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Abstract
The aim of this study is to determine whether items from the mathematics section of the 2012 Level Determina-
tion Exam indicate item bias according to gender and school type. In particular, the process of item bias has 
been determined using the Delphi technique and focus group interviews. A two-stage mixed method research 
has been used for the study. While the first stage consists of identifying items that display differential item 
functioning (DIF) according to gender and school type, the second stage consists of determining the sources of 
DIF using the Delphi technique and examining through a focus-group interview which DIF sources lead to item 
bias. Mantel-Haenszel and logistic regression methods have been used for DIF analysis. While two items with 
significant DIF were detected according to gender, five items in favor of private schools were detected according 
to school type. In the process of item bias, the reasons why items display DIF have been determined using the 
Delphi technique, and 22 DIF sources were agreed upon. Finally, an expert panel was made to examine whether 
the DIF sources are grounds for item bias or not. According to the panel of experts, one item according to gender 
and two items according to the school type have been determined to show bias.
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Obtaining as accurate an error-free measurement as possible is desirable for 
being able to obtain accurate information about the quantity of a characteristic being 
measured and for making proper decisions based on these measurement results. 
However, having errors in measurement results is inevitable in social sciences 
such as education and psychology (Tan, 2013). Having the true value of a feature 
observed in the measurement is desirable, but the actual value cannot be obtained 
directly due to various errors involved in measuring. Estimating the true value is 
attempted with the help of observed values. The true value of the measured feature 
is the average of the scores obtained from an infinite number of measurements of the 
feature according to classical test theory (CTT) (Crocker & Algina, 1986). According 
to CTT, the observed scores of an individual selected without unbiased from the 
population is the sum of the true score and the error score (Crocker & Algina, 1986, 
pp. 5–6). The error mentioned here is a random error and can also be defined as the 
difference between the observed value and the true value for the individual being 
measured. Systematic errors are defined as consistent differences between groups 
unrelated to measured constructs or competences. The greatest difference between 
these two errors is that random errors concern the individual and systematic errors 
concern groups (Osterlind & Everson, 2009). The systematic errors involved in 
measurements for measurement and evaluation research in the field of education are 
generally called biases (Yurdugül, 2003). Additionally, in standards for educational 
and psychological testing, the concept of bias on a test means systematically higher or 
lower scores for a participating group with unrelated factors (American Educational 
Research Association, American Psychological Association, & National Council 
on Measurement in Education, 2011). Bias is also defined as involving systematic 
error based on the grouping of test scores from individuals in different subgroups 
(Camilli & Shepard, 1994; Zumbo, 1999). What is important in bias is that one of the 
subgroups of error sources (such as men or women) has an unfair advantage (Crocker 
& Algina, 1986; Zieky, 1993).

Bias has been examined under two headings: internal and external. According to 
Osterlind (1983), external bias occurs when the test scores of two or more groups 
have different level correlations with variables outside the test. External bias focuses 
on the predictive validity of a test, not the test items under the heading of test bias. 
Internal bias is defined as item bias (Atılgan, 2014). Two of the most important threats 
to validity according to Clauser and Mazor (1998) are item and test biases. Test bias 
is defined as invalid or systematic errors of test measurements for particular group 
members (Zumbo, 1999). In other words, it can be defined as tests used to estimate 
an interested construct having systematic above- or below-average estimations 
depending on the group. If a test is more advantageous for one group with a specific 
skill level than another group with the same skill level, and if the test is impacted by 
undesired sources, then the test is biased. These groups are often differentiated by 
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ethnicity, gender, native language, socioeconomic status, or disability. The reason for 
decreased validity of test scores or increased test bias has been defined as an item bias 
that works unfairly, favoring one group in the sense that they respond more accurately 
to a test item than other groups in most applications (Zieky, 1993). Item bias is the 
differentiation of the likelihood of two groups of the same skill level answering 
correctly due to features of the test items or test conditions that are inappropriate to 
the purpose of the test (Zumbo, 1999). If biased items are identifiable, the test can 
be made unbiased by removing them from the test. Thus, the vast majority of bias 
studies focus on test-item bias (Atılgan, 2014).

Item-bias analysis first focuses on whether each test item behaves similarly for 
the different subgroups obtained from the same population. Two issues exist at the 
center of the discussion on item bias. The first is participants’ performance on an item 
being affected by other undesired sources of change compared to actual differences 
in the related construct. The second is whether the sources of undesired change that 
affect performance lead to systematic differences in certain subgroups of participants 
(Osterlind & Everson, 2009). For this reason, bias studies are carried out in line with 
two objectives by taking these subjects as the focus. The first is to determine whether 
the various subgroups are systematically affected by different sources of variance 
in the test. Second, if test scores are influenced by the same sources of variance for 
all subgroups, the investigation turns to whether these unrelated sources provide an 
unfair advantage to certain subgroups.

Biased items lead to differences in the probability of correct responses to an item 
from individuals in subgroups with the same skill level but who differ in terms of 
variables such as gender or socioeconomic level (Camilli & Shepard, 1994; Zieky, 
1993; Zumbo, 1999). In the first step of determining item bias, differential-item-
functioning (DIF) analysis is performed. DIF analysis is a kind of evidence-gathering 
process for item bias and a necessary but insufficient condition for item bias. The 
existence of difference does not indicate bias because the existing difference may 
be a real difference of ability, which is defined as item effect. In other words, two 
reasons exist for the emergence of DIF: item bias and the actual difference between 
subgroups, or item effect (Camilli & Shepard, 1994). In the case of item effects, a real 
difference exists between subgroups according to the construct the item measures; as 
such, the probability of correctly answering an item varies by subgroup (Camilli & 
Shepard, 1994; Zumbo, 1999).

