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Abstract

Problem Statement: Student achievement is considered an indicator of the
quality of education, and achievement tests are applied to assess student
achievement. International tests are adapted into different languages and
cultures with the aim of assessing student achievement on an international
level and comparing the achievements of different countries. In our country, a
number of tests at the national and international levels are conducted to
assess student achievement. One of the tests conducted in our country is
called Trends in International Mathematics and Science Study (TIMSS).
Countries structure their curricula and education policies based on the results
of these studies. However, in order for these comparisons to be meaningful,
the constructs measured by the tests should be equivalent. When the relevant
literature was examined, it was observed that the number of studies on cross-
cultural invariance in Turkey was low and that these studies did not involve
TIMSS 2011.
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Purpose of the Study: The purpose of this study was to examine the
measurement invariance of TIMSS 2011 mathematics test in terms of different
cultures.

Method: Aiming at examining the intercultural measurement invariance of the
TIMSS 2011 mathematics test, this is a survey model that tries to describe an
existing situation as it is. The study sample was composed of 1,987 fourth
graders from Turkey, England, Japan and the USA. This study was conducted
on the data obtained from the TIMSS 2011 mathematics test. Model invariance
was examined through multi-group confirmatory factor analysis. LISREL 8.80
for Windows software was used for performance of data analysis.

Findings and Results: The study of measurement invariance was conducted in
four steps. It was found that the proposed model was confirmed for all
countries, and configural invariance was ensured in the first step, while
metric invariance was not ensured in the second step. Therefore, we did not
start the scalar invariance or strict invariance analyses. After this step, metric
invariance was tested through binary and trilateral combinations in order to
determine in which country the invariance was collapsed. It was found that
the reason why the metric invariance wasn’t ensured was that it was not
sourced from only one country.

Conclusions and Recommendations: According to the findings, the invariance
across four countries was ensured only in the configural invariance step.
Therefore, the items causing the model not to have measurement invariance
can be determined, as well as whether the items demonstrated DIF across
groups. The items determined to demonstrate DIF can be examined in terms
of bias of sources, depending on the expert opinions.

Keywords: Measurement invariance, Multiple-group confirmatory factor
analysis, Structural equation modeling

Introduction

Education bears such responsibilities as producing enough quality for a society

to maintain its existence and development, preventing the existing values from
disappearing, and reconciling the new and old values (Varis, 1998). Education not
only ensures social continuity through cultural transmission, but also creates a labor
pool that will add novel gains to the cultural heritage and move the society one step
forward (Hotaman, 2009). As a result, student achievement is considered as an
indicator of the quality of education, and achievement tests are applied to assess
student achievement. These tests can be both at the national and international levels.
International tests are adapted into different languages and cultures in order to
assess student achievement at an international level and compare the achievements
of different countries.
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In our country, a number of tests at the national and international levels are
conducted to assess student achievement. One of the tests conducted in our country
is called the Trends in International Mathematics and Science Study-TIMSS, which is
organized by the International Association for the Evaluation of Educational
Achievement (IEA) whose center is in the Netherlands. TIMSS is a survey focusing
on the assessment of student math and science knowledge and skills. It monitors the
trends in student achievement in these fields and reveals the differences between
national education systems in order to allow education and instruction to be
improved. Within the scope of this research, information about education systems,
instructional programs and students, teachers and school characteristics are
collected, along with data on student performances in mathematics and science (Milli
Egitim Bakanligi [MEB], 2015).

Achievement tests and questionnaires involving items aimed at measuring the
performance of fourth and eighth graders in math and science took place in TIMSS
2011. In each grade level, there were 14 test booklets. The mathematics tests for
fourth graders involved the learning domains of numbers, geometrical shapes,
measurement and data display, while for eighth graders, it involved the learning
domains of numbers, algebra, geometry, data and probability. The science
achievement tests for fourth graders involved the learning domains of life science,
physical science and earth sciences, while for eighth graders, it involved the learning
domains of biology, chemistry, physics and earth sciences (MEB, 2011). Conducted
for the first time in 1995, TIMSS was carried out in 1999, 2003, 2007, and 2011, with
the last study in 2015. Table 1 shows the Number of Participating Countries and
Turkey's Success Ranking in TIMSS 1999-2015.

