (73%) were unsuccessful. It is seen 

that students who have books between “11-25” at home gather in Node 2. It was determined that the 

majority of these students (61.3%) were unsuccessful. It is seen that the students who have “26-100” 

books at home gather in Node 3. It was determined that the majority of these students (59%) were 

successful. It is seen that students who have books between “101-200” in their home gather in Node 4. 

It was determined that the majority of these students (66.9%) were successful. It is seen that the students, 

who have more than 200 books in their homes, are gathered at Node 5. It was determined that the 

majority of these students (75.8%) were successful.  It is seen that students are significantly more 

successful as the number of books in their homes increases. 

It was determined that the variable that best explains the science literacy of the students who have books 

between “0-10” at home is the item “How informed are you about the use of genetically modified 

organisms?”, which is related to environmental awareness (𝜒2=62.86, p=.000). Two branches occurred 

at the first node to the variable in question. It is seen that the students who responded to this item as “I 

https://github.com/serifezeybekoglu/karar_agac/blob/main/karar_agac%C4%B1.pdf
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have never heard of this” and “I have heard about this but I would not be able to explain what it is really 

about” gathered in Node 6. It was determined that the majority of these students (90.7%) were 

unsuccessful. It is seen that the students who answered the above item as “I know something about this 

and could explain the general issue” and “I am familiar with this and I would be able to explain this 

well” gathered in Node 7. It was determined that the majority of these students (62.5%) were 

unsuccessful. 

It was determined that the variable that best explains the science literacy of students who do not have 

knowledge about the use of genetically modified organisms is the item “Do you think problems 

associated with the use of genetically modified organisms will improve or get worse over the next 20 

years?”, which is related to environmental optimism (𝜒2=19.34, p=.000). According to the variable in 

question, two branches occurred in the sixth node. It is observed that the students who responded to this 

item in the form of “improve” and “stay about the same” were collected in Node 20. It was determined 

that almost all of these students (99.2%) were unsuccessful. It is seen that the students who answered 

“get worse” to the above item gathered at Node 21. It was determined that the majority of these students 

(82.9%) were unsuccessful. After these two branches, the branching is finished before a new node is 

formed. 

It was determined that the variable that best explains the science literacy of the students who have 

knowledge about the use of genetically modified organisms is the item “This school year, approximately 

how many hours per week do you spend learning in addition to your required school schedule in school 

science?” (𝜒2=40.72, p=.000). According to the variable in question, two branches occurred in the 

seventh node. The time that students who answered this item allocate to learning for school science 

varies between 0-800 minutes. It is seen that students with 200 minutes or less of time spent on learning 

congregate at Node 22. It was determined that the majority of these students (77.9%) were unsuccessful. 

Students with more than 200 minutes of learning each week for the school science seem to congregate 

at Node 23. It was determined that the majority of these students (52.4%) were successful. It is seen that 

students are significantly more successful when the time allocated to learning increases. After these two 

branches, the branching is finished before a new node is formed. 

It was determined that the variable that best explains the science literacy of students who have “11-25” 

books at home is the item “Do you think problems associated with the nuclear waste problem will 

improve or get worse over the next 20 years?” (𝜒2=71.36, p=.000). According to the variable in question, 

two branches occurred in the second node. It is seen that the students who responded to this item as 

“improve” and “stay about the same” gathered in Node 8. It was determined that the majority of these 

students (84%) were unsuccessful. It is seen that the students who answered “get worse” to the above 

item gathered at Node 9. It was determined that the majority of these students (52.4%) were 

unsuccessful. 

It was determined that the variable that best explains the science literacy of students who approach the 

nuclear waste problem more optimistically is the item “How many of tablet computers are there at your 

home” (𝜒2=14.91, p=.000). According to the variable in question, two branches occurred in the eighth 

node. It is seen that students who do not have any tablet computers at home gather in Node 24. It was 

determined that the majority of these students (94.3%) were unsuccessful. It is seen that students who 

have at least one tablet computer at home gather in Node 25. It was determined that the majority of these 

students (75.8%) were unsuccessful. After these two branches, the branching is finished before a new 

node is formed. 

