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Abstract
The purpose of this study is to determine whether there is DIF in the PISA 2015
reading section items from Singapore, Australia and the United States by
employing the Mantel-Haenszel and the Logistic Regression methods. In order to
calculate uniform DIF two research questions are asked: 1) Is there gender-related
DIF and or (2) culture-related DIF in the 16 selected binary items of the PISA 2015
reading section from Singapore, Australia and the United States? The data was
obtained from the PISA 2015 reading items section and the sample was divided
according to the variables gender and culture for a total of 2293 students. The DIF
values were determined and classified into categories A, B or C. MH findings
showed that considering the variable gender, males and females were equally
advantaged whereas the LR results demonstrated that females were favoured
over males. Regarding the variable culture, MH showed that Australia was
advantaged over Singapore, Singapore over USA and Australia over USA.
However, LR analysis showed exactly the opposite results in all the cases. A total
of 7 items were classified with C level and the overall levels were higher. In
general, when the variable gender was studied most of the items were classified
with A levels. Nevertheless, once the countries were paired to evaluate the
variable culture, the DIF level increased into major occurrence of B and C levels.
The overall results demonstrated that the items from the reading section of PISA
2015 functioned equally among the group members.

Keywords: differential item functioning, mantel-haenszel, logistic regression,
PISA, Singapore, Australia, United States.
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Öz
Bu çalışmanın amacı, Singapur, Avustralya ve ABD’de 2015 PISA okuma
bölümündeki maddelerde değişen madde fonksiyonunun (DMF) olup olmadığını
Mantel-Haenszel ve Lojistik Regresyon yöntemlerini kullanarak tespit etmektir.
Birleşik DMF hesaplamak amacıyla, şu iki soruya cevap aranmaktadır: Singapur,
Avustralya ve ABD’de 2015 PISA okuma bölümünden seçilen iki kategorili
puanlanan 16 maddede (1) cinsiyetle alakalı bir DMF var mıdır? ve/ya da (2)
kültürle alakalı bir DMF mevcut mudur? Çalışma verileri PISA 2015’in okuma
bölümündeki maddelerden elde edilmiştir ve toplam 2293 öğrenciden oluşan
örneklem, cinsiyet ve kültür değişkenlerine göre ayrılmıştır. DMF değerleri
belirlenmiştir ve sınıflandırma A, B ve C kategorilerine ayrılmıştır. MH bulgularına
göre, cinsiyet değişkeni açısından, erkekler ve kadınlar eşit oranda avantajlı iken,
LR sonuçlarına göre, kadınlar, erkeklere oranla daha avantajlı durumdadır. Kültür
değişkeniyle ilgili MH sonuçlarına göre Avustralya, ABD ve Singapur’dan daha
avantajlı konumda iken; Singapur da ABD’den daha avantajlı durumdadır. Fakat,
LR analizi sonuçlarına her açıdan tam karşıtı sonuçlar ortaya koymuştur.
Toplamda 7 madde, C düzeyinde DMF gözlenmistir ve DMF büyüklükleri daha
yüksektir. Genel olarak bakıldığında, cinsiyet değişkeni açısından, DMF gösteren
maddelerin çoğu A düzeyinde sınıflandırılmıştır. Ancak, kültür değişkeni açısından
ülkeler eşleştirildiğinde ise, DMF gösteren maddelerin daha fazla B ve C
düzeylerinde sınıflandırıldığı görülmektedir. Genel sonuçlara göre, PISA 2015’in
okuma bölümünde yer alan maddeler, grup üyeleri arasında eşit oranda
fonksiyoneldir.

Anahtar Kelimeler: değişen madde monksiyonu, mantel-haenszel, lojistik
regresyon, PISA, Singapur, Avustralya, ABD.
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Chapter 1
Introduction
Programme for International Students Assessment (PISA)
The Programme for International Students Assessment (PISA) is an
example of a standardized test, which was developed by the Organization for
Economic Co-operation and Development. According to the OECD (2016a, p.3),
PISA evaluates how 15-year old students, who are about to finish their compulsory
education use their knowledge and skills to participate in real life situations.
The Glossary of Education Reform (2015, para. 1) declares that
a standardized test is a kind of assessment that must fulfil two conditions: (1) all
test takers need to answer the same items and (2) the test score scheme must be
“standard” to make the performance comparison among test takers possible.
PISA’s assessment focuses on the core school subjects: science, reading
and mathematics. On the same matter, Le (2006) adds that PISA evaluates the
way students use their abilities and skills in real-life challenges, instead of only
focusing on their academic performance.
Since 2000, PISA assessment has been carried out every three years, so
for instance, in 2009 reading was the major assessment domain, while in 2012 the
major domain was mathematics and in 2015 the major domain was science.
The period between assessments allows participant countries, students,
test developers among others to make evaluative comparisons in their
performances and offers the opportunity to make appropriate changes when
necessary (OECD 2016c p. 27).
So far 72 countries and economies have participated in PISA. From those
72 countries three have been selected as subject of our comparison and analysis:
Singapore, Australia and the United States of America. The reasons for choosing
these specific countries are explained in Chapter III.
Reading Literacy in PISA
For the development of this research, reading literacy was the construct to
be measured among Singapore, Australia and the United States of America’s
1

students’ performances. On this respect, the OECD (2016b) claims that “reading
literacy is defined as the students’ ability to understand, use, reflect on and
engage with written texts in order to achieve one’s goals, develop one’s
knowledge and potential and participate in society”.
Regarding the student performance in reading, the OECD (2016 b) declares
that:
1. Nearly 20% of students from the OECD participant countries lack of a
baseline of reading proficiency. That condition has not changed since 2009.
2. Another fact about student performance in reading is the existent gender
gap between boys and girls. The gender gap that used to favoured girls narrowed
between 2009 and 2015 with a difference of 12 points. On the other hand, among
the highest-achieving boys reading proficiency showed some improvement,
whereas

girls

reading

performance

declined,

especially

among

the

lowest-achieving girls.
However, in another study the OECD (2016a) reported that in general girls
are more prone to perform better in reading than boys: Girls outperformed boys
not only in reading, but also in collaborative problem-solving, where the gap was
even larger than in reading. In addition, the same situation was found in every
education system.
In his study Asil (2005) states that there exist several reasons to understand
the differences in performance among male and female groups. The author claims
that gender differences are not just a matter that can be assessed through a single
variable; on the contrary, there are numerous factors to explain the complexity of
gender differences. Some other variables are interests of subjects, out-of-school
activities and biological differences, cultural and ethnic differences (p. 18)
Through the DIF analysis proposed in this research paper, it was figured out
whether the students’ performance in the PISA 2015 reading section differ among
the selected countries and between the male and female groups as well.
Differential Item Functioning
On his paper, Le (2006) recommends analysing Differential Item
Functioning (DIF) by comparing variables of study such as demographic groups,
2

and especially groups who differ in culture and language with the aim of
developing a comparable international assessment.
As the author comments (Le, 2006), using a statistical DIF detection
analysis could serve to compare several demographic groups who differ in
language, culture, educational background, economical status and other aspects
and in this way to be able to understand the interaction among these groups.
More importantly, the same author observes that experts run analyses on
the trial data and a procedure for detecting the presence of DIF as part of usual
assessment routines. All of this with the objective of analysing the extend to which
items function differently across the sub-groups of students.
Teresi, Ramirez, Lai and Silver (2008) explain that DIF includes the
assessment of the existing relationships between item response and group
membership. The studied groups are chosen according to some theoretical
considerations, which include whether the studied construct has the same
meaning across groups (p. 2)
Concerning the same definition, Baştuğ (2016, p. 1251) adds that
nowadays DIF has been a very popular subject of study in measurement theory,
which despite of being a relative new concept, it is already polemical. The
condition for DIF occurrence is when two different groups who have roughly the
same ability level have a different probability of answering an item correctly.
In other words, despite of having the same level of ability one of the groups
would be in advantage or disadvantage respect to the other, which makes the
evaluation process less reliable and valid.
Moreover, Zumbo (1999) states that DIF analysis is based on the premise
that if two different groups of test takers, for instance boys and girls, who have
more or less the same level of knowledge (ability), then their performances on
individual test items should be similar regardless of the group to which they belong
to (p. 5)
Nevertheless, this is not always the reality, and that is why nowadays there
has been more concern regarding the fairness of standardized tests such as PISA
and more studies about DIF have been carried out.
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Gathering the previous ideas it can be said that Differential Item Functioning
statistical techniques are based on the premise that groups who differ in a given
variable (language, culture, gender; for example) and who have roughly the same
knowledge or ability level should not perform so differently from each other on
individual test items.
Zumbo (1999, p. 7) also highlights that when detecting DIF and in order for
its results to be useful, a measure of the magnitude of the DIF effect is needed as
well. That is to say, the level or significance of DIF should not be ignored.
Once the concept of Differential Item Functioning has been presented, it is
important to highlight the two different types of DIF and which type was used to
conduct the present research.
Types of Differential Item Functioning
Quoting Hambleton and Swaminathan’s words Baştuğ (2016) claims that
DIF is categorized as uniform and non-uniform, according to interactions between
groups and ability levels. Non-uniform DIF occurs when there is an interaction
between group membership and ability levels, whereas uniform DIF occurs when
there is no interaction between the two (p. 1252).
Quoting Rogers & Swaminatan, 1993 and Camilli & Shepard, 1994; Le
(2006) mentions that uniform DIF is said to apply when there is no interaction
between ability level and membership, or the probability of answering an item
correctly is greater for one group uniformly over all ability levels.

Figure 1. Example of uniform DIF
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Non-uniform DIF, on the other hand, is said to apply when an interaction is
found between trait level, group assignment, and item responses; or the difference
in the probabilities of a correct response for the two groups is not the same at all
levels of ability (Le, 2006).