One of the centralized national examinations in Turkey is the Level Determination 
Exam (LDE). Ensuring that large-scale exams such as the LDE have specific 
objectives like selection and placement is very important, as the consequences can 
affect individuals’ future situations. Because of the measured non-specific qualities 
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of test groups, the ability of test items to gain any advantage from subgroups is 
important in terms of the accuracy of test scores and the conclusions drawn as a result. 
For this reason, examining whether the items of such tests show DIF is necessary in 
accordance with various individual characteristics as well as for removing items with 
bias from a test (Kan, 2007). The process of investigating item bias involves both 
performing statistical analyses (DIF analyses) and determining whether the identified 
items show DIF sources, either from actual differences measured or from undesired 
sources of variance. Whether the item showing DIF is biased or not is decided after 
being reviewed in terms of construct and content (Zieky, 1993).

Pre-applying exams such as the LDE, which is applied to secondary-education 
institutions for student selection and placement, over another group and making 
corrections regarding items on the tests compared with the application is not possible. 
This study is believed able to provide important information for informing testers 
about DIF and its potential sources, for drawing attention to its importance, and for 
elaborating on what kinds of DIF sources will cause item bias. In this light, knowing 
the factors that cause item bias when in the process of developing items will contribute 
to making more accurate decisions for evaluating students and tests used for this.

Based on DIF analyses from CTT, the Mantel-Haenszel (Holland & Thayer, 
1988) and logistic regression (Swaminathan & Rogers, 1990) techniques are quite 
powerful approaches that have been used in identifying DIF in dichotomous items 
(Holland & Thayer, 1988). This study investigates whether or not the 8th-grade LDE 
mathematics subtest from 2012 shows DIF using the Mantel-Haenszel and logistic 
regression methods based on the variables of gender and school type. Many test-
bias studies in the literature using gender as a variable have determined boys’ and 
girls’ item performances to be systematically differentiated (Abedalaziz, 2010; 
Bakan Kalaycıoğlu, 2008; Berberoğlu, 1995; Çepni, 2011; Karakaya & Kutlu, 2012). 
Berberoğlu and Kalender (2005) stated big differences exist in terms of learning 
outcomes among school types, observed most especially in Turkey among all the 
OECD countries. Kelecioğlu, Karabay, and Karabay (2014) determined that 69% 
of DIF items on the LDE show DIF in favor of pupils enrolled in private schools. 
Some studies on the variables of school type and gender determined the influence 
of a source outside the test to cause the differences between groups; other studies 
stated the differences to source from the scope the test wants to measure (Bakan 
Kalaycıoğlu, 2008; Bekçi, 2007; Yurdugül, 2003). On the other hand, answering 
whether or not results that show student performance on such tests differ according 
to school type and gender to be due to actual performance differences is also on the 
agenda. For this reason, analyzing bias in items showing DIF according to gender and 
school type is important for the validity of the tests.
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In determining bias, examining whether the test content has been critiqued 
from different perspectives; whether it is a representation of a particular group 
or educational, professional, and racial roles; and its statistical techniques is also 
necessary. The second step aims to determine whether the group difference for items 
indicating DIF indeed result from talent or from measurement. The source of the 
difference is researched to determine whether items displaying DIF are biased or 
not. One method often used to determine whether items showing DIF are biased is 
to receive feedback from field experts through questionnaires for such items (Ateşok 
Deveci, 2008; Bakan Kalaycıoğlu, 2008; Çepni, 2011; Karakaya & Kutlu, 2012). By 
analyzing the opinions received from experts through the questionnaire, comments 
on the bias of the items can be made. The opinions obtained by experts from a one-
time instrument can be regarded as a limitation, especially given that there is no 
opportunity to reconsider the item’s sources. In this study, the DIF sources of items 
displaying DIF were determined using the Delphi technique. The Delphi technique is 
a research technique used by experts to identify, learn, and share the ideas of experts 
by searching for agreement among experts. Estimates are made by making decisions 
based on the opinions of expert panelists participating in the study. This research 
technique is based on the opinions of expert panelists rather than an individual’s limited 
view (John, 2011). The use of the Delphi technique in this study seems important in 
terms of taking opinions from experts in a certain order, which leads to differences 
of opinion on the source of the problem disappearing early, along with convergence 
of the experts’ views. After identifying the DIF sources using the Delphi technique, 
focus-group interviews were used to examine whether the identified sources lead to 
item bias. During the focus-group interview, items displaying DIF were examined 
in terms of structure and content to identify whether the sources determined by the 
Delphi technique cause item bias. The focus-group interview technique has been 
preferred for this purpose as it enables deeper and richer information to be reached 
than from individual views. In other words, identifying DIF sources using the Delphi 
technique and whether the determined sources lead to item bias has been examined 
as a further dimension of the study’s originality using the focus-group interview 
within a qualitative study. This is considered an option for methodologies in the 
field. The literature has no research on the use of the Delphi technique and focus-
group interviews as different methods in studies on item bias. The use of different 
techniques for this process seems important in order to gain a more methodological 
approach to the task of determining item bias. In this regard, the study is a first. The 
fact that expert opinions will be taken in this study using the Delphi technique is not 
only important in terms of the reliability of the results but also in eliminating this 
limitation, not leading to a statistical agreement in experts’ opinions.

The purpose of this study is to determine whether items on the 2012 LDE 
mathematics subtest show DIF according to the variables of gender and school type, 
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what the DIF sources of items displaying DIF are using the Delphi technique, and 
whether these sources lead to item bias using the focus-group interview.

Method

Research Design
The study was conducted in two stages that take into account the nature of item-

bias studies (see Figure 1).

The first stage 
DIF Analysis

The second stage 
Bias Analysis

Delphi 
Technique

Focus Group 
Analysis

Figure 1. Research process.

DIF analysis is conducted in the first stage of the study for the 8th-grade LDE 
mathematics subtest from 2012 according to the variables of gender and school 
type. In the second stage, data are first obtained on identifying the reasons for DIF 
using the Delphi technique and then whether they cause item bias using the focus-
group interview. The study can be described as a descriptive mixed-pattern as it first 
requires quantitative research, then qualitative research, and finally interprets these 
results together (Büyüköztürk, Çakmak, Akgün, Karaden, & Demirel, 2014).

