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Investigation of Classification Validity in TIMSS 2019 Proficiency
Classification of Students in Terms of Various Variables

Abstract

In this study, it was aimed to determine the variables affecting students' proficiency
classification by using the data of 4th-grade students participating in the TIMSS 2019
application in the fields of mathematics and science. For this purpose, it was tried to
provide evidence for classification validity with the variables of school belonging,
bullying, home resources for learning, self-efficacy for computer use, disorderly
behavior in Math lessons, like learning Math/Science, confident in Math/Science and
instructional clarity in Math/Science lessons. The study was conducted with a
correlational design. The sample of the study consisted of 3887 students in both lessons,
which remained as a result of the missing data deletion and assignment processes from
4028 students who originally participated in the application. Logistic regression and
discriminant analysis were used to analyze the data. As a result of the study, it was
determined that 41.6% for Mathematics and 43% for Science in logistic regression
analysis and 42.5% for Mathematics and 45% for Science in discriminant analysis were
correctly classified through independent variables. The results obtained from the study
were discussed in the light of the literature and recommendations for both researchers
and practitioners were presented.

Keywords: Logistic regression, discrimination analysis, TIMSS 2019, Mathematics and
Science, international benchmarks.

Ogrencilerin TIMSS 2019 Yeterlik Siniflamasinda Siniflama
Gecgerliginin Cesitli Degiskenler A¢isindan Incelenmesi
0z

Bu galismada, TIMSS 2019 uygulamasina katilan 4. sinif dgrencilerinin matematik ve fen
bilimleri alanlarindaki verileri kullanilarak égrencilerin yeterlik siniflandirmasina etki eden
degdiskenlerin belirlenmesi amaglanmigtir. Bu amagla okula aidiyet, zorbalik, 6grenme
icin ev kaynaklar, bilgisayar kullanimi igin 6z yeterlik, Matematik derslerinde dlzensiz
davranig, Matematik/Fen 6grenmeyi sevme, Matematik/Fen'de kendine guven ve
Matematik/Fen derslerinde 6gretimsel netlik degiskenleri ile siniflama gegerligine kanit
saglanmaya calisiimistir. Calisma korelasyonel bir tasarimla yuratalmustar. Galismanin
6rneklemi, baglangigta uygulamaya katilan 4028 dgrenciden kayip veri silme ve atama
islemleri sonucunda kalan her iki dersteki 3887 6grenciden olugsmaktadir. Verilerin
analizinde lojistik regresyon ve diskriminant analizi kullaniimistir. Calisma sonucunda,
ogrencilerin yeterlilik siniflan bagimsiz degiskenler olarak ele alindiginda, lojistik
regresyon analizinde Matematik icin %41,6 ve Fen Bilimleri i¢in %43; diskriminant
analizinde ise Matematik icin %42,5 ve Fen Bilimleri icin %45 olarak belirlenmisgtir.
Calismadan elde edilen sonuglar literatlr isiginda tartisilmis ve hem arastirmacilara hem
de uygulayicilara yonelik éneriler sunulmustur.

Anahtar Kelimeler: Lojistik regresyon, ayirma analizi, TIMSS 2019, Matematik ve Fen
Bilimleri, yeterlik siniflamalari.
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1. Introduction

There are different definitions of validity in the literature. In its most general definition, validity
is the degree to which a measurement tool can accurately measure the characteristic it aims
to measure without confusing it with any other characteristic (Tekin, 1977). In other words, it is
the degree to which the measurement tool serves the purpose (Crocker & Algina, 2006). Kane
(2001) determined a criterion as the value of the trait of interest and stated that the test would
be valid if an accurate prediction is made according to this criterion. Cureton (1951) stated that
validity can be accurately determined with criterion-resistant models. In addition, Campbell and
Fiske (1959) stated that there are convergent and discriminant validity under criterion validity.
However, criterion validity may not be sufficient for all tests. In this case, another strategy that
can be considered is content validity, and especially in achievement tests, evidence of content
validity needs to be provided (Schmidt, 2012). In addition to these definitions, a concept that
has been introduced is construct validity. Cronbach and Meehl (1955) stated that construct
validity would be an alternative to content and criterion validity. Messick (1995) stated that with
the unified validity concept, all types of validity can be gathered under the same roof of
construct validity. In addition to the types of validity defined in this section, it is also suggested
to use the concept of "classification validity" to determine the consistency of classification
decisions made with measurement tools used for selection, placement and diagnosis (Erkus,
2004). It is stated that the main focus in the concept of validity, which is examined under
different subheadings, is that a test should have a high predictive power of success and failure
and contribute to making the right decisions (Murphy & Davidshofer, 2001). At this point, the
concept of classification validity is not separated from other concepts (Saral, 2012); however,
while construct and criterion validity are more related to the structure of the questions in the
test and their relationship with the criterion, classification validity is related to whether the
decisions made based on the test results are correct (Guzeller & Kelecioglu, 2006).

There are different statistical methods used to determine the accuracy in classifying individuals
in order to collect evidence for classification validity. When the literature is examined, it is seen
that there are studies stating that logistic regression and discriminant analysis provide evidence
for classification validity (Atar, 2012; Glzeller & Kelecioglu, 2006; Kan, 2004; Saral, 2012;
Tasdemir, 2015). Guzeller and Kelecioglu (2006) examined the validity of placements based
on subtest raw scores in Secondary Education Institutions Student Selection Exams. For this
purpose, discriminant analysis was used as the analysis method. The discrimination functions
obtained based on the subtests were found to be effective in separating public science high
schools from private and Anatolian high schools; however, they were not effective in separating
students placed in private science high schools and Anatolian high schools. The correct
classification rate of public science high schools was 96%; the correct classification rate of
private science high schools was 36.7% and the correct classification rate of Anatolian high
schools was 52.7%. In the study, Atar (2012) examined the classification accuracy to determine
whether the calculation method used by OSYM in placing students into teaching programs
requiring special aptitude works in the expected direction in real practice. For this purpose,
logistic regression and discriminant analysis were performed. As a result of the study, it was
seen that the sub-score type weights determined by OSYM did not work as expected in
practice and an alternative calculation method was presented. In this study, two methods
recommended in the literature were used. These methods are logistic regression and
discriminant analysis. In both analysis methods, the class of individuals is predicted from the
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independent variables determined. At this point, it is important to determine the independent
variables that are thought to be effective in assigning individuals to the proficiency class. In this
direction, a literature review was conducted and the variables to be included in the study were
determined.