Table 1.
Number of Participating Countries and Turkey's Success Ranking in TIMSS 1999-2015
Grade 4 Grade 8
Number Turkey's Success Number of Turkey's Success
Year of . . .
Countries Ranking Countries Ranking
Mathematics  Science Mathematics  Science
1999 - - - 38 31 33
2003 - - - - - -
2007 - - 49 30 31
2011 50 35 36 42 24 21
2015 49 36 35 39 24 21

(MEB, 2003, 2011, 2014a, 2014b, 2016)

Aiming at assessing the achievements of students from different cultures and
languages in the disciplines of mathematics and science, in TIMSS, the structures that
is measured by the tests is required to be equivalent in order for the comparison to be
meaningful. In other words, the basic assumption in intercultural comparisons is that
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the tests have measurement invariance (Gierl, 2000). Therefore, the Standards for
Educational and Psychological Testing(American Educational Research Association
[AERA], American Psychological Association [APA] & National Council on
Measurement in Education [NCME], 1999) and Guidelines on Adapting Tests
(Hambleton, 1994; International Test Commission [ITC], 2005) require researchers in
intercultural studies to provide evidences of comparability of scores obtained using
tools in different languages.

Measurement invariance means that examinees of equal standing with respect
to a specific latent structure should on average earn the same test score from items
and subscales, irrespective of group membership (AERA, APA, & NCME, 1999). For
a test to have measurement invariance, it is required for individuals from different
groups whose similar characteristics are measured to have an equal chance of getting
a specific score (Millsap, & Kwok, 2004). In other words, a measurement model
should have the same construct in different groups, and the tool should have the
same items, factor loadings, correlation between factors, and error variance
(Joreskog, & Sorbom, 1993).

Multiple-Group Confirmatory Factor Analysis (MG-CFA) is one of the most
preferred methods in testing measurement invariance across groups. MG-CFA
involves the simultaneous analysis of a CFA model in more than one group (Brown,
2006). MG-CFA tries to ensure parameter invariance by making comparisons
between the least limited models and the most limited models (Horn, & McArdle,
1992, as cited in Uzun-Basusta, 2010). In MG-CFA, the parameters of the
measurement model are estimated simultaneously in all groups and are tested as to
whether these parameters significantly differ from each other (Joreskog, & Sérbom,
1993).

Measurement invariance is tested in four steps. These steps are (Meredith, 1993):

1-Configural Invariance: This is the most basic level in measurement invariance.
In this first step, whether the groups have the same factor construct is examined.
Basic model construct is invariable for the groups. In this model, invariance
limitation is not conducted over the estimated parameters. In other words, the
groups are permitted to have different parameter values. The configural invariance
model has a critical importance because the data will not support the more limiting
models if the data do not support the similarity of constant and inconstant parameter
pairs across groups (Bollen, 1989).

2-Metric invariance: In this step, whether the different groups respond to the
items similarly is examined. It is a limiting model. In this model, factor loadings are
limited across groups.

3-Scalar invariance: In this step, whether the obtained regression constant is
similar across the groups is examined when the factor score of the groups is zero. In
this model, there is constant value/coefficient limitation in addition to the factor
loading limitation.
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4-Strict invariance: In this last step, whether the error variances differ across the
groups is examined. While the strict invariance in the measurement model is tested,
error variances are limited along with all parameter limitations.

[ B*)

1. Configural Invariance

2. Metric Invariance

3. Scalar Invariance

4. Strict Invariance

Figure 1. Analysis steps for measurement invariance

Source: Basusta, 2010

Vanderberg and Lance (2000) suggested that the evaluation of measurement
invariance can be achieved using a systematic approach. This is achieved through a
step-by-step process which assesses hypotheses based on their hierarchical order.
Every hypothesis is directly related to the specific step in this hierarchal order. Since
the steps are in hierarchal order, the structures of the hypothesis are also hierarchal.
Therefore, when measurement invariance is not present in one step, there will be no
need to evaluate the hypothesis in the next step. Meredith (1993) especially
emphasized that full equivalence is a necessary step for a fair and valid comparison.
However, full measurement equivalence is generally not used in practice.