Population
The population of the research consists of the 1,075,546 students who had received 

at least one correct answer from the 2012 LDE mathematics subtest organized by 
the Ministry of National Education’s (MoNE) General Directorate of Innovation and 
Education Technologies. Because the data are stored electronically, the total number 
of students obtained after excluding data that lacks school type or gender from the 
data set became 1,063,570. The study’s analysis was carried out on the population in 
order to prevent errors caused by sampling choice. DIF analyses were done according 
to the variables of gender (boys and girls) and school type (private school and state 
school). Female students constitute 50.7% and male students 49.3% of the students 
taking the LDE. Students in private schools constitute 3.5% and those in state schools 
96.5% of the students taking the LDE.
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Data Collection Instruments
Based on the scope of the study, the data collection process consists of two stages: 

analysis regarding identification of items displaying DIF and their reasons why 
they display DIF, as well as examining them for item bias. In the first stage, student 
data from the eighth-grade LDE mathematics subtest from 2012 have been used for 
DIF analyses. The data used in the second phase have been obtained from experts 
regarding the bias status of items identified as having DIF. The second stage consists 
of two further sub-stages: the Delphi technique and the focus-group interview.

Circular No. 2008/77 from 11/12/2008 issued by MoNE stated aiming to 
measure only the subjects for that year and the curriculum achievements in the 
6th-, 7th-, and 8th-grade LDEs. According to the e-application manual (2012) for 
the transition system to secondary-education institutions, the Level Determination 
Exam’s mathematics subtest as applied on the LDE to 8th-grade students consists of 
20 multiple-choice questions, and the 8th-grade mathematics items were prepared 
for measuring curriculum outcomes. The mathematics subtest’s mean and standard 
deviation scores are 4.39 and 5.77, respectively.

The Delphi technique and implementation: Identifying DIF sources. The 
Delphi technique used to identify possible sources of DIF in the study consists of: 
identifying the problem, selecting the expert panelists, and preparing and applying 
the questionnaire forms used in the Delphi panels, as well as progressive and 
interactive phases. The Delphi technique is used as a means of consensus in cases 
where differences in opinion exist about similar situations and where decisions are 
likely to be influenced by strong groups (Helmer, 1967; Şahin, 2001). According to 
Linstone and Turoff (1975), Delphi is regarded as a technique that takes the group 
communication process as a whole and considers the group to be more effective than 
the individual in order to overcome a complicated problem. The process of structured 
communication takes place through the gathering of the group experts’ opinions on a 
complex problem. Collecting opinions is aimed at establishing a common tendency 
using statistics and reaches consensus by applying sequential questionnaires (Şahin, 
2001). While the Delphi technique is implemented with two, three, or in some cases 
more applications, the process continues until consensus is reached by passing the 
results of the application to each participant after each application (Dalkey, 1972; 
Şahin, 2000). The success of Delphi studies largely depends on the choice of the 
relevant experts in the field; selecting appropriate experts is seen as the most important 
feature enhancing the validity of Delphi studies (Delbecq, Van de Ven & Gustafson, 
1975; Okoli & Pawlowski, 2004). In this research, experts who have important ideas 
on the research topic and are thought to contribute to the study have been chosen in 
terms of their experience and qualifications. In order to provide different views on 
the possible sources of DIF, three different specialist groups that include mathematics 
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teachers at MoNE, teachers working in private schools, and research staff participated 
in the study. Three Delphi panels were made respective of these groups, and three 
special questionnaires were applied to each panel.

The purpose of the first Delphi questionnaire is to obtain expert opinions on 
the possible sources of DIF and includes explanations about DIF and item bias as 
well as open-ended questions regarding items displaying DIF. In the questionnaire, 
the possible DIF sources of the items have been determined by asking, “What are 
the reasons for this item displaying DIF according to gender/school type?” The 
second Delphi panel occurred with the second Delphi questionnaire, which had 
been prepared by combining the opinions gathered from the first Delphi panel that 
resembled each other. The second Delphi questionnaire presented the experts with 
all the expert opinions regarding reasons for DIF being displayed; this was sent to 
experts in order to find out their level of agreement with these views and their order of 
importance regarding these views. Experts indicated their level of agreement for each 
item in the second questionnaire on a 4-point Likert-type scale (1 being “I definitely 
do not agree” and 4, “I definitely agree.”) The purpose of the third Delphi survey 
is to inform the experts about the statistical results (general tendency of the group) 
from the second questionnaire and to have them reassess their level of agreement 
indicated in the second round. The content of the questionnaire is the same as from 
the second Delphi survey. The third Delphi questionnaire is tailored to each expert 
and additionally includes the agreement levels and statistics (percentage, median, and 
interquartile range) for each item as specified by the experts in the second round. At 
the end of the third Delphi panel, the reasons for showing DIF regarding strong and 
partial consensus were determined while items outside the criteria for compromise 
were excluded from the reasons for showing DIF.

Focus group interview and implementation: item bias expert panel. Whether 
the reason for items showing DIF as identified using the Delphi technique can be 
called item bias or item effect has been analyzed with a focus group interview 
designed as an expert panel.

All experts were preferred to be graduate students of measurement and evaluation 
who had graduated from mathematics teacher education departments, as the process 
of determining item biases requires mastery of both mathematics education and 
item-bias determination. The focus group interview session was realized with the 
participation of five experts and one director. Before the focus group interview session, 
information about the purpose of the session was given and the rules to be considered 
regarding the discussion process were explained. The focus group interview provided 
an opportunity for consensus for each of the DIF sources whose item had been 
identified as “DIF based on gender/school type,” asking if the DIF source leads to 
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item bias. The session began and was directed by asking different questions in the 
direction of the given answers. The focus-group interview progressed with a focus on 
two issues related to items and DIF sources: The first is the aim/outcome that each 
item wants to measure while the second is whether the DIF source related to the item 
reflects a skill other than intended. Voice recordings were made during the session, 
and the recorded verbal data was transcribed. The session was completed in about 75 
minutes upon accepting the justified views and decisions on bias as to whether a DIF 
source causes item bias.

