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participants of the study consist of 4459 Turkish, French, and American students
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funct.lonl.ng, . Univariate and multivariate (bivariate, trivariate, and quadrivariate) DIF analyses
Multivariate matching, were performed through logistic regression before and after purifying the matching
Pur_'f'beld matching variable off the items displaying DIF. Literature was used to detect extra matching
variaple.

variables, and multiple linear regression analysis was carried out. As a result of the
analyses, it was discovered that using extra matching variables apart from the total
score reduces type I errors. It was also concluded that the exclusion of DIF items
(removal of items with DIF) while calculating the total score led to variation in the
number of questions detected as DIF and DIF levels of the items, although it did
not yield consistent results.

1. INTRODUCTION

Adapting measures developed in linguistic community for use in different communities is a
practice frequently used in recent years (Allalouf, Hambleton & Sireci, 1999). The translation
of the Binet-Simon Intelligence Test from the original language to the source language can be
considered one of the oldest samples of this (Hambleton, 1993; Hambleton & Patsula, 1999).
Cross-cultural studies require adaptation of measures and administration in various
communities (Van de Vijver & Tanzer, 2004). However, ensuring that the measured structure
is equivalent across all cultures is crucial for making meaningful interpretations (Braun &
Harkness, 2005; Gierl, 2000).

Recently, there has been a noticeable increase in intercultural evaluation studies conducted
internationally, as well as in the number of countries participating in these studies. For example,
a total of 65 countries and non-members of the Organization for Economic Co-operation and
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Development (OECD) participated in PISA (Program for International Student Assessment
PISA) in 2012, in which Turkey also participated. Similarly, 63 countries got involved in
Trends in International Mathematics and Science Study (TIMSS) in 2011 (International
Association for the Evaluation of Educational Achievement, 2012). Considering that the
countries participating in these studies and the people living in these countries differ in terms
of ethnicity, language, and many other variables (Sireci and Rios, 2013) the necessity of
adapting the tests developed within the scope of international studies to the language and culture
of the participating countries emerges.

In adaptation studies, it is an important validity issue that the instruments adapted are not
comparable with the original tests (Arffman, 2010; Ercikan et al., 2004; Perrone, 2006; Sireci
& Allalouf, 2003). Because when the scores obtained from the tests are not comparable, it
becomes difficult to make comparable interpretations based on the scores of the individuals
taking the test in the cross-cultural studies (American Educational Research Association, 2014).
PISA is one of the crosscultural studies administered in many different countries. Wealthier
countries tend to participate in PISA as they have an assessment culture and also would like to
see the trends in their educational system based on time. However, economically disadvantaged
countries also started to show interest in large-scale international research so that they can see
improvement in their education system. Currently, lower-middle-income countries such as
Georgia and Indonesia; and upper-middle-income countries like Bulgaria and Brazil have
participated in PISA administrations. As a result, PISA has a huge coverage in terms of
participation (Organisation for Economic Co-operation and Development, 2015). The aim of
PISA is to determine the competencies of 15-year-old students in three main areas: (a) reading
skills, (b) mathematics, and (c) science literacy. Regardless of the construct measured by the
test, there are basically two factors that affect the equivalence of measurement instruments used
in international studies such as PISA: (1) translation, (2) culture (Gradshtein, Mead & Gibby,
2010).

As the utilization of tests in making important education-related decisions increases and legal
issues concerning the use of tests arise, differential item functioning (DIF) and item bias may
become an important problem in the evaluation of test validity (Hambleton, Clauser, Mazor &
Jones, 1993). Bias causes systematic errors that deform the outcomes acquired from the
measures and the evaluation based on these findings (Gierl, Rogers & Klinger, 1999). As testing
and testing practices have come to public attention in recent years, test publishers and experts
who use tests have to provide evidence that the tests they use and publish are not biased against
minorities and are invariant for all participant groups (Hambleton et al., 1991).