It was determined that the variable that best explains the science literacy of students who think that the 

nuclear waste problem will get worsen is the item “In a normal, full week at school, how many class 

periods are you required to attend in total?” (𝜒2=52.35, p=.000). According to the variable in question, 

four branches occurred in the ninth node. The number of class periods attended by students who 

answered this item in a week varies between 10-60 hours. It is seen that students with 39 and less than 

39 class periods in a week gather in Node 26. It was determined that the majority of these students 

(67.1%) were unsuccessful. It is seen that the students who have 40 class periods per week at the school 

gather at Node 27. It was determined that the majority of these students (60.3%) were successful. It is 

seen that the students whose number of class periods is between 40 and 45 per week are gathered in 
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Node 28. It was determined that the majority of these students (74.5%) were unsuccessful. It is seen that 

students with more than 45 class periods in a week gather in Node 29. It was determined that the majority 

of these students (55.7%) were successful. It is seen that the students who have 40 hours of class periods 

and over 45 hours in a week at school are more successful. However, it is also seen that the number of 

class periods more than 40 does not increase the success anymore. After these four branches, the 

branching is finished before a new node is formed. 

It was determined that the variable that best explains the science literacy of students who have between 

“26-100” books at home is the item “In a normal, full week at school, how many class periods are you 

required to attend in total?” (𝜒2=92.85, p=.000). According to the variable in question, four branches 

occurred in the third node. It is seen that students with 39 and less than 39 class periods in a week gather 

in Node 10. It was determined that the majority of these students (58.4%) were unsuccessful. It is seen 

that the students who have 40 class periods per week at school gather in Node 11. It was determined that 

the majority of these students (72.1%) were successful. It is seen that students whose number of class 

periods between 40 and 45 per week at school are gathered in Node 12. It was determined that the 

majority of these students (65%) were unsuccessful. It is seen that students with more than 45 class 

periods per week at school gather in Node 13. It was determined that the majority of these students 

(58.2%) were successful. It is seen that the students who have 40 hours of class periods and more than 

45 hours in a week at school are more successful. However, it is also seen that the number of class 

periods more than 40 does not increase the success anymore. 

It was determined that the variable that best explains the science literacy of students who attend school 

for 39 class periods or less in a week, is the item “How informed are you about the use of genetically 

modified organisms?” (𝜒2=18.82, p=.000). According to the variable in question, two branches occurred 

in the tenth node. It is seen that the students who responded to this item as “I have never heard of this” 

and “I have heard about this but I would not be able to explain what it is really about” gathered at Node 

30. It was determined that the majority of these students (80.3%) were unsuccessful. It is seen that the 

students who answered the above item as “I know something about this and could explain the general 

issue” and “I am familiar with this and I would be able to explain this well” gathered at Node 31. It was 

determined that the majority of these students (51.4%) were successful. It is seen that students with 

better environmental awareness are significantly more successful. After these two branches, the 

branching is finished before a new node is formed. 

It was determined that the variable that best explains the science literacy of the students whose class 

periods in a week is 40 at school is the “Students’ expected occupational status” scale, which is related 

to the student’s own life (𝜒2=56.02, p=.000). The scores students get from this scale range from 16 to 

89. Higher scores on the scale indicate higher levels of expected occupational status. According to the 

variable in question, four branches occurred at the eleventh node. It is seen that students who score 61 

or less from this scale gather at Node 32. It was determined that the majority of these students (52.3%) 

were successful. It is seen that students who score between 61 and 70 on the scale gather at Node 33. It 

was determined that the majority of these students (84.2%) were successful. It is seen that students who 

get 71 points from the scale in question gather at Node 34. It was determined that the majority of these 

students (61.8%) were successful. It is seen that students who score above 71 on this scale gather at 

Node 35. It was determined that the majority of these students (80.3%) were successful. After these four 

branches, the branching is finished before a new node is formed. 

