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Abstract

Large-scale international assessments, including PISA, might be useful for countries to receive feedback on their
education systems. Measurement invariance studies are one of the active research areas for these assessments,
especially cross-cultural and linguistic comparability have attracted attention. PISA questions are prepared in the
English language, and students from many countries answer the translated form. In this respect, the purpose of our
study is to investigate whether there is a measurement invariance problem across native English and non-native
English speaker groups in the PISA-2015 reading skills subtest. The study sample included students from Canada,
the USA, and the UK as the native speaker group and students from Japan, Thailand, and Turkey as the non-native
speaker group. Measurement invariance studies taking into account the binary structure of the data set for these
two groups revealed that eight of the twenty-eight items in the PISA-2015 reading skills test had possible
limitations in equivalence.
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INTRODUCTION

Internationally conducted student assessments play an essential role in the educational policies of
countries. One of these assessments is administered by the OECD (Organization for Economic
Cooperation and Development) (Milli Egitim Bakanlhigi-MEB, 2016). The OECD is an institution that
plays a vital role in the regulation of the welfare of the world, economic development, and educational
policies; it carries out many studies in line with its goals. One of these studies is the International Student
Assessment Program (PISA), which is one of the most extensive educational researches in the world
implemented internationally. PISA assessments are carried out regularly in fields of mathematics,
science, and reading skills. In PISA, the concept of literacy is handled as special equipment used to
fulfill a function in life practices. In this extensive study at the international level, equivalence studies
are extremely important for ensuring the validity of the measurement instrument. PISA develops
different cognitive measurement instruments to measure student performance at all levels in the fields
of science and mathematics and contextual measurement instruments (OECD, 2018). One of the main
assumptions in this practice, which closely concerns educational policies by comparing student
achievements between countries, is that the measured structures are the same for all participants.
Construct validity should be ensured by minimizing bias to make valid comparisons between different
language groups and countries. Martin, Mullis, Gonzales, Gregory, Garden, O'Connor, Chrostowski and
Smith (2000) emphasize the necessity of neutrality while comparing student achievement among
countries. Accordingly, construct validity has distinctive importance.
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Baykal and Circi (2010) conducted a material revision study to improve the structure validity of PISA
2006 in science testing, and the authors concluded that the different characteristics of the countries
should be taken into consideration in stages of item development and translation into different languages
by examining the construct validity. Accordingly, it was seen that in international applications such as
PISA, the tests are not understood by all participating countries in the same way. Generally, the active
role of PISA in national education policies is based on the general assumption that PISA tests are reliable
and valid instruments; therefore, this acceptance provides an international comparison of student
performances. Researches on this have shown that there are many factors such as translation, item
content, curriculum differences, exam motivation or exam anxiety, writing system, and culture.
Linguistic diversity affects the comparability of scores and consequently may limit the validity of these
studies (Arffman, 2002; Bonnet, 2002; Grisay & Monseur, 2007; Hambleton, Merenda & Spielberger,
2005; He & van de Vijver, 2012; Kreiner & Christensen, 2014). PISA questions are prepared in English
and are used by translating the languages of the countries whose native language is not English. The
native language of most of the participating countries is not English, so non-native English-speaking
countries use the tests translated into their language. Since PISA significantly affects the educational
policies of countries, it is extremely important that the psychometric structure measured between
countries and different groups is comparable (Brown, 2006). Scalar equivalence is required to compare
the scores obtained from different language versions of the tests in a significant and valid way (Ercikan
& Lyons-Thomas, 2013). In order to compare individuals from different cultures and languages in
different subject areas, especially in a direct language-dependent area such as reading skills, it is a
critical issue to have no equivalence problems in the structures measured by the tests and to ensure the
measurement invariance of the tests.

Arffman (2010) identified six types of problems that limit the equivalence of PISA reading texts. These
were language-specific differences in grammar, language-specific differences in writing, language-
specific differences in meaning, differences in culture, translators' choices and strategies, and problems
with editing. Accordingly, it is important that the questions are accessible in terms of examining the
factors that limit the equivalence of the items and understanding these problems. Based on the analysis
of PISA 2006 reading items, Kreiner and Christensen (2014) pointed out that the validity of the
measurement model was inadequate due to items with differential item functioning (DIF). As a result,
it was not appropriate for countries to compare as such. Some critics have suggested that the PISA
reading texts, to some extent, support Western countries, consistent with previous cultural and linguistic
concerns. (Grisay et al., 2007; Grisay, Gonzalez & Monseur, 2009; Oliveri & von Davier, 2011). Since
countries with similar linguistic and cultural histories are likely to hold the equivalence in scores, it is
predicted that the MI may be a problem for PISA assessments. (Asil & Gelbal, 2012; Kankaras & Moors,
2013).

In the literature, there are many M1 studies in PISA student surveys. Asil and Gelbal (2012) investigated
MI in terms of culture and linguistics in PISA 2006 student survey. Results revealed that as the cultural
and linguistic differences between countries increase, the number of DIF items increases. Segeritz and
Pant (2013) studied the Learning Approaches of Students (SAL) scale in the PISA 2003 in Germany
sample among ethnic-cultural groups in a country. The findings obtained with the results have shown
that the factor structure of the scale Learning Approaches between Germany and two immigrant student
groups is comparable.

The equivalence of PISA tests between countries in terms of cultures and language is questionable. The
main criticisms point to linguistic and cultural bias, potentially affecting the nature of reading tests.
Therefore, the comparisons between countries raise doubts about accuracy. Literacy performance is
influenced by a set of characteristics such as the nature of each language, the writing system used to
stimulate literacy, the cultural style, teaching and learning approaches, and level of investment in socio-
economic development and education (Asil & Brown, 2015).

MI of the cognitive data has been tested, and the cultural comparability correlations of the cognitive
data have been examined by taking the technical reports as reference. It was concluded that comparing
the total scores across different cultures may lead to incorrect results.
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International large-scale applications such as PISA, TIMMS, and PIRLS aim to measure latent structures
among participants and compare between groups. However, when these assessments participating in
many countries are taken into consideration, some evidence has been obtained that the method is not
practical in such large-scale assessments (Rutkowski & Stevina 2013; Ogretmen, 2006). Rutkowski and
Stevina (2013) conducted a simulation study to investigate the change depending on the sample size and
the number of groups of multi-group confirmatory factor analysis (MG-CFA) performance. In order to
mimic real data, the data were simulated ordinal categorical and analyzed with a linear model. In the
findings obtained, it was concluded that there is an inconsistent relationship between a sequential
categorical data set and the linear model, so this method selection is not an excellent theoretical practice.
In the findings obtained, it was concluded that there is an inconsistent relationship between an ordinal
categorical data set and the linear model, so this method is not the right choice in theory. Readers are
referred to Joreskog, Soérbom, Toit and Toit (2001), Sirganci, Uyumaz and Yandi (2020), Gregoric,
(2006), Salzberg et al. (1999) , Onen (2009), Wu, Li & Zumbo (2007), and van de Schoot et al. (2013)
for further reading on MG-CFA.Therefore, there is an operational need for the suitability of comparisons
across countries. In PISA 2015, a recent approach has been applied for Ml testing using item response
theory (IRT) item consistency (OECD, 2016). Thus, the question raised about the reproducibility of
these findings in the context of more common analysis techniques.

In order to compare individuals from different cultures with international measurement instruments, it
is essential to hold the equivalence of their forms in different languages when the measurement
instrument is translated into other languages. Therefore, measurement invariance is one of the most
needed studies in cross-cultural comparisons of multiple groups. It is one of the preconditions to make
correct decisions in terms of language skills of cultures and cross-language equivalence in a study
playing a significant role in the educational policies of countries such as PISA. Thus, the construction
validity studies are very important for the evidence of the validity of the measurement instrument. There
are several studies in the literature regarding the Ml of PISA; however, it is remarkable that many of the
M1 analyses ignore the binary nature of the PISA's data sets. PISA questions consist of multiple-choice
and partial answer items. In assessments involving such items, it is crucial to perform the Ml studies
carefully using an appropriate method for the binary nature of the data set in order to achieve valid
results.

Measurement Invariance with Different Variable Types

MI studies provide evidence of the structural validity of the measuring instrument. The equivalence of
the characteristic of a psychological measurement instrument, such as construct validity and reliability,
in different groups is defined as the measurement invariance (Herdman,1998). Whether the
psychological structure to be measured is comparable between groups in terms of different cultural
factors or variables is essential for the validity. Ml means that a measurement model has the same
structure in multiple groups, and the factor structures and error variances of the items in the scale are
equivalent (Bollen, 1989).

Evaluation of MI within common factor linear models is known as factorial invariance. When the linear
factorial model is used in data sets involving binary, ordered, and Likert-type variables, the structure of
the observed variables are ignored (Elosua, 2011). In order to test the MI, the chi-square difference test
is used. However, the models are different for continuous and ordinal categorical datasets, so testing the
MI between groups requires testing the parameters for each model (Meredith, 1993). While the related
parameters are factor loadings and residual variance in a dataset containing continuous variables, the
thresholds are required to compare between groups in an ordinal categorical dataset. Using the maximum
likelihood estimation (ML) and continuous linear models to analyze ordered categorical datasets
involves some disadvantages and uncertainties about the resource of invariance (Lubke & Muthén,
2004). French and Finch (2006) concluded that the chi-square difference test in evaluating measurement
invariance was inadequate in a data set containing multidimensional binary categorical items. Instead of
the linear factor analysis commonly used for continuous variables, the variables in the ordered
categorical structure can be modeled with MG-CFA in accordance with the threshold structure (Kim &
Yoon, 2011). Since linear CFA is not a suitable analysis for ordered categorical data, the MI test cannot
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be sufficiently compared with linear CFA (McDonald, 1999; Oishi, 2006; Reise et al., 1993). Meade
and Lautenschlager (2004) stated that in some cases, the IRT approach could give different and
potentially more useful information for modeling MI.

Without modeling the threshold structure, CFA assumes that the underlying distributions of
dichotomous or polytomous variables are normal. Threshold values are mathematically related to item
difficulty parameters in IRT (Lord & Novick, 1968; Takane & de Leeuw, 1987). Accordingly, ordered
categorical CFA with the appropriate analysis method based on IRT to test the MI with ordered
categorical variables gives more accurate results than linear CFA without considering the threshold
structure (Kim & Yoon, 2011). It should be noted that, especially in PISA assessments, cognitive tests
have a binary categorical structure, and attitude scales include Likert-type variables. In other words,
analyzing categorical data using methods developed for continuous variables has serious limitations in
general (Raykov, Marcoulides & Milsap, 2013).

Measurement Invariance with Binary Variables

It has been demonstrated in recent studies that the methods commonly used in MI studies have
limitations. As mentioned previously, the MG-CFA method is frequently used for continuous, and
Likert-type scored variables. Raykov, Dimitrov, Li, Marcoulides & Menold (2018) suggested an
alternative method for testing the MI with binary scored items. This method aims to determine cases
that do not hold the MI with item factor loadings and threshold values. The recent approach does not
require defining a reference variable and allows us to study the MI directly with one or two-parameter
IRT modeling (Raykov et al., 2018).

IRT suggests that the performance of a person in a test can be predicted according to the item
characteristic curve that shows the relationship between the latent traits or abilities (Hambelton and
Swaminathan, 1985). IRT is concerned with the participants™ responses to each item rather than the total
score received from the test. Two item parameters can be used to define the item characteristic curve,
which is the basis of IRT. One of these is item difficulty (b), and the other is item discrimination (a)
index. Item difficulty states where the item is functional. For example, while an easy item is more
functional for individuals with lower ability, a difficult item is more functional for individuals with
higher ability levels. The item discrimination index states how well it characterized individuals who are
below the ability level of the item and individuals with an ability level above this point (Baker, 2016).