Recently, DIF analyses have been frequently utilised to detect items that are not comparable
across different communities (Allalouf et al, 1999; Allalouf & Sireci, 1998; Gierl et al., 1999;
Gierl & Khalig, 2000). DIF analyses are used to determine whether the test items function
similarly across different groups (Hambleton et al., 1993; Sireci & Swaminathan, 1996; Zumbo,
1999; Zumbo, 2007).

DIF refers to the psychometric difference in how a question functions for two different groups.
In other words, DIF can be defined as the distinction in performance between the groups
compared concerning the relevant item (Allalouf et al., 1999; Dorans & Holland, 1993). DIF
happens when a question in a test works inequivalently for various groups (Clauser & Mazor,
1998; Furlow et al., 2009). The reasons that make it necessary to conduct DIF studies are
(Zumbo, 2007): (1) ensuring equity and fairness in assessment and evaluation, (2) Eliminating
possible threats for validity, (3) Examining the equivalence of translated tests.

In DIF analyses, individuals in different groups are matched based on a matching variable and
contrasted with regard to their performance on items (Camilli, 1992). The determination of a
valid and justifiable matching variable is important for obtaining precise results in DIF analyses
(Gierl et al., 2000). In DIF analyses, the sum of the item scores (endogenous variable) is usually
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employed as the matching variable (Hambleton et al., 1993; Sireci & Rios, 2013). How valid
and reliable such matching will be is a question that needs to be answered. It is suggested that
matching should be based on an external variable with previously established validity (Gierl,
2004). Unfortunately, such a variable may not always be available (Clauser & Mazor, 1998).
The use of additional matching variables should be considered when other variables are thought
to be related to the construct or affect individuals' performance on the construct being measured
(Sireci & Rios, 2013).

When the secondary factors that lead to the emergence of DIF are elements of the construct
assessed by the measure and are consciously measured, these factors are referred to as auxiliary
factors. However, when these factors are measured even though they are not components of the
construct assessed by the instrument, they are called confounding factors (Boughton et al.,
2000; Camilli, 1992; Gierl & Khalig, 2000). DIF led by auxiliary factors is called benign DIF,
while DIF led by confounding factors is called malignant DIF (Boughton et al., 2000; Gierl,
2004). DIF analyses based on multivariate matching provide a better understanding of the
causes of DIF and reduce the likelihood of making type | errors (Roussos & Stout, 1996).
Within the framework of DIF, the type | error is the detection of an item with DIF when in
reality the item does not display DIF (Jodoin, 1999). Determining a reliable and error-free
matching variable is critical for obtaining accurate results in DIF studies. Whether the matching
variable should be purified of the items with DIF is an important question to be answered in
DIF analyses (Sireci & Rios, 2013). The involvement of DIF items in the total score while
calculating the matching variable calls into question the appropriateness of the matching
variable (Gierl et al., 2000). When conducting DIF analyses, the matching variable needs to be
purified. In other words, items labeled as DIF should be discarded and the total score should be
recomputed. This recomputed total score is employed as the matching variable for the second
logistic regression analysis (Zumbo, 1999). French and Maller (2007) state that the
involvement of DIF items in the total score in DIF detection may lead to errors. To control these
errors, researchers (French & Maller, 2007; Gierl et al., 2000; Khalid & Glas, 2013; Zumbo,
1999) argue that the total score, which is the main matching variable, should be purified.
According to Lee and Geisinger (2016), the purification of the matching variable involves the
exclusion of items defined as DIF in the initial DIF analysis when calculating the total score, to
put it another way, the use of only non-DIF items when calculating the matching variable (when
calculating the total score). Two approaches are adopted in the purification of the matching
variable. One of these is the two-stage purification approach and the other is the iterative
purification approach. When a single DIF study is conducted to exclude DIF items from the
calculation of the matching variable, it is referred to as the two-stage purification approach. If
iterative DIF analyses are performed until no items are identified as DIF, it is known as the
iterative purification approach (Lee & Geisinger, 2016).