Figure 2. Example of non-uniform DIF
In summary, Asil (2005) explains that uniform DIF occurs when the
difference of the probability of success between groups is consistent across all
levels of ability. For example, the item favours all males regardless of ability. Nonuniform DIF, on the other hand, occurs when the difference of the probability of
success between groups is not constant across ability levels. For example, the
item favours males of low ability while favouring females of higher ability (p. 9).
For the purpose of this investigation, only uniform DIF was analysed and for
further research it is recommended to include non-uniform DIF as well.
The following section presents the different methods used in the
assessment theory field for calculating Differential Item Functioning. At the same
time, the focus was made on the methods that were chosen for this study.
Differential Item Functioning Detection Methods
Teresi, Ramirez, Lai and Silver (2008) state that there are two main types of
methods: parametric or non-parametric (p. 3). Among the non-parametric methods
Mantel-Haenszel can be found.
Quoting Dorans and Holland, Le (2006) says that there are many methods
for detecting DIF and all of them rely on the same principle: If different groups of
test takers who have more or less the same level of ability, as consequence, their
5

performance on their individual test items across groups should not be identical
but at least similar. Among the popular methods are Mantel-Haenszel statistic,
Logistic Regression, standardization, SIBTEST and Item Response Theory-based
methods.
In the present study both Mantel-Haenszel and Logistic Regression
methods have been chosen for performing the DIF analysis. Some of the reasons
to choose the mentioned methods are: (1) their easy calculation, (2) suitability for
binary data analysis, (3) possibility of calculating large data samples and (4)
simplicity in their interpretation.
Mantel-Haenszel. According to Atalay, Arsan, Gök, Kelecioğlu (2014)
Mantel-Haenszel is one of the most frequent methods used to detect DIF. MantelHaenszel’s principle bases on calculating the feasibility of a test taker that belongs
either to a reference or a focal group. The technique is based on a chi-square
statistics and it functions to calculate only uniform DIF (p. 2187).
This technique evaluates whether the probabilities of a symptomatic answer
within the reference and the focal groups are the same across group members
(Teresi, Ramirez, Lai, Silver; 2008, p. 3).
The authors state further that a DIF magnitude measure can also be
calculated by using a common odds ratio, that is to say, the feasibility of an item
response being equal among studied groups (p. 4)
The Mantel-Haenszel method consists of a non-repetitive contingency table
used to study DIF by estimating and testing a common two-factor association
parameter in a 2 x 2 x K table (Holland, p. 129)
One of the conditions for the DIF analysis to be possible is that both group
of test takers are comparable members. Comparability refers to a certain level of
identity in those features in which test takers may differ and which are related to
performance on the item to be assessed.
Once the criteria for matching has been chosen, the data for the analyzed
item for the test takers in the reference (R) and the focal (F) group is organized
into a series of 2 x 2 tables. There is one table for each matched set of R and F
group members (Holland, p. 130).
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Following the data for the performance of a random matched set, which will
be called “Jth” is presented:
Table 1
Data for the Jth Matched Set of Members of R and F
Scored on Studied Item
Group

1

0

Total

R

Aj

Bj

nRj

F

Cj

Dj

nFj

mlj

moj

Tj

Total

R: reference group
F: focal group
Tj: total number of R and F group members in the Jth matched set
nRj: number of R group members
Aj: number of R group members who answer the item correctly
Bj: number of R group members who answer the item incorrectly
nFj: number of F group members
Cj: number of F group members who answer the item correctly
Dj: number of F group members who answer the item incorrectly

On the other hand, it is also relevant to mention the hypothesis of no dif.
The same corresponds to the null hypothesis and it is represented as follows:
Ho: PRJ = PFJ for all j
Under Ho, the expected values for the cell entries of Table 1 are well known
to be obtained by the “product of margins over total” rule and are summarized
(Holland, Thayer p. 131):
E(Aj): nRJ mlj/ Tj

E(Cj): nFJ mlj/ Tj

E(Bj): nRJ m0j/ Tj

E(Dj): nFJ moj/ Tj
7

The expected values are really conditional expectations given
nRJ, nFJ, mlj, m0j.
The Mantel-Haenszel chi-square statistic is:

where
E ( Ai ) = N Ri N1i /N i

€

Aj: number of R group members who answer the item correctly
E(Aj): expected values of R group members of answering the item correctly
E: Sum of the variance of R group who answer the item correctly
“The MH chi-square statistic (XMH2) is distributed approximately as the chisquare with one degree of freedom. If XMH2 statistic exceeds its table value (from
chi-square distribution) at a selected significance level, it indicates that the item
studied shows DIF” (Asil, 2005, p. 44).
Additionally, Zwick (2012, p. 2) claims that within the DIF analysis, items
can be classified into three categories or levels: “A” for negligible or non-significant
DIF, “B” for slight to moderate DIF and “C” for moderate to large DIF. The flagging
of an item used at ETS (Educational Testing Service) will depend on the
magnitude of the Mantel-Haenszel delta difference (MH D-DIF)”
The MH D-DIF index, which was developed by Holland and Thayer (1988)
is defined as follows:
MH D-DIF= -2.35 In (αMH)
“By convention αMH is formulated so that MH D-DIF is negative when the
focal group odds of correct response are less than the reference group odds,
conditional on the matching variable” (Zwick, p. 2).
αMH=jAjDj/AjjBjCj/ Tj
As noted earlier, ETS classifies DIF items into three categories: A, B, and C
8

For an item to be labelled with “A” level either: MH D-DIF is smaller than 1
in absolute value or the Mantel-Haenszel (MH) chi-square statistic is not significant
at the 5% level (Zwick, p. 3)
An item is classified with “C” level when: Its absolute value is 1.5 or higher
and MH D-DIF is greater than 1 in absolute value at the 5% level (Zwick, p. 4)”.
“B” items are the ones that do not suit the criterion for “A” or “C” items. In
other words, an item is labelled with B level when the same does not match the
features of a C item (Zwick, p. 4)
The following chart shows in summary the criterion previously explained for
the classification of A, B and C DIF levels according to Mantel-Haenszel
Table 2
Mantel-Haenszel DIF Level Classification
DIF level

Criterion for Classification

A

MH CHISQ is not significant at the 5% level or MH D-DIF < 1 in absolute
value

B

MH CHISQ > 3.84 and [MH D-DIF] ≥ 1

C

([MH D-DIF] -1)/SE(MH D-DIF)>1.645,
where SE(MH D-DIF) is the estimated standard error of MH D-DIF, and if
[MH D-DIF] ≥ 1

There are many reasons for using Mantel-Haenszel as a DIF calculation
method, since this technique offers many advantages to the researcher. The same
were discussed in the following section, along with its disadvantages as well.
Advantages and Disadvantages of Mantel-Haenszel. Teresi, Ramirez,
Lai, Silver (2008) report that one of the benefits that Mantel-Haenszel holds is that
not many assumptions are needed. Nevertheless, in the same way as the Rasch
Model, when the discrimination parameters vary across groups, this technique is
not the most recommended. Furthermore, instead of using a theoretically preferred
latent conditioning variable, this method uses an observed score, which is
manipulated as a categorical variable (p. 4).
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Quoting Ramsay, Asil (2005) mentions other benefits of the MH method: “It
is conceptually and computationally easy, consistent, stable in efficiency and
robustness, powerful and well understood based on its statistical properties” (p.
45).
On the other hand, perhaps the biggest disadvantage from this method is
that although its procedures are effective for detecting uniform DIF, when using
more complex models, the results for non-uniform DIF may be misleading or not
so accurate (Baştuğ, 1999).
The last is one of the most common complaints about the Mantel-Haenszel
procedure, and sometimes, the reason why many researchers prefer methods
such as Logistic Regression, which is presented following.
Logistic Regression. Concerning this method Zumbo (1999, p. 22) claims
that Logistic Regression is nowadays one of the most recommended and efficient
methods for detecting DIF. This method is based on the statistical probability of
answering correctly to a test item considering a reference and a focal group; which
could be for instance, non-minorities and visible minorities, and a conditioning
variable.
Moreover, Ozbek (2016) adds that “according to this model an item is
unbiased if intercept and slope terms are the same across the groups; that is, their
logistic regression curves are the same”. On the other hand, “an item is biased if
logistic regression curves for the two groups are not exactly the same and differ
across the groups” (p. 1255).
The mathematical formula for the method is:

(

)

P uij = 1θ ij =

{

exp β0 j + β1 jθ1 j

}

{

1+ exp β0 j + β1 jθ1 j

}

,

(Person indices) = 1, 2,…..,

€

,

(Group indices) = 1, 2

Where
= response to the item
= observed ability
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= intercept parameter
= slope parameter
Quoting Swaminathan & Rogers, Asil (2005) explains that “based on
the above formula, DIF occurs if

differs from

, and/or

differs from

. It

is also found that LR procedure is affected by small sample sizes by loosing power
and loosing the ability to detect DIF” (p. 40).
Advantages and Disadvantages of Logistic Regression. Zumbo (1999)
reports several advantages for the use of Logistic Regression over other methods.
For instance; the researcher does not have the necessity of a continuous criterion
variable categorization, LR allows calculating uniform and non-uniform DIF and for
the use of ordinal item scores, the binary logistic regression can be generalized (p.
23)
Furthermore, Teresi, Ramirez, Lai, Silver (2008) report that “advantages of
Logistic Regression include the ability to model multidimensional data and the
capability to include covariates”. The authors also claim that an observed
disadvantage is the use of the observed conditioning variable. Even though when
it is possible to use a latent variable in theory, in practice this is rarely applied and
in the case of being used, it may make the analysis process more complex (p. 4).
Item Bias
Two other concepts that are also important to highlight and differentiate are
the definitions of DIF and item bias. Both concepts are sometimes used in
substitution of each other, but although similar, their meanings are different.
According to Zumbo (1999, p. 12) “DIF occurs when examinees from
different groups show differing probabilities of success on (or endorsing) the item
after matching on the underlying ability that the item is intended to measure”.
Moreover, the author continues to explain that it is said that item bias occurs when
given two different groups of test takers one group have lower probabilities of
scoring an item correctly than the test takers of the other group, since a feature of
either the test or the test conditions are not important to the test purpose and
consequently this affects the examinees performances (p. 12)

11

On this regard; Hambleton, Merenda, Spielberger (2005) explain that when
given the situation of two groups that are of similar proficiency, and one performs
more poorly on an item in comparison to the reference group, and besides to this
condition, the cause of their poorer performance is not important for the construct
that the test is supposed to measure, then it can be said that an item is biased (p.
103).
Moreover, Zumbo continues to point out that DIF is not a sufficient reason
for an item to be flagged as biased. An item, which does not have DIF, cannot be
biased, but the fact that an item is labelled with DIF, does not make it
automatically biased. The condition is required but not an only proof that an item
has been biased (Zumbo, 1999, p. 12). If this is the case, then further and deeper
research must be done in order to explain the reasons of DIF. Content analysis,
collateral information or empirical evaluation is proposed to accomplish this
purpose.
Statement of the Problem
Are there any DIF items in the 16 selected binary items of the PISA 2015
reading section from Singapore, Australia and the United States?
Sub Problems. The following questions are the ones this research aims at
answering:
1. Are there any DIF items in the 16 selected binary items of the PISA 2015
reading section from Singapore, Australia and the United States?
a. Are there any gender-related DIF items in the 16 selected binary items of
the PISA 2015 reading section from Singapore, Australia and the United States?
b. Are there any culture-related DIF items in the 16 selected binary items of
the PISA 2015 reading section from Singapore, Australia and the United States?
Research Objective
The research objective was to determine whether there are gender-related
or culture-related DIF items in the 16 selected binary items of the PISA 2015
reading section from Singapore, Australia and the United States.
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Importance of the Study
The