Assume y = (y1, Ya,... Yk) represents the components of a psychological scale. In addition, it is assumed
that the component y discharges the conditions of structural invariance in groups with large samples
(Millsap, 2011). In this setting, a factor analysis model has been developed in each group in which a
parameter with loadings and b parameter with thresholds are related. Hence, the necessary conditions
for y component and MI of the g™ group are represented as follows;

Yo = Agng+ g 1)
A1=Ar- Ay (2
T1= T2:...=Tg (3)

The pair of Equations 2 and 3 also represents a necessary condition to study a two-parameter IRT model
or the DIF, a special case of it (Muthén, Asparouhov & Morin, 2015). DIF states that the probability of
responding to the test item correctly is not an equality case in individuals with the same ability level and
from different groups (Adams & Rowe, 1988). DIF analysis aims to investigate whether test scores are
affected by variations from different groups and whether these variations give rise to a bias for any
subgroup (Algina & Crocker, 1986). If the attribute measured by the test is the same in different
subgroups, it can be seen that the items are affected by the same variability and that individuals with the
same ability level are similar in the measured structure (Algina & Crocker, 1986). The MI analysis
method in the binary scored items used in our study provided to test the MI by determining the items
under the two-parameter IRT.
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Purpose of the Study

The purpose of this study is to examine whether the PISA 2015 reading skills subtest is equivalent in
terms of language skills for countries with native English and non-native English speakers.In order for
comparisons and assessments to be valid, equivalence across cultures and languages should hold. Scales
developed in a particular culture and language reflect characteristics of that culture and language.
Translating a measurement instrument does not warrant that these two scales are equivalent (Sireci &
Berberoglu, 2000). It should be noted that the measurement instrument to be translated or adapted to
another language will differ from its original form. These differences should be ensured to be acceptable
in terms of psychometric properties (Hambleton & De Jong, 2003). In such a study that plays an essential
role in the educational policies of countries, the intercultural equivalence of the tests in terms of language
skills is one of the preconditions for making the right decisions (Arffman, 2010; Baykal & Circi, 2010;
He, Barrera-Pedemonte & Bucholz, 2018). In this respect, it is very important to investigate construct
validity carefully for the proof of the validity of the measuring instrument. Hence in this study, whether
the reading skills test of the PISA 2015 assessment has MI problem between the translated language
form and the original one has analyzed by statistical analysis methods.

METHOD

Sample sizes of PISA 2015 participant countries included in our study are 14157 from the UK, 5712
from the USA, 20058 from Canada, 6647 from Japan, 8249 from Thailand, and 5895 from Turkey. In
PISA, not all students take the same test, and test forms contain common questions as well as different
guestions (OECD, 2016). A total of 64171 students from selected countries participated in the study. In
PISA 2015, 66 different forms were prepared for countries that received computer-based tests. In our
study, data from the 415 form were used given that it was the most frequently used form for Canada,
UK, the USA, Japan, Thailand, and Turkey. Reading skills achievement was measured in this form with
28 items. The frequencies of the participants who took the 415 form in the sample by country are reported
in Table 1.

Table 1 shows that the country with the highest number of participants is Canada with 34.4%, and the
USA has the lowest number of participants with 8.9%. The sample of the study consists of 1524 students
taken the 41 form from six countries separated out of the countries participating in PISA 2015. The
countries included in the research were selected from the countries participating in the PISA 2015 with
a computer-based assessment. Therefore, 28 items with the most responded form number 41 selected
among 66 different forms were included in the analysis. This form included open-ended and multiple-
choice questions. According to the type of question, the items are coded with O refers to false responses,
1 refers to partially correct responses, and 2 refers to correct ones. Since the model did not converge
with only two partially scored items, the partially correct scores were treated as correct, and items 5 and
6 are re-coded as O for incorrect and 1 for correct responses. In our study, the ratio of the missing value
to the total sample size was only 6%, considered low (Kline, 2016, p.83) and hence ignorable (Akbas &
Tavsancil, 2015; Cheema, 2012; Downey and King, 1998; Rubin, 1976; Enders, 2010), and it was
decided to exclude the missing data from the analysis to ease the model convergence.

Data Analysis

A single factor model was tested using CFA for each group. The item parameters obtained with separate
CFA were examined. The full measurement invariance approach allows the item factor loadings and
threshold values between the comparative groups to be the same, and the approximately defined
measurement invariance approach allows only small differences in the parameters in question between
the compared groups (Kim, Cao, Wang, & Nguyen, 2017). Muthén and Asparouhov (2013) bring in the
term of approximate measurement invariance as a stage of measurement invariance, in addition to full
invariance and partial invariance, with recent studies (van de Schoot et al., 2013).

Findings obtained in this direction have been reported.

Table 1. Sample Sizes Based On Countries
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COUNTRY N %

Canada 524 344
UK 384 25.2
Thailand 176 115
Japan 145 9.5
Turkey 159 104
USA 136 8.9
Total 1524 100

The countries included in this study are separated into two groups as native English (UK, Canada, USA)
and non-native English speakers (Japan, Thailand, and Turkey). MI for binary scored items was tested
using the Mplus 8.0 (Muthen & Muthen, 2019). In this direction, item loadings and threshold parameters
were free for each item in MI analysis. The difference in BIC values (ABIC) between the baseline model
(Mo) and the free model in each model were studied. The smaller the BIC value, the better the model-
data fit (Nylund, Asparouhov & Muthén (2007). The model with ABIC> 10 indicates a strong misfit of
the model, and such values are considered a threat to MI (Frank J., Fabozzi & Wiley, 2014).

RESULTS

In the first step, CFA was completed in accordance with the nature of binary variables for each group,
and the model fit was examined. The model data fit findings obtained with CFA are presented in Table
2.

Table 2. Confirmatory Factor Analysis Results of Reading Skills Test PISA 2015

Group (Countries) Chi-Square n RMSEA CFI TLI
value
Native English Speakers 409.58* 1044 .03 .96 .97
Non-Native English Speakers 243.86* 480 .03 .97 .98
*p<.05

When the model fit indices in Table 2 are examined, it is seen that the chi-square value is significant in
both groups (p <.05). Based on the RMSEA values, it can be understood that the model fits perfectly in
both groups since it is .03 for both groups. Concerning CFI and TLI fit indices, it is seen that the CFI
value for the native language group indicates a strong fit with .96 and the TLI value with .97. The CFI
and TLI values for the non-native English also indicate a strong fit with .97 and .98. CFA results
indicated that the one-factor structure of PISA 2015 Reading Skills Test holds for both groups
separately. Item factor loadings, threshold values, a and b parameters obtained as a result of the CFA
analysis are showed in Table 3.
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Table 3. Item Parameters Regarding CFA Results for the Groups Consisting of PISA 2015 Reading
Skills Test Language Variable

Native English Speakers Non-Native English Speakers
Item K t a b K t a b
1 1.00 081 064 -1.50 1.00 -0.38 0.95 -0.56
2 1.01 -1.13 065 -2.07 0.99 -0.35 0.93 -0.51
3 1.06 -1.26 070 -2.20 0.88 -0.64 0.76 -1.06
4 1.10 -1.07 0.74 -1.80 0.65 -0.62 0.51 -1.37
5 1.23 090  0.88 -1.36 0.61 -0.41 0.46 -0.97
6 1.25 092 091 -1.36 1.03 -0.51 1.02 -0.71
7 1.18 067  0.82 1.06 1.03 0.76 1.01 1.06
8 1.00 033  0.64 0.61 0.83 0.69 0.71 -1.24
9 1.31 -1.15  0.99 -1.64 0.84 -0.72 0.71 -1.24
10 0.88 079 054 1.68 0.98 0.98 0.93 1.45
11 1.17 -0.06 0.82 -0.09 0.83 0.22 0.70 0.39
12 0.99 -0.08 0.63 -0.14 0.51 -0.13 0.38 -0.36
13 1.19 079 084 -1.23 0.97 -0.54 0.90 -0.81
14 0.90 -0.06 0.56 -0.12 0.70 0.08 0.55 0.17
15 0.50 0.37 0.28 1.36 0.45 0.53 0.32 1.73
16 0.63 -0.24 0.36 -0.70 0.60 0.08 0.46 0.20
17 1.07 086 071 -1.48 0.76 -0.76 0.62 -1.26
18 1.31 -0.88 0.99 -1.25 0.76 -0.69 0.61 -1.33
19 0.91 -0.07 0.56 -0.14 0.67 0.10 0.53 0.22
20 1.22 -0.41 0.87 -0.62 1.02 0.17 0.99 0.24
21 0.20 -0.14 0.85 -0.22 1.06 0.30 1.07 0.41
22 0.99 -0.26  0.63 -0.49 0.85 -0.47 0.72 -0.81
23 0.87 -0.83 0.53 -1.77 1.02 -0.34 0.98 -0.48
24 0.81 0.16 0.48 0.36 0.84 0.39 0.71 0.68
25 0.79 -0.10 0.47 -0.21 0.73 0.53 0.58 1.06
26 0.77 -0.94 0.46 -2.26 0.60 -1.15 0.45 -2.78
27 1.02 032 0.66 -0.57 0.53 -0.27 0.40 -0.64
28 1.26 0.58 0.92 0.86 0.96 0.73 0.88 1.10

Note: £= item factor loading, t: threshold , a=item discrimination ,b=item difficulty

The item factor loadings, threshold values, a and b parameters obtained from the CFA to examine
whether the item parameters of each group differ or not are given in Table 3. It is observed that the 21%
item has the least factor loading in the group with native language English, whereas the group with non-
English has the greatest factor loading. Accordingly, while factor loadings are expected to be
approximately equal with each other for both groups, this case indicates that the item does not work in
the same way for both groups. It is understood that the 9™ and 18" items in the group with native

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 118



Bagdu Séyler, P., Aydin, B., Atilgan, H. / PISA 2015 Reading Test Item Parameters Across Language Groups: A
Measurement Invariance Study with Binary Variables

language is English are the ones with the greatest factor loadings. The 15t item is the item with the least
factor load (.45) in the group with non-native English and is close to the factor loading (.50) given by
the other group in the 15" item. When the factor loadings and the parameters a of the 12" item are
compared, the item factor loading of the group with native English is .99, and the parameter a is .63,
whereas the item factor loading of the group with non-native English is .51 and the parameter a is .38.
These values are substantially different for the items that are expected to measure the equal
characteristic.

When we viewed the item threshold values and b parameters, whereas the threshold value is -1.13 for
the threshold of the second item in the group with native English, in the group with non-native English,
it is-.35, and b parameter is -2.07 in the group with native English; the group with non-native English is
-0.51. These values are different for an item that should measure the same characteristic in both groups.
Similarly, when the parameters of item 23 are compared in both groups, it is understood that the group
with native English is -1.77 and -0.48 in the other group. The CFA results performed separately for the
two groups are visually examined. It is difficult to say that items 2, 4, 6, 8, 9, 12, 15, 18, 21, 22, 23, 25,
26, 27, and 28 work similarly in psychometric terms. In order to examine whether the 15 differences
determined visually are statistically significant, the variation of item parameters and BIC values in 56
different models were examined for the data set consisting of 28 items. The results of Ml analysis in
binary scored items for the groups with native and non-native English speakers are presented in Tables
4 and 5.