There are many studies examining the variables affecting students' achievement in
Mathematics and Science in large-scale exams conducted in Turkiye (Akylz, 2006; Coskun &
Karakaya-Ozer, 2023; Karabay, Yildirm, & Giiler, 2015; Karali, Varol-Palancioglu, & Aydemir,
2022; Ozer & Anil, 2011; Sahin, Celik, & Yildirm, 2022; Sevgin & Eranil, 2023; Yavuz,
Demirtasli, Yalgin, & Dibek, 2017). When the studies conducted by years are examined, Akylz
(2006) examined the variables affecting TIMSS mathematics achievement with HLM
(Hierarchical Linear Modeling) analysis and determined that students' home resource status
affected achievement. Dogan and Baris (2010) examined the predictive power of attitude, value
and self-efficacy variables on students' Mathematics achievement in TIMSS 1999 and TIMSS
2007 assessments by using standard multiple regression technique and found that all three
variables were significant in predicting Mathematics achievement in TIMSS 2007. Yavuz et al.
(2017) examined the variables affecting students' Mathematics achievement with HLM analysis
and found that while the variable of students' self-confidence in mathematics had a significant
effect on TIMSS achievement in 2011, it did not have a significant effect in TIMSS 2007. They
also stated that the value that students placed on mathematics did not show a significant
relationship with students' mathematics achievement in both implementation periods. Sahin et
al. (2022) used path analysis in their study in which they examined various factors affecting the
Mathematics achievement of 8th grade students participating in the TIMSS 2019 application
and as a result of the study, they determined that instructional clarity significantly affected
academic achievement. In another study, Coskun and Karakaya-Ozyer (2023) examined the
factors affecting the Mathematics achievement of 8th grade students in TIMSS 2011, 2015 and
2019 applications with HLM analysis. As a result of the study, it was determined that students'
self-confidence was one of the most important characteristics affecting their Mathematics
achievement in all three applications; in addition, home resources for learning also affected
students' Mathematics achievement. In their study, Sevgin and Eranil (2023) examined the
variables in both Mathematics and Science that affect school engagement in the TIMSS 2019
application and as a result of the study, it was determined that the order of importance of the
variables in both fields was similar and, in this context, one of the most important variables
affecting school engagement was the level of bullying at school. Considering the positive effect
of school engagement on students' academic achievement (Ladd & Dinella, 2009; Upadyaya,
& Salmela-Aro, 2013), it is considered appropriate to determine the effect of school bullying
variable on the classification of students into international benchmarks in Mathematics and
Science. When the studies are examined, it is seen that the factors affecting achievement are
handled in various ways. In this study, school belonging, school bullying, home resources for
learning, self-efficacy for computer use, which are thought to affect students' proficiency
classification, were included in the analyses for both fields. In addition, the variables of
disorderly behaviour in Math lessons, like learning Math, confident in Math and instructional
clarity in Math lessons were included in the analysis for Mathematics, and the variables of like
learning Science, confident in Science and instructional clarity in Science lessons were
included in the analysis for Science.
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The main purpose of TIMSS is to help improve education and training in mathematics and
science worldwide. Considering the purpose of TIMSS, this test, which is also administered in
Tarkiye, is used to monitor student achievement trends and to compare achievement results
with other countries participating in the test. In achievement comparisons, raw scores can be
compared or proficiency classifications can be used. In this case, it is thought to be important
to determine the effective variables in the formation of proficiency classifications and to provide
direction for future studies.

The following research problems were formulated within the scope of the study:

o How is the classification accuracy according to logistic regression analysis in terms of
various variables in the classification of 4th grade students participating in the TIMSS
2019 into international benchmarks in Mathematics and Science?

¢ How is the classification accuracy according to the discriminant analysis in terms of
various variables in the classification of 4th grade students participating in the TIMSS
2019 into international benchmarks in Mathematics and Science?

e To what extent do the classification validity evidence obtained from logistic regression
and discriminant analysis overlap?

2. Methods
In this section, the methodology of the study, the population and sample, the dependent and
independent variables and the analysis of the data were presented.

2.1. Study Design

In this study, it was aimed to examine and compare the results of different analysis techniques
through independent variables in the classification of students according to their proficiency
levels in Mathematics and Science with TIMSS 2019 data. A correlational research model was
used in the study. The aim of the correlational research model is to determine the existence
and degree of the relationship between variables and to predict the other from the data of one
variable (Karasar, 2014).

2.2. Study Sample

The data used in this study consist of student data participating in TIMSS 2019. In TIMSS 2019,
a two-stage process was followed in sample selection. First, random sampling method was
used in which all schools in Turkiye have equal probability of being selected. In the second
stage, a random branch was selected from each selected school and the exam is administered.
As a result of this sampling, a total of 4028 4th grade students participating in the TIMSS 2019
application constitute the sample of the study.

2.3. Variables Included in the Analysis

In this section, the dependent and independent variables and the measurement tools used to
measure these variables are discussed.

2.3.1. Dependent Variable

In TIMSS 2019, international mathematics and science benchmarks are defined for students
participating in the application at the 4th grade level. These levels are briefly as follows:

1 = Below 400
2 = At or above 400 but below 475
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3 = At or above 475 but below 550
4 = At or above 550 but below 625
5 = At or above 625

Within the scope of the study, both Mathematics and Science classifications were included in
the analysis as separate dependent variables.