As PISA is an intercultural evaluation study, both English and French versions of all measures
used within the scope of PISA are developed, and these tools are sent to the participating
countries for adaptation procedures. The two forms of the test are developed in parallel and in
this way, it is planned to minimize cultural dependency. As a result of the adaptation, the
various language forms of the test are considered to be the same. However, it needs to be
demonstrated whether this is the case in reality. Moreover, in DIF studies conducted on items
of international tests such as PISA, individuals are usually matched using a single matching
variable (total scores) and analyses are conducted in this way. In addition, DIF analyses are
conducted without purifying the total score which is the matching variable of the items with
DIF. Considering that other variables such as socioeconomic status, parental level of education,
home possessions, etc. in addition to individuals' total scores may explain performance
differences it is necessary to use other matching variables apart from the total score and to
purify the total score of the items with DIF in DIF studies. However, DIF studies are conducted
by ignoring the aforementioned properties. They are either conducted by using a single
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matching variable such as total score, or they are performed based on the total score including
the items tagged with DIF. These might be considered sources of errors in DIF studies.
Considering all these problems and drawbacks in DIF studies may lead to erroneous
implications, the current study employing purified total score and other matching variables
apart from the total score was conducted. As a result, this study was required to examine the
effect of using other matching variables such as maternal education level, paternal education
level and home possessions in addition to the total score in DIF studies and the effect of purified
matching variable on DIF determination.

The general purpose of this study is to determine whether the items in the reading literacy test
of PISA 2009 display DIF between the samples of Turkey and the USA by using univariate and
multivariate matching methods (before and after purifying the total score of the items with DIF).
Within this general purpose, answers to the following research questions were sought:

1. Items in the PISA 2009 reading skills measure display DIF between Turkish and US samples
according to the univariate logistic regression technique before purifying the total score of the
items with DIF?

2. Items in the PISA 2009 reading skills measure display DIF between Turkish and US samples
according to the multivariate logistic regression technique before purifying the total score of
the items with DIF?

3. Items in the PISA 2009 reading skills measure display DIF between Turkish and US samples
according to the univariate logistic regression technique after purifying the total score of the
items with DIF?

4. Items in the PISA 2009 reading skills measure display DIF between Turkish and US samples
according to the multivariate logistic regression technique after purifying the total score of the
items with DIF?

2. METHOD

This study, which aims to identify if the items in the PISA 2009 reading skills instrument
display DIF between Turkish and US samples by using univariate and multivariate matching
methods is a type of correlational survey research design (Tabachnick & Fidell, 2013).
Correlational survey design is used to determine the existence of co-variation between two or
more variables (Karasar, 2011).

2.1. Sample

The population of PISA includes students in the age group of 15 in each participating country.
In participating countries, the target population includes all students between the ages of 15
years and 3 months and 16 years and 2 months who are attending school. The sampling strategy
of PISA is a two-stage stratified sampling. In the first stage, schools with students in the age
group of 15 are selected. In the second stage, students are drawn from the sampled schools
(Organisation for Economic Co-operation and Development, 2014). Within the framework of
this research, studies were performed on the booklets numbered 1, 3, 4, and 6, in which the
OECD has revealed the largest number of items, and the Turkish and US samples who
responded to the items in these booklets. The Turkish sample includes 1533 students while the
US sample includes 1611 students.

2.2. Obtaining Data

The data for this research includes the responses of Turkish and U.S. students to nine items
from booklets 1, 3, 4, and 6 of the PISA 2009 reading literacy test, which contained the highest
number of items released by the OECD. The data were accessed from the official page of the
OECD (http://www.oecd.org/pisa/data/). Six of the nine items in the booklets were selected-
response and three were constructed-response. Constructed-response items are dichotomous
items that are scored 1-0. For that reason, open-ended items do not have partial scores.
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2.3. Data Analysis
2.3.1. Testing dimensionality

It is argued that the multidimensionality of items leads to DIF. For this reason,
unidimensionality is a requirement for DIF identification methods that require
unidimensionality (Wen, 2014). Confirmatory factor analysis was utilized to test
dimensionality and the results are shown in Table 1.

Table 1. Goodness of fit measures estimated from Turkish and US samples.