OECD

(2016a)

declares

that

the

application

of

educational

assessments such as PISA help to monitor trends in students’ acquisition of
knowledge globally and the findings allow policy makers to set policy targets
against measurable goals achieved by other education systems, and learn from
policies and practices applied elsewhere (p. 3).
Because of the increasing diversity observed in many societies, such
analyses are becoming central to measurement development and evaluation
(Teresi, Ramirez, Lai, Silver; 2008, p. 2). That is to say, the existence of
globalization and culture diversification create the basis for statistical analyses
such as DIF to be carried out, due to the fact that it is important that all members
of the society are given the same opportunities to participate in fair evaluation
processes.
Being PISA an internationally recognized assessment taken by different
countries and subgroups, then, it is important that all these groups are evaluated
equally and that none of them is favoured against other. Consequently, the
decisions made from this test will be valid and consistent without affecting any
participant.
The importance of this research investigation relies on the fact that this
study would determine whether there are any items that show gender or culturerelated DIF in the 16 selected binary items of the PISA 2015 reading section from
Singapore, Australia and the United States.
If that would be the case, then the results would provide assistance and
help to all the members of the evaluation and assessment areas; such as
teachers, evaluators, test developers and test developing centres to shape their
policies and redesign their test construction or translation practices if any
differential item functioning items are observed.
Moreover, the presented study shows three different English-speaking
(Singapore, Australia and the United States) and OECD member countries located
in three different continents. The fact that each country belongs to a different
continent; Singapore in Asia, Australia in Oceania and the United States in
America, offer a more diverse sample to be studied, especially when considering
13

the variable culture. Additionally, no other related studies were found to compare
English-speaking countries to assess the variables of culture.
Limitations
It must be highlighted that three main domains constitute the international
examination PISA: mathematics, science and reading. The purpose of this
investigation was to analyze 16 selected binary items of the PISA 2015 reading
section. Thus, our research is limited only to analyze those items from the reading
domain that may show gender and or culture-related DIF.
Nowadays, because of the increasing diversity in societies, there are
different kinds of international tests available to be analyzed from a statistical point
of view. The present study was intended to be done using exclusively the data
resulting from the Programme for International Students Assessment (PISA) 2015.
Additionally, from the 72 OECD participating countries for PISA 2015, only
three countries were chosen to be the object of study: Singapore, Australia and
the United States of America.
Furthermore, this study merely focused on the detection of DIF items;
however, a bias procedure should be conducted afterwards for determining the
source of unintended group difference.
Not only a uniform DIF detection analyses can be conducted through a
research like the one here presented, but also a non-uniform analyses is possible.
Moreover, another limitation that must be considered for this study is the
fact that by pairing countries as to analyze them in terms of culture-related DIF,
type 1 error increased as well.
Finally, a part of the DIF analyses of this investigation was done using
Mantel-Haenszel. Since this method is not suitable for detecting non-uniform DIF,
the focus was limited only to uniform DIF.
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Chapter II
Related Studies
In this chapter some studies related to Differential Item Functioning, MantelHaenszel, Logistic Regression or any other DIF detection method, as well as
examinations such as PISA, TIMMS (Test interactive Management System), and
SSE (Student Selection Examination) were discussed. The aim of this chapter is to
present analogous studies to the present investigation as a mean of establishing a
background on previous research investigations and finding similarities and
differences in results. The same are ranked in chronological order, starting from
the most recent ones to the oldest ones as follows.
In 2016, Baştuğ aimed to compare four DIF procedures: Mantel Haenszel,
Simultaneous Item Bias (SIBTEST), Item Response Theory and Logistic
Regression when the underlying ability distribution is erroneously assumed to be
homogenous. The study showed that all the four methods identified items as
biased when the ability space was not specified (p. 1251).
Another investigation that aimed at comparing some different DIF
directional methods was the one that Akın, Uğurlu and Atar (2016) titled “A DIF
and Bias Study using MIMIC, SIBTEST, Logistic Regression and Mantel-Haenszel
Methods”. Their purpose was to compare the previous techniques as to establish
similarities and differences among them. It was found that items 2 and 13 do not
display DIF in the samples of 300 and 600 respectively, no items in the onethousand sample, items 19 and 2, 3 and 4 contained DIF in the samples of 1200
and 2000 people respectively.
Additionally; Atalay, Arsan, Gök and Kelecioğlu (2014) shared a research
paper titled “Comparing Performances (Type I error and Power) of IRT Likelihood
Ratio SIBTEST and Mantel-Haenszel Methods in the Determination of Differential
Item Functioning”. In this study the performances (Type I error and power) of
Mantel-Haenszel (MH), SIBTEST and item response theory-likelihood ratio (IRTLR) methods were compared. The results showed that SIBTEST had the highest
Type I error in the detection of uniform DIF, but MH had the highest power under
all conditions”.
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In the same year, we find another studied conducted by the University of
Maryland titled “Exploring the Utility of Background and Cognitive Variables in
Explaining Latent Differential Item Functioning: An Example of the PISA 2009
Reading Assessment”. This investigation proposed an extended analysis of how
DIF is normally assessed. That is to say, more than only analysing the typical
variables studied in this kind of studies (gender, culture, etc), they also proposed
to add other variables that are not commonly taken into account. The authors,
Chen and Jiao’s (2014) purpose was to include background and cognitive
variables to answer the research question: Are latent DIF items consistent with the
DIF items detected by the manifest variable based DIF approach? The findings
revealed that a single group of variables were not enough to be a proxy of latent
DIF.
Additionally, Asil and Gelbal (2012) pursued a study with the title “Crosscultural Equivalence of the PISA Student Questionnaire” in which cross-lingual and
cross-cultural equivalence of the PISA 2006 student questionnaire was compare to
evaluate Turkey, USA, Australia and New Zealand samples. The objective of this
research was to determine whether there are DIF items in the student
questionnaire. The study was divided into two stages: In the first stage, the
Confirmatory Factor Analysis (CFA) was used to examine the factor structure of
the questionnaire. In the second stage, Multi-Group Confirmatory Factor Analysis
(MG-CFA) and covariance Structures were used to calculate DIF across culture
and language. MG-CFA results showed that some items exhibited DIF among
countries. Besides, it was also found that the number of DIF increased as the
linguistic and cultural differences appeared.
Moreover, Çepni (2011) carried an investigation on differential item
functioning (DIF) and differential bundle functioning (DBF) analyses of the
Academic Staff and Postgraduate Education Entrance Examination Quantitative
ability tests. Mantel Haenszel, Logistic Regression, SIBTEST, Item Response
Theory-Likelihood Ratio and BILOG-MG DIF Algorithm methods were used for DIF
analyses. SIBTEST was the method used for DBF analyses. Gender-related DIF
results displayed four items favouring females and three items favouring males in
the Quantitative 1 Test. One item showed DIF favouring males and three items
favoured females in the Quantitative 2 Test. On the other hand, branch based DIF
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analyses demonstrated that the strongest differences in groups were between
quantitative and verbal branch groups, where five items showed advantage over
the quantitative braches and four items over the verbal branches. In the
Quantitative 2 Test, a total of three items showed DIF favouring the quantitative
branches (Çepni, 2011).
Another study related to DIF was the one that Gómez-Benito, Hidalgo,
Padilla (2009) proposed and called “Efficacy of Effect Size Measures in Logistic
Regression”. In their paper, they compare the efficacy of DIF detection using the
LR significance test and the estimation of the effect size that these procedures
provide using R2 of Nagelkerke. The variables considered were sample size, focal
and reference group sample size ratio, amount of DIF, test length and percentage
of test items with DIF. “The results show that the use of R2 as a strategy for
detecting DIF obtained lower correct detection percentages than those obtained
from significant tests. It was also found that using R2 for calculating the effect size
together with the statistical significance test reduces the rate of FP”.
Furthermore, Yıldırım and Berberoğlu (2009) conducted a research on the
utility of the hypothesis generated about DIF through the study titled “Judgmental
and Statistical DIF Analyses on the PISA-2003 Mathematics Literacy Items”. To
achieve so, the authors used the PISA 2003 data set of the Maths section. The
investigation was constituted by three phases: In the first one, a DIF analysis was
run; in the second phase the possible causes of the items that exhibited DIF were
investigated and in the last phase, the congruence between judgmental and
statistical analysis to flag items was determined by testing the hypotheses
generated on the sources of DIF statiscally. The findings revealed that systematic
a-priory analysis on item content might help anticipate items with DIF.
In 2008; Teresi, Ramirez, Lai and Silver made an investigation titled
“Occurrences and sources of DIF in patient-reported outcome measures:
Description of DIF methods, and review of measures of depression, quality of life
and general health”. The purpose of this review was to examine DIF in patientreported outcomes. The studies of quality of life and health measures identified a
moderate amount of DIF. The authors concluded that although these studies
represent a good beginning, more cross-validation work is required using larger
samples of different ethnic and language groups (p. 1).
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In the same year, Doğan and Ögretmen made investigation on the DIF field
with a study titled “The Comparison of Mantel-Haenszel, Chi-Square and Logistic
Regression Techniques for Identifying Differential Item Functioning”. The objective
they had was to compare the similarities and differences in practice of the
aforementioned methods. The studied group were 3345 students who participated
in the placement examination for secondary education in 2003 and whose
answers to the science section of this test were used as the data. The outcomes
revealed that the three techniques share many similarities and differences.
Furthermore, Yıldırım (2006) carried out an investigation, which aimed at
assessing the equivalence of mathematics items of TIMSS 1999 and PISA 2003
across cultures and languages, to find out whether mathematics achievement
possesses any culture specific aspects. Restricted Factor Analysis, MantelHaenszel Statistics and Item Response Theory Likelihood Ratio methodologies
were used to identify DIF items. The study revealed the presence of some
adaptation problems in both TIMSS and PISA studies. The author claims, “in
PISA, there was a high rate of agreement among the DIF methodologies used.
However, in TIMSS, the agreement rate decreased considerably possibly because
the rate of differentially functioning items within TIMSS was higher, and differential
guessing and differential discriminating were also issues in the test”.
In 2006, Le conducted a research on DIF titled “Analysis of Differential Item
Functioning”. In this paper the procedures used in the 2006 field trial for
investigating DIF for science items were described and discussed. The variables
used were country of test, test language and gender. Item Response Theory was
used to analyze DIF in the items. Some of the results show that DIF by gender
across countries was found to be lower than DIF by countries or test languages.
Likewise, in 2005 Asil conducted an investigation titled “Differential Item
Functioning (DIF) Analysis of the Verbal Section of the 2003 Student Selection
Examination (SSE)” in which he had as purpose to investigate the presence of DIF
items in the 2003 SSE in Turkey through the Mantel-Haenszel technique. The
results of the studied proved that four large DIF values were found in the Turkish
subtest and one in the Social Sciences subtest.
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Lastly, in 2001, Jodoin and Gierl investigated about “Type I Error and Power
Rates using an effect measure with the Logistic Regression Procedure for DIF
detection”. They noticed that the Logistic Regression method tends to produce
inflated Type I errors and consequently puts in risk the appropriate usage of
testing resources and interfere with the study of the underlying causes of DIF.
Their research had as main objective to develop a new classification method
based on Simultaneous Item Bias (SIBTEST) and to determine whether the effect
size measure affects the Type I error and power rates for the LR DIF procedure.
The results of this study proved that the inclusion of the effect size measure could
substantially reduce Type I error rates when large samples are used.
The previous studies presented in this section share many similarities with
our investigation. One important similarity is the different kinds of methods that
were used to carry out their research: Mantel-Haenszel, Logistic Regression,
SIBTEST, Item response Theory, among others. One reason to use this variety of
methods is the researchers interest in comparing results. For purpose of this
investigation only two methods were compared: Mantel-Haenszel and Logistic
Regression, also with the aim of comparing such findings and being able to make
conclusions about their similarities and differences.
At the same time, it has been observed that the variables of gender,
language, culture and country are popular among these studies. Our investigation
also aimed at using the variable gender (as Çepni did) and culture to compare
what items favoured one group over the other.
Finally, although the variable culture has been used through participating
countries taking a test, the present study was the only one to be found to compare
three English speaking countries: Singapore, Australia and the United States.
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Chapter III
Methodology
This chapter is dedicated to present the methodological procedure used to
carry out this investigation. Firstly, some detailed information about the type of
research and type of sampling was given. Afterwards, the data collection process
and a brief description of the three analyzed countries for the study are found.
Finally, the distribution of the data, followed by the instrument and lastly a glance
at PISA universality were presented.
Moreover, the countries that were analysed for this study and the
instrument followed by a brief notion of the PISA unidimensionality were also
described. Lastly, the data analysis procedure; that is to say, the calculation and
determination of DIF, the criteria to identify its level and the methods used to
achieve this goal are also included.
This research investigation had as a main objective to identify the presence
or absence of items functioning differently in the reading section of the PISA 2015
examination.
Type of Research
A research study from the perspective of its objectives can be classified as:
descriptive, correlational, explanatory or exploratory. Given the objective of the
present research it can be said that the type of research that was conducted is
descriptive.
Kumar (1996) declares, “a descriptive research attempts to describe
systematically a situation, problem, phenomenon, service or program, or provides
information about, say, the living conditions of a community, or describes attitudes
towards an issue” (p. 9).
Regarding the present investigation here executed, the above-mentioned
description will be carried out by describing and determining whether there are any
items showing gender or culture-related DIF in the reading multiple-choice items of
PISA 2015.
The following section presents the type of sampling used in this research.
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Type of Sampling
Büyüköztürk (2016) claims “the sample is a limited and selected part from
the population used in the attempt to gather information about the properties of the
universe” (p. 81).
For the purpose of this study the sample that was taken into consideration
were the 16 binary reading items of PISA 2015 from Singapore, Australia and the
United States of America.
Data Collection Process
The data collection refers to the gathering data from the sample so that the
research questions can be answered.
O’leary (2004) states that:
“Secondary data is situational data that exists regardless of a researcher’s
questioning. It is data that can be found in documents, databases, and on the
Internet- none of which was created by the researcher for the express purpose of
his or her research project” (p. 243).
For this research the data that displays the items and participants
responses information, was directly collected from the OECD webpage, therefore
it can be said it is secondary.
The test cluster was chosen considering the one that had a major number
of binary items. The cluster covering this condition was cluster number RO6A. The
names of the Units were: Household Work, Rhino, Movie Reviews and Galileo.
The test had a total of 2048 variables. From those 2048 variables, and after
choosing the test cluster, 25 variables were left. From these variables the most
important for this analysis include: country identifier, gender, total and the 16 items
to be assessed. The variables gender and total were added afterwards.
Throughout the study it was found that some data was considered as
“missing”. In other words, this refers to those items that could not be included in
the DIF analysis given that they do not fulfil some requirements for their use. The
data could be considered as missing due to several reasons. For instance, a valid
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skip, an item not being reached, not applicable, invalid or the student did not
answer it.
The total number of 15-year old students who took the PISA 2015
examination was 519.334. For the purpose of this research, only the students who
took the 16 binary reading items of PISA 2015 from Singapore, Australia and the
United States of America were considered. This total was of 2293 students.
The Singapore number of students taking the 16 binary reading items from
PISA 2015 reading section was 769, minus 128 that needed to be eliminated due
to missing data, for a total of 641 (See Table 3).
The number of students from Australia from whom valid data could be taken
was 1831 in total, minus 727 that were considered as missing data, for a total of
1104 students (See Table 3).
The number of students from the United States taking the 16 chosen items
from the reading section of PISA 2015 was 682, from which 134 student answers
had to be eliminated due to invalid data, leaving 548 answers considered as valid
data (See Table 3).
It is important to highlight that despite the fact that some data was missing
due to different reasons, for instance, items not being answered, or not reached,
among others, this situation was not an obstacle for the development of this
research investigation.
The sample studied was divided according to the main two variables of the
study: gender and culture. In order to analyze the variable gender, the countries
chosen were divided into two groups: males and females.
When the variable culture was considered, then the three countries were
paired in three groups as follows: Singapore-Australia, Singapore-United States
and Australia-United States.
The following chart offers a better vision of the distribution of the sample,
once the data cleansing process was done. The same displays the distribution of
the sample taking the variable gender into account; that is to say, the male and
female groups are shown, along with the number of participants by each of the
selected countries.
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Table 3
Distribution of the Sample by Gender
Country
Gender