BIC values obtained from 56 different models to be free of item factor loading and thresholds for each
item, their differences from the BIC value in the Mo (ABIC) and item factor loadings and thresholds are
given in Tables 4 and 5. The BIC values of the M, and the BIC values of each model were compared
separately. The BIC value was found to be 44745.34 in Mo. The difference of BIC value in each model
with BIC value of Mo was calculated.
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Table 4. Measurement Invariance Analysis of PISA 2015 Reading Skills Test Thresholds

Group 1 Group 2
Model Par BIC ABIC Js t K t
M1 t1 44748.62 3.28 - -1.69 - -1.27
M2 t2 44708.93 -36.41* - -2.35 - -1.25
M3 ts 44737.70 7.64 - -2.69 - -2.02
M4 ts 44748.02 2.68 - -2.21 - -1.87
M5 ts 44746.98 1.64 - -1.84 - -1.48
M6 te 44752.57 7.23 - -2.14 - -2.19
M7 t7 44739.41 -5.93 - 1.66 - 1.00
M8 ts 44751.38 6.04 - 0.71 - 0.87
M9 to 44752.39 7.05 - -2.76 - -2.66
M10 t1o 44752.62 7.28 - 1.65 - 161
M11 t11 44751.68 6.34 - -0.10 - -0.24
M12 tiz 44731.95 -13.39* - -0.14 - -0.72
M13 tis 44749.29 3.95 - -1.78 - -2.10
M14 t1a 44748.84 3.50 - -0.10 - -0.34
M15 tis 44752.65 7.31 - 0.64 - 0.65
M16 tie 44748.44 3.10 - -0.42 - -0.17
M17 t17 44749.87 4.43 - -1.79 - -2.05
M18 tis 44745.93 0.59 - -2.01 - -2.44
M19 tio 44751.14 5.80 - -0.13 - -0.29
M20 too 44742.71 -2.63 - -0.84 - -0.37
M21 ta1 44751.50 6.16 - -0.21 - -0.71
M22 t22 44691.77 -53.57* - 1.13 - -1.58
M23 t23 44745.36 0.02 - -1.66 - -1.30
M24 toa 44752.56 7.22 - 0.31 - 0.27
M25 tos 44722.68 -22.66* - -1.15 - 0.58
M26 tos 44725.27 -20.07* - -1.75 - -2.66
M27 to7 44743.97 -1.37 - -0.59 - -0.97
M28 tos 44743.49 -1.85 - 1.32 - 0.82

Note: A= item factor loadings; t=threshold; Grup 1: Native English Speakers

Grup 2: Non-Native English Speakers
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Table 5. Measurement Invariance Analysis of PISA 2015 Reading Skills Test Item Factor Loadings

Group 1 Group 2
Model Par BIC ABIC Js t K t
M29 A1 44747.36 2.02 1.15 - 157 -
M30 K2 44722.44 -22.90* 1.09 - 2.09 -
M31 K3 44741.84 -3.50 1.20 - 1.73 -
M32 Ka 44752.67 7.43 1.19 - 1.20 -
M33 £s 44751.06 5.72 1.36 - 117 -
M34 Ke 44752.55 7.21 1.68 - 1.74 -
M35 K7 44749.53 4.19 1.30 - 1.74 -
M36 K8 44752.60 7.26 1.09 - 114 -
M37 Ko 44752.26 6.92 1.75 - 1.65 -
M38 £10 44746.56 1.12 0.92 - 1.49 -
M39 A1l 44748.68 4.34 1.40 - 1.05 -
M40 A12 44731.21 -24.13* 1.06 - 0.44 -
M41 K13 44751.05 5.71 1.52 - 1.33 -
M42 K14 44752.08 6.74 0.89 - 0.78 -
M43 K15 44752.64 7.30 0.50 - 0.51 -
M44 K16 44750.76 5.42 0.59 - 0.77 -
M45 K17 44749.77 4.43 1.28 - 1.05 -
M46 K18 44736.14 -9.20* 1.75 - 1.15 -
M47 K19 44751.27 5.93 0.94 - 0.77 -
M48 K20 44749.49 4.15 1.46 - 0.86 -
M49 An 44751.57 6.23 1.46 - 1.69 -
M50 K22 44736.79 -8.55* 1.18 - 0.63 -
M51 K23 44734.46 -10.88* 0.97 - 1.62 -
M52 K24 44748.02 2.68 0.75 - 111 -
M53 K25 44747.32 1.98 0.78 - 117 -
M54 K26 44739.60 -5.71 0.95 - 0.44 -
M55 Ko7 44736.40 -8.64* 1.12 - 0.58 -
M56 Kas 44752.64 7.30 1.43 - 1.40 -

Note: £= item factor loadings; t=threshold; Grup 1: Native English Speakers Grup 2: Non-Native English Speakers
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Findings showed that ABIC value of the second item is -36.41 (ABIC> 10) in Model 2 and ABIC value
is -22.90 (ABIC> 10) in Model 30. It is evaluated that the threshold values of the second item are quite
different from each other, as -2.35 for the group (Group 1) with native English speakers and -1.25 for
the group with non-native English speakers (Group 2). Accordingly, it can be said that the second item
does not show the model fit and is not comparable for both groups. It is evaluated that ABIC value of
item 18 in Model 46 is a poor fit with -9.20 (6 <ABIC <10). Item thresholds and a, b parameters have
different values from each other, as seen in Table 3. Similarly, the ABIC value of item 22 in Model 22
is -53.57 (ABIC> 10), and in Model 50 this value is -8.55 (6 <ABIC <10). Table 3 is indicated that the
parameters of these items differ from each other on the basis of both groups. Items 12, 23, 25, 26, and
27 also seem to have poor model fit. Therefore, it is evaluated that ABIC values of 8 in 28 items are not
in the range of acceptable model fit, and item parameters differ parallel with these results.

DISCUSSION and CONCLUSION

In this study, the MI of the PISA 2015 Reading Skills Test in terms of the language variable between
the countries with native English speakers and the countries with non-native English speakers was tested
with binary scored items. For two groups with native and non-native English speakers, CFA was
performed separately, and model fit was examined, and it was concluded that overall factor structures
were confirmed for each group. Item parameters were compared in both groups with the findings
obtained with CFA. It was understood that the factor loadings and threshold parameters of some of the
items assumed to measure the same ability in both groups of the PISA 2015 Reading Skills test differ
considerably from each other. Therefore, it was concluded that there could be a limitation for the
comparability of the groups.

When the item thresholds and factor loadings of these items were compared, it was observed that there
was a substantial difference. It was evaluated that 8 out of 28 items in the 41%t form of PISA 2015
Reading Skills possibly limit the scalar equivalence. Such a limitation in at least one item means that
the MI cannot be fully supported for the whole test (Raykov et al., 2018). Therefore, in this test, it can
be concluded that the MI cannot be fully defensible without identifying sources that limit the comparison
between English and non-native English groups. In the literature, there are similar MI findings. For
example, Baykal and Circi (2010) studied the 2006 PISA science test. The authors asked teachers to
evaluate the positive and negative properties of the items, an item evaluation form was created, and the
items were categorized according to their content. Negative categories were determined according to
culture-specific factors reflected in language, grammatical difficulties, unknown words, and expressions
of sentences. Item revisions are completed based on the negative categories. A revised test was created
by selecting 22 items from the Turkish version of the science test. With the revised science test, the
original science test versions were administered to each of two equivalent groups consisting of 30
students. It was concluded that the group that took the language-wise revised test performed better in all
the items compared to the group that took the original translation. A similar study by Asil and Brown
(2015) compared the English version of the test and its versions translated into other languages of the
PISA 2009 reading skills test. The authors reported that socio-economic factors significantly affect the
MI, and linguistic factors are relatively less effective.

In international assessments such as PISA, the questions prepared in English are translated into another
language by the expert translators and then translated back to English to ensure its equivalence with the
original version. In order to study these factors carefully, information about the effects of the differences
in culture and their reflections in the language should be obtained in measurement instruments
(Goldstein, 2017). Items that are specific to a language and contain expressions causing bias should be
excluded from the test. PISA 2015 science test items are not publicly available, the items that limited
the MI could not be examined, and the differences between the results could not be studied in detail.
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Appendix A. Mplus 8.0 Syntax for CFA

TITLE: CFA for the first group (native English)
DATA: FILE IS ING.dat;

VARIABLE: NAMES ARE ul-u28;
CATEGORICAL ARE ul-u2s;

MISSING ARE ALL(999);

MODEL: f1 BY ul-u28;

TITLE: CFA for the second group (non-English)
DATA: FILE IS NONING.dat;

VARIABLE: NAMES ARE ul-u2s;
CATEGORICAL ARE ul-u28;

MISSING ARE ALL(999);

MODEL.: f1 BY ul-u28;
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Appendix B. Mplus 8.0 Syntax for the MI with Binary Variables

Mo base model:

TITLE: Raykov (2018) MO
DATA: FILE = multicfaALL1.dat;
VARIABLE: NAMES = g ul-u2s;
CATEGORICAL =ul-u28;
KNOWNCLASS =C(g=19=2); !g=1 ING, g=2 NOing
CLASSES = C(2);
MISSING=ALL(999);
ANALYSIS: ESTIMATOR = ML;
TYPE = MIXTURE;
ALGORITHM = INTEGRATION;
MODEL:

%OVERALL%

f1 BY ul* (L1)

u2-u28 (L2-L28);
[ul$1-u28$1](T1-T28);

[f1@0];

fl@1;

%C#2%

f1 BY ul* (L1)

u2-u28 (L2-L28);
[ul$1-u28$1](T1-T28);

[f1*];

f1*;

Example syntax to relase a threshold (M1-Mzs):

TITLE: Raykov (2018) M1 (relase first threshold)
ILISTWISE=0ON;

DATA: FILE = multicfaALL1.dat;
VARIABLE: NAMES = g ul-u28;
CATEGORICAL = ul-uz28;
KNOWNCLASS =C(g =19 =2); !g=1 ING, g=2 NOing
CLASSES = C(2);
MISSING=ALL(999);
ANALYSIS: ESTIMATOR = ML,
TYPE = MIXTURE;
ALGORITHM = INTEGRATION;
MODEL:

%OVERALL%

f1 BY ul* (L1)

u2-u28 (L2-L28);
[u1$1-u28$1](T1-T28);

[f1@0];

f1@1;

%C#2%

f1 BY ul* (L1)

u2-u28 (L2-L28);
[u2$1-u28$1](T2-T28);

[ul$1*];

[F1*];

f1*;
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Example syntax to relase a loading(Mzgo-Msg):

TITLE: Raykov (2018) M29 (relase first loading)
ILISTWISE=0ON;

DATA: FILE = multicfaALL1.dat;
VARIABLE: NAMES = g ul-u28;
CATEGORICAL = ul-u28;
KNOWNCLASS =C(g=19=2); !g=1 ING, g=2 NOing
CLASSES = C(2);
MISSING=ALL(999);
ANALYSIS: ESTIMATOR = ML;
TYPE = MIXTURE;
ALGORITHM = INTEGRATION;
MODEL:

%OVERALL%

f1 BY ul* (L1)

u2-u28 (L2-L28);
[u1$1-u28$1](T1-T28);

[f1@0];

fl@1;

%C#2%

fl1 BY ul*

u2-u28 (L2-L28);
[u1$1-u28$1](T1-T28);

[f1*];

f1*;
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PISA 2015 Dil Gruplarma Gore Madde Parametreleri:
ikili Degiskenlerle Olcme Degismezligi Calismasi *
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Oz

PISA gibi uluslararas1 diizeyde yapilan sinavlarda, iilkelerin egitim sistemlerinin etkililigi hakkinda
degerlendirmeler yapilmaktadir. Dolayisiyla bu uygulamalar igin hazirlanan 6lgme araglarinin  gegerligi
incelenirken farkli degiskenlere gore esdegerliginin sinanmast énemli konulardan biridir. PISA uygulamasinin
sorular1 Ingilizce dilinde hazirlanmaktadir. Birgok iilkeden katilan dgrenciler, testin orijinal formunu degil geviri
formunu cevaplamaktadirlar. PISA’nin uygulama dilinden farkli bir dil kdkeninden katilim saglayan 6grenciler ile
testi orijinal formda alan 6grenciler arasinda dil degiskenine goére bir 6lgme degismezligi sorunu olmamasi
gerekmektedir. Bu baglamda c¢alismanin amaci PISA-2015 okuma becerileri alt testinde ana dili Ingilizce olan
iilkeler ile ana dili Ingilizce olmayan iilkelerarasinda ceviriden kaynaklanan bir 6lgme degismezligi sorunu olup
olmadigim arastirmaktir. Arastirmanin amaci dogrultusunda ana dili Ingilizce olan iilkelerden Kanada, ABD ve
Ingiltere; ana dili Ingilizce olmayan iilkelerden ise Japonya, Tayland ve Tiirkiye 6rneklemleri arastirmaya dahil
edilmistir. Bu arasgtirmada PISA-2015 okuma becerileri testinin ana dili degiskenine gore dlgme degismezligi veri
setinin ikili kategorik yapisina uygun olarak test edilmistir. Yapilan analizler ile elde edilen bulgular
dogrultusunda, PISA-2015 okuma becerileri testindeki 28 maddeden 8’inin ana dili Ingilizce olan ve olmayan
tilkelere gore esdegerliginde biiyiikk 6l¢iide sinirlamalar oldugu sonucuna ulasilmistir. PISA gibi uluslararasi
smavlarin {ilkeler arasinda karsilastirilabilir olmasi i¢in 6lgme degismezligini sinirlandiran faktorlerin belirlenerek
etkisinin en aza indirilmesi gerektigi 6nerilmistir.