Data Analysis
The analysis process of the study consists of the steps for determining DIF and 

examining the biases of DIF-indicating items. Prior to DIF analyses, confirmatory 
factor analysis of unidimensionality was performed on asymptotic covariance 
matrices to test the unidimensional nature of the mathematics subtest data. The 
consistency of the model for the mathematics subtest was examined and determined 
that the mathematics subtest provides a sufficient level of model data adaptation. In 
other words, the test has been identified as unidimensional. In addition, the reliability 
coefficient (KR-20) calculated for the test is seen to be 0.85. The following steps have 
been followed in the analytical process applied at each stage.

Differential-item-functioning analysis. Whether the test items show DIF or not has 
been investigated using the Mantel-Haenszel (MH) and logistic regression methods in 
the context of CTT. The MH method is based on the chi-square statistic and can determine 
whether a relationship exists between the MH and χ2 statistics with item performance 
and group membership. However, the chi-square test does not give information about 
DIF size, which is the power of the relationship. The common likelihood ratio has been 
estimated for this. As interpreting the âMH value that gives the size of the DIF is difficult, 
this is converted to a logarithmic scale MHD-DIF where interpretations are easier and 
more practical (Holland & Thayer, 1988). MHD-DIF = 0 shows DIF to not be present; 
MHD-DIF > 0 shows the item in favor of the focus group and MHD-DIF < 0 indicates the 
item displays DIF in favor of the reference group (Zieky, 1993). Also, MHD-DIF statistics 
are used by the Educational Testing Service (ETS) as an effect-size statistic to interpret 
the size of the DIF (Wiberg, 2007). In this study, the program EZDIF (Waller, 1998) has 
been used for the MH analysis with the classification of MH DIF statistics as proposed 
by Zieky (1993). When used to determine DIF, items showing moderate (B) and high 
(C) DIF have been selected for analysis. The logistic regression method determines the 
strength of both uniform and non-uniform DIFs, the ability to test for significance, and 
the effect-size statistic (Clauser & Mazor, 1998). When performing DIF analyses using 
the logistic regression method, the variables are modeled hierarchically. DIF analyses 
are run by comparing the three models based on hypothesis testing. The models to be 
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compared have been called Model I, Model II, and Model III, respectively, according 
to the variables of the criterion (total score), group membership, and total score for 
group interaction. The presence of DIF has been determined by comparing Model III, 
which includes all variables, with Model I, which only includes the criterion variable. 
To determine DIF size, the value received from Models I (R1

2) and Model III (R3
2) have 

been used. The classification used by Bakan Kalaycıoğlu and Kelecioğlu (2011) and 
Çepni (2011) determining the amount of DIF was used in the logistic regression. In 
classification with logistic regression, average B- and high C-level items displaying 
DIF biasedness are identified as 0.10 < |ΔR2| < 0.20 and 0.20 ≤ |ΔR2|, respectively. 
When determining DIF through logistic regression, syntax and the program SPSS 
(Zumbo, 1999) were used.

Analyzing the bias states of items displaying DIF. Analyzing the state of biases 
for items showing DIF has been completed in two stages. The first stage uses the 
Delphi technique to determine DIF sources, while in the second stage, the item bias 
that leads to the item bias of the DIF sources was determined through a focus-group 
interview identified as an expert panel.

Delphi technique analysis. The Delphi technique is known for data collection 
and systematic analysis (Franklin & Hart, 2007). Data were collected using three 
different questionnaires on the panels of the Delphi technique, and analyses of the 
collected data were conducted separately for each questionnaire. In the first Delphi 
questionnaire, content analysis was conducted to reveal important themes from the 
responses to the open-ended questions. The second and third Delphi questionnaires 
were conducted to determine the level of consensus. Detailed information on the 
statistics and analysis used in the Delphi questionnaires are given below.

Analyzing the first Delphi questionnaire. In the first Delphi questionnaire, content 
analysis was conducted to extract important themes from the open-ended questions 
used to identify possible sources of DIF. The main purpose of content analysis is to 
reach the concepts and relations that can explain the collected data and to organize 
similar data by combining them under specific concepts and themes (Yıldırım & 
Şimşek, 2013). In the content analysis results, three experts evaluated the clarity of 
each DIF source and other DIF sources.

Analyzing the second Delphi questionnaire. Statistics for participation levels were 
calculated for the data from the second Delphi questionnaire. Hasson, Keeney, and 
McKenna (2000) stated no universally-accepted consensus criteria to exist because 
the degree and level of consensus used in Delphi studies depend on the breadth of the 
participant group, the purpose of the research, and the resources. Determining the level 
of consensus means to have a certain percentage of responses given for items remain 
within specified ranges (Scheibe, Skutsch, & Schofer, 2002). Different criteria such 
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as percentage of participation, width between quarters, mean, median, and standard 
deviation are used to determine the biased items in the literature on the Delphi area 
(Scheibe et al., 2002; Şahin, 2001). In this study, participation percentage, median, 
and interquartile range values have been used for determining the biased items. The 
arithmetic average value is very sensitive to data at the end points of the distribution, 
thus the median is preferred because it is not influenced by data at the extreme points.

Analyzing the third Delphi questionnaire. The third Delphi questionnaire to 
be used in the third Delphi panel has been tailored for each specialist and includes 
statistics on experts’ levels of agreement on the questionnaires and the level of 
agreement of all panel members on each item. In this study, two sets of consensus 
groups have been defined: strong and partial. A group with a strong set of consensus 
has an agreement level of at least 80%, median of at least 3, and width between 
quarters of at most 1. If the three criteria are met, a strong consensus is reached 
regarding reasons for showing DIF. The partial compromise criterion group has at 
least an 80% agreement level, and partial agreement is reached regarding the reasons 
for showing DIF if one of the other criteria (M ≥ 3 or IQR ≤ 1) is met. Analyses of the 
third questionnaires have identified strong and partial consensus as sources of DIF.