Indices of goodness of fit Turkish Sample US Sample
2 [df 1.328 1.948
CFlI 991 .987
GFI 995 992
RMSEA .015 .024

The results estimated based on confirmatory factor analysis support the unidimensionality
assumption. In other words, the unidimensional factor model fits the reading literacy data of
Turkey excellently, and the USA as seen in Table 1 (Hu & Bentler, 1999; Mcdonald & Ringo
Ho, 2002). It could be stated that the factor structure of the reading literacy test is invariant
across language groups.

2.3.2. DIF detection technique

In this study, logistic regression was used as a DIF detection technique. In logistic regression
analysis used to determine DIF, variables are included in the model hierarchically. "In Step 1,
the matching variable is introduced into the model as an independent variable. In Step 2, the
group variable is added. In Step 3, the interaction term is incorporated into the equation. In
logistic regression, the chi-square test is used to assess statistical significance, and the
contribution of each variable to the model is evaluated. The chi-square value from the first
model is then subtracted from the value obtained in the third model. The chi-square value
obtained is compared with the chi-square distribution with 2 degrees of freedom. Degrees of
freedom 2 is calculated by subtracting the degrees of freedom in the first model (1) from the
degrees of freedom in the third model (3) (Crane et al, 2006; Gierl et al, 2000; Hidalgo & Lopez-
Pina, 2004; Jodoin, 1999; Sireci & Rios, 2013; Zheng et al., 2007). The result obtained by
subtracting the R? value obtained from the third model from the R? value obtained from the first
model provides evidence for the effect size of DIF (Sireci and Rios, 2013; Zumbo, 1999).
Logistic regression can also be applied when more than one variable is used to match
individuals (Sireci & Rios, 2013). Nagelkerke R? value can be employed as an effect size to
determine the magnitude of DIF. In order to claim that there is a DIF, the difference in R? values
between models should be at least .13 (Zumbo, 1999). Zumbo and Thomas (1997) suggested
the cut-off points in Table 2 for AR? = R? (M3) - R? (M1) to be used in interpreting the
magnitude of DIF for logistic regression (cited in Hidalgo and Lopez-Pina, 2004).

Table 2. Cutt-of points for logistic regression AR? value.

AR? DIF level
AR? <0.13 A level DIF (No DIF or might be neglected).
0.13 <AR?<0.26 B level DIF (Moderate DIF).

AR? >0.26 C level DIF (Serious DIF).
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2.3.3. Detection of additional matching variables

A literature review was conducted to determine matching variables that may be related to
reading skills in addition to the total score. Later on, multiple linear regression was carried out
to determine the variables of which regression coefficients are significant. The results belonging
to multiple linear regression are presented in Table 3.

Table 3. Variables and regression coefficients based on multiple linear regression analysis.

Regression coefficients

Variables B Standardised Beta
Maternal education level 21 A7
Paternal education level A7 13"
Attitude towards school .04 .02

Home possessions 21 10"
Family wealth .03 .01
"p<0.05

Table 3 indicates that maternal education level, paternal education level, and home possessions
are significant indicators of reading literacy. For this reason, these three variables were
considered additional matching variables, alongside the total score on the reading literacy test.

3. RESULTS

This section presents the findings obtained in line with the sub-questions of the study. The
findings obtained from univariate and multivariate matching-based DIF analyses conducted
before and after the purifying the total score of DIF items were compared.

3.1. Results Regarding Univariate DIF Before Purification

Table 4 indicates the logistic regression-based univariate DIF analysis performed before
purifying the total score. Table 4 indicates that four of the nine items display significant DIF
between the Turkish and US samples. The results reveal that all 4 items contain DIF at level A.

Table 4. DIF results based on univariate matching.