Anahtar Kelimeler: PISA 2015, 6lgme degismezligi, ikili degiskenlerde ¢ok gruplu 6lgme degismezligi analizi

GIRIS

Ulkelerin egitim politikalarinda 6nemli rol oynayan uluslararasi sinavlardan biri de OECD
(Organization for Economic Cooperation and Development) tarafindan yiiriitiilmektedir (MEB, 2016).
OECD diinya halklarinin refahinin, ekonomik kalkinmalarmin ve egitim politikalarinin
diizenlenmesinde Onemli rol oynayan bir kurulustur. Amaglar1 dogrultusunda pek ¢ok calismalar
yapmaktadir. Bu caligmalardan biri de iilkemizin de katildig1 uluslararasi boyutta uygulanan diinyanin
en biiyiik egitim arastirmalaridan olan Uluslararasi Ogrenci Degerlendirme Programdir (PISA-
Programme for International Student Assessment). PISA uygulamalari; matematik, fen ve okuma
becerileri konu alanlarinda her ii¢ yilda bir diizenli olarak yapilmaktadir. Bu arastirmalar yapilirken ana
kavram “okuryazarlik” lizerinde durulmaktadir. PISA’da okuryazarlik kavrami, yasam pratikleri iginde
bir islevi yerine getirme amacl kullanilan bireysel bir donanim olarak ele alinir. Uluslararas: diizeyde
iilkelerin egitim ¢iktilarim1  degerlendiren bu genis capli arastirmada, egitim seviyelerinin
karsilastirilabilmesi i¢in Olgme aracinin gecerliginin saglanmasi dolayisiyla esdegerlik inceleme
calismalar1 son derece 6nemlidir.

Ulkeler arasinda 6grenci basarilarini karsilastirarak egitim politikalarmi yakindan ilgilendiren PISA
uygulamasinda temel varsayimlardan biri de dlgiilen yapilarin tiim katilimcilar igin ayni olmasidir.
Farkli dil gruplari ve iilkeler arasinda gegerli karsilastirmalar yapmak i¢in yanliligi en aza indirerek yapi

* Bu ¢aligma “PISA 2015 Okuma Becerileri Testinin Ana Dili Degiskenine Gére Olgme Degismezliginin incelenmesi” isimli
yiiksek lisans tezinden iiretilmistir. AERA 2021°de sozlii bildiri olarak sunulmustur.
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gecerligi saglanmalidir. Martin, Mullis, Gonzales, Gregory, Garden, O’Connor, Chrostowski ve Smith
(2000) iilkeler arasinda 6grenci basarisini karsilastirirken yansizligin gerekliligini vurgulamaktadirlar.
Bu dogrultuda yap1 gecerliligi ayirt edici bir 6neme sahiptir. Baykal ve Circi (2010), PISA 2006
uygulamasinin fen testinde yap1 gecerliginin gelistirilmesi i¢in madde diizeltme ¢alismasi yapmuslardir.
Yazarlar fen testinin Tiirkge versiyonundan 22 madde secerek maddeleri dil agisindan diizeltilmis ve
yaptiklar1 uygulamada dil diizenlemesi yapilan testte Ogrencilerin daha basarili olduklarim
raporlamiglardir. Bu dogrultuda PISA gibi uluslararasi uygulamalarda testlerin kiiltiire ve dile bagh
etkenlerden bagimsiz olarak, katilimer tiim {ilkeler tarafindan ayni sekilde anlasilmasinin
karsilagtirilabilirlik agisindan olduk¢a 6nemli bir husus oldugu anlasilmaktadir.

Genel olarak, PISA'nin ulusal egitim politikalarinda etkin rolii, PISA testlerinin giivenilir ve gegerli
araclar oldugu genel kabuliine dayanmaktadir; dolayisiyla bu kabul 6grenci performanslarinin
uluslararast diizeyde karsilastirllmasin1  saglar. Bununla ilgili yapilan aragtirmalar Ggrenci
performanslarimin uluslararasi diizeyde karsilagtirilmasinda g¢eviri, madde igerigi, miifredat farkliliklari,
sinav motivasyonu veya sinav kaygisi, yazi sistemi ve kiiltiir gibi 6l¢me esdegerligini etkileyen birgok
faktor oldugunu gostermistir. Dilsel ¢esitlilik puanlarin karsilastirilabilirligini etkiler ve sonug olarak bu
calismalarin gegerliligini sinirlayabilir (Arffman, 2002; Bonnet, 2002; Grisay ve Monseur, 2007,
Hambleton, Merenda ve Spielberger, 2005; He ve van de Vijver, 2012; Kreiner ve Christensen, 2014).
PISA sorulari ingilizce olarak hazirlanir. Katilimer iilkelerin bir cogunun ana dili ingilizce olmadigindan
ana dili Ingilizce olmayan iilkeler testleri kendi dillerine ¢evrilmis sekilde kullanirlar. PISA, iilkelerin
egitim politikalarin1 6nemli 6l¢iide etkilediginden, iilkeler ve farkli gruplar arasi dlciilen psikometrik
yapmin karsilastirilabilir olmasi son derece oOnemlidir (Brown, 2006). Testlerin farkl dil
versiyonlarindan alinan puanlari anlamli ve gecerli bir sekilde karsilastirmak igin Slgek denkligi
gerekmektedir (Ercikan ve Lyons-Thomas, 2013). Farkli kiiltiir ve dilden katilim gosteren bireylerin
farkli konu alanlarinda, 6zellikle de okuma becerileri gibi direkt dile bagli bir alanda anlamli olarak
karsilastirilabilmesi igin testlerin Ol¢tiigii yapilarda esdegerlik sorunu olmamasi, testlerin dlgme
degismezliginin saglanmasi énemli bir husustur.

Arffman (2010), PISA okuma metinlerinin es degerligini sinirlayan alt1 tip problem tespit etmistir.
Bunlar; dilbilgisindeki dile 6zgii farkliliklar, yazidaki dile 6zgii farkliliklar, anlamdaki dile 6zgii
farkliliklar, kiiltirdeki farkliliklar, gevirmenlerin stratejileri ve diizenleme ile ilgili sorunlardir. Kreiner
ve Christensen (2014), PISA 2006 okuma maddeleri analizlerine dayanarak, degisen madde fonksiyonu
(DMF) gosteren maddeler nedeniyle 6lgme modelinin gegerliginin yetersiz olduguna ve sonug olarak
iilkelerin bu sekilde siralamasimin uygun olmadigina dikkat ¢ekmislerdir. Bazi elestirmenler, daha
onceki kiiltiir ve dil ile ilgili kaygilarla tutarh olarak, PISA okuma metinlerinin; bir dereceye kadar bati
tilkelerinin basarilari1 dil ve kiiltiire bagl olarak artirabildigi sonucuna varmuglardir.(Grisay ve
digerleri, 2007, Grisay, Gonzalez ve Monseur, 2009; Oliveri ve von Davier, 2011). Benzer dilsel ve
kiiltiirel gegmise sahip iilkelerin puanlarda esdegerlik gdosterme olasiliklart yiiksek oldugundan PISA
degerlendirmeleri i¢in 6l¢me degismezliginin sorun teskil edebilecegi on goriilmektedir (Asil ve Gelbal,
2012; Kankaras ve Moors, 2013).

PISA’nm uluslar, kiltiirler ve diller arasindaki esdegerligi tartismaya agiktir. Temel elestiriler,
okudugunu anlama testlerinin yapisinin potansiyel olarak altinda yatan dilbilimsel ve kiiltiirel yanliliga
isaret ederek, ekonomiler arasindaki karsilastirmalarin dogrulugu hakkinda siiphe uyandirmaktadir.
Okuryazarlik performansi, her dilin dogasi, okuryazarligi canlandirmak i¢in kullanilan yazi sistemi,
kiiltiirel olarak tanimlanmig stil, 6gretme ve 6grenme yaklagimlar ile sosyoekonomik kalkinma ve
egitime yatirim seviyeleri gibi birtakim 6zelliklerden etkilenir (Asil ve Brown, 2015). Asil ve Brown
(2015), PISA 2009 okuma becerileri testinin verileriyle testin ingilizce versiyonu ve diger dillere
gevrilmis versiyonlari arasinda bir karsilastirma yapmuslardir. Elde edilen bulgular sonucunda
sosyoekonomik faktdrlerin dlgme degismezligini 6nemli derece etkiledigi, dilsel faktorlerin ise nispeten
daha az etkili oldugu goriilmiistiir.

Farkli kiiltiirlerdeki bireyleri uluslararas1 6lgme-degerlendirme araglariyla karsilasgtirmak igin, 6lgme
aract bagka dillere ¢evrildiginde farkl dillerdeki formlarinin es degerliginin saglanmasi 6nemlidir. Bu
nedenle ¢oklu gruplarin kiiltiirler aras1 karsilastirmalarinda 6lgme degismezligi en ¢ok ihtiya¢ duyulan
caligmalardandir. PISA gibi iilkelerin egitim politikalarinda biiylik rol oynayan bir arastirmada testlerin
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dil becerileri agisindan kiiltiirler ve diller arasi es degerliginin saglanmis olmasi, dogru kararlar
alinmasinin 6n kosullarindan 6nemli biridir. Dolayisiyla yapt gecerligi ¢aligmalarimin titizlikle
yapilmasi, 6l¢me aracinin gecerlik kanit1 i¢cin son derece 6nemlidir. Alanyazinda PISA uygulamalarinin
Oleme degismezligine iliskin ¢esitli calismalar mevcuttur. Yapilan calismalarin bir ¢cogunda secilen
Olgme degismezligi analiz yontemlerinin veri setine uygunlugunun g6z Oniinde bulundurulmamasi
dikkat cekicidir. Olgme degismezligi ¢alismalarinin giivenilir sonuclarla yapilabilmesi igin secilen
yontemin veri setinin yapisina uygun olmasi mutlaka g6z 6niinde bulundurulmalidir.

Olgme degismezligi calismalari dlgme aracmin yapi gecerligine dair kamt elde edilmesini saglar.
Psikolojik bir 6lgme aracinin yap1 gegerligi ve giivenirlik gibi 6zelliklerinin farkli gruplardaki esitligi
dlgme degismezligi (esdegerligi) olarak tanimlanir (Herdman, 1998). Olgiilecek olan psikolojik yapinin
farkll kiiltiirel etmenler veya degiskenler agisindan gruplar arasinda karsilastirilabilir olup olmadig:
dleme degismezligi sorununun temelidir. Olgme degismezligi, bir 5lgme modelinin ¢oklu gruplarda ayni
yapida olmasi demektir (Bollen, 1989).