Total

Percent %

271

1144

49.89%

563

277

1149

50.10%

1104

548

2293

100%

Singapore

Australia

United States

Female

332

541

Male

309
641

It can be seen that there are 332 females and 309 males for Singapore,
making a total of 641 students who took the 16-chosen binary items from the
reading section. Concerning Australia; the table shows 541 females and 563
males for a total of 1104 participants. Finally, in the case of the United States,
there are 271 females and 277 males, which makes a total of 548 students. 2293
students, with a 50.10% male participation and 49.89% of female participation,
constitute the total sample gathering the three countries.
Following, there is a brief description of the selected countries and
especially, of their educational systems.
Analyzed Countries
According to the Merriam-Webster (1997): “Singapore is an Asian southeastern republic constituted by Singapore and several adjacent islets; with a 4.15
million population until 2002 (p. 1091)”. Concerning its education, the Grey House
Publishing (2003) states: “it is compulsory between the ages of six and 16.
Primary school lasts for six years between the ages six and 12 and the secondary
education is divided into four or five years’ secondary and two or three years’
higher secondary (pre-university) education” (p. 1395).
In regard to Australia, Merriam-Webster (1997, p.90) declares that:
“The Commonwealth of Australia is an independent state and the smallest
continent in the globe with a population of 19.20 million inhabitants until 2000.
Schooling is compulsory from the age of six to 15 in all states except Tasmania,
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where it extends to 16. Primary education continues for either six or seven years,
and the secondary education is available for either five or six years”
Finally, the United States of America also shortened as America (MerriamWebster, 1997, p.1224): “…is a federal republic located in North America which
counts with a 281,4 million population by 2000”. According to the Grey House
Publishing, Inc. (2003), “American schooling is generally compulsory from the age
of six (states vary) to 16 years. Pupils at elementary and high schools (up to 18)
generally pay no tuition fees; further education establishments in general charge
for tuition”.
Two main reasons were considered to choose the previous countries:
One of them was a geographical reason. The fact that each country belongs
to a different continent; Singapore in Asia, Australia in Oceania and the United
States in America, offer a more diverse sample to be studied, especially when
considering the variable culture.
The second reason was their general performance in the reading section of
PISA 2015. Singapore’s performance in reading was above the OECD average,
ranking first in the list of countries. Followed by Australia, whose performance was
average and lastly the United States who showed a performance under the OECD
average standards.
Instrument
The instrument of the present study was the reading section of the PISA
2015 examination. This test is divided into three main sections: reading,
mathematics and sciences. Every three years, a PISA examination takes place
and each year especial focus is given to one section. In the year 2015, the science
section was the focus of the evaluation; however, for this investigation purposes,
only the reading section was taken into account.
PISA Unidimensionality
According to Asil (2005) “a test is unidimensional if a single construct is
measured by the test items” (p. 9) This is the case for the Programme International
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Students Assessment (PISA) in which as stated before only one construct is
measured.
According to the OECD (2017c) “the scales for all PISA content domains
have historically been based on the assumption that all underlying constructs are
unidimensional” (p. 163).
Calculation and Determination of DIF
Nowadays, because of the popularity standardized tests have, the
existence of methods to assess the validity and reliability of such tests are also
more common.
At the same time, the necessity for having tests that are fair and unbiased
to everyone has been also a concern. That is why some statistical techniques
have become popular in order to detect whether these tests accomplish the
characteristics previously explained. Some of these methods are the MantelHaenszel method and Logistic Regression.
The selected data for this investigation will be analyzed using Mantel
Haenszel and Logistic Regression methods to detect the presence of DIF. To
achieve this aim, the latest version of the statistical software SPPS will be used.
With regard to the Logistic Regression method, Benito, Hidalgo and Padilla
(2009) claim that:
“Among the proposed techniques, those based on Logistic Regression (LR)
have gained popularity for two main reasons: (a) they provide a common
framework for analysing DIF in dichotomous and polytomous items and (b) they
allow the type of DIF present in the item (uniform or non-uniform) to be identified”.
Despite the fact that Logistic Regression allows the possibility of calculating
uniform and non-uniform DIF, this research investigation only focused on the
detection of uniform DIF. For further research, non-uniform could be included as
well.
In order to run the binary Logistic Regression analysis and to produce some
graphs of probability of correct answer (See Chapter IV) in a practical way, some
SPSS syntaxes were used (See Appendix B)
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The scale used to classify DIF item level according to Logistic Regression is
represented in the following table (J. Fu & L. Monfils, 2016, p. 4)
Table 4
Differential item Functioning (DIF) Classification Rule using Logistic Regression for
Dichotomous Items
DIF category

Criterion
2

2

A (Negligible)

X test is not significant at .05 level or ∆R <.035

B (Slight to Moderate)

X test is not significant at .05 level and .035 ≤ or ∆R <.070

C (Moderate to Large)

X test is not significant at .05 level and ∆R ≥.070

2

2

2

2

Note: ∆R2 is the Nagelkerke R2 difference between two logistic regression models

On the other hand, the Mantel-Haenszel procedure is the second method
used in this study, so as to compare the results obtained from both methods.
“Mantel-Haenszel (MH) is a non-parametric statistical approach for identifying DIF”
(Gierl, Jodoin, Ackerman 2000). The authors continue to say, “MH is used to
estimate the constant odds ratio that yields a measure of effect size for evaluating
the amount of DIF that is present” (p. 4)
Table 5 displays that scale that was applied to the reading items in order to
classify their DIF level.
Table 5
Differential item Functioning (DIF) Classification Rule using Mantel-Haenszel
DIF category

