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How does the ICT Access and Usage Influence Student
Achievement in PISA 2009 and 2012? *
Giilfem Dilek YURTTAS KUMLU ** Nuri DOGAN ***
Abstract

The purpose of this study is to investigate the effects of access and usage of information and communication
technologies (ICT) on Turkish students’ mathematics achievement implemented in PISA 2009 and PISA 2012.
A correlational research model was used in this study. In this study, the data which were obtained from the PISA
2009 and PISA 2012 mathematics achievement tests and from the information and communications technologies
familiarity questionnaire (ICTFQ) in Turkey were used. In this study, three student level variables and two school
variables of ICTFQ which are common indexes both in PISA 2009 and PISA 2012 were selected to compare the
effect of ICT variables on PISA mathematics achievement implemented in different years. Two-level
Hierarchical Linear Modeling (HLM) analysis was performed in the analysis of the data. As a result, the student
level variables had a small or a trivial effect on mathematics achievement. The effect size value of the ENTUSE
variable was similar in the PISA 2009 and the PISA 2012 implementation, but the effect size value of the
HOMSCH variable and the ICTHOME variable on mathematics achievement in PISA 2012 was lower than in
PISA 2009. The ICTSCH and the USESCH variables at the school level had a large effect on mathematics
achievement in two implementations of PISA 2009 and PISA 2012. The effect size value of the ICTSCH variable
on mathematics achievement in PISA 2012 was higher than in PISA 2009. The effect size value of the ICTSCH
variable, having a negative relationship with mathematics achievement in PISA 2012, was lower than in PISA
2009. In this study, the explained variance ratio of mathematics achievement by the school ICT variables level
was greater than by the student ICT variables level.

Key Words: Information and Communication Technologies (ICT), mathematics achievement, PISA 2009, PISA
2012, two-level hierarchical linear models.

INTRODUCTION

Today, the perspective of learning mathematics has been involved five standards which are related to
conceptual understanding, problem solving, mathematical thinking and reasoning, communicating,
making realistic plans for the future and applying these plans (National Council of Teachers of
Mathematics-NCTM, 2000, 2014). This viewpoint is consistent with PISA (Programme for
International Student Assessment) mathematics literacy defined by OECD (Organization for
Economic Cooperation and Development) (2013, 2017) as “using mathematical concepts, processes,
and devices to define, explain and guess reasoning mathematically.” (p. 17, p. 15). However,
mathematics, consisting of sequential abstractions and generalization processes of various structures
and connections (Alakog, 2003), is one of the aspects of lessons which makes learning and
comprehension skills difficult for students (Akin & Cancan, 2007; Alakog, 2003; Murphy, 2016).
Technology is one of the applications that will enable students to understand mathematics and to see
the usage of mathematics in real life properly (Murphy, 2016). “The information and communication
technologies (ICT) include the usage of dynamic mathematics/geometry software, Excel program,
manipulative geometric shapes, internet resources (web site, animation, tutorial web applications,
video, etc.)” (Ural 2015, p. 94) for developing mathematical teaching. These information and
communication technologies contribute to students to learn mathematical concepts easily, to concrete
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the concepts, to solve the problems, to think critically and creatively (Alakog, 2003; Barkatsas,
Kasimatis, & Gialamas, 2009; Jang 2009; Lazakidou & Retails 2010; McMahon 2009; Murphy, 2016;
Pamuk, Cakir, Ergun, Yilmaz, & Ayas, 2013; Shaikh & Khoja, 2011; Ural, 2015; Yorganct &
Terzioglu, 2013; Yusuf & Afolabi, 2010; Zengin, Kagizmanh, Tatar, & Isleyen, 2013). The
information and communication technologies are important for using in mathematical teaching
because of these features (Ural 2015). Also, the usage of the information and communication
technologies are included in the curriculum of elementary school mathematics lessons which were
updated in 2013 by the Ministry of National Education in the context of Turkey (Ministry of National
Education-MEB, 2013a).

Many countries have heavily invested in ICT infrastructure to adopt implementing ICT-related policies
(De Witte & Rogge, 2014; Skryabin, Zhang, Liu, & Zhang, 2015). The reason for adopting ICT-related
policies for usage of ICT in education is to improve students’ 21st-century competencies (Anderson,
2008; Kim, Kil, & Shin, 2014; Scheuermann & Pedro, 2009). Due to the importance of the integration
of ICT into education, the OECD also conducts various studies on the usage of ICT at the international
level. The goal of these studies is to evaluate the education policies of countries and to compare them
with each other (Bilican-Demir & Yildirim, 2016). PISA is one of the large-scale assessments to
evaluate students’ knowledge and skills at the national and international level (OECD, 2014b). Also,
PISA examines the causes and factors affecting the student’s achievement at national and international
levels and provides scientific data for evaluating curriculum and designing appropriate educational
settings (Acar, 2012; Bilican-Demir & Yildirim, 2016).