Olgme degismezliginin ortak faktor dogrusal modelleri cergevesinde degerlendirilmesi faktoriyel
degismezlik olarak bilinir. Bu metodoloji, bir lgme modelinin farkli gruplar arasindaki parametrelerin
esdegerligini degerlendirmek igin kullanilir. Dogrusal faktoriyel model ikili, sirali ve likert tipi
degiskenler iceren veri setlerinde kullanildiginda gozlenen degiskenlerin yapis1 gézardi edilmis olur
(Elosua, 2011). Olgme degismezligini test etmek i¢in serbest modellerde ki-Kare fark testi yapildig: gibi
¢ok gruplu faktor analizleri de siklikla kullanilmaktadir. Fakat siirekli ve sirali kategorik veri setleri i¢in
modeller farklidir, bu nedenle gruplar arasi1 6l¢me degismezligini sinamak, parametrelerin her bir model
icin test edilmesini gerektirir (Meredith, 1993). Siirekli degiskenler igeren bir veri setinde ilgili
parametreler faktor yiikleri ve artik varyans iken, sirali kategorik bir veri setinde gruplar arasi
karsilastirma yapabilmek i¢in esik deger parametresine ihtiya¢ vardir. Sirali kategorik veri setlerini
analiz etmek i¢in en biiylik olabilirlik kestirimi (ML) ile siirekli dogrusal modellerin kullanilmas1 bazi
dezavantajlar ve degismezligin kaynagi hakkinda belirsizlikler igerir (Lubke ve Muthén, 2004). French
ve Finch (2006), arastirmalarinda ¢ok boyutlu ikili kategorik maddeler igeren veri setinde ki-kare fark
testinin 6lgme degismezligini degerlendirmedeki giiciiniin oldukga diisiik oldugu sonucuna varmislardir.
Stirekli degiskenler icin yaygin olarak ise kosulan dogrusal faktor analizi yerine, sirali kategorik
yapidaki degiskenler esik yapisina uygun olarak ¢oklu grup dogrulayici faktor analizi (CGDFA) ile
modellenebilir (Kim ve Yoon, 2011). Olgme degismezligi testi, dogrusal dogrulayici faktdr analizi
(DFA) ile madde tepki kuramina (MTK) dayali DMF analizi ile yeterince karsilagtirilamaz, ¢linkii
dogrusal DFA sirali kategorik veriler i¢in uygun bir analiz degildir (McDonald, 1999; Oishi, 2006; Reise
ve digerleri, 1993). Meade ve Lautenschlager (2004), bazi durumlarda MTK yaklagiminin &lgme
degismezliginin kurulmasi i¢in farkli ve potansiyel olarak daha yararli bilgiler saglayabilir oldugunu
belirtmistir. Esik yapisin1 modellemeden yapilan dogrusal DFA, gézlemlenen degiskenlerin siirekli ve
normal olarak dagildigini varsayar. Dogrusal DFA, dikotom veya politom puanlari siirekli degiskenler
olarak ele alir ve kategorik verilerin ayrik 6zelligini géz ard1 eder; bu da yanlis sonuglar verebilir. Esik
yapisi dahil edilerek yapilan kategorik DFA, yapisal esitlik modelindeki kategorik verileri diizgiin bir
sekilde analiz eder. Esik degerler, matematiksel olarak MTK'daki zorluk parametreleri ile iligkilidir
(Lord ve Novick, 1968; Takane ve de Leeuw, 1987). Buna gore, sirali kategorik degiskenlerle 6lgme
degismezligini test etmek i¢in MTK’daki ilgili analitik teknikle yapilan sirali kategorik DFA, esik yapis1
dikkate alinmadan yapilan dogrusal DFA’ya gore daha dogru sonug verir.

Raykov, Marcoulides ve Milsap (2013) 6lgme degismezligi belirleme yaklagimlarini iki kategoriye
ayirmistir; ortiik degisken modelleme (latent variable modelling) ve ¢oklu test metodu (multiple testing
method). Birinci yaklasim kapsaminda olgme degismezligini incelemek ig¢in en sik kullanilan
yontemlerden biri CGDFA’dir (Jéreskog, Sérbom, Toit ve Toit, 2001; akt. Sirganci, Uyumaz ve Yandi,
2020). CGDFA ayn1 zamanda farkli gruplar arasinda 6lgme sonuglarinin denk olup olmadigi ile ilgili
madde yanlihgiyla da ilgilenir (Gregoric, 2006; Onen, 2009; Salzberg ve digerleri, 1999). CGDFA
analizleri ve 6l¢me degismezligi asamalar1 analiz edilirken gruplardan biri referans grup olarak belirlenir
ve bu gruptaki veriler her asamada sabitlenip diger grup ya da gruplara ne derecede uyum sagladigi
incelenir. Normal dagilim varsayimi yapilarak 6lgme degismezligi asamali olarak test edilmektedir. Her
bir agama, bir dnceki asamanin 6n kosulu olarak kabul edilir (Wu, Li ve Zumbo, 2007). Siirekli olmayan
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degiskenlerin (6r. sirali kategorik) normal dagilan bir ortiik degiskenin yansimasi oldugu kabulii ve bu
kabule uygun tahminleyicilerle CGDFA tamamlanabilir. Fakat Raykov, Marcoulides ve Milsap (2013)
ortiikk degisken modelleme yaklagiminin yaniltici sonuglar verebilecegini ve goklu test yaklagiminin
daha az sayida sinirliligi oldugunu belirtmistir.

Ikili Kategorik Degiskenlerde Ol¢me Degismezligi

Raykov ve ark. (2018) coklu test yaklagiminin ikili degiskenlerin yapisina uygun olarak kullanimini, 9
sorudan olusan bir matematik yetenek testinin 771’1 erkek, 744’1 kiz olan 1515 kisilik bir 6rnekleme
uygulanmasindan elde edilen verilerde uygulayarak aciklamiglardir. Her bir madde i¢in esik degerler ve
faktor yiikleri serbest birakilarak temel modelle (M) yapilan karsilastimaya gore 6lgme degismezligi
incelenmistir. Bu yaklasim MTK ile ortiismektedir. MTK, bireyin bir testte gosterdigi performansin
ortiik ozellikler veya yetenekleri ve bir maddedeki performansiyla bu 6zelliklerin arasindaki iliskiyi
tanimlayan madde karakteristik egrisine gore kestirilebilecegini 6ne siirer (Hambelton ve Swaminathan,
1985). MTK her bir maddeye verilen cevabin dogru ya da yanlishg ile ilgilenir. Bireyin her bir maddeye
vermis oldugu dogru cevaplar 1, yanlis cevaplar 0 olacak sekilde ikili madde (binary item) formunda
puanlanir (Baker, 2016). MTK’nin temeli olan madde karakteristik egrisini tanimlamak igin iki madde
parametresi kullanilir. Bunlardan biri madde gii¢liigii (b) digeri ise madde ayirt edicilik (a) indeksleridir.
Madde giicliigii, maddenin hangi noktada islevsel oldugunu ifade eder. Ornek olarak; kolay bir madde
daha diisiik yetenek diizeyindeki bireyler i¢in daha islevsel iken, zor bir madde yiiksek yetenek
diizeyinde bulunan bireyler i¢in daha islevseldir. Madde ayirt edicilik indeksi ise, maddenin bulundugu
noktanin altinda kalan bireyler ile bu noktanin {izerinde yetenek diizeyine sahip bireyleri ne kadar iyi
ayirt edebildigini gosterir (Baker, 2016).

Bir psikometrik 6l¢egin bilesenlerini y = (y1, Y2, . . . , k) temsil etmektedir. Ayrica Y bileseninin her biri
biiyilik 6rneklemlere sahip gruplarda yapisal degismezligin kosullarini yerine getirdigi varsayilmaktadir
(Millsap, 2011). Bu dogrultuda her bir grupta a parametresi ile faktor yiikleri ve b parametresi ile esik
degerlerinin iligkili oldugu bir faktor analizi modeli gelistirilmistir. Bu modele gore g. grubun y bileseni
ve 6lgme degismezligi icin gerekli sartlar asagida verilmistir.

Yo = Ag1)g + dg 1)
A1=Ao-. -Ag 2
Ti= To=. ~Tg (3)

Esitlik 2 ve 3 ayrica iki parametreli MTK modeli ya da MTK’nin bir 6zel durumu olan DMF incelemek
icin yeterli bir sart1 temsil etmektedir (Muthén, Asparouhov ve Morin, 2015). Bu yontemde ilk asama
g-grubu modelinin k ikili maddeleriyle uyum gostermesidir. Burada k ikili puanlanmis maddelerinin
kategorik yapisini dikkate alinarak ve kategorik veri setlerinde en biiylik olabilirlik kestirimini
kullanilmaktadir (Muthen & Muthen, 2016). Cok gruplu bu modelde; (i) grup 6zdesimi i¢in tim faktor
yiikleri ve esik degerler sabit tutulmustur, (ii) ortikk degiskenlerin ortalamalar1 ve varyanslar1 yalnizca
birinci grupta serbest kalmak tizere, sirasiyla 0 ve 1 olarak belirlenmistir, (iii) g>1 ise ortiik kovaryans
matrisinin kdsegen olmayan Ogeleri tim gruplarda serbest birakilir. Dolayisiyla birinci agamada
uygulanan 2 ve 3 numarali denklem ¢ifti, yalnizca birinci grupta tiim faktorlerinin ortalama ve
varyanslarini sirastyla 1 ve 0’a sabitlenip, kalanlarinin tim gruplarda serbest birakilmasini gerektirir ve
g>1 olmast durumunda 6rtiik kovaryans matrisi yalnizca birinci (referans) grupta 1’e sabitlenmis ana
kosegen elemanlari disinda tiim gruplarda serbest birakilir. Bu siirlandirilmis g-grup modeli stirtimiinii
Mo olarak gosterilmistir. ikinci asamada,her bir maddenin esik degerleri yam sira faktor yiikleri de ,
Mo’da tekli parametreler olarak art arda serbest birakilir ve bu da 2k ilgili model M (1),...M(2k) modelini
olusturur (Raykov, Marcoulides ve Millsap, 2013). Bu 2k modellerin her birinde Mo yuvalanmis (nested)
ozelligi bulunmaktadir, yani Mo, M(1)’den M(2k)’ya kadar tiim modellerde gruplararasi esdegerlik
simirliligindan bagimsiz olan herhangi bir parametreye gore grubun oOzelligini belirlemesi igin
olusturulmustur (Raykov, Dimitrov, Li, Marcoulides ve Menold 2018).

DMF ile ilgili tartigmalarin bir sonucu olarak, yukarida verilen Esitlik 2 ve 3, iki parametreli MTK
modelinin tahminlenemeyen ikili maddeler grubu i¢in dogru olmasi durumunda DMF i¢in yeterli sart1
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saglamadigim gosterdigi anlagilmistir (Lord, 1980). DMF, bir test maddesine ayn1 yetenek diizeyinde
olup farkli gruplardan gelen bireylerin maddeye dogru cevap verme olasiligimin ayni olmamasi
durumunu ifade eder (Adams ve Rowe, 1988). DMF analizleri temelde, test puanlarinin farkl
gruplardan gelen degiskenliklerden etkilenip etkilenmedigini ve bu degiskenliklerin herhangi bir alt
grup icin bir fayda saglayip saglamadigini arastirmay1 amaclar (Algina ve Crocker, 1986). Test ile
oOlgtilen 6zellik farkl alt gruplarda ayni ise, maddelerin ayni degiskenlik durumundan etkilendigi ve ayni
yetenek diizeyindeki bireylerin 6l¢iilen yapida da benzer yetenek diizeyinde oldugu sdylenebilir (Algina
ve Crocker, 1986). Bu ¢alismada kullanilan ikili maddelerde dlgme degismezligi analizi yontemi, iKi
parametreli MTK altinda DMF gosteren maddeleri belirleme yolu ile 6lgme degismezligini test etme
imkan1 sunmustur.