Countries structure their curriculums and education policies based on the results of
international education studies. However, in order for these comparisons to be
meaningful, the constructs measured by the tests should be equivalent. When the
relevant literature was examined, it was observed that the number of studies on
cross-cultural invariance in Turkey was low (Ogretmen, 2006; Akyildiz, 2009; Asil ve
Gelbal, 2012; Asil & Brown, 2015), and none of these studies involved TIMSS 2011.
Moreover, it was also determined that measurement invariance was not completely
ensured. As a result, it was considered necessary to investigate the cross-cultural
measurement invariance of the construct measured by using the TIMMS 2011
mathematics test so that the comparisons would be much more valid and sound.
TIMSS is an exam the results of which have an influence on education policy in
various countries, and the test also enables countries to compare their levels of
education. It is important to determine whether TIMSS shows intercultural



394 | Betul Karakoc Alatli, Cansu Ayan, Betul Polat Demir & Gulcin Uzun

measurement invariance since it is an important cross-cultural exam. There are
several advantages of examining the intercultural measurement invariance of TIMSS.
The reliability and validity of conclusions derived from TIMSS results will be
uncovered. Furthermore, it will enable us to determine how to solve the issues and
what the reasons for the problem may be, if any. All of these reasons constitute the
necessity to undertake this research.

In this context, the main purpose of this study was to examine the measurement
invariance of the TIMSS 2011 mathematics test in terms of different cultures. Within
this general purpose, the following questions were examined:

Is there any evidence of TIMSS 2011 in terms of;
a) Configural Invariance
b) Metric Invariance
¢) Scalar Invariance

d) Strict Invariance

Method

In this section, information about the research model, population and sample,
data collection tool and data analysis are presented.

Research Design

Aiming at examining the intercultural measurement invariance of the TIMSS 2011
mathematics test, this is a survey model since it tries to describe an existing situation
as itis.

Research Sample

The target population of TIMSS 2011 consists of all of the fourth and eighth
graders in participating countries. The basic sampling model used by TIMSS to
obtain a precious and interpretive sample is the two-stage stratified cluster sampling
model. The first stage is composed of the selection of schools, while the second stage
is composed of selection of classes in those schools.

The population of this study was composed of 50 countries, which participated in
TIMSS 2011 at fourth grade level. However, the sample of this study was composed
of 1.987 fourth graders from Turkey, England, Japan and the USA, who were selected
using purposive sampling methods. The purpose of this selection is that the mother
tongues of two countries (England and the USA) are English and the mother tongue
of the other two countries (Turkey and Japan) is not English. The element of
language, which is one of the most important intercultural differences, has been
effective in the selection of countries.
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Table 2.

Distribution of Participants by Country
Country f %
Turkey 531 26.7
England 250 12.6
Japan 313 15.8
United States of America 893 449
Total 1987 100.0

When Table 2 is examined, it can be seen that 531 (26.7%) of the participants are
from Turkey, 250 (12.6%) of the participants are from England, 313 (15.8%) from
Japan, and 893 (44.9%) from the USA.

Data Collection Tools

This study was conducted usingthe data obtained from the TIMSS 2011
mathematics test. These data were obtained from
http:/ /timssandpirls.bc.edu/timss2011/international-database.html. =~ The  math
questions in TIMSS were limited by numbers, geometrical shapes, measurements
and data representation in terms of content. The questions were assessed in three
classifications, which are knowledge, application and reasoning in the cognitive
domain. TIMMS 2011 Mathematic tests were composed of 14 parallel booklets. The
study was carried out using 21 items ona numbered form. Cognitive domain
dimensions of items and the number of item in each dimension can be seen in
Table 3.

Table 3.

Frequency and Percentage of Fourth Grade Mathematic Items in terms of Cognitive Domain
Dimensions

Cognitive Domain f %
Knowledge 7 33
Application 6 29
Reasoning 8 38

When Table 3 is examined, it can be seen that 33% of the items were at the
knowledge level, 29% were at the application level, and 38% were at the reasoning
level.

Data Analysis

LISREL 8.80 for Windows software was used for the data analysis. LISREL was
used to create a model and examine invariance across models. Model invariance was
examined through multi-group confirmatory factor analysis.

In order to obtain an accurate result from the data, the data set, the data structure
and the assumptions of analyses were examined before starting the analysis.
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Missing values. First, the missing values were examined since they could lead to
great differences in analysis results. The cases having missing values were excluded
from research.

Outliers. After missing values, the existence of univariate outliers was examined.
It was observed that none of the z scores in any of the cases were within the + 3 limit.
Being a prerequisite for confirmatory factor analysis, multivariate residuals were
tested using Mahalanobis Distance. These distances refer to the chi-square
distribution whose degree of freedom is the sample size, and they evidence the
multivariate outlier observation when the p < 0.001 (Kline, 2005; Stevens, 2009).The
results showed no multivariate outliers in the data.