Recently, especially the studies of the relationship between ICT and academic achievement have
increased in large-scale international assessments (OECD, 2014b; Skryabin, et al., 2015; Sengiil &
Demir, 2018). When the studies are reviewed to determine the relationship between ICT-based
learning, teaching, and achievement, it has been especially found that there is an inconclusive
relationship between ICT and mathematics achievement. Also, the results of different studies are
inconsistent with one another. It was concluded that there was little evidence of the impact of ICT on
achievement, and limited comparability on the large-scale assessments (Balanskat, Blamire, & Kefala,
2006; Cox & Marshall, 2007; De Witte & Rogge, 2014; Skryabin et al., 2015; Trucano, 2005).
Although digital technologies are claimed to be important in the 21st century, some doubts have
occurred that more or better ICT means better education (Livingstone, 2012). Pandolfini (2016)
concluded that the majority of the studies are related to the impact of ICT and are figured out simple
outcomes on the individual level, such as only teachers or students. In recent years, the tendency has
been argued that the impact of ICT is highly complicated. In order to interpret the effects of ICT in
education, more information is needed about how ICT operates at different levels (such as teacher,
student, school, and parent) and what levels are measured (Erstad, 2009). The ICT-related research
needs to be synthesized from a holistic perspective (Sutherland, Robertson, & John, 2009).

The studies of multilevel approaches to how the impact is interrelated on different levels, and to clarify
the effects of ICT usage are becoming important (Pandolfini, 2016). This study focused on different
levels of students and schools for the impact of ICT on students’ mathematics achievement. One data
set of PISA was used in the majority of studies to determine the effect of ICT on PISA mathematics
achievement. For instance, Demir and Kili¢ (2009) and Giizeller and Ak (2014) used PISA 2006
dataset, Delen and Bulut (2011) assessed PISA 2009 dataset, Wittwer and Senkbeil (2008) examined
PISA 2003 dataset and Petko, Cantieni and Prasse (2017) investigated PISA 2012 dataset in their
studies. One reason for this can be that one of science, reading and mathematics is chosen as the major
domain in each assessment, and so the focused domain varies with each PISA implementation. The
major domain is assessed more; the other two domains are minor domains and assessed less
thoroughly. It is important to remember that these three domains are measured in every implementation
of PISA. There are fewer studies which are related to the relationship between student and school
characteristics and PISA mathematics achievement implemented in different years (e.g., Karabay,
Yildirim, & Giiler, 2015). It can be said, according to our knowledge, that there are insufficient studies
in literature on examining how the student and school level of ICT variables affect PISA mathematics
achievement implemented in 2009 and in 2012.
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This study focused on examining the effect of ICT variables on students’ mathematics achievement in
both PISA 2009 and PISA 2012 and comparing the predictive level of ICT variables on students’ PISA
mathematics achievement implemented in 2009 and in 2012. In PISA 2009, just five of seven scaled
indexes ICT-related aspects for the information and communication technologies familiarity
questionnaire (ICTFQ) were used in this study. In PISA 2012 ICT familiarity questionnaire, just five
of eight scaled indexes ICT-related aspects were used in this study. The ICT variables are grouped into
student level and school level in this study. The student level ICT variables are the ICT availability at
home (ICTHOME), the ICT use for entertainment (ENTUSE), and the ICT use at home for school-
related tasks (HOMSCH). The school level ICT variables are the ICT availability at school (ICTSCH)
and the ICT use at school (USESCH). These three student level variables and two school variables of
the ICTFQ, which are common in both PISA 2009 and PISA 2012, were selected in this study to
compare the effect of ICT variables on PISA mathematics achievement implemented in 2009 and
2012. These student level and school level ICT variables are the common variables in both PISA 2009
and PISA 2012 ICTF questionnaire (OECD, 2012; OECD, 2014c). The reason for the selection of
these variables is to compare two implementations of PISA which are PISA 2009 and PSA 2012,

This study will contribute to the following gaps in the literature: (a) ICT is constantly evolving, and
its impact is difficult to isolate from the environment (Youssef & Dahmani, 2008). This research may
contribute to the literature to clarify the impact of the level of access and usage of ICT on mathematics
achievement. (b) As far as we investigate, there is a dearth of studies in the literature on comparing
the explained variance ratio in mathematics achievement caused by ICT variables in two different
implementations of PISA. In this study, the explained variance ratio in mathematics achievement in
2009 and 2012 caused by ICT variables was compared. The disclosure variance ratio could be given
an idea about the effective usage of ICT in mathematics education by years because of changing the
usage of ICT continuously over the years. (c) In this research, hierarchical linear models have been
established. Considering the structure of the PISA dataset, it can be said that since the hierarchical
models have calibrated the estimated standard error better, it started to become important to interpret
the findings with less errors in order to reach more accurate results. (d) While the major domain was
mathematics in PISA 2012, the domain of reading was given greater emphasis on PISA 2009. This
study will provide an opportunity to interpret how the effect of ICT variables on mathematics
achievement changes depending on the domain. Thus, this study aims to present a holistic perspective
on the effect of ICT on mathematics achievement.