It was determined that the variable that best explains the science literacy of the students whose class 

periods in a week is between 40 and 45, is the item “learning time (minutes per week) in science” 

(𝜒2=18.75, p=.000). According to the variable in question, two branches occurred in the twelfth node. It 

is seen that students who spend 200 minutes or less on learning time gather at Node 36. It was determined 

that the majority of these students (89.1%) were unsuccessful. It is seen that students with more than 

200 minutes of learning time each week for science class gather at Node 37. It was determined that the 

majority of these students (50.6%) were unsuccessful. After these two branches, the branching is 

finished before a new node is formed. 

It was determined that the variable that best explains the science literacy of students who have more 

than 45 class periods per week at school is the item “Is there a computer you can use for school work in 
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your home?” (𝜒2=13.08, p=.000). According to the variable in question, two branches occurred at the 

thirteenth node. It is seen that students who have a computer at home that they can use for school work 

gather at Node 38. It was determined that the majority of these students (69.1%) were successful. In this 

way, it is seen that students who do not have a computer congregate at Node 39. It was determined that 

the majority of these students (73.9%) were unsuccessful. It is seen that students who have a computer 

at home that they can use for school work are significantly more successful. 

It was determined that the variable that best explains the science literacy of students who have books 

between “101-200” at home is the item “When learning school science at school, how often activity that 

students are allowed to design their own experiments occur?” (𝜒2=32.94, p=.000). According to the 

variable in question, three branches occurred in the fourth node. It is seen that the students who answered 

this item as “in all lessons” gathered in Node 14. It was determined that the majority of these students 

(66%) were unsuccessful. It is seen that the students who answered the item as “in most lessons” and 

“in some lessons” gathered in Node 15. It was determined that the majority of these students (67.8%) 

were successful. It is seen that the students who answered this item as “never or hardly ever” gathered 

in Node 16. It was determined that the majority of these students (79.3%) were successful. 

It was determined that the variable that best explains the science literacy of the students who stated that 

they were allowed to design their own experiments in “in all lessons” at school is the item “How much 

do you disagree or agree with the statement that a good way to know if something is true is to do an 

experiment” (𝜒2=12.56, p=.001). According to the variable in question, two branches occurred at the 

fourteenth node. It is seen that students who answered “I agree, I disagree, and I strongly disagree” about 

the importance of experimenting gathered in Node 40. It was determined that the majority of these 

students (86.2%) were unsuccessful. It is seen that the students who answered “strongly agree” to the 

importance of experimenting gathered in Node 41. It was determined that the majority of these students 

(61.9%) were successful. It is seen that students who give importance to experimentation are 

significantly more successful. After these two branches, the branching is finished before a new node is 

formed. 

It was determined that the variable that best explains the science literacy of the students who stated that 

they were allowed to design their own experiments as “in most lessons” and “in some lessons” at school 

is the item “Do you think problems associated with the nuclear waste problem will improve or get worse 

over the next 20 years” related to environmental optimism (𝜒2=16.45, p=.000). According to the variable 

in question, two branches occurred at the fifteenth node. It is seen that the students who responded to 

this item as “improve” and “stay about the same” gathered in Node 42. It was determined that the 

majority of these students (60%) were unsuccessful. It is seen that the students who answered “get 

worse” to the above item gathered in Node 43. It was determined that the majority of these students 

(76.9%) were successful. It is seen that students who think that this environmental problem will worsen 

in the last 20 years are significantly more successful. After these two branches, the branching is finished 

before a new node is formed. 

It was determined that the variable that best explains the science literacy of the students who stated that 

they were allowed to design their own experiments as “never or hardly ever” at school is the item 

“learning time (minutes per week) in science” (𝜒2=19.69, p=.000). According to the variable in question, 

two branches occurred at the sixteenth node. It is seen that students who spend 150 minutes or less on 

learning gather in Node 44. It was determined that the majority of these students (62.5%) were 

unsuccessful. It is seen that students with more than 150 minutes of learning time each week for science 

gather at Node 45. It was determined that the majority of these students (85.7%) were successful. It is 

seen that students are significantly more successful when the time they spend on learning increases. 