Criterion

Negligible or A-level DIF

Null hypothesis is retained or rejected and ∆MH <1

Moderate or B-level DIF

Null hypothesis is rejected and 1 ≤ ∆MH < 1.5

Large or C-level DIF

Null hypothesis is rejected and 1 ∆MH ≥ 1.5

Finally, the values of the Mantel-Haenszel Delta DIF will be calculated using
the formula that researchers at ETS (Zieky, 1993; Longford, Holland and Thayer
1993) developed:
“The equation for this index is MH D-DIF= -2.35 x In (α-MH). Positive MH DDIF value indicates that the item is functioning differently against the reference
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group, whereas negative value indicates that the item is functioning differently
against the focal group” (Asil, 2005, 75).
The group with the larger number was chosen as the reference group (RG)
and the one with a smaller number was taken as the focal group (FG).
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Chapter IV
Findings
This chapter is dedicated to present and discuss the results of the DIF
analyses done previously. The reading ability section of the PISA 2005 was
analysed using the SPPS 24.0 statistical software. The findings presented in this
research section were the ones that resulted from applying Mantel-Haenszel and
Logistic Regression DIF detectional methods. Both procedures were carried out
with the aim of detecting differentially functioning items considering gender (male
or female) and culture (country) variables.
Differential Item Functioning Analysis
The Mantel-Haenszel and the Logistic Regression methods were the ones
employed to identify the absence or presence of DIF items considering the
variables gender and culture.
The results are shown in a total of twelve different charts. The same are
organized firstly presenting the results of DIF classification across gender and
afterwards the findings of DIF classification across culture. Firstly the analysis
executed with the Mantel Haenszel method is presented and later the analysis
with the Logistic Regression procedure.
There are six tables grouped by individual countries; that is to say,
Singapore, Australia and the United States and the variable “gender” was the one
considered for the analysis. In addition, there are six more tables grouped by
country pairs; Singapore-Australia, Singapore-United States and Australia-United
States, where the variable “culture” was taken into account.
The classification of the DIF items was carried out following the
nomenclature that Asil (2005) described in his research:
“If the item is labelled as “A”, then DIF is not significant or negligible. No
action is required here. If the item is labelled as “B”, then the item shows slight to
moderate DIF. If equally appropriate items are available, the one with smaller DIF
should be preferred in this case. If the item is labelled as “C”, then the item shows
moderate to large DIF. These items shouldn’t be used unless they are accepted to
be fair and vital for the test specifications”. (Asil, 2005, p. 79)
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Results of MH-DIF Classification Across Gender
The section that follows ahead presents the results that were obtained from
the Mantel-Haenszel DIF classification analysis, considering the first variable of
our research, gender.
The results of the DIF analysis of the dichotomously scored reading items
taken by the students from Singapore following the Mantel-Haenszel procedure
were presented in Table 6.
Table 6
Item MH-DIF Classification across Gender - Singapore
Item #

MH-Statistics

α-MH

∆MH

Effect Size

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

0.102
0.052
0.526
4.051*
0.514
1.962
0.842
0.003
0.436
0.101
0.383
0.166
0.074
0.369
0.388
1.269

0.920
0.914
1.213
0.663
1.342
0.677
0.793
1.037
1.173
1.080
1.170
1.102
0.916
1.160
0.838
1.239

1.974
2.115
-0.454
0.966
-0.691
0.917
0.545
-0.087
-0.374
-0.181
-0.369
-0.228
0.207
-0.348
0.414
-0.503

C
C
A
A
A
A
A
A
A
A
A
A
A
A
A
A

Favoured
Group
Males
Males
Females
Males
Females
Males
Males
Females
Females
Females
Females
Females
Males
Females
Males
Females

*Significant at the 0.05 Alpha level
♀= RG-332
♂= FG-309
♀: females
♂: males
RG: reference group
FG: focal group
From Table 6 it can be seen that the items 3 to 16 of the reading section of
PISA 2015 present a minimum level of DIF and consequently they were classified
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with an “A” effect size. However, items 1 and 2 were flagged with a “C” DIF level
favouring the males that took this item.
Despite the fact that these items are putting females in disadvantage, the
majority of the items (a total of 9) favour females.
The results of the DIF analysis of the dichotomously scored reading items
taken by the students from Australia following the Mantel-Haenszel procedure
were presented in Table 7.
Table 7
Item MH-DIF Classification across Gender – Australia
Item #

MH-Statistics

α-MH

∆MH

Effect Size

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

0.473
2.712
0.001
4.108*
5.467*
6.985*
0.019
4.240*
9.778*
2.563
6.506*
1.111
0.384
2.621
0.816
0.004

0.888
1.400
0.991
1.395
0.597
0.582
1.039
0.687
1.754
0.780
1.537
1.180
1.186
0.758
0.795
1.001

0.280
-0.790
0.021
-0.783
1.213
1.274
-0.089
0.884
-1.321
0.583
-1.011
-0.390
-1.257
0.651
0.541
-0.002

A
A
A
A
B
B
A
A
B
A
B
A
B
A
A
A

Favoured
Group
Females
Males
Females
Males
Females
Females
Males
Females
Males
Females
Males
Males
Males
Females
Females
Males

*Significant at the 0.05 Alpha level
♀= RG- 563
♂= FG- 541
Table 7 displays the results of the analysis carried out for the students
taking the 2015 PISA’s verbal section in Australia. Although 10 of the items were
labelled with the minimum level of differential item functioning, 6 of them were
found to have a moderate level. Items number 5, 6, 9, 11 and 13; labelled with B
level, were also found to be significant.
The results of the DIF analysis of the dichotomously scored reading items
taken by the students from the United States following the Mantel-Haenszel
procedure were presented in Table 8.
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Table 8
Item MH-DIF Classification across Gender - USA
Item #

MH-Statistics

α-MH

∆MH

Effect Size

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

4.067*
0.110
0.011
0.374
1.073
0.647
1.575
0.076
2.234
1.515
2.524
0.657
2.301
0.766
0.546
0.013

0.638
0.882
1.004
1.181
0.747
0.792
1.459
0.901
1.541
0.765
1.467
1.204
0.600
1.232
1.256
0.958

1.055
0.296
-0.009
-0.392
0.684
0.548
-0.888
0.244
-1.015
0.630
-0.900
-0.437
1.201
-0.491
-0.536
0.099

B
A
A
A
A
A
A
A
B
A
A
A
B
A
A
A

Favoured
Group
Females
Females
Males
Males
Females
Females
Males
Females
Males
Females
Males
Males
Females
Males
Males
Females

*Significant at the 0.05 Alpha level
♀= RG- 277
♂= FG- 271
In table number 8 it can observed that items 1, 9 and 13 were identified with
a moderate level of DIF, that is to say, B level. When the examinees from the USA
were taking into consideration, items 1 and 13 favoured the reference group
(females) and item 9 favoured the focal group (males).
At the same time, item number 1, was found to be significant at the 0.05
Alpha level with a value of 4.067 in the Mantel-Haenszel statistics.
The next section provides the LR results regarding gender-related DIF.
Results of LR-DIF Classification Across Gender
The section that follows ahead presents the results that were obtained from
the Logistic Regression DIF classification analysis, considering the first variable of
our research, gender.
The results of the DIF analysis of the dichotomously scored reading items
taken by the students from Singapore following the Logistic Regression procedure
were presented in Table 9.
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Table 9
Item LR-DIF Classification across Gender – Singapore
Item #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

∆ Chi Square
0.299
0.217
0.854
4.800*
0.392
1.925
0.912
0.007
0.631
0.114
0.987
0.528
0.082
0.468
0.327
0.994

2

∆R
0.001
0.000
0.002
0.009
0.002
0.004
0.001
0.000
0.001
0.000
0.002
0.001
0.000
0.001
0.001
0.002

Effect Size
A
NO DIF
A
A
A
A
A
NO DIF
A
NO DIF
A
A
NO DIF
A
A
A

Table 9 shows the DIF classification for the items taken by the students in
Singapore. This classification was done using the Logistic Regression method.
Firstly, it can be observed that the majority of the items, 12 out 16 to be precise,
were identified with the lowest level of DIF, that is to say, “A” level. It is also
important to highlight that, items 2, 8, 10 and 13 show no DIF at all neither against
the focal nor the reference group. That is to say, these items were functioning
accurately for females and males.
Table 10
Item LR-DIF Classification across Gender – Australia
Item #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

∆ Chi Square
0.472
2.863
0.144
5.893*
7.288*
8.441*
0.047
4.551*
9.485*
2.708
9.635*
2.438
0.435
1.868
1.300
0.009

2

∆R
0.000
0.004
0.000
0.006
0.009
0.009
0.000
0.004
0.007
0.003
0.009
0.003
0.001
0.001
0.001
0.000

Effect Size
NO DIF
A
NO DIF
A
A
A
NO DIF
A
A
A
A
A
A
A
A
NO DIF
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As in the case of Singapore; items 1, 3, 7 and 16 show the lowest values
and consequently being classified with no DIF. The rest of the items, were labelled
as “A” level.
The results of the DIF analysis of the dichotomously scored reading items
taken by the students from USA following the Logistic Regression procedure were
presented in Table 11.
Table 11
Item LR-DIF Classification across Gender- USA
Item #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

∆ Chi Square
4.506*
0.324
0.029
0.426
1.841
0.645
2.715
0.132
2.952
1.990
2.965
0.956
3.495
1.341
0.491
0.178

2

∆R
0.007
0.000
0.000
0.001
0.004
0.001
0.004
0.001
0.005
0.003
0.005
0.002
0.009
0.002
0.001
0.000

Effect Size
A
NO DIF
NO DIF
A
A
A
A
A
A
A
A
A
A
A
A
NO DIF

In the case of the United States, a total of 15 items show the lowest level of
DIF.
On the other hand, items number 2, 3 and 16 display no DIF at all, which
means that these items were functioning properly across the female and male
groups.
Results of MH-DIF Classification Across Culture
The section that follows ahead presents the results that were obtained from
the Mantel-Haenszel DIF classification analysis, considering the second variable
of our research, culture.
The results of the DIF analysis of the dichotomously scored reading items
taken by the students from Singapore-Australia following the Mantel-Haenszel
procedure were presented in Table 12.
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Table 12
Item MH-DIF Classification across Culture: Singapore-Australia
Item #

MH-Statistics

α-MH

∆MH

Effect Size

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

3.537
0.134
2.262
1.872
10.702*
1.342
3.888*
7.616*
25.007*
9.528*
0.278
0.790
18.601*
0.927
27.677*
0.996

0.781
1.071
1.249
0.834
1.910
1.228
1.328
1.488
1.984
0.691
0.925
1.042
0.503
0.875
0.421
1.124

0.583
-0.160
-0.524
0.428
-1.520
-0.484
-0.667
-0.935
-1.610
0.870
0.183
-0.096
1.614
0.313
2.030
-0.275