2.3.2. Independent Variables

Sense of School Belonging: It is administered to determine students' sense of belonging to
school. Within the scope of this measurement tool, 5 items are directed to the students and the
students are asked to respond to these items with a 4-point Likert scale with 1: strongly agree
and 4: strongly disagree. The reliability coefficient (Cronbach a) for the scale was estimated as
0.66 (Yin & Fishbein, 2019).

Students' Bullying: This instrument asks students how often they are subjected to disturbing
behaviors by other students. There are 11 items in the instrument and students are asked to
respond to the items on a 4-point Likert scale: 1: at least once a week; 2: once or twice a month;
3: a few times a year; and 4: never. The reliability coefficient (Cronbach a) for the scale was
estimated as 0.83 (Yin & Fishbein, 2019).

Home resources for learning: In this context, students are asked about the educational
resources available in their homes. While 5 of these items are the same for all students, 4 of
them include country-specific home resources. Students are asked to answer yes/no whether
they have these resources or not. The reliability coefficient (Cronbach a) for the scale was
estimated as 0.75 (Yin & Fishbein, 2019).

Self-Efficacy for Computer Use: In this context, students are asked about the extent to which
they feel competent in using computers. There are 7 items in total in this measurement tool
and students are asked to respond to these items with a 4-point Likert scale as "never", "some

lessons”, "about half the lessons" and "ever tired almost every lesson".

Disorderly Behavior in Math lessons: In this context, there are items to determine the frequency
of disruptive behaviors in Mathematics lessons. There are a total of 6 items in this measurement
tool and students are asked to respond to these items with a 4-point Likert scale with 1: strongly
agree and 4: strongly disagree. The reliability coefficient (Cronbach a) for the scale was
estimated as 0.83 (Yin & Fishbein, 2019).

Like Learning Mathematics/Science: In this context, items were presented to the students
regarding their liking for the related course in both Mathematics and Science. There are 9
items in both measurement tools and students are asked to respond to the items on a 4-point
Likert scale with 1: strongly agree and 4: strongly disagree. The reliability coefficient (Cronbach
a) for the scale related to like learning mathematics and science were estimated as 0.88 and
0.86, respectively (Yin & Fishbein, 2019).

Confidence in Mathematics/Science: In this context, items were presented to the students to
measure their confidence in the relevant course, both in Mathematics and Science. There are
7 items in both measurement tools and students are asked to respond to the items on a 4-point
Likert scale with 1: strongly agree and 4: strongly disagree. The reliability coefficient (Cronbach

60



Ictimaiyat, Tiirk Egitim Sisteminde Dedisimler ve Yeni Egilimler Ozel Sayisi, 2024

a) for the scale related to confidence in mathematics and science were estimated as 0.84 and
0.81, respectively (Yin & Fishbein, 2019).

Instructional Clarity for Mathematics/Science: In this context, students were presented with
items to measure their confidence in both Mathematics and Science. There are 6 items in both
measurement tools and students are asked to respond to the items on a 4-point Likert scale
with 1: strongly agree and 4: strongly disagree. The reliability coefficient (Cronbach a) for the
scale related to instructional clarity for mathematics and science were estimated as 0.70 and
0.76, respectively (Yin & Fishbein, 2019).

2.4. Data Analysis
2.4.1. Preliminary Analysis

Two different methods were used to analyze the data. These were logistic regression analysis
and discriminant analysis. Below were the equations and explanations of these two methods.
However, some assumptions needed to be tested before these methods. Some assumptions
needed to be tested for multivariate analysis before the two methods used in the analysis. In
this section, these assumptions were given first.

Missing values that exhibit a random pattern in large data sets do not cause serious problems
in the analysis (Tabachnick & Fidell, 2013). It is also stated that if the amount of missing data
does not exceed 5% of the total data, it can be ignored. Descriptive statistics on the
percentages of missing data were presented in Table 1.

Table 1: Missing Values

Variables f %
School_Belong 135 3,35%
Bullying 126 3,12%
Home_resource 279 6,9%
Self_efficacy_ICT 23 0,57%
Ins_Clarity_M 72 1,78%
Liking_M 27 0,67%
Confident M 83 2,06%
Dis_Beh_M 72 1,78%
Ins_Clarity_S 46 1,14%
Liking_S 44 1,09%
Confident _S 61 1,51%

School_Belong: Sense of School Belonging; Bullying: Students' Bullying; Home_resource: Home resources for learning;
Self_efficacy_ICT: Self-Efficacy for Computer Use; Ins_Clarity_M: Instructional Clarity for Mathematics; Liking_M: Like Learning
Mathematics; Confident _M: Confidence in Mathematics; Dis_Beh_M: Disorderly Behavior in Math lessons; Ins_Clarity_S:
Instructional Clarity for Science; Liking_S: Like Learning Science; Confident _S: Confidence in Science.

Table 1 showed that the missing data rates for almost all variables were below 5%. Only for the
home resources variable, this value was more than 5%. When the literature is examined, many
methods are suggested for the missing data problem (Tabachnick & Fidell, 2013). In this study,
the average assignment method was used for missing data and average values were given for
missing values of individuals.

Outliers are extreme values that are not considered appropriate for the data set when
compared to other data. These extreme values may be erroneous or may reflect reality. The z
scores are calculated for the data related to the variables in the analysis and the data that are
outside the +3 values can be characterized as outliers (Cokluk, Sekercioglu & Buyukdzturk,
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2012). For the outlier analysis, z scores were obtained and a total of 141 student data were
excluded from the analysis for each variable. As a result, 3887 student data were analyzed.

For normality, skewness and kurtosis values of the data are calculated and if these values are
within the range of %1, it is shown as evidence that the data do not deviate excessively from
normal (Cokluk et al., 2012). Statistics regarding the normality of the data were calculated and
skewness and kurtosis values were examined for each variable. As a result of the examinations,
it was determined that the data showed normal distribution.