Normality. It is difficult to test multivariate normality in Structural Equation
Modeling since it requires testing of many linear combinations. In such situations,
examination of univariate normality for each observed variable is recommended
(Weston &Gore,2006). Skewness and kurtosis values of each variable, and the ratio of
mean to the standard deviations (coefficient of variation), were examined to
determine the normality of the data. The results demonstrated normal distribution.
Graphs about the residuals were examined, and they were decided to be normally
distributed. The independence of residuals from each other was examined through
Durbin Watson statistics and no test statistic outside the range between 0 and 4 was
observed. In this situation, it could be said that the errors were independent of each
other(Tabachnick, &Fidell, 2007).

Multicollinearity. The relationship of items to each other and the multicollinearity
problems among the items were examined. It was observed that items had low level
of relation to each other in each factor. The tolerance values were as expected, while
variance inflation factor (VIF) values were below 10 and condition index (CI) values
were below 30. These results showed that there was no multicollinearity problem
among the items.

Results

The study of measurement invariance was conducted as sequence of testing four
steps. The first step is configural invariance, which is the most basic level in
measurement invariance, and it examines whether the groups have the same factor
construct. The second step is metric invariance in which the different groups respond
to the items similarly, and therefore the comparison of different groups’ scores can be
meaningful. The third step is scalar invariance which expresses that the value of the
same subjects has the same value both in latent construct and observed construct.
The last step is strict invariance in which the contextual responses given to the factors
have invariance.

Meredith (1993) emphasized that strict invariance is required for a fair and valid
comparison. However, obtaining the strict invariance is difficult in practice.
Therefore, measurement invariance should be expressed gradually. Although there is
no language union in this gradation three types of measurement invariance can be
determined:
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Weak Invariance: for the situation where factor constructs are the same and other
parameters are free; Strong Invariance: for the situation where factor constructs and
loadings are the same and the error variances are free; Strict Invariance: for the
situation where the factor constructs, loadings and error variances are the same
(Byrne, Shavelson, &Muthen, 1989).

Does the TIMMS 2011 mathematics test have intercultural measurement invariance?

Configural invariance. In this step, the construct presented in the path diagram in
Figure 2 was tested whether to be confirmed or not for the four countries.

1.0

0.10

R

o.z0

Chi-3quare=3303.54, df=5%33, P-wvalue=0.00000, RM3IEA=0.072

Figure 2. The measurement model of responses given to the mathematics test
TIMMS 2011 by students from Turkey, the United States of America, England and
Japan

As can be seen in Figure 1, three latent variables were determined related tothe
construct tested, which were Knowledge (K), Application (A), and Reasoning (R).
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There were 7 indicators of Knowledge latent variable (items 7, 8, 11, 14,16,19,and 20),
6 indicators of Application latent variable (itemsl, 6, 10, 15, 17,and 18), and 8
indicators of Reasoning latent variable (Items 2,3,4,5,9,12,13,and 21).

Confirmatory factor analysis and configural invariance goodness of fit indexes
about the countries are presented in Table 4.

Table 4.
Fit Coefficients of Model about Mathematics Test
Country X2 /df RMSEA CFI GFI RMR NNFI
Turkey 1.54 0.042 0.97 0.92 0.011 0.96
Eneland 1.22 0.036 0.98 0.89 0.011 0.97
I_%SA 1.84 0.036 0.97 0.95 0.007 0.96
1.47 0.044 0.96 0.91 0.010 0.95
Japan
Configural 244 0.065 0.89 0.86 0.023 0.88
Invariance

When the Table 4 is examined, it can be seen that the results of confirmatory
factor analyses conducted separately for each country showed good fit and the
goodness of fit indexes of structural equivalence are at acceptable level (x2 /df<3,
RMSEA < 0.08, CFI > 0.90, GFI>0.90, RMR< 0.05, NNFI20.95). In this area, it can be
said that the proposed model was confirmed for all countries and the configural
invariance, which is the first step of measurement invariance, was ensured.

Metric invariance. The examination of metric invariance began after the configural
invariance was ensured. In the model proposed in this step, factor loadings were
fixed for each country, and testing was performed to determine whether the
difference between the first situation and the new model was significant. X2values of
the first two steps, degrees of freedom and the differences between them are
presented in Table 5.