A
A
A
A
C
A
A
A
C
A
A
A
C
A
C
A

Favoured
Group
Singapore
Australia
Australia
Singapore
Australia
Australia
Australia
Australia
Australia
Singapore
Singapore
Australia
Singapore
Singapore
Singapore
Australia

*Significant at the 0.05 Alpha level
Australia= RG- 1104
Singapore= FG- 641
Table number 12 shows the results of the comparison of the first country
pair that was studied, that is to say, Singapore and Australia. The analysis was
done considering the second variable of our research, which was culture, as to
contrast both countries.
The result from this analysis reveals that:
1. From a total of 16 items, 4 of them (items number 5, 9, 13, 15) were
found to have the highest level of DIF, which means that these items were
functioning differently to Singapore and Australia.
2. The same items also display high values on the Mantel-Haenszel
statistics being 27.677 the highest of all. Items 5 and 9, flagged with “C” level,
benefit Australia while items 13 and 15 benefit Singapore. In total 9 items favour
the reference group, Australia.
On the other hand, the results of the DIF analysis of the dichotomously
scored reading items taken by the students from the Singapore-USA country pair
following the Mantel-Haenszel procedure are being presented in the following
table
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Table 13
Item MH-DIF Classification across Culture: Singapore-USA
Item #

MH-Statistics

α-MH

∆MH

Effect Size

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

0.000
2.906
0.429
0.027
14.145*
0.028
0.729
0.921
24.480*
6.933*
0.307
1.438
16.738*
0.000
9.302*
0.005

1.010
1.405
1.134
1.037
0.465
0.953
0.850
0.837
0.440
1.456
0.907
0.835
2.326
0.987
1.748
1.018

-0.024
-0.799
-0.296
-0.085
1.800
0.113
0.381
0.418
1.927
-0.881
0.230
0.425
-1.983
0.031
-1.314
-0.042

A
A
A
A
C
A
A
A
C
A
A
A
C
A
B
A

Favoured
Group
Singapore
Singapore
Singapore
Singapore
USA
USA
USA
USA
USA
Singapore
USA
USA
Singapore
USA
Singapore
Singapore

*Significant at the 0.05 Alpha level
Singapore= RG- 641
USA= FG- 548
Table number 13 shows the results of the comparison of the Singapore and
Australia country pair. The analysis was done considering the variable culture, as
to contrast both countries. In this table, the results from the comparison between
Singapore and the United States are shown.
The result from this analysis reveals that:
1. At first sight it can be noticed that the values that resulted from the
Mantel-Haenszel statistics were significantly high, and consequently, there are
several items showing all levels of DIF. For instance, item 15 was labelled with a
“B” level of DIF and items 5, 9 and 13 were tagged with a “C” level respectively.
Despite this variety of DIF levels, an equal number of items favour each of
the countries: 8 items show advantage towards Singapore and also 8 items favour
the United States.
Additionally, the results of the DIF analysis of the dichotomously scored
reading items taken by the students from the Australia-USA country pair following
the Mantel-Haenszel procedure are being presented in Table 14.
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Table 14
Item MH-DIF Classification across Culture: Australia-USA
Item #

MH-Statistics

α-MH

∆MH

Effect Size

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

2.796
5.488*
4.518*
1.264
0.317
0.594
0.459
1.159
0.632
0.000
1.508
0.663
0.769
0.591
2.196
1.118

0.795
1.475
1.395
0.850
0.902
1.148
1.125
1.196
0.875
1.010
0.838
0.895
1.200
0.894
0.767
1.143

0.541
-0.794
-0.783
0.383
0.242
-0.324
-0.277
-0.421
0.315
-0.024
0.416
0.261
-0.428
0.263
0.625
-0.315

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

Favoured
Group
USA
Australia
Australia
USA
USA
Australia
Australia
Australia
USA
Australia
USA
USA
Australia
USA
USA
Australia

*Significant at the 0.05 Alpha level
Australia= RG- 1104
USA= FG- 548
This table displays the results of the comparison in terms of culture between
Australia and the USA. One of the first things to be observed is that only items 2
and 3 were found to be significant at the 0.05 value and consequently all the items
were labelled at the minimum or negligible level of DIF. In other words, this means
that these items are not functioning differently for Australia and the United States.
At the same time, as in the case of Singapore and the United States, an
equal number of items are favouring each country.
Results of LR-DIF Classification Across Culture
The following section presents the results obtained from the Logistic
Regression DIF classification considering the variable culture.
The results of the DIF analysis of the dichotomously scored reading items
taken by the students from Singapore-Australia country pair following the Logistic
Regression procedure are being presented in the subsequent table, numbered as
Table 15.
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Table 15
Item LR-DIF Classification across Culture: Singapore-Australia
Item #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

∆ Chi Square
3.680
0.295
2.769
2.091
12.383*
1.847
4.239*
8.548*
24.605*
9.036*
0.426
0.105
18.533*
1.401
28.477*
1.332

2

∆R
0.002
0.000
0.002
0.002
0.011
0.001
0.002
0.005
0.011
0.005
0.000
0.000
0.017
0.001
0.021
0.001

Effect Size
A
NO DIF
A
A
A
A
A
A
A
A
NO DIF
NO DIF
A
A
A
A

In table 15, the results from the comparison between Singapore and
Australia in terms of culture are shown. It can be observed that the values of Delta
R Square for items 2, 11 and 12 were 0.000 and consequently, the same items
were labelled with no DIF. The remaining 15 items were classified with an “A” DIF
level.
The results of the items taken by the students from Singapore-USA
following the Logistic Regression procedure were presented in Table 16.
Table 16
Item LR-DIF Classification across Culture: Singapore-USA
Item #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

∆ Chi Square
0.039
3.593
0.524
0.054
14.336*
0.072
0.741
1.245
22.248*
5.573*
0.853
1.205
17.945*
0.003
10.574*
0.025

2

∆R
0.000
0.005
0.000
0.000
0.018
0.001
0.001
0.001
0.016
0.005
0.001
0.001
0.023
0.000
0.011
0.000

Effect Size
NO DIF
A
NO DIF
NO DIF
A
A
A
A
A
A
A
A
A
NO DIF
A
NO DIF
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In the case of Singapore and USA, 12 out of 16 items, were labelled with
the minimum level of DIF. At the same time, it was found that 4 items show no DIF
at all. The same items (1, 3, 4 and 14) have a 0.000 value on the Delta R Square,
demonstrating that these items are not functioning differently.
The results of the items taken by the students from Australia-USA following
the Logistic Regression procedure were presented in Table 17.
Table 17
Item LR-DIF Classification across Culture: Australia-USA
Item #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

∆ Chi Square
2.644
7.132*
6.303*
1.328
0.391
1.202
0.700
1.782
0.442
0.004
3.131
0.875
0.746
0.968
2.379
1.313

2

∆R
0.002
0.006
0.004
0.001
0.001
0.001
0.000
0.001
0.000
0.000
0.002
0.001
0.001
0.000
0.002
0.001

Effect Size
A
A
A
A
A
A
NO DIF
A
NO DIF
NO DIF
A
A
A
NO DIF
A
A

The results from the DIF analysis of Australia and the United States are
represented in table 16. It can be observed that items 7, 9, 10 and 14 were
identified with no DIF, given that their Delta R Square values were 0.000. The
twelve remaining items only show an “A” DIF level.
Graphs of Probability of Correct Answer
The previous section was dedicated to show the results obtained from the
Mantel-Haenszel and the Logistic Regression methods taking the variables gender
and culture into consideration. At the same time, the items were classified
according to their effect size into levels negligible, moderate or high and their DIF
significance was also described.
This section displays the same results from the previous DIF analysis
already presented but in form of graphs. The same are organized firstly presenting
the results of DIF classification across gender and afterwards the findings of DIF
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classification across culture. There are a total of six sets of graphs, organized by
gender (single country) and by culture (country pairs).
To analyze the variable gender the first set of graphs was grouped by
individual countries; that is to say, Singapore, Australia and the United States. As
to analyze the variable culture the second set of graphs was organized by country
pairs; Singapore-Australia, Singapore-United States and Australia-United States
Graphs Of Probability of Correct Answer by Gender. The following
graph results are meant to answer the first research question stated before:
Are there gender-related DIF items in the 16 selected binary items of the
PISA 2015 reading section from Singapore, Australia and the United States?

Figure 3. Graph of probability of correct answer in item 4 by gender: Singapore
Item 4 shows a notorious gap between the female and male groups, where
is evident that the female group was favoured over the male one.

Figure 4. Graph of probability of correct answer in item 13 by gender: Singapore
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Additionally, item 13 display that the probabilities of answering those items
correctly were high even for those students showing a low ability

Figure 5. Graph of probability of correct answer in item 8 by gender: Singapore
On the contrary, although item 8 shows an “A” level of DIF, the difficulty was
higher and only the students with a high ability level were able to answer it
correctly.

Figure 6. Graph of probability of correct answer in item 4 by gender: Australia
Figure 6 shows the probabilities of the Australian students of answering the
items of the verbal section correctly. The graphs shows how item 4 favours males
although its DIF level is “A”.
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Figure 7. Graph of probability of correct answer in item 5 by gender: Australia
Nevertheless, item 5 was found to have moderate DIF and leave the male
group in disadvantage.

Figure 8. Graph of probability of correct answer in item 1 by gender: USA
As in the case of Singapore and Australia, the majority of the items
represented in these graphs show the lowest level of DIF, that is to say “A”. For
this reason, the lines shown in the graphs are only slightly separated. That is the
case for item 1, which was the only one labelled with a “B” DIF level.
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Figure 9. Graph of probability of correct answer in item 13 by gender: USA
At the same time; items 2, 5 and 13 were the easiest items in this section.
Item 13 is shown in the previous figure and depicts how from the American
students group, the female group was favoured over the male group.
Graphs of Probability of Correct Answer by Culture. The following
graphs results are meant to answer the second research question stated before:
Are there culture-related DIF items in the 16 selected binary items of the
PISA 2015 reading section from Singapore, Australia and the United States?

Figure 10. Graph of probability of correct answer in item 9 by culture: SingaporeAustralia
This graph shows the probabilities of Singapore and Australia of answering
an item correctly. Differently from the previous graphs of individual countries, in
this figure the line gaps between both countries are more notorious. That is the
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case of item 9, which also was found to be one of the items with the highest level
of DIF and it shows advantage over Australia

Figure 11. Graph of probability of correct answer in item 15 by culture: SingaporeAustralia
Similar to the case of item 9, item 15 was also found to have one of the
highest level of DIF. In the graph, it is evident the gap that exists between the two
assessed countries. Whereas item 9 shows advantage over Australia, item 15
favours Singapore.