2.4.2. Logistic Regression

Logistic regression analysis is an analysis method that allows the prediction of group
membership from a group of continuous, binary or a mixture of these variables. In a linear
regression analysis, it is not correct to include a categorical variable in the analysis as
continuous (Tabachnick & Fidell, 2013). In this case, logistic regression analysis is used
because the variables are categorical or ordinal. The basis of logistic regression analysis is to
create a regression equation that will be used to predict which group individuals are in, in other
words, to predict group membership (Cokluk, et al., 2012)

Logistic regression analysis is analyzed under 3 types. If the dependent variable consists of
three or more categories and these categories are ordinal, it is called Ordinal Logistic
Regression. In this study, there are 5 ordinal categories (advanced level, upper level, middle
level, lower level and below lower level). Therefore, the study can be expressed as Ordinal
Logistic Regression analysis. Independent variables can be categorical or continuous.

In ordered logistic regression, threshold values are obtained as 1 minus the number of classes
in the dependent variable and are called “C”. For example, for c=1, these values represent the
threshold value between class 1 and class 2 in the dependent variable. That is, when the effect
of the predictor variables is held constant or zero, it is the estimated cut-off point used to
distinguish the membership of class 1 in the dependent variable from the other classes.

The mathematical basis of logistic regression is probability, odds and logarithm of odds.

odds = & (1)

Here p(X) gives the probability of an event happening and 1-p(X) gives the probability of the
event not happening. The outcome model obtained here is a non-linear function. The main
focus of logistic regression is the concept of “logit”. The logit concept is equal to the natural
logarithm of the odds value. The result is given in equation (2).

= eu

Y, = (2)

T 1tev

Y; : The estimated probability that person i is in any category of the dependent variable
U:By+Bi X1 +Ba Xo+Bs Xs+............ + B Xk

As a result, the logistic regression formula we obtained can be expressed in Equation (3).

In(%):BO+B1X1+82X2+B:3X3+ ............ +kak (3)
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As can be seen in Equation (3), there are k independent variables in the logistic regression
model (k=1,2,3,....,k). These variables can be included in the model in different ways. For this
reason, the model to be used should be decided first. In this study, the standard (enter) method
was used to include the variables in the analysis. In this method, all independent variables are
included in the regression model as a block and parameter estimates are calculated for each
block (Cokluk et al., 2012).

2.4.3. Testing Assumptions in Logistic Regression Analysis

In logistic regression analysis, there are no assumptions regarding the distribution of the
independent variables in the model (Tabachnick & Fidell, 2013). However, as in other
analyses, multicollinearity and outlier were checked before the analysis.

2.4.4. Discrimination Analysis

One of the methods that can be used in a study with a dependent variable consisting of two or
more categories is discriminant analysis. In discriminant analysis, the relationships between
variables can be determined as well as which of the variables contributes best to the
classification (Tabachnick & Fidell, 2013).

In discriminant analysis, individuals are already members of a group, but it should be taken into
account that some individuals are incorrectly assigned to groups (Cokluk et al., 2012). In other
words, discriminant analysis provides evidence for the validity of the classification made at this
point.

In the discriminant analysis, each individual should have a score or scores belonging to one or
more quantitative variables and a categorical variable value indicating group membership. In
this analysis, quantitative variables are called "independent variables" and variables indicating
group membership are called "dependent variables".

A function calculated in the discriminant analysis is the discriminant function, and the
discriminant function is obtained as the number of degrees of freedom for the groups or the
number of predictor variables, whichever is smaller. In analyses, one or two discriminant
functions usually account for a significant proportion of the discriminant power. Discriminant
functions are similar to regression equations.

Di = a; + bile + biZXZ + -+ bipo (4)

D; : predicted score for i. discriminant function

X, raw score for the predictor variable of p

a;: constant for discriminant function i

b;,: the unstandardized partition function coefficient of the p. predictor variable.

A classification equation is obtained for each group to assign individuals to groups (Tabachnick
and Fidell, 2013). The individual is assigned to the group with the highest classification score.

C] == Cjo + leXl + CjzXz + o + C]'po (5)
C; : classification function score for group |
X, . p. raw score of predictor variable of p.

¢jp - classification function coefficient of the predictor variable of p
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¢jo - the classification function constant for group j.
2.4.5. Testing Assumptions in Discriminant Analysis

First of all, it should be checked whether the assumptions of the discriminant analysis are met
in order for the analysis to be in the most appropriate way and to minimize misclassification.
As in multivariate statistical analyses, sample size, normal distribution, homogeneity of
variance-covariance matrices, outliers and multicollinearity are the assumptions to be
examined in discriminant analysis. Regarding the sample size in discriminant analysis, it is
stated that the sample should be large enough (e.i, at least 20 for each group) (Gdcer-Sahin,
2022). Since TIMSS 2019 data were used in the study, the sample is large enough and this
assumption was met. In order to meet the assumption of normal distribution, skewness and
kurtosis values were checked. Since the skewness and kurtosis values of the variables varied
between x1, it was accepted that the normality assumption was met. Box's M statistic results
were analyzed to test the assumption of equal variance-covariance. A significant Box's M
statistic means that the variance-covariance matrices are not homogeneous. If the result is not
significant, quadratic decomposition analysis is used. According to the result obtained, it is
seen that the covariance matrices were not equal to each other. The discrimination power of
the linear discriminant function is greatly affected when the covariance matrices are not equal.
Therefore, it was decided to use quadratic discriminant analysis in the analysis due to the
unequal covariance matrices. At the beginning of the analysis, necessary checks were made
for missing data and outliers and the data were organized. The problem of multicollinearity
occurs when there is a correlation above .90 between variables (Tabachnick & Fidell, 2013). In
order to check this assumption, the correlation between the total scores of the students from
each independent variable was examined and it was seen that the highest correlation value
was not high enough to create a multicollinearity problem.