Analyses of the focus group interview. In the focus group interview, expert 
opinions were obtained on whether a DIF source is biased for each of the DIF 
sources that reached consensus through the Delphi technique. Analysis of the focus 
group interview records was transcribed, followed by a content analysis of the 
transcriptions. In content analysis, a process was followed in which similar data were 
brought together and organized within the framework of certain concepts (Yıldırım 
& Simsek, 2013), taking into account the given justified views of whether or not the 
items are biased. According to the analysis results, the DIF sources provided by the 
consensus in the Delphi technique were determined to cause or not cause item bias.

Results
This part of the study has determined the 8th-grade LDE mathematics subtest from 

2012 to show DIF according to the variables of school type and gender. Whether an 
item identified as showing significant DIF causes DIF sources to lead to item bias has 
been determined.

Do Items Show DIF in the MH and Logistic Regression Analyses According to 
Gender and School Type in Mathematics Subtest?

The results of the MH and logistic regression analyses of the items in the 
mathematics subtest according to gender and school type are given in Table 1.
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Table 1
DIF Analyses Results According to Gender and School Type
Group MH Logistic Regression

DIF Item Level Advantaged Group DIF Item Level DIF direction

Gender
4 B Female 4 B Uniform DIF

19 B Male 19 B Uniform DIF

School Type

5 B Private - - -
9 B Private - - -

10 B Private - - -
16 C Private - - -
17 B Private - - -

When examining Table 1, only Items 4 and 19 are found to show significant 
levels of DIF (B and C) according to gender. According to the MH method, Item 4 
shows DIF in favor of female students and Item 19 in favor of male students. When 
examining the logistic regression analysis results, Items 4 and 19 were determined 
to show uniform DIF in terms of DIF direction. When analyzing the results of DIF 
analysis in the table, no items show significant DIF through logistic regression, while 
Items 5, 9, 10, 16, and 17 show considerable DIF through the MH method. Item 16 
shows DIF at the C level in favor of private school students, while DIF at level B 
shows a significant level of DIF in favor of private schools.

According to Delphi Panelists, What Are the Reasons for Items Showing DIF?

Three consecutive Delphi panels were made to determine the sources of DIF for 
items showing DIF based on gender and school type. The findings from all Delphi 
panels have been interpreted under separate headings.

Results from the first Delphi panel. For each of the 7 items in the mathematics 
subtest that showed moderate or high levels of DIF as a result of the first Delphi panel, 
experts were asked their opinions about the DIF sources with “What are the reasons 
for this item showing DIF according to gender / school type?” The first Delphi panel 
analysis and a sample of DIF sources identified for each item are given in Table 2.

Table 2
Samples of DIF Sources Determined by the First Delphi Questionnaire
DIF Items DIF source samples
Gender
Item 4 Female students are better than males at seeing details and thinking in detail

Item 19 The games played by male students have improved their calculation skills such as their four oper-
ation skills (marble, 52 play cards, etc.)

School Type

Item 5 Concepts such as architect and field, which are more familiar to students studying in private 
schools, are in the foundation of the item.

Item 9 More practice in private schools on subjects about translation, reflection, and rotation; students 
encounter such question more often.

Item 10 Students in private schools, which mainly teach in English, are more familiar with repeating as a term.

Item 16 Teachers working in private schools have field mastery, experience, and skills in using and teach-
ing a greater variety of teaching materials.

Item 17 The use of the concepts of "three crossroads" and "road separation" in the context of the item.
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When examining Table 2, while the DIF source for the 4th item identified to show 
DIF according to gender reflects differences in cognitive skills, the DIF source for 
Item 19 reflects male students’ experiential differences and related skills development. 
The DIF sources exemplified for Items 5, 10, and 17, which show DIF according to 
school type, seem to be related to the familiarity of the concepts at the root of the item 
(architect, repeating number, and three crossroads). The DIF source for Item 9 is seen 
to be related to private schools’ extra practices in the subject area. Finally, the DIF 
source for the Item 16 is concerned with the experience and skills of teachers working 
in private schools on field dominance, efficiency, and material use.

Results from the second Delphi panel. As a result of the second Delphi panel, 
the statistics (participation percentage, median, and interquartile range) for experts’ 
agreement levels on DIF sources were determined. Table 3 gives DIF sources with 
the highest consensus values for DIF items and statistics on these sources.

Table 3
DIF Sources Provided the Highest Consensus According to Gender and School Type

DIF Items DIF Sources
Consensus

Criteria
% M IQR

Gender

4 Female students are more likely than male students to pass to the 
abstract period. 93.8 3 1

19
Male students are more curious than girls about sports and games 
where scores are calculated, such as football and basketball, and 
use them in daily life.

100  4 1

School Type

5 Private schools spend more time on comprehension activities 100 3 1

9
Private schools have visual materials (such as symmetry etc.), 
technological tools (projection, smart board, etc.) and dynamic 
geometry

100 4 0

10
Public schools’ lack of such questions in the main source books 
and private schools excessive use of such questions in supporting 
sources

75,1 3 1

16 Private schools spend more time on project-based work where daily 
life problems are used than public schools do. 93,8 3 0.75

17 Private schools express the item as a real life problem and present 
the problems in relation to daily life 93,8 3.5 1

Note: % = Agreement percentage, M = median; IQR = Interquartile range 

When examining the statistics on the DIF sources with the highest consensus values 
for Items 19 and 4, which had been determined to show DIF in Table 3, agreement 
percentages were found above 90% (M = 3; IQR = 1). All DIF sources with the 
highest consensus values seem to provide strong consensus criteria. Furthermore, 
when examining the contents of the DIF sources given in Table 3 for Items 4 and 19, 
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they can be said to be generally concerned with the developmental characteristics of 
students and their familiarity with the forms and similar calculations given in the item 
content based on experiential difference and interests.