Table 5.

Fit Coefficients of Metric Invariance Analysis Results by Countries
Step X2 df Ax2 Adf
1. Step 1823.20 748 - -
2. Step 2206.70 808 383.5 60

As can be seen in Table 5, since Ay2> 79.08, the difference between the goodness
of fit indexes were significant when the factor loadings were fixed. In other words,
metric invariance wasn’t ensured. We didn’t start the scalar invariance and strict
invariance analyses at a step where the metric invariance wasn’t ensured since the
analysis of measurement invariance is a hierarchical procedure. However, after this
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step, metric invariance was tested through binary and trilateral combinations in
order to determine in which country the invariance was collapsed.

In order to determine in which country the invariance was collapsed, the metric
invariance between three countries was checked after the factor loadings of countries
were set free, one by one, respectively. Ax2 and Adf values with trilateral
combinations are presented in Table 6.

Table 6.
Fit Coefficients of Metric Analysis Results by Trilateral Combinations of Countries
Combinations of X2 df Ax2 Adf

Countries
TUR-USA-JPN 2294.02 788 470.82 40
TUR-JPN-ENG 2292.59 788 469.39 40
TUR-USA-ENG 2274.68 788 451.48 40
USA-ENG-JPN 2196.57 788 373.37 40

As can be seen in Table 6, since Ax2 > 65.76, it was observed that metric
invariance was not ensured in trilateral combinations of countries. In other words,
the reason why the metric invariance was not ensured is not rooted in only one
country.

After the metric invariance as not ensured in trilateral combinations of countries,
the metric invariance of the four countries was examined in pairs. Fit values, A x2
and Adf values of pairs are presented in Table 7.

Table 7.
Fit Indexes of Metric Invariance Analysis Results by Binary Combinations of Countries
Combinations of X2 df Ax2 Adf
Countries
TR-JPN 2211.77 768 388.57 20
TR-USA 2236.67 768 413.47 20
TR-ENG 2201.94 768 378.74 20
USA-ENG 2129.82 768 306.62 20
ENG-JPN 2176.72 768 353.52 20
USA-JPN 2145.98 768 322.78 20

As can be seen in Table 7, since A x2 > 31.41, it was observed that the metric
invariance wasn’t ensured in binary combinations. This finding can be interpreted to
show that the relationships between characteristics measured and the dimensions of
the scale are not similar. In this situation, it can be expressed that the countries did
not respond to the items in a similar manner, and making comparison between these
scores obtained from these groups is not meaningful.
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The configural invariance for the proposed model of the cognitive levels to which
the items belonged was ensured. In this step, the differences between the groups can
be stated to stem from the measurement tool itself. Therefore, making comparisons
across groups may not be accurate. As a result, it can be said that the invariance
across countries is weak invariance. This source of this situation is considered to stem
from a variety of translation problems and cultural differences. Moreover, it can also
be an indicator of Differential Item Functioning (DIF). In the study "Psychometric
Properties of Tests for Reading Parts in PIRLS 2001: Turkey and the United States of
America (USA)," Ogretmen (2006) determined that the tests did not show
any configural invariance among the relevant samples. Their study focused on the
intercultural and linguistic invariance of the PISA 2006 student questionnaire. In
their study focusing on the intercultural and linguistic invariance of PISA 2006
student questionnaire, Asil and Gelbal (2012) found that some items had differential
item functioning across the countries as a result of multiple-group confirmatory
factor analysis. As the linguistic and cultural differences increased across countries, it
was observed that items demonstrating DIF also increased. The reasons behind the
items demonstrating DIF were concluded to be translation problems and cultural
differences. In his study focusing on the equivalence of PIRLS 2001 tests across 35
countries, Akyildiz (2009) found that the invariance was ensured at medium level. In
a similar study focusing on the examination of TIMMS-R invariance in terms of
gender in a Turkish sample, Uzun and Ogretmen (2010) stated that the invariance
was ensured except for the metric invariance and that it had a medium level
invariance. In the study " The investigation of psychometric properties of the test of
progress in international reading literacy (PIRLS) 2001: The model of Turkey-United
States of America," Ogretmen (2006) determined that the tests did not show
any configural invariance among the relevant samples. As can be seen in similar
studies in literature, along with the difficulty of ensuring strict invariance, it was
found that metric invariance was mostly ensured, but the equivalence was overruled
in scalar invariance, and the medium level invariance was generally ensured. Within
the scope of this study, it was observed that only configural invariance was ensured
and that it was at a weak level.