3. Findings

3.1. Findings for Logistic Regression
First, logistic regression analysis was performed to determine the classification accuracy in
terms of various variables in the classification of 4th grade students participating in TIMSS

2019 according to international benchmarks in Mathematics and Science. The fit values for the
entire model were given in Table 2.

Table 2. Results of Fit Values for the Model

Model -2 Log likelihood (-2LL) Chi-Square df Sig.
4th-grade Intercept Only 12033.223
Mathematics Final 9998.329 2034.895 8 000
4th-grade Intercept Only 11253.808
Science Final 9610.264 1643.544 7 .000

The log-likelihood values in the results are related to the fit of each model to the data. If the
test results are significant, it means that the variables included in the model contribute
significantly to the improvement of the model. As a result, all independent variables included
in each model contributed significantly to the identification of the models. The first row in the
table (intercept only) shows the results for the model without independent variables, while the
second row shows the results when independent variables are included in the model. When
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the values were examined, it was seen that the relevant value was significant. In this case, it
was concluded that the model fits the data well for both subject areas.

The coefficients of the variables in the logistic regression model for the classification of
students according to their proficiency levels, the standard errors of these coefficients, "Wald
Statistics" and the significance levels of these statistics were presented in Table 3.

Table 3. Parameter Estimates

Variables B Std. error Wald df Sig.
Threshold  C=1 8.264 .327 636.922 1 .000

C=2 9.755 .335 848.267 1 .000

C=3 11.440 .348 1082.247 1 .000

@ C=4 13.485 .365 1364.940 1 .000
g School_Belong -.035 .018 3.685 1 .055
% Bullying .091 .018 27.190 1 .000
% Home_resource .629 .020 954.857 1 .000
g Self_efficacy_ICT .047 .017 7.517 1 .006
§ Ins_Clarity_M .091 .019 23.192 1 .000
Liking_M -.045 .022 4.240 1 .039

Confident _M .398 .020 388.577 1 .000
Dis_Beh_M .005 .017 .106 1 .745

Threshold  C=1 7.102 .308 531.157 1 .000

C=2 8.584 .315 742.633 1 .000

C=3 10.451 .329 1009.050 1 .000

o C=4 12.865 .348 1368.259 1 .000

,§ School_Belong -.045 .018 6.609 1 .010
g Bullying .094 .017 31.018 1 .000
g Home_resource .600 .020 894.804 1 .000

§ Self_efficacy_ICT .093 .017 28.799 1 .000
Ins_Clarity_S .037 .020 3.284 1 .070

Liking_S .084 .020 17.292 1 .000
Confident _S .205 .021 96.693 1 .000

In table 3, when the threshold parameters for classification in mathematics were examined, the
threshold value between 1st and 2nd grade in the dependent variable was estimated as 8.26.
That is, when the effect of predictor variables is zero, the estimated cut-off point obtained for
the 1st class membership in the dependent variable is 8.26. This value was estimated as 9.76
for the separation of 2nd and 3rd class, 11.44 for the separation of 3rd and 4th class and 13.49
for the separation of 4th and 5th class. In science, the threshold value between 1st and 2nd
grade in the dependent variable was estimated as 7.10. This value was estimated as 8.58 for
the separation of 2nd and 3rd class, 10.45 for the separation of 3rd and 4th class and 12.87 for
the separation of 4th and 5th class.

The beta values in the table are interpreted as regression coefficients. For example, for
Mathematics, when the effect of other independent variables was held constant, an increase
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of 1 unit in the variable “home resources for learning” corresponded to an increase of 0.629
units in the logarithm of the odds ratio. Similarly, in Science, holding the effect of other
independent variables constant, a 1-unit increase in the variable “home resources for learning”
corresponded to a 0.600-unit increase in the logarithm of the likelihood ratio. These
interpretations were also valid for the other variables.

When the Wald statistic values in the table were examined, the effect of the variables
"disorderly behaviour in Math lessons" and "school belonging" on the classification was found
to be statistically insignificant for Mathematics (p>0.05). In the field of science, only the effect
of "instructional clarity" variable on classification was found to be statistically insignificant
(p>0.05). Apart from this, the other variables included in the study made a significant
contribution to classification.

Pseudo R? values obtained as a result of the analysis show the power of the independent
variables in classifying the model correctly. Findings regarding the values were given in Table
4,

Table 4. Pseudo R? Values

Cox and Snell Nagelkerke
4th-grade Mathematics 0.408 0.427
4th-grade Science 0.345 0.364

The interpretation of the values in the table is similar to the R? interpretations in regression
analysis. When the table values were examined, it could be said that the independent variables
have an explanatory power of 41% in the classification of students according to the Cox and
Snell R? value for mathematics. In the field of science, it was seen that the independent
variables had an explanatory power of approximately 35% in the classification of students. On
the other hand, Nagelkerke R? values, which is a modification of the Cox and Snell R? value,
are also interpreted because it cannot approach 1 and therefore creates difficulty in
interpretation. This value was estimated to be approximately 43% for mathematics and 36% for
science.

The classification performance of logistic regression analysis according to students' TIMSS
2019 Grade 4 mathematics proficiency classification were presented in Table 5.

Table 5. Correct Classification Percentages (Mathematics)

Observed Estimated
1 2 3 4 5
1 f 138 122 183 12 1
% 30.3% 26.8% 40.1% 2.6% 0.2%
2 f 86 121 373 95 4
% 12.7% 17.8% 54.9% 14.0% 0.6%
3 f 45 105 611 310 35
% 4.1% 9.5% 55.2% 28.0% 3.2%
4 f 9 43 373 546 113
% 0.8% 4.0% 34.4% 50.4% 10.4%
5 f 1 4 69 286 202
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% 0.2% 0.7% 12.3% 50.9% 35.9%

When the table values were examined, the variables included in the analysis correctly classified
30.3% of the students in the first proficiency class, while the correct classification of the
students in the other proficiency classes was 17.8%, 55.2%, 50.4% and 35.9%, respectively.
According to the results of the analysis, the number of correctly classified students was 1618
(41.6%).