Table 3 gives DIF sources with the highest consensus values and statistics on these 
sources for Items 5, 9, 10, 16, and 17, which had been identified as showing DIF 
relative to school type. When examining the DIF sources with the highest consensus 
values for Items 5, 9, 16, and 17, which were determined to show DIF for private 
school students given in Table 3, agreement percentages were found to exceed 90% 
(M > 3; IQR varies). When examining the two DIF source statistics for Item 10 in 
particular, the agreement percentage is seen to be less than 80% (M = 3; IQR ≤ 1). DIF 
sources for Items 5, 9, 16, and 17, which have the highest consensus values, provide 
strong consensus criteria, while DIF sources with the highest consensus values for 
Item 10 satisfy neither the strong nor partial consensus criteria. When examining 
the contents of DIF sources with the highest consensus criterion values given for 
Items 5, 9, 10, 16, and 17 in Table 3, application differences made in schools in 
general are observed related to the effective use of visual materials, technological 
tools, and dynamic geometry programs; familiarity with similar content and type of 
questions; different teaching methods; and teachers’ effective techniques (familiarity 
with tangram materials as a real life problem).

Results from the third Delphi panel. Analysis of expert opinions from the 
third Delphi questionnaire has identified DIF sources that provide partial and strong 
consensus. Consensus was achieved by applying the second and third Delphi panels 
in 22 of the 54 DIF sources obtained as the result of the first Delphi panel. 32 DIF 
sources that were not able to provide strong and partial consensus were eliminated.

Table 4
Agreement Reached by DIF Sources According to Gender and Consensus Criteria 

Ite
m

s

DIF Sources
Consensus
Criteria
% M IQR

Ite
m

 4

-Female students develop abstract thinking earlier than male students. 100 3 1
- The household items and games female students play help with conic perceptions 
used in the field 87.6 3 1

-Female students are better than males at seeing details and thinking in detail 86.7 3 1

Ite
m

 1
9

-The +3 points in the item are similar to calculating scores in soccer matches (male 
students can find/predict how many matches the team has won when the total number of 
matches played by the teams is known)

93.3 4 0

The games that male students play improve their calculation skills, such as their four 
operation skills (marbles, 52-card deck, etc.) 86.6 3 1

-More male students are into competitive programs 80 3 0
- Male students are more curious than girls about sports and games that calculate scores 
such as football and basketball and use them in daily life 100 4 1
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The results from the third Delphi questionnaire showing DIF sources and consensus 
criteria for Items 4 and 19 identified to exhibit DIF according to gender are given in Table 4.

Data analysis from the third Delphi survey resulted in consensus; a strong consensus 
was reached for all opinions identified as DIF sources. Three different DIF sources 
were identified as a result of the consensus for Item 4. The DIF source with the highest 
consensus in Item 4 is the statistic on the level of agreement over “female students 
develop abstract thinking earlier than male students” (Agreement = 100%; M = 3; IQR 
= 1). Fourteen different DIF sources were identified in Item 19, which showed DIF in 
favor of male students. Item 19 show the DIF source with the highest consensus to be 
“similarity between +3 points in the item with calculating soccer match scores” and has 
agreement level statistics of Agreement = 93.3%, M = 4, and IQR = 0.

Table 5 gives the agreed DIF sources and consensus criteria for Items 5, 9, 10, 
16, and 17 which were identified in the results of the third Delphi questionnaire as 
showing DIF according to school type.

When examining Table 5, a strong consensus has been reached over all DIF sources 
identified as demonstrating DIF according to school type. All identified DIF items are 
in favor of private school students, with four different DIF sources identified for Item 
5. The DIF source that provides the highest level of consensus in Item 5 is “Private 
schools have more visual materials (e.g., symmetry mirror), technological tools (.g., 
projection, smart board) and dynamic geometry programs (e.g., GeoGebra) and use 
them more effectively,” and has agreement statistics as: Agreement = 93.3%, M = 4, 
and IQR = 0.

Three DIF sources for Item 9 were identified as providing agreement, and the DIF 
sources with the highest agreement are as follows: “Private schools have more visual 
materials, technological tools, and dynamic geometry programs and use them more 
effectively” and “Students in private schools use tangram materials in their lessons 
(students in public schools do not know this material).” These two DIF sources have 
the highest agreement for Item 9 with the following statistics on level of agreement: 
Agreement = 100%, M = 4, and IQR = 0.

A single DIF source was identified in Item 10 for agreement (“Public schools’ lack 
of such questions in the main source books and private schools’ extreme use of such 
questions in supporting sources”). Statistics for this are Agreement = 86.6%, M = 3, 
and IQR = 1. Three different DIF sources were identified for Item 16. The other four 
DIF sources did not achieve strong or partial consensus. The DIF source that provides 
the highest level of consensus for this item is “The item is expressed as a real life 
problem and private schools present problems in relation to daily life.” Statistics for 
this are: Agreement = 93.3%, M = 4, and IQR = 0. Finally, four different DIF sources 
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were identified for Item 17. The DIF source providing the highest agreement is “The 
item is expressed as a real life problem, and private schools present problems related 
to daily life;” consensus statistics are: Agreement = 100%, M = 3, and IQR = 1.

Expert opinions on DIF source assessments in terms of item bias. Whether or 
not the reconciled DIF sources resulting from the Delphi technique applications are 
grounds for item bias has been examined by a panel of experts on item bias. Focus-
group interviews were held in this context. Items biased according to gender and 
school type are given in Figure 2. DIF sources causing item bias are given in Table 6.

Table 5
Agreement Reached by DIF Sources According to School Type and Consensus Criteria 

Ite
m

s

DIF Sources
Consensus

Criteria
% M IQR

Ite
m

 5

- Private schools have more visual materials, technological tools, and dynamic geome-
try programs and use them more effectively. 93.3 4 0

-Private schools spend more time on comprehension activities. 100 3 1
-Private schools have more applications on similar subjects and their students are famil-
iar with these types of questions. 86.7 3 1

-The item is expressed as a real life problem and private schools use problems related 
to daily life. 93.4 3 1

Ite
m

 9

- Private schools have more visual materials, technological tools, and dynamic geome-
try programs and use them more effectively. 100 4 0

- Private schools have students use tangram materials in their lessons. 100 4 0
- Private schools provide more practice on translation, reflection, and rotation; students 
encounter these types of questions more. 86.7 3 1

Ite
m

 1
0

Public schools’ lack of such questions in the main source books and private schools’ 
extreme use of such questions in supporting sources.