Discussion and Conclusion
In this section, the conclusions and recommendations are presented.
Conclusion

In this study, analyses related to the invariance of the model demonstrating the
cognitive levels of the TIMMS 2011 mathematics test in Turkey, the USA, England
and Japan were conducted. According to the findings, the invariance across four
countries was ensured only in the configural invariance step. Metric invariance was
tested through binary and trilateral combinations in order to examine in which
country the invariance was collapsed in detail, and it was determined that the
invariance was not ensured in any combination. Therefore, the invariance across
countries was determined to be weak. In this direction, it was concluded that making
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comparisons across countries would not be appropriate, the structure of the data
should be examined, and troublesome points in terms of culture should be
determined.

Recommendations

e Only four countries were selected for this study based on mother tongue.
These analyses can involve other countries.

e The items causing the model not to have measurement invariance can be
determined, as well as whether the items demonstrated DIF across groups.
The items determined to demonstrate DIF can be examined in terms of bias
of sources, depending on expert opinions.

e  This study took only the language variable into consideration in the cultural
comparisons. Other variables may also be included in the research.

e Ensuring the invariance in international examinations such as TIMMS,
PISA, and PIRLS is very important for cultural comparisons to be made.
Whether there are similar issues in other international examinations can be
investigated.
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TIMSS 2011 Dérdiincii Sinif Matematik Testinin Kiiltiirleraras1 Olgme
Degismezliginin Incelenmesi

Ataf:
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Ozet

Problem Durumu: Egitim; bir yandan yeni ve eski degerleri bagdastirarak kiiltiirel
aktarimla toplumsal devamlilig1 saglarken; diger yandan toplumun yasamasini ve
kalkinmasini devam ettirebilecek 6l¢iide ve nitelikte deger tireterek, kiiltiirel mirasa
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yeni kazanimlar ekleyecek insan giictinii yetistirerek ayni toplumu bir adim ileriye
gotirmesini saglamaktadir. Egitim sonucunda ise Ogrenci basarisi, egitimin
niteliginin bir gostergesi olarak ele almmakta ve O©grenci basarisinin
degerlendirilmesinde de basar1 testleri uygulanmaktadir. Bu testler ulusal ve
uluslararas: diizeyde olabilmektedir. Uluslararas: diizeyde 6grenci basarilarini
degerlendirmek ve farkl: tilkelerin basarilarini karsilastirmak amaciyla hazirlanan
uluslararasi diizeydeki testler ise farkli dillere ve kiiltiirlere uyarlanmaktadir.

Tiirkiye’de de 6grenci basarisiin degerlendirilmesinde ulusal ve uluslararas:
diizeyde testler uygulanmaktadir. Uygulanan uluslararas: testlerden biri de merkezi
Hollanda’da bulunan Uluslararas: Egitim Basarilarini Degerlendirme Kurulusu
tarafindan ditizenlenen Uluslararasi Matematik ve Fen Egilimleri Arastirmasi
(TIMSS) dir. Ogrencilerin matematik ve fen bilimleri alanlarindaki kazandiklar1 bilgi
ve becerilerini degerlendirmek, egitimi ve 6gretimi gelistirmek amaciyla tilkelerin
egitim sistemleri hakkinda karsilastirmali veri toplamak TIMSS’in amaclar1 arasinda
yer almaktadir. Bu karsilastirmanin anlamli olabilmesi i¢in testlerin 6l¢tiigii yapilarin
esdeger olmasi yani kullanilan testlerin 6l¢cme degismezIligi/esdegerliginin saglanmis
olmas1 gerekir. Bu baglamda testlerin, psikometrik bir o©zellik olarak o©lgme
degismezligine sahip olmasi, kiilttirleraras: karsilastirmalarda, temel bir varsayimdar.

Bir testin dlgme degismezligini karsilayabilmesi igin, farkli gruplardan gelen fakat
benzer yapilar olciilen bireylerin, belirli bir puani alma olasilig1 esit olmalidir. Bagka
bir deyisle 6lgme degismezliginin saglanabilmesi icin bir 6lgme modelinin birden
fazla grupta ayni yapiya sahip olmast yani 6l¢me aracinin maddelerinin, faktor
yiiklerinin, faktorler arasi korelasyonlarinin ve hata varyanslarinin ayni olmasi
gerekir. Olgme esdegerliligi ise dort asamada test edilir. Bunlar;

1. Yapisal degismezlik: Bu asamada gruplarin ayni faktér yapisina sahip olup
olmadig1 incelenir. Bu modelde kestirilen parametreler tizerinde gruplar
arasi degismezlik sinirlandirmasi yapilmaz yani gruplarin farkli parametre
degerleri almalarina izin verilir.