After these two branches, the branching is finished before a new node is formed. 

It was determined that the variable that best explains the science literacy of students who have books 

“more than 200” at home is the item “In a normal, full week at school, how many class periods are you 

required to attend in total?” (𝜒2=35.22, p=.000). According to the variable in question, three branches 

occurred in the fifth node. It is seen that students with 39 and less than 39 class periods in a week gather 

in Node 17. It was determined that the majority of these students (51.2%) were unsuccessful. It is seen 

that students who have 40 class periods per week at school gather in Node 18. It was determined that 
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the majority of these students (86.8%) were successful. It is seen that students who have more than 40 

class periods in a week at school gather in Node 19. It was determined that the majority of these students 

(62.5%) were successful. It is seen that the number of class periods more than 40 does not increase the 

success more. 

It was determined that the variable that best explains the science literacy of the students whose number 

of class periods in a week is 39 or less is the item “Are there technical reference books in your home” 

(𝜒2=7.66, p=.006). According to the variable in question, two branches occurred at the seventeenth node. 

It is seen that students who have technical reference books at home gather in Node 46. It was determined 

that the majority of these students (64.3%) were successful. It is seen that students who do not have such 

a technical reference book gather in Node 47. It was determined that the majority of these students (80%) 

were unsuccessful. It is seen that students who have technical reference books at home are significantly 

more successful. After these two branches, the branching is finished before a new node is formed. 

It was determined that the variable that best explains the science literacy of students whose number of 

class periods in a week is 40 at school is the item “My parents encourage me to be confident” (𝜒2=15.50, 

p=.000). According to the variable in question, two branches occurred at the eighteenth node. It is seen 

that students who answered “strongly disagree” about receiving parental encourage gathered in Node 

48. It was determined that the majority of these students (66.7%) were unsuccessful. It is seen that the 

students who answered the item as “disagree, agree, and strongly agree” gathered in Node 49. It was 

determined that the majority of these students (88.6%) were successful. After these two branches, the 

branching is finished before a new node is formed. 

It was determined that the variable that best explains the science literacy of the students whose number 

of class periods in a week is more than 40 hours at the school is the item “Identify the better of two 

explanations for the formation of acid rain” related to science self-efficacy (𝜒2=18.04, p=.000). 

According to the variable in question, two branches occurred at the nineteenth node. It is seen that the 

students who answered this qualification as “I could do this easily” gather in Node 50. It was determined 

that the majority of these students (92.6%) were unsuccessful. It is seen that the students who answered 

this qualification as “I could do this with a bit of effort”, “I would struggle to do this on my own”, and 

“I couldn’t do this” gather in Node 51. It was determined that the majority of these students (59.5%) 

were unsuccessful. It is seen that students who have science self-efficacy and say “I could do this easily” 

are significantly more successful. After these two branches, the branching is finished before a new node 

is formed. 

In addition, the gain values of the obtained nodes are given in Table 3 in order to determine which nodes 

(roots) are the best to classify successful students in the study and to reveal which of these nodes give 

more information. 
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Table 3 

Gain Values for Success Status 
 

Node 

Node Gain  

Ratio of correct answer 

 