Item Number (AR?) DIF Level
R414Q02 .008" A
R414Q06 .004" A
R414Q09 .003
R414Q11 .006" A
R452Q03 .003
R452Q04 .001
R452Q07 .004" A
R458Q01 .003
R458Q07 .000

“p<0.05

3.2. Results Regarding Multivariate DIF Before Purification
3.2.1. Bivariate DIF analysis

Table 5 indicates the logistic regression-based bivariate DIF analysis performed before
purifying the total score. Based on Table 5, four of the nine items displayed significant DIF
between the Turkey sample and the US sample. The results reveal that all four items contain
DIF at level A. In addition, when compared to univariate DIF analysis, the use of the maternal
education level variable apart from the total score did not lead to any change in the number of
items labeled as having DIF.
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Table 5. DIF results based on bivariate matching (total score plus maternal education level).

Item Number (AR?) DIF Level
R414Q02 .004" A
R414Q06 004" A
R414Q09 001
R414Q11 .006" A
R452Q03 .003
R452Q04 002
R452Q07 .005" A
R458Q01 002
R458Q07 001

“p<0.05

3.2.2. Trivariate DIF analysis

Table 6 indicates the logistic regression-based trivariate DIF analysis performed before
purifying the total score.

Table 6. DIF results based on trivariate matching (total score plus maternal education level plus
paternal education level).

Item Number (AR?) DIF Level
R414Q02 .004
R414Q06 .004
R414Q09 .001
R414Q11 .006" A
R452Q03 .003
R452Q04 .003
R452Q07 006" A
R458Q01 .003
R458Q07 .002
"p<0.05

Table 6 indicates that two of the nine items show a significant DIF between the Turkish and US
samples. The results reveal that both items show level A DIF. Compared to the univariate DIF
analyses, the use of the variables of maternal education level and paternal education level in
addition to the total score lessened the number of items labeled as DIF from four to two.

3.2.3. Quadrivariate DIF analysis

Table 7 shows the logistic regression-based quadrivariate DIF analysis performed before
purifying the total score.

Table 7. DIF results based on quadrivariate matching (total score plus maternal education level plus
paternal education level plus home possessions).

Item Number (AR?) DIF Level
R414Q02 .004
R414Q06 .002
R414Q09 .002
R414Q11 .006
R452Q03 .003
R452Q04 .004
R452Q07 .006
R458Q01 .003

R458Q07 003
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According to Table 7, no item displayed DIF between the Turkish and US samples. As a result,
compared to univariate DIF analyses, the use of other predictor variables apart from the total
score reduced the number of items labeled as DIF from four to zero.

3.3. Results Regarding Univariate DIF After Purification

Table 8 indicates the logistic regression-based univariate DIF analysis performed after
purifying the total score. According to Table 8, three of the nine items displayed significant
DIF between the Turkish sample and the US sample. The results show that all three items
contain DIF at level A. It is seen that purifying the total score off the items with DIF reduced
the number of items flagged with DIF into three.

Table 8. DIF results based on univariate matching.

Item Number (AR?) DIF Level
R414Q02 .018° A
R414Q06 .003
R414Q09 .002
R4140Q11 .005" A
R4520Q03 .002
R452Q04 .001
R452Q07 .003" A
R458Q01 .002
R458Q07 .001

“p<0.05

3.4. Results Regarding Multivariate DIF After Purification
3.4.1. Bivariate DIF analysis

Table 9 indicates the logistic regression-based bivariate DIF analysis performed after purifying
the total score. According to Table 9, three of the nine items displayed significant DIF between
the Turkey sample and the US sample. The results demonstrate that all three items contain DIF
at level A. Moreover, when compared with the univariate DIF analysis, the number of the items
tagged with DIF remained the same.

Table 9. DIF results based on bivariate matching (purified total score plus maternal education level).

Item Number (AR?) DIF Level
R414Q02 .005" A
R414Q06 008" A
R414Q09 .001
R414Q11 .005" A
R452Q03 .003
R452Q04 .001
R452Q07 .004
R458Q01 .001
R458Q07 .002

“p<0.05

3.4.2. Trivariate DIF analysis

Table 10 indicates the logistic regression-based trivariate DIF analysis performed after
purifying the total score. According to Table 10, two of the nine items displayed significant
DIF between the Turkish sample and the US. The results reveal that both items contain DIF at
level A. Compared to the univariate DIF analysis, the use of maternal education level and
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paternal education level variables in addition to the adjusted total score decreased the number
of items labelled as DIF from three to two.