2. Metrik degismezlik: Bu asamada, farkli gruplarin maddelere ayn1 bicimde
cevap verip vermedigi incelenir. Bu modelde faktor yiikleri gruplar
arasinda smirlandirilir.

3. Skalar degismezlik: Bu asamada 6zel faktor ortalamalarmin yani gruplarin
faktér puani sifir oldugunda elde edilen regresyon sabitinin gruplar
arasinda benzer olup olmadigi incelenir. Bu modelde faktor yiikleri
siirlandirmasinin yaninda sabit deger/katsay1 sinirlamasina gidilir.

4. Tam degismezlik: Bu son asamada hata varyanslarinin gruplarda farklilasip
farklilasmadig1 incelenir. Olgme modelindeki kat degismezlik test edilirken
biitiin parametre sinirlamalari ile birlikte hata varyanslar: sinirlandirilir

Sonuglar tilke egitim politikalarina yon vermede ve egitim programlarinin yeniden
yapilandirilmasinda biiyiik 6neme sahip uluslararasi egitim arastirmalarina dayalt
olarak karsilastirmalar yapabilmek icin kullanilan testlerin dlcttigti yapilarin esdeger
olmas: gerekmektedir. Literatiir incelendiginde ise kiiltiirleraras: degismezligin
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incelendigi calismalarin Tiirkiye ¢rneklemi i¢in oldukca az oldugu ve bu yapilan
¢alismalarin TIMSS 2011 uygulamasini kapsamadig goriilmiistiir. Bu baglamda hem
testlere dayali yapilan ¢ikarimlarin gerekli ve giivenilir oldugunu belirlemek hem de
sorunlar varsa kaynaklarini bulup gidermek acisindan TIMSS 2011 uygulamasinda
yer alantestlerin farkl kiiltiirlerdeki tilkeler arasinda 6l¢me degismezliginin saglanip
saglanmadiginin incelenmesine ihtiya¢ duyulmustur. Bu nedenle TIMSS 2011
Tiirkiye ornekleminin, anadili ingilizce olan ve olmayan farkli basar1 diizeyinde
iilkelerle o6lcme degismezligi acisindan  karsilastirilmasi, varsa sorunlarin
belirlenmesi ve daha gecerli giivenilir sonuglar elde edebilmek ve karsilastirmalar
yapabilmek i¢in yapilabilecek olast ¢6ztim yollarin tartisiimas: gerekli
goriilmektedir. Bu amagla calismada, TIMSS 2011 kapsaminda yer alan Matematik
testinin farkli kiilttirlerde kiiltiirleraras: 6lgme degismezligi gosterip gostermedigi
incelenmistir.

Arastirmamin Amaci: Bu c¢alismanin amact TIMSS 2011 kapsaminda yer alan
Matematik testinin farkl kiilttirlere gore 6l¢me degismezliginin incelenmesidir. Bu
genel amag dogrultusunda bu calismada su sorulara yanit aranmistir;

TIMSS 2011’in kiiltiirler arasy;
a) Yapisal degismezligine,
b) Metrik degismezligine
c) Skalar degismezligine ve
d) Tam degismezligine iliskin kanit bulunmakta midir?