Index n % n % 

50. Node 27 0.9 25 1.7 92.6 189.5 

49. Node 176 5.8 156 10.5 88.6 181.4 

45. Node 105 3.4 90 6 85.7 175.5 

35. Node 199 6.5 169 11.3 84.9 173.8 

33. Node 95 3.1 80 5.4 84.2 172.4 

43. Node 108 3.5 83 5.6 76.9 157.3 

38. Node 68 2.2 47 3.2 69.1 141.5 

46. Node 28 0.9 18 1.2 64.3 131.6 

41. Node 21 0.7 13 0.9 61.9 126.7 

34. Node 76 2.5 47 3.2 61.8 126.6 

27. Node 290 9.5 175 11.7 60.3 123.5 

29. Node 70 2.3 39 2.6 55.7 114.0 

23. Node 212 6.9 111 7.4 52.4 107.2 

32. Node 149 4.9 78 5.2 52.3 107.2 

31. Node 

37. Node 

51. Node 

42. Node 

44. Node 

48. Node 

148 

77 

37 

35 

16 

6 

4.8 

2.5 

1.2 

1.1 

0.5 

0.2 

76 

38 

15 

14 

6 

2 

5.1 

2.5 

1.0 

0.9 

0.4 

0.1 

51.4 

49.4 

40.5 

40.0 

37.5 

33.3 

105.1 

101.0 

83.0 

81.9 

76.8 

68.2 

26. Node 143 4.7 47 3.2 32.9 67.3 

39. Node 

28. Node 

25. Node 

22. Node 

23 

98 

132 

204 

0.8 

3.2 

4.3 

6.7 

6 

25 

32 

45 

0.4 

1.7 

2.1 

3.0 

26.1 

25.5 

24.2 

22.1 

53.4 

52.2 

49.6 

45.2 

47. Node 15 0.5 3 0.2 20.0 40.9 

30. Node 66 2.2 13 0.9 19.7 40.3 

21. Node 129 4.2 22 1.5 17.1 34.9 

40. Node 29 1.0 4 0.3 13.8 28.2 

36. Node 46 1.5 5 0.3 10.9 22.2 

24. Node 105 3.4 6 0.4 57 11.7 

20. Node 119 3.9 1 0.1 0.8 1.7 

 

When Table 3 was examined, it was determined that the 50th node was the most effective node in 

separating successful and unsuccessful students (n=25, 1.7%). This node consists of 27 students who 

have science self-efficacy among the students who have more than 200 books in their home and who 

have more than 40 class periods in a week and who state “I could easily identify the better of two 

explanations for the formation of acid rain” and these students are 92.6% correctly classified. In the 

study, the gain values were examined to determine the second most effective node and it was seen that 

it was the 49th node (n=156, 10.5%). This node consists of 176 students who received encourage from 

their parents for self-confidence, among the students who have more than 200 books at home and 40 
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class periods per week at school, and these students were classified correctly at a rate of 88.6%. It was 

determined that the third most effective node in explaining successful and unsuccessful students was the 

45th node (n=90, 6%). Among the students who have 101-200 books in home, those who were not 

allowed to design their own experiments in any school science at school, consisted of 105 students, who 

spent more than 150 minutes on learning each week for the school science, and these students were 

classified correctly at a rate of 85.7%. In addition, it was observed that the 20th node was the least 

informative node in distinguishing students’ achievements (n=1, 0.1%). This node consists of 119 

students who have less than 10 books in the home, who do not have environmental awareness about the 

use of genetically modified organisms, but who think that “the problem of using genetically modified 

organisms will improve or remain the same”, and these students were classified correctly at a rate of 

1.7%. 

 

 

Discussion and Conclusion 

In this study, the variables explaining the science literacy of Turkish students were examined. According 

to these variables, it was determined that the most important variable explaining the science literacy of 

15-year-old students in Turkey is “the number of books in home”. According to this research, the 

percentage of successful students increased significantly as the number of books in home increased. 

Similar to this result, Kaya and Doğan (2017) examined the variables affecting science literacy 

according to PISA 2012 data in their study and compared them with other countries. As a result of the 

research, when the findings were examined, a significant relationship was found between the number of 

books in the students’ homes and science literacy. In addition, a significant difference was observed 

between the status of students having poetry books and world classics at home and their average science 

literacy in all four countries studied. Kahraman and Çelik (2017) aimed to determine the personal and 

environmental factors that affect the success of students according to PISA 2012 results, and it was 

concluded that the number of books at home was effective in the success of science and reading skills. 