Figure 12. Graph of probability of correct answer in item 13 by culture: SingaporeUSA
In figure 12 the probabilities of answering item 13 correctly for the students
of Singapore and the United States students are shown. It was found that item13
is one of the items in which an obvious gap between both countries can be seen.
Consequently, the same item has a high level of DIF.
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Figure 13. Graph of probability of correct answer in item 9 by culture: SingaporeUSA
Item 9 appears to be one of the items with the highest level of DIF. At the
same time, it is one of the items showing the highest level of difficulty, as was the
case in the previous pair of countries. The number of items favouring each country
is 8 and the item in which students performed their best were items number 5 and
13 (See Table 23 in Appendix A).

Figure 14. Graph of probability of correct answer in item 8 by culture: AustraliaUSA
This last figure displays the probabilities of the students from Australia and
the United States of answering an item of the reading section of the PISA 2015
test correctly. As in the case of Singapore, this graph shows a very narrow gap
between Australia and United States, resulting in all items being labelled with the
lowest DIF level, “A”. İtem 8 was found to be one of the most difficult ones and
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only those with a high level of ability performed well. An equal number of 8 items
favour each of the countries and the item that most of the students answered
correctly was number 2 (See Table 24 in Appendix A).
The previous section objective was to illustrate in a graphic way the results
from the DIF analysis done to the 16 selected items of the reading section of PISA
2015, as a mean to understand the way the variables behave, and also to be able
to observe quickly what group was favoured and what was the item difficulty.
Table 18
DIF Effect Size Comparison by Mantel-Haenszel and Logistic Regression
Table 18 summarizes the categorization of all items for the individual and
pair of countries, so as to have a better perspective of the general results. The 16
items of the reading section, along with the two methods employed are included.
Gender
Item #

SIN

Culture

AUS

USA

SIN/AUS

SIN/USA

AUS/USA

MH

LR

MH

LR

MH

LR

MH

LR

MH

LR

MH

LR

1

C

A

A

-

B

A

A

A

A

-

A

A

2

C

-

A

A

A

-

A

-

A

A

A

A

3

A

A

A

-

A

-

A

A

A

-

A

A

4

A

A

A

A

A

A

A

A

A

-

A

A

5

A

A

B

A

A

A

C

A

C

A

A

A

6

A

A

B

A

A

A

A

A

A

A

A

A

7

A

A

A

-

A

A

A

A

A

A

A

-

8

A

-

A

A

A

A

A

A

A

A

A

A

9

A

A

B

A

B

A

C

A

C

A

A

-

10

A

-

A

A

A

A

A

A

A

A

A

-

11

A

A

B

A

A

A

A

-

A

A

A

A

12

A

A

A

A

A

A

A

-

A

A

A

A

13

A

-

B

A

B

A

C

A

C

A

A

A

14

A

A

A

A

A

A

A

A

A

-

A

-

15

A

A

A

A

A

A

C

A

B

A

A

A

16

A

A

A

-

A

-

A

A

A

-

A

A

A

14

12

11

12

13

13

12

13

12

11

16

12

B

0

0

5

0

3

0

0

0

1

0

0

0

C

2

0

0

0

0

0

4

0

3

0

0

0

-

0

4

0

4

0

3

0

3

0

5

0

4
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The present table displays the results of the DIF effect size for individual
country and country pairs by following the Mantel-Haenszel and Logistic
Regression methods. The aim of this table is to compare the DIF classification by
each of the methods used and to observe whether there are similarities and or
differences in the results.
At first sight it can be seen that in both methods the majority of the items
were labelled with an “A” DIF level. It is important to highlight that especially all the
items analysed with Logistic Regression were categorized with “A” level or “No
DIF”. There were no cases of levels “B” or “C”. A more detailed explanation of
table 17 is presented in the following chapter, under the title “DIF Effect Size
Comparison by Mantel-Haenszel and Logistic Regression”.
Related Studies Results Comparison
Asil and Gelbal (2012) pursued a study titled “Cross-cultural Equivalence of
the PISA Student Questionnaire” in which cross-lingual and cross-cultural
equivalence of the PISA 2006 student questionnaire was compared. Four different
countries were used for this study: Turkey, USA, Australia and New Zealand. Asil
and Gelbal’s research resembles closely to the one carried out here since USA
and Australia were also chosen as variables. At the same time, the researchers’
aim was to determine the absence or presence of DIF items in PISA’s
questionnaire. Multi-Group Confirmatory Factor Analysis results showed that some
items exhibited DIF among countries. Besides, it was also found that the number
of DIF increased as the linguistic and cultural differences appeared. Similar results
were found in the present study, where it was also observed that the number of
DIF items arised when the variable culture (by country pairs) was analysed.
Regarding the same matter, Le (2006) confirms the results found by Asil
and Gelbal’s (2012). In Le’s study titled “Analysis of Differential Item Functioning”
the researcher used country of test, test language and gender as variables; very
similar as it was carried out during the present study, where gender and culture
were also chosen. Some of the results showed that DIF by gender across
countries was found to be lower than DIF by countries or test languages. In our
research the same conclusion was found, given the fact that the DIF effect size
was higher when pair countries were analysed. For instance, Singapore only
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showed 2 gender-related C-DIF items using MH, but once Singapore was paired
with Australia 4 culture-related C-DIF items were found.
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Chapter V
Conclusion, Discussion and Suggestions
The study presented here had as a main objective to identify the presence
or absence of differential functioning items in the reading section of the PISA 2015
examination. This aim was achieved by following the Mantel-Haenszel and the
Logistic Regression procedures. The data that was used were the 16 selected
binary reading items of PISA 2015 taken by the students from Singapore, Australia
and the United States. The variables to be assessed among these countries were
gender and culture. The variable gender was studied by dividing the item takers
from a country into male and female groups, while the variable culture was
evaluated by comparing the performance of the three countries and by grouping
them into pairs: Singapore-Australia, Singapore-United States and AustraliaUnited States. The reference and focal groups were chosen according to their
membership number. In other words, the group or country with a higher number of
participants would be selected as the reference group and the one with the lower
membership would be the focal group.
Research Question 1 Analysis: Gender-related DIF.
Results by Mantel-Haenszel. The DIF analysis done using the MantelHaenszel procedure revealed the following:
1. For Singapore there was only one item with a significant DIF value. The
remaining 15 items did not show significant DIF. In total, 9 of the items favoured
females and 7 favoured males. Out of a total of 16 items, 14 were classified with
“A” and 2 with “C” level.
2. In the case of Australia, it was found that 6 out of 16 items had a
significant DIF value. An equal number of 8 items favoured males and females
each. From these 16 items, 11 were flagged with “A” and 5 were “B”.
3. Regarding the United States, only one item was found to have a
significant DIF value. The classification resulted in: 13 items were labelled with “A”
and 3 items with “B” level. Both the female and male groups were favoured in 8
items each.

48

Results by Logistic Regression. The DIF analysis results done through
the Logistic Regression procedure showed that:
1. For Singapore, only item number 4 revealed significant DIF. The same
item was also flagged with Mantel-Haenszel. Four items were labelled with “no
DIF”, and 12 with “A” DIF level.
2. Concerning Australia, the same items that showed significant DIF
through MH, also reveal to have significant DIF in the LR method. Once again 4
items were classified with “No DIF” and 12 with “A” DIF level.
3. As it was already revealed by MH, item number 1 also displayed to have
significant DIF with LR. Out of 16 items, 3 were labelled with “No DIF” and 13 with
“A” level.
Research Question 2 Analysis: Culture-related DIF
Results by Mantel-Haenszel. The DIF analysis done using the MantelHaenszel procedure revealed the following:
1. For the Singapore-Australia pair, the Mantel-Haenszel statistics value
increased resulting in 7 items with significant DIF. In total 9 items favoured the
reference group (Australia) while 7 items benefited the focal group (Singapore). 12
items were labelled with “A” level and 4 “C” levels.
2. Concerning the Singapore-United States group, 5 items were found to
have significant DIF. Twelve items were flagged with “A”, 1 item with “B” and 3
with “C” DIF level. Both countries were favoured with 8 items each.
3. In the case of Australia-United States only 2 items showed significant
DIF. An interesting fact was that all the items were labelled with “A” DIF level.
Results by Logistic Regression. The DIF analysis results done through
the Logistic Regression procedure showed that:
1. The results from the Singapore-Australia pair report that, items 5, 7, 8, 9,
10, 13 and 15, had significant DIF. The same results were confirmed with the MH
method. The DIF classification was 3 items with “No DIF” and 15 items with “A”
DIF level.
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2. Regarding Singapore-United States, the same 5 items that showed
significant DIF with MH, also showed significant DIF following the LR method. Five
items were reported to have “no DIF” and 11 items were labelled with “A” DIF
level.
3. Finally, for the Australia-United States pair 2 items were found to have a
significant level of DIF (items 2 and 3) as the MH method already showed. Four
items were labelled with “No DIF” and 12 items with “A” DIF level.
DIF Effect Size Comparison by Mantel-Haenszel and Logistic Regression
Results by Mantel-Haenszel. The DIF analysis done using the MantelHaenszel procedure revealed the following:
1. Taking the variable gender into consideration: Singapore had items 14
flagged with “A” and 2 with “C”, Australia had 11 items labelled with “A” and 5 with
“B” and finally, the United States had 13 items categorized with “A” and 3 with “B”.
*(MH)
2. Taking the variable culture into consideration: Singapore-Australia had 12
labelled with “A” DIF level and 4 items with a “C” level. Singapore-United States
showed 12 items with “A”, 3 items with “C” and 1 with “B” DIF level. Lastly,
Australia-United States display all items with an “A” level (MH).
3. Items number 3, 4, 7, 8, 10, 12, 14 and 16 had the highest occurrence of
a low or negligible DIF, being labelled as “A”. That is to say, these were the items
that better functioned across the gender and culture variables (MH).
4. Items number 1, 2, 5, 9, 13 and 15 had the highest occurrence of a
moderate “B” or high “C” level of DIF through the individual or country pairs
analysis (MH).
Results by Logistic Regression. The DIF analysis results done through
the Logistic Regression procedure showed that:
1. Taking the variable gender into consideration: Both Singapore and
Australia had 12 items flagged with “A” and 4 with “No DIF”. The United States had
13 items categorized with “A” and 3 with “No DIF”. (LR)
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2. Taking the variable culture into consideration: Singapore-Australia had 13
labelled with “A” DIF level and 3 items with a “No DIF” level. Singapore-United
States showed 11 items with “A” and 5 with “No DIF” level. Finally, AustraliaUnited States display 12 items with an “A” level and 4 items with “No DIF” *(LR).
3. Items 2, 3 and 16 were the ones most flagged with “No DIF” (LR).
In general, when the variable gender was studied most of the items were
classified with “A” levels. There are 5 cases of “B” level for Australia, 3 for the
United States and only 2 items flagged with “C” for Singapore. However, once the
countries were paired to evaluate the variable culture, the level of DIF increased
into major occurrence of “B” and “C” levels.
At the same time, the DIF analysis executed with Logistic Regression
resulted in more items classified with “A” DIF level and the analysis done with the
Mantel-Haenszel procedure showed a more varied classification; so A, B and C
levels can be found.
In general it can be said that with both Mantel-Haenszel and particularly
with Logistic Regression methods, the majority of the items were labelled with the
most minimum level of DIF, that is to say “A”. For instance, Singapore was the
country with more items classified with “A” level. The second most occurred level
of DIF was “B” and the country that most “B” DIF items presented was Australia.
Finally, “C” DIF level items had the fewer occurrences and Singapore-Australia
was the group with the highest “C” levelled items.
Another interesting fact was that through the Logistic Regression method,
for both gender and culture variables all items were flagged only with “A” or “No
DIF” levels, so there were no “B” or “C” DIF items. When using the MantelHaenszel method, there was a more varied classification, so there was presence
of items flagged with “A”, “B” or “C”, but there was no item identified with “No DIF”.
These results demonstrate that the reading section of PISA 2015 was
reliable and consistent given that a big percentage of the items functioned equally
among the group members.
The subsequent section aims at presenting some suggestions or
recommendations derived from the results of this investigation.
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Suggestions
The study previously presented was oriented only to the analysis and
understanding of the reading section of the PISA 2015 examination, however, this
research could be expanded to also assess the verbal and or science sections as
well.
The DIF detectional methods used in this study were Mantel-Haenszel and
Logistic Regression, nonetheless for future research other methods such as
SIBTEST, IRT, or alike can be also used. It also important to mention that,
although Logistic Regression offers a wider vision of Differential Item Functioning,
being able to identify uniform and non-uniform DIF, in this investigation only the
presence of uniform DIF was detected. Therefore, for a more complete study,
non-uniform DIF analysis could be also run.
Future researchers may also be interested in covering issues related to item
content, item format and or item readability, since the same were not taken into
consideration for this study.
For purposes of this investigation, only the variables of gender and culture
were considered, however, other variables such as cultural background, economic
status and so on could also be useful.
Nowadays there exists a full range of different international examinations to
measure students’ abilities. That is why for further research a variety of tests such
as TIMSS, SAT, PIRLS, among others that can be also used for conducting a DIF
analysis.
Lastly, it must be said that the presence of DIF does not mean that an item
or a test is biased. Many other reasons such as differences related to culture,
language, background, educational systems and other alike could be the cause
behind DIF. Therefore, an extension of this research into item or test bias,
considering factors such as content analysis or empirical evaluation could be
useful to cover this topic.
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APPENDIX-A: Graphs of Probability of Correct Answer
Graphs of Probability of Correct Answer by Gender – Singapore