Arastirmanin Amact

Bu calismanin genel amaci, PISA 2015 okuma becerileri alt testinin ana dili ingilizce olan iilkeler ile
ana dili Ingilizce olmayan iilkeler icin dil becerileri agisindan esdegerliginin saglanip saglanmadiginin
incelenmesidir. Karsilastirma ve degerlendirmelerin anlamli olabilmesi igin, kiiltiirler ve diller arasi
dleme esdegerligin olmasi, yani ana dili ingilizce olan iilkeler i¢in herhangi bir yanlilik olmamasi
gerekmektedir. Belli bir kiiltiirde ve dilde gelistirilmis dlcekler, o kiiltiire ve dile 6zgii nitelik ve
kavramsallagtirmalar1 yansitir. Bir 6lgme aracinin bir dilden baska bir dile terciime edilmesi bu iki
Olcegin esdeger oldugunun garantisini vermez (Sireci ve Berberoglu, 2000). Baska bir dile ¢evirilecek
ya da uyarlanacak 6lgme araglarinin orijinal formlarindan farkli olacaklar1 bilinmelidir. S6z konusu
farkliliklarin psikometrik, dil ve anlamlilik agilarindan kabul edilebilir diizeyde olmalar1 saglanmalidir
(Hambleton ve De Jong, 2003). Ulkelerin egitim politikalarinda biiyiik rol oynayan bdyle bir arastirmada
testlerin dil becerileri agisindan kiiltiirler aras1 esdegerliginin saglanmis olmasi, dogru kararlar
alinmasinin 6n kosullarindan biridir (Arffman, 2010; Baykal ve Circi, 2010; He, Barrera-Pedemonte ve
Bucholz, 2018). Tiim bu gereklilikler 15181nda yap1 gecerligi ¢alismalarinin titizlikle yapilmasi, 6lgme
aracinin gecerlik kaniti i¢in son derece 6nemlidir. Bu nedenlerle bu ¢alismada PISA 2015 uygulamasinin
okuma becerileri testinin ¢eviri dil ve orijinal dil arasinda herhangi bir 6lgme degismezligi sorunu olup
olmadigini istatistiksel analiz yontemleriyle incelenmistir.

YONTEM

PISA 2015 uygulamasina Ingiltere’den 14157, ABD’den 5712, Kanada’dan 20058, Japonya’dan 6647,
Tayland’dan 8249 ve Tiirkiye’den 5895 &grenci katilmistir. Ulkelerin se¢imi yapilirken ana dilleri ve
okuma becerileri testindeki basar1 seviyeleri géz 6niinde bulundurulmustur. Arastirmaya dahil edilen
alt1 iilkeden {igii testi orijinal formda alan diger iigii ise ana dili Ingilizce olmayip testi ceviri formda alan
tilkeler arasindan segilmistir. Kanada ve Japonya okuma becerileri testinde basarili olan iilkeler arasinda
oldugu igin arastirmaya dahil edilmistir. Ingiltere ve ABD okuma becerileri testinde ~OECD
ortalamasina yakin basar1 saglayan ve Tayland ile Tiirkiye de basar1 siralamasinda OECD ortalamasimin
altinda yer alan tilkelerdir.

PISA uygulamalarinda tiim 6grencilere ayn1 test uygulanmamaktadir. Test formlari ortak sorular oldugu
gibi farkl sorular da icermektedir (OECD, 2016). Bu ¢aligmada, bilgisayar tabanli degerlendirmede
uygulanan 66 farkli form arasindan, arastirmanin drneklemine dahil edilen iilkeler bazinda en ¢ok
cevaplanan form oldugu igin 41 numarali form se¢ilmistir. Dolayisiyla arastirmanin 6rneklemini PISA
2015 uygulamasinda 41 numarali formu alan 6grenciler olusturmaktadir. Okuma becerileri basaris1 bu
formda 28 madde ile lgiilmiistiir. Orneklemde 41 numarali formu alan dgrencilerin iilkeler bazinda
frekanslar1 Tablo 1’de verilmistir.
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Tablo 1. Ulkeler Bazinda Orneklem Frekanslart

Ulke N %

Kanada 524 34,4
Ingiltere 384 25,2
Tayland 176 11,5
Japonya 145 9,5
Tiirkiye 159 10,4
ABD 136 8,9
Toplam 1524 100

Katilim oranlara bakildiginda aragtirmanin 6rnekleminde en fazla katilimciya sahip iilke %34,4 ile
Kanada ve en az katilimciya sahip iilke ise %8,9 orani ile ABD oldugu anlasilmaktadir. Arastirmanin
orneklemini PISA 2015 uygulamasina katilan iilkelerden segilmis alt1 iilkeden 41 numarali formu alan
toplam 1524 6grenci olusturmaktadir. PISA 2015 okuma becerileri alt testi verilerine OECD’nin resmi
web sayfasindan ulagilmistir. Arastirma kapsamina alinan iilkeler PISA 2015 uygulamasina bilgisayar
tabanli degerlendirme ile katilan {ilkeler arasindan secilmistir. Arastirmaya dahil edilen 41 numaral
formda acik u¢lu ve ¢oktan se¢cmeli maddeler bulunmaktadir. Soru ¢esidine gére maddeler yanlis
yanitlar 0, kismi dogru yanitlar 1, dogru yanitlar ise 2 ile kodlanmistir. Verilerin analizi asamasinda
modelin tahminlenememesinden dolayr 5. ve 6. maddelerde 2 kodlu cevaplar 1 olacak sekilde
diizenlenmis, veri seti 0-1 ikili kategorik forma doniistiiriilmiistiir. Kayip degerler arastirma sonuglarini
farkl sekilde etkiledigi i¢in, aragtirmacinin 6rneklem biiytlikligii, kayip deger orani gibi etmenleri goze
alarak bir karar vermesi gerekmektedir (Cheema, 2012). Kayip veri sorunu ile ilgili ¢6zlim yollar1; kayip
veri ile analize devam etme, eksik verileri analiz disinda birakma, kayip veri yerine deger atama ve diger
istatistiksel metodlarla eksik verinin tamamlanmasi gibi uygulamalardir (Downey ve King, 1998). Kayip
verinin ihmal edilebilirligi, kaybin rastgele olarak olustugu, bir baska deyisle bir oriintiiye sahip
olmadig1r ve dolayisiyla da veri dagiliminda bir sapma ya da farklilik olusturmayacagi anlamina
gelmektedir (Rubin, 1976; Enders, 2010; akt. Akbas ve Tavsancil, 2015). Arastirmamizda kayip veri
sayisinin Orneklem biiyiikliigline oran1 %6 olarak hesaplanmuis olup, eksik veriler analiz dis1 birakilmistir
(Kline, 2016, s.83).

Verilerin Analizi

Bu ¢aligmada dncelikle model her bir grup i¢in ayr1 ayr1 yapilan DFA ile dogrulanmis, yap1 gecerliligine
dair kanit elde edilmistir. DFA ile elde edilen madde parametreleri arasindaki iligki incelenmistir.
Arastirmaya dahil edilen iilkeler ana dili Ingilizce olanlar (Ingiltere, Kanada, ABD) ve ana dili Ingilizce
olmayanlar (Japonya, Tayland ve Tiirkiye) olarak iki gruba ayrilmistir. Her bir grup i¢in ayr1 ayr1 DFA
yapilarak madde faktor yiikleri ve madde esik degerleri hesaplanmigtir. Her bir maddenin iki grupta da
hesaplanan madde parametreleri karsilastirilmistir. Daha sonra 6lgme degismezligini test edilmistir.
Muthén ve Asparouhov (2013), son zamanlarda yapilan caligmalarla tam degismezlik ve kismi
degismezlige ek olarak, yaklasik 6lgme degismezligi kavramini da 6lgme degismezliginin bir agsamasi
olarak eklemistir (van de Schoot ve digerleri, 2013). Yaklasik 6lgme degismezligi, kati Glgme
degismezligi varsayimini yumusatir. Yaklasik 6lgme degismezligi, sonraki analizlerin sonuglarin
etkilemedigini varsayarak paratmetrelerdeki kiigiik farkliliklara izin verir (Kim, Cao, Wang ve Nguyen,
2017).

Mplus 8.0 programu ile veri setinin kategorik yapisi dikkate alinarak Raykov ve ark. (2018) tarafindan
tanmimlanan basamaklara uygun olarak dlgme degismezligi test edilmis; bu dogrultuda elde edilen
bulgular rapor edilmistir. Yapilan iki degiskenli maddelerde 6l¢me degismezligi analizi ile her bir madde
icin madde faktor yiikleri ve esik parametreleri serbest birakilarak Mo serbest modeli olusturulmustur.
Daha sonra elde edilen her modelde degisimi iki grup arasindaki degisimi incelenen parametre serbest,
digerleri sabit tutularak parametrelerin karsilastirilmasi yapilmistir. Model uyumunu incelemek i¢in Mo
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serbest modelinde ve her bir madde bazinda ayr1 ayr1 Bayesian Information Criterion (BIC) degerleri
hesaplanmigtir. Parametre sayilar1 BIC {izerinde, bir diger uyum indeksi olan Akaike Information
Criterion (AIC) degerine gore daha biiyiik bir etkiye sahiptir (Frank J., Fabozzi ve Wiley, 2014). Nylund,
Asparouhov ve Muthén (2007) bulgular1i dogrultusunda BIC’nin model iyiligi kriteri olarak
kullanilmasina karar verilmistir. Elde edilen her bir modelin BIC degeri ile My serbest modelinin BIC
degeri arasindaki farklar bulunmustur. BIC degerleri arasindaki farkin (ABIC) biiyiikliigiine gore
modelin iyiligi hakkinda sonuca varilmistir. 6<ABIC<10 arasindaki degerler modelin iyi olmadigina
dair gii¢lii, ABIC>10 olan degerler ise ¢ok giiclii bir kanit sunar. BIC degeri ne kadar kiigiikse model o
kadar iyi demektir. Mg serbest modeline gore daha biiyiik BIC farki veren maddelerin modelle uyumu,
bu farkin biiyiikliigiiyle ters orantili olarak azalmaktadir (Frank J., Fabozzi ve Wiley, 2014). Bu
dogrultuda ABIC>10 olan maddeler oldukca kotii bir model uyumu veriyor anlamina gelir, dolayisiyla
Oleme degismezligi saglanamadigina dair bir kanit olusturmaktadir.

BULGULAR

Aragtirmada oncelikle yap1 gecerligine iliskin bir kanit elde etmek amaciyla her bir grup igin ikili
degiskenlerin yapisina uygun olarak DFA tamamlanmis, standardize edilmemis faktor yiikleri
belirlenmis ve model uyumu incelenmistir. DFA ile elde edilen bulgular Tablo 2’de verilmistir.

Tablo 2. PISA Okuma Becerileri Testine Iliskin Dogrulayici Faktdr Analizi Sonuglart

Grup (Ulkeler) v df p n RMSEA CFI TLI
Anadili Ingilizce Olan 409.58 226 .00 1044 .03 .96 .97
Anadili Ingilizce Olmayan 24386 174 .00 480 .03 97 .98