The performance of logistic regression analysis in classifying students according to TIMSS
2019 Grade 4 science proficiency classification were presented in Table 6.

Table 6. Correct Classification Percentages (Science)

Estimated
Observed
1 2 3 4 5
f 99 75 159 14 0
1 % 28.5% 21.6% 45.8% 4.0% 0.0%
f 50 61 359 100 0
2 % 8.8% 10.7% 63.0% 17.5% 0.0%
f 29 61 670 476 8
’ % 2.3% 4.9% 53.9% 38.3% 0.6%
f 8 14 460 800 42
! % 0.6% 1.1% 34.7% 60.4% 3.2%
f 1 1 62 293 45
° % 0.2% 0.2% 15.4% 72.9% 11.2%

When the table values were examined, the variables included in the analysis correctly classified
28.5% of the students in the first proficiency class, while the correct classification of the
students in the other proficiency classes was 10.7%, 53.9%, 60.4% and 11.2%, respectively.
According to the results of the analysis, the number of correctly classified students was
calculated as 1675 (43%).

3.2. Findings for Discriminant Analysis

Secondly, a discriminant analysis was conducted to determine the classification accuracy in
terms of variables in the classification of 4th grade students participating in TIMSS 2019. First,
the eigenvalue table was examined to determine the significance of the discriminant functions.
The results were presented in Table 7.

Table 7. Eigenvalues

Function Eigenvalue % of Cumulative Canonical

Variance % Correlation
4th-grade 1 .694 92.3 92.3 .640
Mathematics 2 .053 7.0 99.3 224
3 .004 5 99.8 .061
4 .001 2 100.0 .037
4th-grade 1 522 88.7 88.7 .586
Science 2 .062 10.6 99.3 242
3 .004 4 100.0 .063
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4 .000 .0 100.0 .005

When the table values were examined, the first discriminant function with an eigenvalue of
0.694 was used to explain the inter-group variability for Mathematics. Although an exact value
was not accepted, eigenvalues greater than 0.40 were considered good. According to the
results, only one eigenvalue exceeded the specified limit. When the total variance explanation
ratios were analyzed, the first function for Mathematics explained 92.3% of the total variance.
When canonical correlation values were analyzed, it was seen that the highest value was in the
first discriminant function. In science, the first discriminant function was used with an
eigenvalue of 0.52 to explain the variability between groups. The first function explained 88.7%
of the total variance for the field of Science and the highest value was in the first discriminant
function.

Wilk's Lambda and F statistics of the variables were calculated to test whether the selected
variables separated the groups significantly. Thus, it was tested whether there was a significant
difference in the five competency classes according to the independent variables. The findings
were given in Table 8.

Table 8. Wilks' Lambda Test for Equality of Group Means

Wilks' Lambda F df1 df2 Sig.

School_Belong .976 23.620 4 3882 .000

@ Bullying .958 42.681 4 3882 .000
g Home_resource .720 377.389 4 3882 .000
% Self_efficacy_ICT .945 56.292 4 3882 .000
% Dis_Beh_M .981 19.251 4 3882 .000
i Ins_Clarity_M 918 86.138 4 3882 .000
ﬁl Liking_M .940 61.634 4 3882 .000
Confident _M .809 228.646 4 3882 .000
School_Belong 975 24.61 4 3882 .000

9 Bullying .963 37.58 4 3882 .000
% Home_resource .725 367.54 4 3882 .000
ﬁ Self_efficacy_ICT .931 71.42 4 3882 .000
-§, Ins_Clarity_S .926 77.62 4 3882 .000
é Liking_S .896 112.85 4 3882 .000
Confident _S .887 123.15 4 3882 .000

In Table 8, it was seen that the differences between the groups in student scores for all
independent variables were significant. If the Wilk's Lambda values obtained as a result of the
analysis are close to 1, it shows that the effect of subtests in separating groups is not very high.
In this case, when the values were analyzed, it could be said that " home resources for learning
" and "student confident in math" variables are more effective than other variables in
mathematics, and "home resources for learning " and "student confident in science" and
"students like learning science" variables in science.

To decide which independent variable is the most effective in discrimination, it is necessary to
examine the standardized discriminant function and the structural matrix that reduces it. The
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standardized coefficients for the discriminant functions obtained for the classification of
students for Mathematics were presented in Table 9.

Table 9. Standardized Coefficients for Discriminant Functions (Mathematics)

Function
1 2 3 4
Home_resource .746* .210 -.112 151
Confident _S .572* -.401 .259 -176
Self_efficacy_ICT .257 AT74* .250 -.381
School_Belong 146 A419* -.062 -.382
Bullying 242 247 .054 .091
Ins_Clarity_S .343 .345 -.500* -.166
Liking_S .289 .298 484~ A17
Dis_Beh .165 .086 -.158 .613*

When examining the standardized coefficients of the discriminant functions, the coefficient
larger in absolute value indicates the significance of the independent variable. The sign of the
coefficient indicates the direction of the relationship. When the table values were examined, it
was determined that the independent variables that contributed the most to the separation of
classes for Mathematics were " home resources for learning " and "student confident in Math"
variables in the first function; "self-efficacy for computer use", "students sense of school
belonging" and "student bullying" variables in the second function; "instructional clarity in Math
lessons" and "students like learning Math" variables in the third function; and "disorderly

behavior during Math lessons" variable in the fourth function.

The standardized coefficients for the discriminant functions obtained for the classification of
students for the field of Science were presented in Table 10.