Arastirmanmin Yontemi: TIMSS 2011 kapsaminda uygulanan matematik testinde yer
alan yapilarin kiiltiirleraras: degismezligini incelemeyi amaglayan bu arastirma, var
olan bir durumu oldugu sekliyle arastirma s6z konusu oldugundan tarama
modelindedir. Arastirmanin evrenini TIMSS 2011 uygulamasina 4. Smif diizeyinde
katilan 50 iilke olusturmaktadir. Aragtirmanin o6rneklemini ise TIMSS 2011
uygulamasina katilan 50 tilkeden amaglh drnekleme yontemi ile belirlenen Tiirkiye,
Ingiltere, Japonya ve Amerika Birlesik Devletlerinden 1987 4. Smif &grencisi
olusturmaktadir. Arastirmaya bu {iilkelerin alinmasinin amaci iki tilkenin (ingﬂtere
ve Amerika Birlesik Devletleri) anadilinin Ingilizce ve diger iki tilkenin (Tiirkiye-
Japonya) anadilinin Ingilizce olmamasidir. Kiiltiirlerarasi en onemli farkliliklardan
biri olan dil 6gesi, arastirmanin amaci dogrultusunda tilkelerin arastirmaya dahil
edilmesinde etkili olmustur. Arastirma TIMSS 2011 kapsaminda uygulanan
matematik testi sonuglarindan elde edilen veriler tizerinden yiiriitiilmiistiir. Calisma
icin gerekli olan veriler http://timssandpirls.bc.edu/timss2011/international-
database.html adresinden alinmustir. TIMMS 2011 Matematik testleri 14 paralel
kitapciktan olusmaktadir. Arastirma bir numarali formda yer alan 21 madde ile
yritiilmiistiir. Maddelerin %33’ bilme, %29'u uygulama, %38'i ise akil ytiirtitme alt
boyutunda yer almaktadir. Modelin degismezligi ¢ok gruplu dogrulayici faktor
analizi ile incelenmistir. Verilerden dogru bir sonug c¢ikartilabilmesi agisindan
analizlere baslamadan ©nce veri seti, veri yapist ve verilerin analizlere iliskin
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varsayimlart karsilayip Kkarsilamadigi incelenmis, varsayimlarin karsilandig:
sonucuna ulagilmistir.

Aragtirmamn  Bulgulari: Bu arastirma kapsaminda TIMMS 2011 Matematik
maddelerinin biligsel diizeylerini gosteren modelin Tiirkiye, Amerika, Ingiltere ve
Japonya olmak tiizere secilen dort tilkede olgme degismezliginin saglanip
saglanmadigina iliskin analizler yiiriitiilmustiir. Bu anlamda iilkeler arasinda
hiyerarsik 4 adimdan olusan degismezlik kontrolleri yapilmustir.

1.Yapisal Degismezlik: {lk adimda kurulan yapmin secilen dort iilke icin de
dogrulanip dogrulanmadigi test edilmistir. Kurulan modelin tim tilkeler icin
dogrulandig1 ve dolayist ile degismezligin ilk adimi olan yapisal degismezligin
saglandig1 bulgusuna ulagilmustir.

2. Metrik Degismezlik: Bu adimda kurulan modelde faktor yiikleri her tilke icin
sabitlenmis ve ilk durum ile yeni modelde elde edilen indeksler arasindaki farkin
manidarlig test edilmis ve fark manidar bulunmustur. Yani, metrik degismezlik
saglanmamaktadir bulgusuna ulasilmistir. Degismezlik analizi hiyerarsik bir yap1
gosterdiginden, metrik degismezligin saglanmadigl adimda analize son verilmis,
skalar degismezlik ve tam degismezlik kontrollerine geg¢ilmemistir. Ancak bu
adimdan sonra degismezligin hangi {lke ile ilgili olarak bozuldugunu
belirleyebilmek adima {ilkelerin ikili ve {iclii kombinasyonlar1 arasinda metrik
degismezlik incelenmis ve saglanmadig1 bulgusuna ulagilmustir.

Aragtirmanin Sonug ve Onerileri: Arastirma sonucunda, iilkeler arasi degismezligin
zayif degismezlik seviyesinde oldugu belirlenmistir. Bu asamada yapilan
karsilastirmalarda, gruplar arasindaki farkliliklarin 6l¢gme aracindan meydana
gelebilecegi dustiniilebilir. Bu dogrultuda, tilkeleri karsilastirmanin ¢ok uygun
olmayacag, kiiltiirel anlamda sorun c¢ikarabilecek noktalarin tespitinin yapilmasi
gerektigi diistintilmektedir. Bu c¢ercevede modelin 6l¢me degismezliginin
saglanmamasina neden olan maddeler belirlenerek, gruplar arasinda maddelerin
DMF (degisen madde fonksiyonu) gosterip gostermedigi incelenebilir. DMF
gosterdigi tespit edilen maddelerin uzman goriisi alinarak olas1 yanlilik kaynaklar1
belirlenebilir.

Anahtar Sozciikler: Olgme esdegerligi, Cok gruplu dogrulayic1 faktor analizi, Yapisal
esitlik modeli.