Table 10. DIF results based on trivariate matching (purified total score plus maternal education level
plus paternal education level).

Item Number (AR?) DIF Level
R414Q02 .005
R414Q06 .007" A
R414Q09 .002
R414Q11 .005 A
R452Q03 .003
R452Q04 .002
R452Q07 .004
R458Q01 .003
R458Q07 .002
*p<0.05

3.4.3. Quadrivariate DIF analysis

Table 11 demonstrates the logistic regression-based quadrivariate DIF analysis performed after
purifying the total score.

Table 11. DIF results based on quadrivariate matching (purified total score plus maternal education
level plus paternal education level plus home possessions).

Item Number (AR?) DIF Level
R414Q02 .006
R414Q06 .004
R414Q09 .003
R414Q11 .004
R452Q03 .003
R452Q04 .004
R452Q07 .004
R458Q01 .003
R458Q07 .002

Table 11 shows that none of the nine items were tagged with DIF between the Turkish sample
and the US sample. When compared with univariate DIF analyses, it is seen that the use of other
predictor variables apart from the purified total score reduced the number of items labeled as
DIF from three to zero.

4. DISCUSSION and CONCLUSION

It was found that the use of other matching variables apart from the total score led to a decrease
in the number of DIF items in general. When the univariate matching method was used, while
four items were labeled as having DIF between Turkish and US students using the univariate
matching method, none of the items were labeled as having DIF in the DIF analysis based on
four-variable matching. Based on this point, it can be argued that additional matching variables
explain the DIF displayed by the items in univariate DIF analyses and lead to a reduction in the
first type error. This finding is compatible with the findings of studies (Arikan et al., 2018; Cet,
2006; Roussos & Stout, 1996; Yildirim & Yildirim, 2011; Yilmaz, 2021) that examine the effect
of using additional matching variables on DIF identification. While some items examined in
the study were labeled as DIF in univariate DIF analyses, it was concluded that these items did
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not show DIF when additional matching variables were used apart from the total score.
Considering that the identified matching variables explain the DIF displayed by these items, it
may be recommended to conduct a DIF analysis based on multivariate matching to control the
first type of error in DIF studies.

It was determined that carrying away DIF items from the total score caused a variation in the
number of items labeled as DIF although it did not yield consistent results. In other words, it
can be argued that removing DIF items from the total score does not yield consistent results.
This finding is parallel with the findings of studies (French & Maller, 2007; Lee & Geisinger,
2016; Svetina & Rutkowski, 2014). It was revealed that the exclusion of DIF items (removal of
DIF items) while calculating the total score, which is the matching variable, affects the DIF
detection power of the DIF detection technique. To eliminate the error caused by including DIF
items in the total score calculation in DIF studies, and to balance Type | error and test power,
it is considered appropriate to exclude DIF items from the total score.

One of the most basic assumptions of international assessment studies is that tests are equivalent
in all languages or cultures. However, even in DIF analysis based on multivariate matching,
some items were found to have displayed DIF. Considering that the poor quality of the
translation makes the validity of the test scores, and therefore the comparability and
interpretation of the scores impossible (Gierl, 2000), it is thought that translations in cross-
cultural assessment studies should be done with an adaptation approach. However, since the
selection of reading texts is of great importance in cross-cultural assessment studies (Grisay,
Gonzalez & Monseur, 2009), the selection of these texts can be given particular importance.

In this study, multivariate DIF studies through logistic regression were performed. In a future
study, a multivariate DIF analysis could be conducted based on IRT. Additionally, the removal
of DIF items from the total score in this study was performed using logistic regression. A similar
DIF study could also employ the Mantel-Haenszel method or another suitable DIF detection
technique. Furthermore, this study utilized a literature review and multiple linear regression
analysis to identify additional matching variables. In future research, alternative statistical
methods, such as multilevel modeling, or judgmental approaches could be used to identify extra
matching variables.
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