Tablo 2’deki model uyum indeksleri incelendiginde anadili Ingilizce olan grupta x?degerinin (409.58),
serbestlik derecesi (226) ile birlikte anlamli oldugu goriilmektedir (p<.05). Anadili Ingilizce olmayan
grupta da y? degerinin (243.86), serbestlik derecesiyle (174) birlikte her iki grupta anlamli oldugu
tablodan anlagilmaktadir(p<.05). RMSEA degerlerine bakildiginda, her iki grup i¢in de .03 degerinde
oldugundan modelin her iki grupta da milkemmel uyum gosterdigini sdylenebilir. CFI ve TLI uyum
indeksleri incelendiginde ise, ana dili Ingilizce olan grup i¢in CFI degeri .96 ve TLI degeri ise .97 ile
kabul edilebilir uyum saglamaktadir. Ana dili Ingilizce olmayan gruptan CFI degerinin .97 ile kabul
edilebilir ve TLI degeri .98 ile iyi model uyumu verdigi goriilmektedir. DFA sonuglari PISA 2015
okuma becerileri testinden olusan yapinin her iki grup i¢in de ayr1 ayri model uyumu gosterdigini ortaya
koymaktadir. Her bir gruba ait madde faktor yiikleri ve @, b parametrelerinin farklilik gosterip
gostermedigini incelemek i¢in yapilan DFA analizi sonucunda elde edilen madde faktor yiikleri, esik
degerler, a ve b parametreleri Tablo 3’te verilmistir.
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Tablo 3. PISA 2015 Okuma Becerileri Testi Dil Degiskenine Gore Olusturulan Gruplarin DFA
Sonuglarina Iliskin Madde Parametreleri ‘ ]
Anadili Ingilizce Olan Ulkeler Anadili Ingilizce Olmayan Ulkeler
Madde K t a b K t a b
1 1.00 -0.81 64 -1.50 1.00 -0.38 .95 -0.56
2 1.01 -1.13 65 -2.07 .99 -0.35 .93 -0.51
3 1.06 -1.26 70 -2.20 .88 -0.64 76 -1.06
4 1.10 -1.07 74 -1.80 .65 -0.62 51 -1.37
1.23 -0.90 .88 -1.36 61 -0.41 46 -0.97
6 1.25 -0.92 91 -1.36 1.03 -0.51 1.02 -0.71
7 1.18 67 82 1.06 1.03 76 1.01 1.06
8 1.00 33 64 61 .83 .69 71 -1.24
9 1.31 -1.15 .99 -1.64 84 -0.72 71 -1.24
10 .88 79 54 1.68 .98 .98 .93 1.45
11 1.17 -0.06 82 -0.09 .83 22 .70 .39
12 99 -0.08 63 -0.14 51 -0.13 38 -0.36
13 1.19 -0.79 84 -1.23 97 -0.54 .90 -0.81
14 .90 -0.06 56 -0.12 .70 .08 55 A7
15 50 37 28 1.36 45 53 .32 1.73
16 63 -0.24 36 -0.70 .60 .08 46 .20
17 1.07 -0.86 71 -1.48 .76 -0.76 .62 -1.26
18 1.31 -0.88 .99 -1.25 76 -0.69 61 -1.33
19 91 -0.07 .56 -0.14 67 10 53 22
20 1.22 -0.41 .87 -0.62 1.02 17 .99 24
21 20 -0.14 .85 -0.22 1.06 30 1.07 41
22 .99 -0.26 63 -0.49 .85 -0.47 72 -0.81
23 .87 -0.83 53 -1.77 1.02 -0.34 .98 -0.48
24 81 16 48 36 84 39 71 68
25 79 -0.10 47 -0.21 73 53 .58 1.06
26 77 -0.94 46 -2.26 .60 -1.15 45 -2.78
27 1.02 -0.32 66 -0.57 53 -0.27 40 -0.64
28 1.26 58 92 .86 .96 73 .88 1.10

Not: £=madde faktor yiikil, t=madde esik degeri, a=madde gii¢liik, b=madde zorluk

Tablo 3’te verilen ana dili ingilizce olan iilkelerden olusan grup bazinda faktér yiikleri incelendiginde
en diisiik faktor yiikiine (.20) sahip 21. maddeyken ana dili ingilizce olmayan iilkelerden olusan grupta
ise en fazla faktor yiikiine (1.06) sahip oldugu goriilmektedir. Bu dogrultuda her iki grup i¢in de faktor
yiiklerinin birbirine yakin olmasi beklenirken, bu durum maddenin her iki grup i¢in farkli ¢alistigini
gostermektedir. Ana dili ingilizce olan grupta 9. ve 18. maddelerin en yiiksek faktér yiikiine (1.31) sahip
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maddeler oldugu anlasilmaktadir. 15. madde ana dili Ingilizce olmayan grupta en diisiik faktor yiikiine
(.45) sahip maddedir ve diger grubun 15. maddede verdigi faktor yiikii (.50) ile olduk¢a yakin
degerdedir. 12. maddenin faktor yiikleri ve a parametreleri karsilastirildiginda ana dili Ingilizce olan
grubun madde faktor yiikii .99 ve a parametresi .63 iken ana dili ingilizce olmayan grupta madde faktor
yiikii .51 ve a parametresinin .38 oldugu goriilmektedir. Bu degerler aynmi 6zelligi 6lgmesi gereken
maddeler i¢in birbirinden oldukc¢a farklidir. Her iki grubun faktor yilikleri maddeler bazinda
karsilastirildiginda 4, 9, 18, 21, 27 ve 28. maddelerin faktor yiiklerinin ve a parametrelerinin iki grupta
birbirinden oldukca farkli degerler aldig1 goriilmektedir. Buradan bazi maddelerin her iki grup icin de
ayni sekilde ¢alismadigi soylenebilir.

Madde esik degerleri ve b parametreleri incelendiginde 2. maddenin ana dili ingilizce olan grupta esik
degerinin -1.13 iken ana dili Ingilizce olmayan grupta -.35 oldugu, b parametrelerinin ise ana dili
Ingilizce olan grupta -2.07; ana dili Ingilizce olmayan grupta ise -0.51 oldugu goriilmektedir. Bu
degerler her iki grupta da ayni ozelligi 6lcmesi gereken bir madde icin birbirinden oldukca farkl
degerlerdir. Benzer sekilde 23. maddenin her iki grupta b parametreleri karsilastirildiginda ana dili
Ingilizce olan grupta -1.77, diger grupta -0.48 degerini aldig1 anlagiimaktadir. Bu dogrultuda, tablo 3’te
6, 8, 22, 25 ve 26. maddelere ait esik degerleri ve b parametrelerinde farklilagsmalar oldugu
goriilmektedir. Toplamda 28 maddeden olusan veri seti igin 56 farkli modelde madde parametreleri ve
BIC degerleri degisimi incelenmistir.

Ana dili Ingilizce olan ve ana dili Ingilizce olmayan her iki gruba ait iki degiskenli puanlanan
maddelerde 6lgme degismezligi analizi sonuglart Tablo 4’ te verilmistir. Tablo 4 ve Tablo 5
incelendiginde her bir madde i¢in madde faktor yiikleri ve esik degerlerinin serbest birakilmasi ile 56
farkli modelden elde edilen BIC degerleri, bunlarin My serbest modelindeki BIC degerinden farklar
(ABIC) ve madde faktor yiikleri ile esik degerleri yer almaktadir. Mo serbest modelinin BIC degerleri
ile her bir modelin BIC degerleri ayr1 ayr1 karsilagtirtlmistir.
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Tablo 4. PISA 2015 Okuma Becerileri Testi Olgme Degismezligi Analizi Esik Degerler

Grup 1 Grup 2
Model Par BIC ABIC t t

Mo to 44745.34 - - R
M1 t 44748.62 3.28 -1.69 -1.27
M2 t2 44708.93 -36.41* -2.35 -1.25
M3 ts 44737.70 7.64 -2.69 -2.02
M4 ta 44748.02 2.68 -2.21 -1.87
M5 ts 44746.98 1.64 -1.84 -1.48
M6 te 44752.57 7.23 -2.14 -2.19
M7 t7 44739.41 -5.93 1.66 1.00
M8 ts 44751.38 6.04 71 .87
M9 to 44752.39 7.05 -2.76 -2.66
M10 tio 44752.62 7.28 1.65 161
M11 tu 44751.68 6.34 -0.10 -0.24
M12 t12 44731.95 -13.39* -0.14 -72
M13 t13 44749.29 3.95 -1.78 -2.10
M14 tia 44748.84 3.50 -0.10 -0.34
M15 tis 44752.65 7.31 .64 .65
M16 tie 44748.44 3.10 -0.42 -0.17
M17 taz 44749.87 4.43 -1.79 -2.05
M18 tis 44745.93 .59 -2.01 -2.44
M19 t1o 44751.14 5.80 -0.13 -0.29
M20 t20 44742.71 -2.63 -0.84 -0.37
M21 to1 44751.50 6.16 -0.21 -0.71
M22 22 44691.77 -53.57* 1.13 -1.58
M23 t23 44745.36 .02 -1.66 -1.30
M24 o4 44752.56 7.22 31 27
M25 t25 44722.68 -22.66* -1.15 .58
M26 26 44725.27 -20.07* -1.75 -2.66
M27 to7 44743.97 -1.37 -0.59 -0.97
M28 tos 44743.49 -1.85 1.32 .82

Not: £= madde faktor ylikil, t=madde esik degeri
Grup 1: Ana dili Ingilizce Olan Ulkeler Grup 2: Ana dili Ingilizce Olmayan Ulkeler
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Tablo 5. PISA 2015 Okuma Becerileri Testi Olgme Degismezligi Madde Faktor Yiikleri

Grup 1 Grup 2
Model Par BIC ABIC K t K t
M29 K1 44747.36 2.02 1.15 - 1.57 -
M30 A2 44722.44 -22.90* 1.09 - 2.09 -
M31 K3 44741.84 -3.50 1.20 - 1.73 -
M32 Ka 44752.67 7.43 1.19 - 1.20 -
M33 £s 44751.06 5.72 1.36 - 1.17 -
M34 Ke 44752.55 7.21 1.68 - 1.74 -
M35 K7 44749.53 4.19 1.30 - 1.74 -
M36 K8 44752.60 7.26 1.09 - 1.14 -
M37 Ko 44752.26 6.92 1.75 - 1.65 -
M38 K10 44746.56 1.12 .92 - 1.49 -
M39 A1 44748.68 4.34 1.40 - 1.05 -
M40 K12 44731.21 -24.13* 1.06 - 44 -
M41 K13 44751.05 5.71 152 - 1.33 -
M42 K14 44752.08 6.74 .89 - .78 -
M43 K15 44752.64 7.30 .50 - 51 -
M44 K16 44750.76 5.42 .59 - a7 -
M45 K17 44749.77 4.43 1.28 - 1.05 -
M46 K18 44736.14 -9.20* 1.75 - 1.15 -
M47 K19 44751.27 5.93 .94 - a7 -
M48 K20 44749.49 4.15 1.46 - .86 -
M49 An 44751.57 6.23 1.46 - 1.69 -
M50 K22 44736.79 -8.55* 1.18 - .63 -
M51 K23 44734.46 -10.88* .97 - 1.62 -
M52 K24 44748.02 2.68 .75 - 111 -
M53 K25 44747.32 1.98 .78 - 1.17 -
M54 K26 44739.60 -5.71 .95 - 44 -
M55 Ko7 44736.40 -8.64* 112 - .58 -
M56 Ko 44752.64 7.30 143 - 1.40 -

Not: 4= madde faktér yiikii, t=madde esik degeri, Grup 1: Ana dili Ingilizce Olan Ulkeler Grup 2: Ana dili Ingilizce Olmayan
Ulkeler

Mo serbest modelinde BIC degeri 44745.34 olarak bulunmustur. Her bir modeldeki BIC degerinin bu
degerle farki hesaplanmistir. Elde edilen bulgulara goére, 2. maddenin Model 2’de ABIC degerinin -
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36.41 (ABIC>10) ve Model 30’da ABIC degerinin -22.90 (ABIC>10) oldugu goriilmektedir. 2. maddeye
ait esik degerlerinin de ana dili Ingilizce olan iilkelerden olusan grup (Grup 1) igin -2.35 ve ana dili
Ingilizce olmayan iilkelerden olusan grup i¢in (Grup 2) -1.25 degerleriyle birbirinden oldukga farkli
oldugu anlasiimaktadir. Bu dogrultuda 2. maddenin model uyumu gdstermedigi ve her iki grup i¢in de
karsilagtirilabilir olmadig1r soylenebilir. Madde 18’in Model 46°’daki ABIC degerinin -9.20
(6<ABIC<10) ile yine k&tii model uyumu veren aralikta oldugu anlagilmaktadir. Madde esik degerleri
ve a, b parametrelerinin de birbirinden farkli degerler aldig1 Tablo 3’ten goriilmektedir. Benzer sekilde
madde 22’nin Model 22°deki ABIC degerinin -53.57 (ABIC>10) ve Model 50’de bu degerin -8.55
(6<ABIC<10) oldugu gorilmektedir. Bu maddelere ait parametrelerin de her iki grup bazinda
birbirinden farklilagtig1 yine Tablo 3’ten anlasilmaktadir. Benzer sekilde 12, 23, 25,26 ve 27. maddelerin
de kotii uyum verdigi goriilmektedir.

Elde edilen bulgulara gore 28 maddeden olusan PISA-2015 okuma becerileri testinin 8 maddesinin
olgme degismezligini tam olarak saglamadifi soylenebilir. Ikili puanlanmis maddelerde &lgme
degismezligi analizi ile ulasilan sonuglarda en az bir maddenin 6lgme degismezligini tam olarak
saglamamasi, testin 6lgme degismezligini sinirlandirarak testin biitiiniinde bir 6l¢me degismezligi sorun
olabilecegini ortaya koymaktadir (Raykov ve ark., 2018).