Karabay (2013) examined family and school characteristics that affect students’ success throughout 

PISA applications. It was concluded that the number of books in students’ homes was a statistically 

significant predictor for both PISA applications (2003, 2006, 2009) and application areas (reading skills, 

mathematics, and science literacy). In the study of Karweit and Wasik (1992), it was determined that 

the number of books in the students’ homes has a strong effect on science literacy. In a different study, 

Aslanoğlu (2007) examined the factors related to the reading comprehension skills of 4th-grade students 

in Turkey, using the PIRLS 2001 student, teacher, and school questionnaire. When the family 

characteristics of the student were examined, it was concluded that the number of books in the house 

was the most important family characteristic variable. It is very important for students to gain reading 

comprehension skills in order to be successful in national and international exams. It is important for 

students to be able to have books at an early age and to be able to choose reading materials from a wide 

range during their school years in order to become good readers. 

Environmental awareness and environmental optimism of students are also variables that explain 

science literacy. As a result of the research, similar results were obtained from the literature. Acar and 

Öğretmen (2012) examined student and school characteristics that affect the science literacy of Turkish 

students based on PISA 2006 data, and a significant relationship was observed between students’ 

environmental awareness and science performance. Öztürk (2018) examined the variables related to 

environmental literacy that affect the science literacy of students from different socioeconomic levels 

based on PISA 2015 data. As a result of the research, a significant relationship was found between 

students’ environmental awareness, environmental optimism, and science literacy. In addition, 

environmental awareness and environmental optimism differed significantly according to the 

socioeconomic level of the student. A significant relationship was found between environmental 

awareness, environmental optimism, and science literacy at all socioeconomic levels. Çelebi (2010) 

examined the student and school characteristics affecting the science literacy of 15-year-old students in 

Turkey, Canada, and Sweden in PISA 2006. It was determined that students with environmental 

awareness and responsibility for sustainable development develop better science literacy skills. 

However, it was observed that the more awareness and responsibility students have, the less optimistic 



Zeybekoğlu, Ş., Koğar, H. / Investigation of Variables Explaining Science Literacy in PISA 2015 Turkey 

___________________________________________________________________________________ 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575 Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 
Journal of Measurement and Evaluation in Education and Psychology 

158 

they are about the future benefits of scientific and technological developments in solving environmental 

problems. As a result of this study, it is seen that successful students in groups with environmental 

awareness are more successful than successful students in groups with low environmental awareness. 

Likewise, it is seen that successful students in groups who think that environmental problems will 

worsen gradually are more successful than successful students in groups that approach environmental 

problems more optimistically. 

The time students spend on learning science and the number of class periods they attend school in a 

week are other variables that explain science literacy. As the time students spend on learning science 

increases, the percentage of successful students also increases significantly. When the class periods in a 

week at the school were examined, it was observed that the percentage of successful students increased 

up to 40 class periods, but the increase in the number of class periods was not effective in increasing the 

percentage of successful students. As a result of the research, similar studies were obtained. Duman 

(2014) examined the secondary school 6th-grade students’ motivation to learn science in terms of 

various variables, and it was concluded that the motivations of the students did not show a significant 

difference in terms of the number of science lesson hours per week. Anagün (2011) examined the effects 

of variables related to learning-teaching processes on students’ science literacy within the scope of PISA 

2006. When the results of the research were examined, it was seen that the variable that most affected 

the students’ science literacy in terms of learning-teaching processes was the “time devoted to learning”. 

Özer and Anıl (2011) examined the variables affecting students’ science and mathematics achievement 

based on PISA 2006 data. It was concluded that the most important variable affecting students’ science 

achievement is the “time devoted to learning” for science lessons. When the components of this latent 

variable were examined, it was observed that “time students spare for studying science lessons at school 

and doing their homework about these lessons”, “time allotted to private lessons for science lessons 

outside of school hours” and “duration of science lessons attended at school”, respectively. The results 

of the research clearly reveal that the increase in the time allocated to education affects success. 