Item 1- CR083Q01S

Item 5- DR442Q02C

Item 9 -CR442Q07S

Item 13 -CR101Q01S

Item 2- CR083Q02S

Item 3- CR083Q03S

Item 4- CR083Q04S

Item 6- DR442Q03C

Item 7- DR442Q05C

Item 8- DR442Q06C

Item 11-CR245Q02S

Item 12-CR101Q01S

Item 15 -CR101Q04S

Item 16-CR101Q05S

Item 10 -CR245Q01S

Item 14 -CR101Q03S
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Graphs of Probability of Correct Answer by Gender – Australia

Item 1 -CR083Q01S

Item 5 -DR442Q02C

Item 9 -CR442Q07S

Item 13 -CR101Q02S

Item 2 -CR083Q02S

Item 3 -CR083Q03S

Item 6 -DR442Q03C

Item 7 -DR442Q05C

Item 10 -CR245Q01S

Item 11 -CR245Q02S

Item 14 -CR101Q03S

Item 15 -CR101Q04S

Item 4 -CR083Q04S

Item 8 -DR442Q06C

Item 12 -CR101Q01S

Item 16 -CR101Q05S
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Graphs of Probability of Correct Answer by Gender - United States

Item 1- CR083Q01S

Item 2- CR083Q02S

Item 3- CR083Q03S

Item 5- DR442Q02C

Item 6- DR442Q03C

Item 7- DR442Q05C

Item 8- DR442Q06C

Item 9- CR442Q07S

Item 10- CR245Q01S

Item 11- CR245Q02S

Item 12- CR101Q01S

Item 13- CR101Q02S

Item 14- CR101Q03S

Item 15- CR101Q04S

Item 16- CR101Q05S

Item 4- CR083Q04S
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Graphs of Probability of Correct Answer by Culture: Singapore-Australia

İtem 1- CR083Q01S

İtem 2- CR083Q02S

İtem 3- CR083Q03S

İtem 4- CR083Q04S

Item 5- DR442Q02C

İtem 6- DR442Q03C

Item 7- DR442Q05C

İtem 8- DR442Q06C

Item 9- CR442Q07S

Item 10- CR245Q01S

İtem 11- CR245Q02S

İtem 12- CR101Q01S

Item 13- CR101Q02S

İtem 14- CR101Q03S

Item 15- CR101Q04S

İtem 16- CR101Q05S
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Graphs of Probability of Correct Answer by Culture: Singapore-USA

Item 1 -CR083Q01S

Item 2 -CR083Q02S

Item 3 -CR083Q03S

Item 4 -CR083Q04S

Item 5 -DR442Q02C

Item 6 -DR442Q03C

Item 7- DR442Q05C

Item 8- DR442Q06C

Item 9 -CR442Q07S

Item 10 -CR245Q01S

Item 11 -CR245Q02S

Item 12 -CR101Q01S

Item 13 -CR101Q02S

Item 14 -CR101Q03S

Item 15 -CR101Q04S

Item 16 –CR101Q05S
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Graphs of Probability of Correct Answer by Culture: Australia-USA

İtem 1- CR083Q01S

İtem 2- CR083Q02S

İtem 3- CR083Q03S

İtem 4- CR083Q04S

İtem 5- DR442Q02C

İtem 6- DR442Q03C

İtem 7- DR442Q05C

İtem 8- DR442Q06C

İtem 9- CR442Q07S

İtem 10- CR245Q01S

İtem 11- CR245Q02S

İtem 12- CR101Q01S

İtem 13- CR101Q02S

İtem 14- CR101Q03S

İtem 15- CR101Q04S

İtem 16- CR101Q05S
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APPENDIX B: SPSS Syntaxes
Syntax for Probability Graphs by Country Pairs
* Encoding: UTF-8.
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q01S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q02S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q03S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q04S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q02C
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q03C
/METHOD=ENTER TOTAL
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/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q05C
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q06C
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR442Q07S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR245Q01S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR245Q02S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q01S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
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/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q02S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q03S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q04S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q05S
/METHOD=ENTER TOTAL
/METHOD=ENTER CNTRYID
/CONTRAST (CNTRYID)=Indicator
/SAVE=PRED
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
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Syntax for Graphs by Country Pairs: Australia-USA
* Encoding: UTF-8.
DATASET ACTIVATE DataSet1.
* Chart Builder.
GGRAPH
/GRAPHDATASET NAME="graphdataset"
VARIABLES=TOTAL
CNTRYID MISSING=LISTWISE REPORTMISSING=NO
/GRAPHSPEC SOURCE=INLINE.
BEGIN GPL
SOURCE: s=userSource(id("graphdataset"))
DATA: TOTAL=col(source(s), name("TOTAL"), unit.category())
DATA: PRE_16=col(source(s), name("PRE_16"))
DATA: CNTRYID=col(source(s), name("CNTRYID"), unit.category())
GUIDE: axis(dim(1), label("Ability"))
GUIDE: axis(dim(2), label("Probability"))
GUIDE: legend(aesthetic(aesthetic.color.exterior), label("Country"))
SCALE: linear(dim(2), include(0))
SCALE: cat(aesthetic(aesthetic.color.exterior), include("840", "36"))
ELEMENT: point(position(TOTAL*PRE_16), color.exterior(CNTRYID))
END GPL.

PRE_16
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Syntax for Graphs by Country Pairs: Singapore-Australia
* Encoding: UTF-8.
DATASET ACTIVATE DataSet1.
* Chart Builder.
GGRAPH
/GRAPHDATASET
NAME="graphdataset"
VARIABLES=TOTAL
CNTRYID MISSING=LISTWISE REPORTMISSING=NO
/GRAPHSPEC SOURCE=INLINE.
BEGIN GPL
SOURCE: s=userSource(id("graphdataset"))
DATA: TOTAL=col(source(s), name("TOTAL"), unit.category())
DATA: PRE_1=col(source(s), name("PRE_1"))
DATA: CNTRYID=col(source(s), name("CNTRYID"), unit.category())
GUIDE: axis(dim(1), label("Ability"))
GUIDE: axis(dim(2), label("Probability"))
GUIDE: legend(aesthetic(aesthetic.color.exterior), label("Country"))
SCALE: linear(dim(2), include(0))
SCALE: cat(aesthetic(aesthetic.color.exterior), include("36", "702"))
ELEMENT: point(position(TOTAL*PRE_1), color.exterior(CNTRYID))
END GPL.

PRE_1
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Syntax for Graphs by Country Pairs: Singapore-USA
* Encoding: UTF-8.
DATASET ACTIVATE DataSet1.
* Chart Builder.
GGRAPH
/GRAPHDATASET NAME="graphdataset"
VARIABLES=TOTAL
CNTRYID MISSING=LISTWISE REPORTMISSING=NO
/GRAPHSPEC SOURCE=INLINE.
BEGIN GPL
SOURCE: s=userSource(id("graphdataset"))
DATA: TOTAL=col(source(s), name("TOTAL"), unit.category())
DATA: PRE_16=col(source(s), name("PRE_16"))
DATA: CNTRYID=col(source(s), name("CNTRYID"), unit.category())
GUIDE: axis(dim(1), label("Ability"))
GUIDE: axis(dim(2), label("Probability"))
GUIDE: legend(aesthetic(aesthetic.color.exterior), label("Country"))
SCALE: linear(dim(2), include(0))
SCALE: cat(aesthetic(aesthetic.color.exterior), include("840", "702"))
ELEMENT: point(position(TOTAL*PRE_16), color.exterior(CNTRYID))
END GPL.

PRE_16
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Syntax for Logistic Regression
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q01S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q02S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q03S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q04S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q02C
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q03C
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q05C
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q06C
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
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DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR442Q07S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR245Q01S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR245Q02S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q01S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q02S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q03S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q04S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q05S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL ST004D01T
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
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Syntax for Logistic Regression by Countries
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q01S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q02S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q03S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR083Q04S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q02C
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q03C
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q05C
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES DR442Q06C
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
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DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR442Q07S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR245Q01S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR245Q02S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q01S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q02S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q03S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q04S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
DATASET ACTIVATE DataSet1.
LOGISTIC REGRESSION VARIABLES CR101Q05S
/METHOD=ENTER TOTAL
/METHOD=ENTER TOTAL CNTRYID
/CRITERIA=PIN(.05) POUT(.10) ITERATE(20) CUT(.5).
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