SONUCLAR ve TARTISMA

Bu arastirmada PISA 2015 okuma becerileri testinin ana dili Ingilizce olan iilkeler ile ana dili ingilizce
olmayan iilkeler arasinda dil degiskeni agisindan 6l¢gme degismezligi ikili puanlanmis maddelerin
yapisina uygun olarak test edilmistir. Veri setinin ikili kategorik yapisina uygun olarak olgme
degismezligi analizi yapilmistir. Ana dili Ingilizce olan ve ana dili Ingilizce olmayan iilkelerden olusan
iki grup i¢in ayr1 ayrt DFA yapilarak model uyumu incelenmis, faktdr yapilarinin her bir grup i¢in
dogrulandig1 sonucuna ulasilmistir. DFA ile elde edilen bulgularla her bir maddenin ana dili Ingilizce
olan ve ana dili Ingilizce olmayan gruplarda faktor yiikleri ve esik parametreleri karsilastirilmistir. PISA
2015 okuma becerileri testinin her iki grupta ayni 6zelligi 6l¢tiigli varsayilan maddelerinin bazilarmin
faktor yiikleri ve esik parametrelerinin birbirinden oldukga farkli oldugu anlagilmistir. Dolayisiyla bu
durumun, ana dili degiskenine goére olusturulan gruplarin birbirileriyle karsilagtirilabilirlikleri i¢in bir
smirlilik olabilecegi sonucuna varilmistir.

Gruplar arasinda 6lgme degismezligini incelemek i¢in ikili puanlanmis maddelerin yapisina uygun
analizler yapilmigtir. Elde edilen bulgulara gére DFA sonuglarina paralel olarak, 6lgme degismezligini
saglamadigi diisiiniilen maddelerde serbest modele (Mo) gore BIC degerlerinin daha biiyiik oldugu, bu
farklarm 6 ile 10 arasinda ya da 10’dan biiyiikk oldugu dolayisiyla modele uyumunun azaldig
belirlenmistir. Bu maddelere iliskin madde esik degerleri ve faktor yiikleri karsilagtirllmistir. Model
uyumu diisiik olan maddelerin bir ¢ogunda madde esik degerleri ve faktor yiiklerinin de birbirinden
farkli oldugu goriilmiistiir. Bu dogrultuda PISA 2015 okuma becerileri testinin 41 numarali formunda
yer alan 28 maddeden 8’inin ana dili degiskenine gore olusturulan gruplar arasinda karsilagtirma
yapilmasini ciddi sekilde sinirladig1 sonucuna varilmistir. En az bir maddede boyle bir sinirlilik olmasi
testin biitiinii i¢cin dlgme degismezliginin tam olarak saglanamadigi anlamina gelmektedir (Raykov ve
ark., 2018). Dolayisiyla bu testte dlgme degismezliginin, ana dili Ingilizce olan iilkeler ile ana dili
Ingilizce olmayan iilkelerden olusan gruplar arasinda kargilastirilabilir olmasina kisitlamalar getiren
kaynaklar tamimlanmadan tam olarak yorumlanamayacagil yargisina varilabilir. Alanyazinda bu
¢alismanin bulgularindan ulasilan sonuglarla ayni dogrultuda olan 6lgme degismezligi ¢aligsmalar
bulunmaktadir, bir diger ifade ile, ¢alisma bulgular1 alanyazmla tutarhdir. Ornegin, Ercikan ve Koh
(2005), 1995 yilinda uygulanan TIMSS verilerini kullanarak Ingilizce ve Fransizca versiyonlarinim
O0lgme degismezligini arastirmiglardir. Arastirmaya Kanada’dan katilan 6grenciler dahil edilmistir.
Madde tepki kurami ve ¢ok gruplu dogrulayici faktor analizi ile karsilagtirmalar yapilmis; matematik ve
fen smavlarmin Ingilizce ve Fransizca dilindeki verisyonlarinda énemli farkliliklar oldugu sonucuna
ulasilmistir. Degisen madde fonksiyonu analizleri ile elde edilen yiizdelerle iki karsilastirma grubu
arasinda biiyiik farkliliklar oldugu ortaya ¢ikmustir. Analizlerde gézlemlenen yapilardaki farkliliklar,
TIMSS sonuglarint matematik ve fen alanindaki genel performanslart karsilastirmak i¢in kullanmada
ciddi siirlamalarin oldugunu gostermistir. Ogretmen (2006), iilkemizin de katildigi PIRLS 2001
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kapsaminda uygulanan okuma parcalar1 testlerinin psikometrik o6zelliklerini ABD ve Tiirkiye
orneklemlerinde karsilastirmali olarak incelemistir. Arastirma iki asamada gergeklestirilmis olup, birinci
asamada okuma parcalar1 testlerinin 6l¢tiigli diisliniilen yapilarin kiiltiirlere gére esdeger olup olmadigin
CGDFA yontemi ile test edilmistir. Ikinci asamada ise test maddelerinin kiiltiirlere gére DMF igerip
icermedigi MTK baglaminda parametreleri karsilagtirarak ve olabilirlik oran testi karsilastirma
yontemleri kullanilarak aragtirilmistir. CGDFA sonuglarina gore bu testlerin yapilarinin kiiltlirler arasi
bir esdegerliginin olmadigi, parametre karsilastirma ve olabilirlik oran testi ile yapilan analizler
sonucunda maddelerinin ¢ogunun DMF igerdigi gézlenmistir. Asil ve Gelbal (2012), PISA 2006
kapsaminda uygulanan 06grenci anketinin kiiltirel ve dil bakimindan O6lgme degismezligini
incelemislerdir. Caligmaya Avustralya, Yeni Zelanda, Amerika Birlesik Devletleri ve Tiirkiye
orneklemleri dahil edilmistir. Cok gruplu dogrulayici faktdr analizi yontemiyle &grenci anketi
maddelerinin kiiltiirler ve dillere gére (DMF) gosterip gostermedigi aragtirilmigtir. Ulagilan sonuglara
gore, iilkeler arasinda kiiltiirel ve dilsel agidan farkliliklar arttikca dogru orantili olarak degisen madde
fonksiyonu gosteren madde sayisinin da arttig1 ortaya ¢ikmustir.

PISA gibi bir ¢ok dile gevirisi yapilan uluslararasi uygulamalarda orijinal hali Ingilizce dilinde yazilan
sorular, uzman ¢evirmenler tarafindan baska bir dile ¢evrilip ardindan orijinal versiyonu ile esdegerligini
saglamak igin tekrar Ingilizceye cevrilmektedir. Bu uygulamalarda yalnizca ceviriden kaynakli degil,
esdegerlik sorunu olusturan veya yanlilik kaynagi olarak gosterilen etmenler, karsilagtirilabilirlik
kavrami iyi tanimlanarak belirlenmelidir. Bu etmenleri dikkatlice incelemek igin 6lgme araglarinda
anlayiglardaki kiiltiir farkliliklarindan kaynaklanan ve dile yansiyan etkileri hakkinda bilgi edinilmelidir
(Goldstein, 2017). Farkli diller ve kiiltiirler arasinda yapilan 6lgmelerde bu degiskenlere bagli yanlilik
gosteren ya da esdegerligi saglamayan madde igerikleri mutlaka géz oniinde bulundurulmalidir. Belli
bir dile 6zgii olan ve ayricalik saglayacak anlatimlar iceren maddeler testin diginda birakilmalidir.

Sorular erisime acik olsaydi, 6lgme degismezligine sinirhilik getiren maddeler incelenerek sonuglar
arasindaki farkliliklar ayrmtili olarak yorumlanabilirdi. PISA’nin  resmi internet sitesinden bu
maddelere ulagilamadigi igin arastirmaya dahil edilememistir. PISA uygulamasinda maddelerin erigime
acik olmasi ve bir ¢ok degisken agisindan igerik olarak incelenmesi, 6lgme degismezligini siirlayan
faktorlerin arastirilmasi agisindan Onemlidir. Bu dogrultuda PISA’nin  resmi sitesinde yalnizca
uygulandigi yila 6zgii alanin sorulart degil, tiim sorularin erigsime agik olmasi onerilebilir.
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Ek A. Anadili Ingilizce Olan Ulkelerde DFA i¢in Kullanilan Mplus 8.0 Kodlar

TITLE: this is an example of a CFA with categorical factor indicators
DATA: FILE IS ING.dat;

VARIABLE: NAMES ARE ul-u28;

CATEGORICAL ARE ul-u28;

MISSING ARE ALL(999);

MODEL: f1 BY ul-u28;
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Ek B. Anadili Ingilizce Olmayan Ulkelerde DFA Icin Kullamlan Mplus 8.0 Kodlar

TITLE: this is an example of a CFA with categorical factor indicators
DATA: FILE IS NONING.dat;

VARIABLE: NAMES ARE ul-u28;

CATEGORICAL ARE ul-u28;

MISSING ARE ALL(999);

MODEL: f1 BY ul-u28;
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Ek C. ikili Puanlanms Maddelerde Ol¢me Degismezligi Icin Kullanilan Mplus 8.0 kodlar:
Mo Serbest Modeli icin Yazilan Kod:

TITLE: Raykov (2018) MO
DATA: FILE = multicfaALL1.dat;
VARIABLE: NAMES = g ul-u28;
CATEGORICAL = ul-u28;
KNOWNCLASS =C(g=1g=2); Ig=1 ING, g=2 NOing
CLASSES = C(2);
MISSING=ALL(999);
ANALYSIS: ESTIMATOR = ML;
TYPE = MIXTURE;
ALGORITHM = INTEGRATION;
MODEL.:

%OVERALL%

f1 BY ul* (L1)

u2-u28 (L2-L28);
[u1$1-u28$1](T1-T28);

[f1@0];

f1@1;

%C#2%

f1 BY ul* (L1)

u2-u28 (L2-L28);
[u1$1-u28$1](T1-T28);

[f1*];

f1*;

Madde Esik Degerlerinin Serbest Birakildigi Bir Model Ornegi (M1-Mzg):

TITLE: Raykov (2018) M1 (relase first threshold)
ILISTWISE=0N;

DATA: FILE = multicfaALL1.dat;
VARIABLE: NAMES = g ul-u28§;
CATEGORICAL = ul-u28;
KNOWNCLASS = C(g =19 =2); !1g=1 ING, g=2 NOing
CLASSES = C(2);
MISSING=ALL(999);
ANALYSIS: ESTIMATOR = ML;
TYPE = MIXTURE;
ALGORITHM = INTEGRATION;
MODEL:

%OVERALL%

f1 BY ul* (L1)

u2-u28 (L2-L28);
[ul$1-u28%$1](T1-T28);

[f1@0];

f1@1;

%C#2%

f1 BY ul* (L1)

u2-u28 (L2-L28);
[u2$1-u28%$1](T2-T28);

[ul$1*];

[F1*];

f1*;
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Madde faktr Yiiklerinin Serbest Birakildigi Bir Model Ornegi(Mas-Mss):

TITLE: Raykov (2018) M29 (relase first loading)
ILISTWISE=0ON;

DATA: FILE = multicfaALL1.dat;
VARIABLE: NAMES = g ul-u28;
CATEGORICAL = ul-u28;
KNOWNCLASS =C(g=19=2); !g=1 ING, g=2 NOing
CLASSES = C(2);
MISSING=ALL(999);
ANALYSIS: ESTIMATOR = ML;
TYPE = MIXTURE;
ALGORITHM = INTEGRATION;
MODEL.:

%OVERALL%

f1 BY ul* (L1)

u2-u28 (L2-L28);
[ul$1-u28$1](T1-T28);

[f1@0];

fl@1;

%C#2%

f1 BY ul*

u2-u28 (L2-L28);
[ul$1-u28$1](T1-T28);

[f1*];

f1*;
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