Another variable that explains science literacy is having facilities and educational resources provided at 

home. It was observed that students who have one or more tablet computers at home, who have a 

personal computer that they can use for school work, and who have a technical reference book are 

significantly more successful. The results of the study were similar to the literature. In their study based 

on PISA 2012 results, Kahraman and Çelik (2017) found that the number of computers at home affected 

students’ science and reading skills, and Kaya and Doğan (2017) found that there was a significant 

relationship between the number of computers and mobile phones at home and science literacy. In 

Karabay’s (2013) study, it was concluded that the student’s having a computer at home and having a 

room of his own were a significant predictor of both PISA applications (2003, 2006, 2009) and 

application areas (mathematics, science, reading skills). In another study by Karabay (2012), it was 

found that the facilities provided to the students at home significantly predicted the PISA science literacy 

scores during the application periods (2003-2006-2009). Likewise, Çeçen (2015) concluded that the 

facilities provided at home are a significant predictor of science literacy for the PISA application periods 

(2003, 2006, 2009, 2012). In the study of Chiu (2007), the relationship between the characteristics of 

students in 41 countries and science literacy was examined. It was concluded that students with 

educational resources were more successful. Considering that one of the most important variables 

affecting science literacy is the opportunities provided to students at home and the educational resources 

that students have, it is clearly seen that enriching the educational environment at home is effective on 

the success of students. 

Students’ expected occupational status is one of the variables that affect science literacy. High scores 

obtained from the scale created to determine the occupational expectations of students in PISA 2015 

indicate better levels of expected occupational status. In general, it was observed that the percentage of 

successful students increased significantly as the occupational expectation increased. As a result of the 

research, similar studies were obtained. In the study conducted by Can and Taylı (2014) to examine the 

career development of secondary school students, it was found that students who think of choosing high 

schools that will take students with exams and high scores have a higher career development level than 

students who think of choosing high schools that will enter without exams. In many studies in the 

relevant literature, it has been concluded that the higher the perceived academic achievement, the higher 
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the professional maturity level and career development of the students (Acısu, 2002; Bacanlı & Sürücü, 

2011; Bal, 1998; Lawrence & Brown, 1976). However, in some studies, it has been determined that 

there is no relationship between perceived academic success and professional maturity level (Powell & 

Luzzo, 1998; Sahranç, 2000). It is very important for students to have a goal in line with their interests 

and abilities in the education process. Students who do not have any goals and continue to the 

educational ladder will not contribute enough to themselves or society in their future lives. 

Another variable that explains science literacy is students’ science self-efficacy. In this study, it was 

observed that students with high science self-efficacy were significantly more successful. As a result of 

the research, similar results were obtained with the literature. Usta (2009) examined the affective factors 

affecting students’ science literacy based on PISA 2006 data. As a result of the research, it was 

determined that the students’ self-sufficiency in science had a direct effect on science literacy. The fact 

that they consider themselves sufficient ensures that their science performance increases. Similarly, in 

the study conducted on PISA 2006 data, it was concluded that the science self-efficacy of the students 

was effective in science literacy (Acar & Öğretmen, 2012; Çalışkan, 2008). In a study conducted by 

Areepattamannil et al. (2011) on 15-year-old students in Canada, it was observed that students’ 

motivational beliefs such as self-efficacy have a positive effect on science achievement. In a study 

conducted by Sun et al. (2012) based on the results of PISA 2006 in Hong Kong, it was observed that 

students with high motivation and self-efficacy tended to show a high level of science achievement. 

Parental support is also one of the variables that explain science literacy. In this study, it was observed 

that the success percentage of students who stated that they did not encourage from their families in 

terms of self-confidence was lower. As a result of the literature review, many studies have been found 

showing that the support of the family affects student success. However, it has been observed that the 

studies conducted are mostly related to the socioeconomic status and demographic characteristics of 

families. In the study of Satır (1996), it was observed that the academic success of the children of the 

families who are interested in their child, who create a working environment for their child, who honor 

him when he succeeds, encourage him to work tirelessly when he fails, is higher. In Malkoç’s (1993) 

research, it was concluded that a large part of school success was achieved with the contribution of the 

family. In the study of Diaz (1989), it was determined that students who are at risk of failing in the 

classroom and who have low academic success do not have family support and attention. In addition, it 

was concluded that problems in the family and parental inconsistencies were also negative factors in 

school success. It has been observed in many studies that findings related to family support affect 

academic achievement (Epstein, 1991; Fan & Chen, 2001; Yıldırım, 2000). 