86.6 3 1

Ite
m

 1
6

The item is expressed as a real life problem, and private schools present problems 
related to daily life.

100 4 1

- Private schools have students spend hours reading books; their students have better 
reading habits than public school students. 93.3 3 1

-Private schools spend more time on project-based work with daily life problems more 
than public schools. 100 3 1

Ite
m

 1
7

- Private school students are familiar with computer and mobile games, which makes it 
easier to perceive item content being constructed in a game style. 93.3 3 1

- The item is expressed as a real life problem and private schools present problems in 
relation to daily life. 100 3 1

- Private schools have more opportunities to improve imagination with visual material, 
computer, internet, and video support. 93.3 4 1

- Private schools provide more practice with different types of questions by narrating 
them as fables or emotions in the context of in-class and extracurricular activities. 93.4 3 1
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A rabbıt at a 3-way intersection chooses 
one at random. Each road splits into 2 
narrow roads that the rabbit chooses from 
at random and continues. What is the 
probability that the rabbit will encounter a 
tortoise waiting on one of the narrow roads

In a contest program, every correct answer 
is given +3 points and every wrong one 
-2 points. Aysun, a participant in this 
competition, answered all 5 questions. 
According to Aysun’s score of 10 at the 
end of the contest, how many questions 
did Aysun answer correctly? 

Of the numbered tangram shapes below, which 
two are reciprocal reflections of each other?

Figure 2. Biased items.

Table 6
DIF Sources That Lead to Bias According to Gender and School Type

Ite
m

s

DIF Sources Advantaged
Group

Ite
m

 1
9

The +3 points in the item resembles score calculations for soccer matches (male students 
can find / predict how many matches the team has won when the total number of matches 
the team has played is known)

Male

-Male students are more into competition programs  Male

Ite
m

 9 - Private schools have students use tangram materials in their lessons (Public school stu-
dents do not know this material) Private school

Ite
m

 1
7

-The familiarity of private school students with computer and mobile games makes it 
easier to perceive the content of the item because it is constructed in the style of a game. Private school

-- Private schools have more practices for different types of questions narrated as fables 
or emotions in the context of in-class and extracurricular activities. Private school

When identifying all the DIF sources that reached agreement for Item 4 as item 
effect on DIF sources that had been determined for Items 4 and 19 according to 
gender, Table 6 shows two DIF sources mentioned for Item 19 that constitute bias. 
Experts who intend to measure DIF, which has been shown to demonstrate DIF in 
favor of male students, have indicated this item to require “solving linear systems of 
equations using algebraic methods.” While four DIF sources had reached agreement 
for this item, experts in the focus-group interview saw two of these DIF sources to 
be caused by bias. The first DIF source stated the reason for bias as “the +3 points 
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resembles score calculations in soccer matches.” Although the question needs to 
be solved using arithmetic for the equation system for the DIF source, giving the 
scope in the form of an account of +3 points and -2 points is considered to form a 
resemblance with soccer score calculations; more equal conditions could be created 
for female students. For this reason, the experts indicate the DIF source to be due 
to item bias. The DIF source specified in Table 6 as the reason for bias is “Male 
students are more into competition programs.” In relation to the DIF source, stating 
the content of the question to be designed as a real life problem and this situation to 
be specially designed as a contest program, which is considered more exciting for 
male students, creates bias in favor of male students.

When determining as item effects all the agreed DIF sources for Items 5, 10, 
and 16 from among Items 5, 9, 10, 16, and 17 that had been identified as showing 
DIF according to school type, an examination of Table 6 shows bias for one DIF 
source from Item 9 and two DIF sources from Item 17. According to Table 6, the DIF 
source reported to lead to item bias for Item 9 is seen as “Students in private schools 
use tangram material in their lessons (students in public school do not know this 
material).” They indicated Item 9 to be a question that requires “determining a given 
translated reflection for a given figure.” However, the tangram material at the root of 
Item 9 is seen as a reason for bias because private school students are more familiar 
with tangrams. They stated that “Using figures that both groups are familiar with, 
rather than tangram and the shapes that can be formed with this material” can prevent 
bias in this item. They expressed the opinion that the item’s content “uses tangram 
materials at its base, and private school students are familiar with the material and 
with the question content.” Experts also noted that “Using tangram materials that 
were used in classroom activities for learning subjects on transformational geometry 
subjects serves the purpose, but including this material as a fundamental of the 
question positively biases private school students.”

Related to the reason for Item 17 showing DIF, experts indicated the item to require 
“solving questions about the possibility of an event.” When examining Table 6, one 
source of DIF finding agreement for Item 17 is “private school students’ familiarity 
with computer and mobile games makes it easier for them to perceive the item 
content because it is constructed in the form of game.” Experts say that if the content 
of the item is effective in solving the problem, it causes item bias. In addition, they 
indicated that “if the item is structured in the form of a classical probability question 
rather than in a form of game, the item will have the same features for private and 
public school students.” Similar comments have been made on the other DIF source 
commenting on the possibility of bias.
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Discussion
This study has investigated whether the 2012 LDE mathematics subtest shows 

bias according to the variables of gender and school type. The reasons for items 
displaying DIF show DIF at a particular level of significance have been identified 
using the Delphi technique, and item bias has been determined using a focus group 
interview designed as a panel of experts.