Table 10. Standardized Coefficients for Discriminant Functions (Science)

Function
1 2 3 4
Home_resource .820* =227 -.265 -.339
Confident _S AT4* -.139 .236 AT73
Liking_S 431 .549* .086 .085
Self_efficacy_ICT .347 .355 .562* .150
School_Belong .158 .507 -.513* .282
Ins_Clarity_S 372 .233 -.221 .746*
Bullying .252 .282 .094 .368*

When the table values were examined, it was determined that the independent variables that
contributed the most to the separation of the classes for the field of Science were "home
resources for learning" and "student confident in Science" variables in the first function;
"students like learning Science" variable in the second function; "self-efficacy for computer
use" and "students sense of school belonging" variables in the third function; and "instructional
clarity in Science lessons" and "student bullying" variables in the fourth function.

For the evaluation of the correct classification percentage of the discriminant analysis, the
correct classification percentages obtained for Mathematics were given in Table 11.
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Table 11. Discriminant Analysis Classification Results (Mathematics)

International Predicted Group Membership Total
Benchmarks 1 2 3 4 5

Count 1 196 77 168 11 4 456

2 113 100 373 86 7 679

3 66 76 641 264 59 1106

4 23 27 399 496 139 1084

=) 5 4 4 71 264 219 562
o] % 1 430 169 36.8 2.4 9 100.0
2 16.6 14.7 54.9 12.7 1.0 100.0
3 6.0 6.9 58.0 23.9 5.3 100.0
4 2.1 2.5 36.8 45.8 12.8 100.0
5 7 7 12.6 47.0 39.0 100.0

Overall correct classification rate 42.5%.

According to the results obtained from the table, 43% (n=196) of the students assigned to
proficiency class 1, 14.7% (n=100) of the students assigned to proficiency class 2, 58% (n=641)
of the students assigned to proficiency class 3, 45.8% (n=496) of the students assigned to
proficiency class 4 and 39% (n=219) of the students assigned to proficiency class 5 were
classified correctly. In total, 1652 students (42.5%) were classified correctly.

For the evaluation of the correct classification percentage of the discriminant analysis, the
correct classification percentages obtained for Science were given in Table 12.

Table 12. Discriminant Analysis Classification Results (Science)

International Predicted Group Membership Total
Benchmarks 1 2 3 1 2
Count 1 167 28 133 19 0 347
2 96 36 329 109 0 570
3 64 38 653 486 3 1244
_ 4 22 18 402 851 31 1324
= 5 2 1 53 305 41 402
g % 1 481 81 383 55 0 100.0
2 16.8 6.3 57.7 19.1 .0 100.0
3 5.1 3.1 52.5 39.1 2 100.0
4 1.7 1.4 304 64.3 2.3 100.0
5 5 2 13.2 75.9 10.2 100.0

Overall correct classification rate 45%.

According to the results obtained from the table, 48% (n=167) of the students assigned to
proficiency class 1.6% (n=36) of the students assigned to proficiency class 2, 53% (n=653) of
the students assigned to proficiency class 3.64% (n=851) of the students assigned to
proficiency class 4 and 10% (n=41) of the students assigned to proficiency class 5 were
classified correctly. In total, 1748 students (45%) were classified correctly.

3.3. Findings for Comparison Between Logistic Regression and Discriminant Analysis

To make a comparison between logistic regression analysis and discriminant analysis, the
correct classification tables obtained with both methods were used. The correct classification
tables obtained with both methods were combined in a single table below. The classifications
obtained for the comparison of logistic regression and discriminant analysis for the
mathematics field were presented in Table 13.
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Table 1. Classification Comparison of Logistic Regression and Discriminant Analysis (Mathematics)
Correct
Classification
(%)

Predicted Group Membership

Actual 1 2 3 4 5
Group D.A. LR. D.A. LR DA LR DA LR DA LR DA
Membershi
p
1 13 19 12 77 183 16 12 1 1 4 303 430
8 6 2 8
2 86 11 12 10 373 37 9 86 4 7 178 147
3 1 0 3
3 45 66 10 76 611 64 31 26 35 59 555 580
5 1 0 4
4 9 23 43 27 373 39 54 49 11 13 504 458
9 6 6 3 9
5 1 4 4 4 69 71 28 26 20 21 359 390

L.R: Logistic regression analysis; D.A: Discriminant analysis

When the table values were examined, it was seen that there were not very serious differences
between the results of logistic regression and discriminant analysis. While 138 people were
assigned to the correct group as a result of logistic regression analysis for the first proficiency
class, 196 people were correctly assigned to this group as a result of discriminant analysis.
These values are 121 and 100 for the second proficiency class; 611 and 641 for the third
proficiency class; 546 and 496 for the fourth proficiency class and 202 and 219 for the fifth
proficiency class; respectively. When the correct classification percentages were examined,
the correct classification percentages for the first, third and fifth proficiency classes were high
in the discriminant analysis results, while the correct classification percentage results for the
second and fourth proficiency classes were high in the logistic regression analysis.

The classifications obtained for the comparison of logistic regression and discriminant
analyses for the field of science were presented in Table 14.

Table 2. Classification Comparison of Logistic Regression and Discriminant Analysis (Science)
Correct
Classification
(%)

Predicted Group Membership

Actual 1 2 3 4 5
Group. LR. D.A. LR. D.A L.R. D.A. LR. D.A  LR. D.A L.R. D. A.
Membershi
p
1 99 16 75 28 159 13 14 19 0 0 28,5 48,1
7 3
2 50 96 61 36 359 32 10 10 0 0 10,7 6,3
9 0 9
3 29 64 61 38 670 65 47 48 8 3 53,9 52,5
3 6 6
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4 8 22 14 18 460 40 80 85 42 31 60,4 64,3
2 0 1

5 1 2 1 1 62 53 29 30 45 41 11,2 10,2
3 5

L.R: Logistic regression analysis; D.A: Discriminant analysis

In table 14, it was seen that there were not very serious differences between the results of
logistic regression analysis and discriminant analysis, similar to the Mathematics field. For the
first proficiency class, 99 people were assigned to the correct group as a result of logistic
regression analysis, while 167 people were correctly assigned to this group as a result of
discriminant analysis. These values were 61 and 36 respectively for the second proficiency
class; 670 and 653 respectively for the third proficiency class; 800 and 851 respectively for the
fourth proficiency class; and 45 and 41 respectively for the fifth proficiency class. When the
correct classification percentages were examined, while the correct classification percentages
for the first and fourth proficiency classes were high in the discriminant analysis results, the
correct classification percentage results for the second, third and fifth proficiency classes were
high in the logistic regression analysis.