Epistemological beliefs are the beliefs held by individuals about the process of defining, creating, and 

evaluating information in mind. In this study, a significant relationship emerged between scientific 

epistemological belief dimensions, acquiring knowledge, verifying knowledge, and scientific literacy. 

It has been observed that the success percentage of students who attach great importance to the 

verification of knowledge is higher. Similar results have been obtained in the literature. In Özbay’s 

(2016) study examining the relationship between middle school students’ science achievement and their 

epistemological beliefs and mental risk-taking tendencies, it was concluded that there is a relationship 

between epistemological beliefs, mental risk-taking tendency, and science achievement. Evcim et al. 

(2011) examined the relationship between 8th-grade students’ epistemological beliefs, their ability to 

solve problems they encounter in daily life, and their academic achievements. As a result of the research, 

a significant relationship was determined between the epistemological beliefs of the students and their 

academic achievement in general. Cano (2005) found a significant relationship between epistemological 

beliefs and academic achievement in his study on Hispanic students at the secondary school level. Muis 

and Franco (2009), in their study examining the relationship between epistemological beliefs, learning 

approaches and achievement, concluded that epistemological beliefs affect learning approaches and 

success. 

The learning-teaching environment created for students is one of the variables that explain science 

literacy. As a result of the literature review, it was concluded that the creation of inquiry-based learning 

environments for students positively affects their science achievement (Akpullukçu, 2011; Anagün, 

2011; Atun, 2016; Duban, 2008; Keçeci, 2014). However, in this study, it was determined that the 
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success percentage of students who were prepared an inquiry-based learning environment and were 

allowed to design their own experiments was lower. The effect of the learning-teaching environment 

created in the course on student achievement surprisingly gave different results with the literature. It is 

difficult to explain the reason for this situation. The types of questioning that teachers use in the lesson 

and how students perceive it should be investigated. When the literature is examined, the types of inquiry 

are divided into confirmation inquiry, structured inquiry, guided inquiry, and open inquiry. Some 

researchers state that it is necessary to use open inquiry to develop students’ research and higher-order 

thinking skills, and that structured and guided inquiry is not sufficient (Berg et al., 2003; Chinn & 

Malthora, 2002). However, some argue that structured and guided inquiry both prevents the student 

from wasting time and reduces their fear of failing and not reaching the right result (Trautmann et al., 

2004). When the results obtained from the literature are examined in general, it can be said that 

structured inquiry activities are not sufficient to develop students’ high-level thinking skills. In many 

studies, the questioning method used by the teacher in the learning environment was not mentioned. As 

can be seen, both structured and open inquiry methods have advantages and disadvantages. The 

important thing is to apply the method appropriate to the level of the students in the learning 

environment. The questioning methods applied by the teachers in the classroom environment need to be 

examined in more detail. In addition, based on the item “my teacher allows me to design my own 

experiments” in the scale, it should be questioned what kind of learning environment successful and 

unsuccessful students expect in this regard. 

Some adjustments can be made in line with the results obtained as a result of this research. It is seen that 

the variable that best explains students’ science literacy is the number of books in home. Therefore, it is 

recommended to ensure that students have access to various reading materials at home and to improve 

other facilities provided at home. Parents should be more careful about making their children feel their 

love, support, and trust. It is suggested that the curricula should be reviewed and the quality of the time 

allocated to science courses should be given due importance as much as the quantity. The learning and 

teaching environment should be rearranged to increase students’ science self-efficacy and 

epistemological beliefs. Families and teachers should raise awareness of students and give the necessary 

support to raise their professional expectations. 

This research has some limitations in terms of handling only the data in the PISA 2015 Turkey sample. 

Researchers can also examine the PISA applications made in different years and examine the changes 

in the variables that affect success over the years. In addition, the variables affecting success in other 

countries can be examined and compared with the results obtained in Turkey. Furthermore, it is 

recommended to re-examine the classification results obtained for science literacy with different 

analysis methods. 
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