As a result of DIF analyses, the Items 4 and 19 show significant DIF by gender 
using the Mantel-Haenszel and logistic regression methods. Item 4, which favors 
girls, requires the creation of a surface expansion of a vertical circular cone, while 
Item 19, which favors boys, is modeled as a real life problem. When examining the 
DIF determination studies for gender using logistic regression and MH methods in the 
literature, findings similar to those obtained from this study were encountered (Çepni, 
2011; Harris & Carlton, 1993; Li, Cohen & Ibarra, 2004; Yurdugül, 2003). The study 
of Berberoğlu (1995) determined that geometric items show DIF in favor of girls, 
which parallels the results of this study. Similarly, the fact that items given as real-
life problems favors males is similar to findings obtained from studies done in Turkey 
and abroad (Bakan Kalaycıoğlu & Berberoğlu, 2010; Mendes-Barnet & Ercikan, 2006; 
Yurdugül & Aşkar, 2004). According to the results from the MH analysis according to 
school type, only Item 16 shows DIF at the C level; Items 5, 9, 10, 16, and 17 show 
significant levels of DIF at the B level in favor of private school students. Items 5, 16, 
and 17, identified as showing DMF in favor of private school students, are designed as 
real life problems. When examining the literature, many items identified as showing 
DIF, similar to this study, favor private school students (Bakan Kalaycıoğlu, 2008; 
Bekçi, 2007; Karakaya, 2012; Kelecioğlu et al., 2014; Özdemir, 2003).

As a result of the Delphi panels, a total of 22 DIF sources were identified for 
items as showing significantly higher DIF according to gender and school type. 
When examining the relevant literature, various studies have been conducted on DIF 
and its possible sources (Berberoğlu, 1995; Kurnaz, 2006; Stage, 1997; Yurdugül, 
2003; Zenisky, Hambleton, & Robin, 2003). In particular, DIF sources in agreement 
on gender are generally grouped under the familiar titles of cognitive skills and 
developmental differences among gender groups, experiential differences, item 
content, and its related information. Similar to the findings obtained in this study, 
Bakan Kalaycıoğlu (2008) and Li, Cohen, and Ibarra (2004) identified male students 
as a DIF source to be better at subjects that require three-dimensional thinking skills. 
Kurnaz (2006) identified the word group spider-man in the context of item as a DIF 
source in his study, expressing that the group’s having gone to the popular spider-man 
film at that time facilitated the perception of item content as a result of experiential 
differences. In addition, a large number of studies identifying DIF sources for gender 
showed in the results that item content and the concepts contained in item content 
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affect item performance between gender groups (Karakaya, 2012; Yurdugül, 2003; 
Zenisky et al., 2003). In addition, Karakaya and Kutlu (2012) stated in their study on 
item bias in a Turkish subtest that “raising fish in an aquarium” is a source of DIF in 
item content because male students are more familiar with the topic.

The agreed-upon DIF sources in the items identified as showing DIF according 
to school type have been gathered under the following headings: Frequent and 
efficient use of visual materials, Familiarity with technological equipment in item 
concepts and content, subject content being related to daily life and constructed as a 
real life problem, abundant applications made on related subjects and similar types 
of questions, and the difference in implementation duration for the review period. 
Item constructed as real-life problems have been stated in many studies investigating 
possible sources of DIF to affect the item performances of individuals with the same 
ability levels (Abedalaziz, 2010; Bakan Kalaycıoğlu & Berberoğlu, 2010; Berberoğlu, 
1995; Çepni, 2011; Li et al., 2004). Bekçi (2007) determined in his study that private-
school students’ being more likely to apply similar types of questions in lessons is 
a DIF source in the mathematics subtest. In the same study, he also expressed that 
private-school students’ having different opportunities affects item performance, 
which in turn serves as a DIF source. In addition, Karakaya and Kutlu (2012) stated 
in their study on item bias that private schools’ emphasis on comprehension activities 
being greater than state schools’ is a possible source of DMF.

The focus-group interview analysis showed that in Item 19, which showed DIF 
according to gender, the two DIF sources were the reason for bias; Item 9 had one 
DIF source causing item bias and Item 17 had two DIF sources as the reason for item 
bias. When examining studies of DIF analyses, a number of studies have been found 
to determine beyond the DIF sources whether these sources are item-bias or item-
effect, (Ateşok Deveci, 2008; Bakan Kalaycıoğlu, 2008; Bekçi, 2007; Karakaya, 
2012; Karakaya & Kutlu, 2012; Kelecioğlu et al., 2014; Yurdugül, 2003). When 
examining the current study’s reasons for bias and related items, the use of tangram 
materials for Item 9 was determined to constitute bias for private school students. 
Private schools’ greater emphasis on the use of such materials can influence students’ 
success (Martini, 1995) as well as their familiarity. Similarly, Karakaya and Kutlu’s 
(2012) study found male students to be more interested in everyday life than girls 
and that using concepts related to raising fish in an aquarium at the root of the item 
causes bias in that item. Additionally, Educational Testing Service (2002) described 
item content issues that need to be taken into account when writing items and testing 
and that should be especially minimized, such as military issues, sports information, 
unnecessarily difficult words, violence, and more. This study also has found that 
requiring the use of words that have been used within the article causes bias in visual 
texts to reflect students’ familiarity levels. The reasons for the biases set forth in Item 
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17 have been determined to favor school type; namely, DIF sources were examined 
in the form of play or daily life, and these schools’ use of excessive applications 
was incorrect. A similar finding in Berberoğlu’s (2009) study on evaluating the LDE 
indicated an important question of validity in LDE to have emerged at the stage for 
designing item content in the context of daily life. When designing an item at this 
stage, only the items needed for the response were stated as needing to be brought to 
the foreground; all other given explanations and drawings would significantly affect 
the validity of the item’s scope. Finally, Item 19, which favors male students, has 
been determined to have its bias arise from the way the material had been constructed. 
Findings that resemble this study have been examined. In Bakan Kalaycıoğlu’s 
(2008) study, wherever the physical subtest used cars (which are closer to male 
students’ interests) in the item content, these items were determined as a non-test 
factor unaligned with the purpose of the problem and the cause of bias.
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