4. Conclusion, Discussion and Suggestions

In this study, ordered logistic regression and discriminant analysis results were examined to
determine the variables affecting students' TIMSS 2019 mathematics and science proficiency
classifications. First, logistic regression analysis was used in the study and the results were
reported. The log likelihood value of the model established by logistic regression analysis in
students' 4th grade mathematics and science proficiency classifications showed that model-
data fit was achieved. After the validation of the model, independent variables were examined.
As a result, for both mathematics and science, students' being bullied at school, having home
resources for learning, and perceptions about self-efficacy in computer use were the variables
that were effective in achievement classification. In addition, students' liking the course and
their self-confidence in the related course were also found to be effective in the achievement
classification. Home resources were found to be the most effective variable in the classification
made for both mathematics and science. In addition, the highest correct classification rate in
Mathematics was obtained for the third proficiency class (55.2%), while the lowest classification
rate was obtained for the second proficiency class (17.8%). For Science, the highest correct
classification rate was obtained for the fourth proficiency class (60.4%), while the lowest
classification rate was observed in the second proficiency class (10.7%).

In the discriminant analysis, all independent variables were found to be significant in predicting
the classes. In terms of classification accuracy, the results were in line with logistic regression
analysis. When the literature was examined, there were studies in which both analysis methods
produce similar results (Abdulgader, 2015; Atar, 2012; Tayyar, 2010). Therefore, both methods
can be used in a study to provide evidence of classification validity. However, the assumptions
of the discriminant analysis should also be taken into consideration within the scope of the
study. If the data do not meet the assumptions, logistic regression analysis can be used, and if
the assumptions are met, discriminant analysis can be used if the dependent variable consists
of more than two categories.

72



Ictimaiyat, Tiirk Egitim Sisteminde Dedisimler ve Yeni Egilimler Ozel Sayisi, 2024

In mathematics, the variables "sense of school belonging" and "disorderly behavior in Math
lessons" among the variables included in the model were not found to be significant; in addition,
all other variables included in the model were determined as a significant variable in the
classification. In their study, Sari, Arikan and Yildizl (2017) also examined the school belonging
variable among the factors affecting students' Mathematics achievement in the TIMSS 2015
application and as a result of this study, they determined that the school belonging variable
had less importance than other variables in predicting students' achievement. On the other
hand, only the “instructional clarity” was not significant in science. All other variables
considered within the scope of the study were found significant in predicting proficiency
classes. It was determined that the variables "bullying", "home resources for learning" and "self-
efficacy for internet use" had a significant effect in determining the proficiency classes in both
Mathematics and Science. In addition to these, the variables "liking the related course" and
"self-confidence in the related course" also had a significant effect on the proficiency
classification. Similar findings were observed when the results of the discriminant analysis
were analyzed. The most effective variables for both domains are "home resources for
learning" and "self-confidence in the related course". These results are consistent with the
literature (Aydin-Ceran, 2021; Ayva-Yoru, Sezer-Basaran, & Cakan, 2023; Berger, Holmes &
Mackenzie; 2023; Bilican-Demir & Yildirim, 2021; Bilyiikgéze & Yakut-Ozek, 2023; Geesa, izci,
Song, & Chen, 2019; Karali et al., 2022).

When the classification performance of logistic regression analysis was examined, 41.6%
accuracy rate was obtained for the classification of students into proficiency classes for
Mathematics and 43% accuracy rate was obtained for Science. As a result of the discriminant
analysis, 42.5% correct classification rate was obtained for mathematics and 45% correct
classification rate was obtained for science. Considering the studies on large-scale exams such
as TIMSS in the literature, it was expected that the effect of variables on classification will be
significant (Akyiiz, 2006; Giirsakal, 2012; Karabay, et al., 2015; Ozer & Anil, 2011; Uysal &
Yenilmez, 2011; Yavuz, Demirtagsli, Yalcin, & Dibek, 2017). However, the percentages of the
predicted classification percentages were slightly low as a result of the analysis. When analyzed
on the basis of proficiency levels, the correct classification rate of the second proficiency level
for Mathematics is quite low in both analyses. The third and fourth proficiency levels were
correctly classified at a relatively higher rate. In Science, the percentage of correct
classification was quite low in the second and fifth proficiency levels in both analyses, while
higher percentage of correct classification was obtained in the third and fourth proficiency
levels, similar to Mathematics. As a result, the low classification percentages are a point that
should be emphasized. This may be due to the limited number of studies with the variables
considered in the study. When classification was made according to the independent variables
for mathematics, a high proportion of individuals in the first and second proficiency classes
were assigned to the third proficiency class. Similarly, in science, a high proportion of
individuals in the first and second proficiency class were assigned to the third proficiency class
and a large proportion of individuals in the fifth proficiency class were assigned to the fourth
proficiency class, resulting in misclassification predictions. Therefore, the variables may have
been insufficient to separate individuals.

In this study, independent variables that are thought to affect students' proficiency
classifications in Mathematics and Science are discussed. These independent variables are
different latent constructs obtained from the measurement tools used in TIMSS 2019. In
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addition to latent constructs, evidence of classification validity can be obtained with
demographic variables or other variables obtained from the TIMSS application. In this way, the
percentage of correct classification in both logistic regression analysis and discriminant
analysis can be increased. In addition, in this study, math and science data of 4th grade
students were used. The analysis can also be conducted using 8th grade data. In this way, the
results can be analyzed comparatively.
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