Purpose of the Study

This research aimed to investigate the impact of access and usage of ICT at both student variables and
school variables on Turkish students” mathematics achievement in PISA 2009 and PISA 2012. The
problem of this study is to examine the ratio of variance explained in mathematics achievement caused
by the access and usage of ICT in PISA 2009 and PISA 2012 implementations. The research questions
of this study are as follows:

1. What is the explained variance ratio in mathematics achievement caused by the difference
among students and between schools according to PISA 2009 and 2012 data in Turkey?

2. What is the explained variance ratio in mathematics achievement caused by the variables
regarding the access and usage of ICT at student level according to PISA 2009 and 2012
data in Turkey?

3. What is the ratio of variance explained in mathematics achievement caused by the variables
related to ICT both at school level and at student level according to PISA 2009 and 2012
data in Turkey?
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METHOD

This study was established on the correlational model. This research method is used to examine
whether a relationship among two or more variables. The purposes of correlation model is to explore
the phenomena and to make predictions by identifying relationships among variables (Fraenkel,
Wallen, & Hyun, 2011).

Sample

The sample of this research consisted of a student group at the age of 15 having participated in PISA
2009 and PISA 2012 (MEB, 2010, 2013b). The sample design was a two-stage stratified sample design
according to the PISA. The first-step sampling units involved in schools having 15-year-old students.
The second-step sampling units included students within sampled schools. The sample consisted of
4996 students who participated in the PISA 2009 survey (OECD, 2012) and 4848 students who
participated in the PISA 2012 survey (OECD, 2014b).

Data Collection Instruments

The data obtained from the mathematics achievement of students in PISA 2009 and PISA 2012, and
the common indexes in the ICTFQ in PISA 2009 and 2012 were used in this study. The mathematics
achievements of students in PISA 2009 and 2012 were calculated by using the generalized form of the
Rasch model (OECD, 2014a). PISA mathematics performance was reported as five plausible variables
(PVs) calculated using the one-parameter (Rasch) model for dichotomous items for each student in the
sample. The PVs are random and draw from the marginal posterior distribution in PISA. PVIMATH,
PV2MATH, PV3MATH, PV4AMATH, and PV5MATH are the variables for mathematical literacy.
Since the correlation between these plausible values is high, the PVIMATH randomly selected was
used in this study. The value of the reliability of PISA 2009 mathematics domain is .90 (OECD, 2012),
and the reliability value for PISA 2012 mathematics domain is .92 for Turkey (OECD, 2014c).

The ICT familiarity questionnaire was administered in both PISA 2009 and PISA 2012 (OECD, 2012,
2014c). The ICT variables are grouped into student level and school level in this study. The student
level ICT variables are the ICT availability at home (ICTHOME), the ICT use for entertainment
(ENTUSE), and the ICT use at home for school-related tasks (HOMSCH). The school level ICT
variables are the ICT availability at school (ICTSCH) and the ICT use at school (USESCH).

In PISA 2009, seven scaled indexes ICT-related aspects were computed for this questionnaire, and
five of them were used in this study. The labels of these student level ICT-related indexes are the ICT
availability at home (ICTHOME and Cronbach a = .81), the ICT use for entertainment (ENTUSE and
Cronbach a = .91) and the ICT use at home for school related tasks (HOMSCH and Cronbach a =
.84). The labels of these school level ICT-related indexes are the ICT availability at school (ICTSCH
and Cronbach a =.74) and the ICT use at school (USESCH and Cronbach a = .89) (OECD, 2012).
ICTHOME variable had eight items in PISA 2009. The eight items provide information on ICT
availability of a desktop computer, portable laptop or notebook, internet connection, video games
console, cell phone, Mp3/Mp4 player, iPod or similar, printer and USB stick at home. This variable
had three response categories which were Yes, and | use it, Yes, but I don’t use it and No. ENTUSE
variable included eight items. These items give information on the use of ICT and Internet for
entertainment such as playing one-player games, playing collaborative online games, using e-mail,
chatting online, browsing the internet for fun, downloading music, films, games or software from the
Internet, publishing and maintaining a personal website or blog, participating in online forums, virtual
communities or spaces. This variable had four response categories varying from Never or hardly ever,
Once or twice a month, Once or twice a week to Every day or almost every day. The response
categories for HOMSCH variable were same as the response categories of the ENTUSE variable. The
five items of HOMSCH variable inform on the use of ICT for school related tasks. To browse the
Internet for schoolwork, to use e-mail for communication with other students about schoolwork, to use
e-mail for communication with teachers and submission of homework or other schoolwork, to
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download, to upload or to browse material from your school’s website (e.g., time table or course
materials), to check the school’s website for announcements, e.g., absence of teachers are the items of
HOMSCH variable. ICTSCH variable had five items. The items were related to the availability of a
desktop computer, portable laptop or notebook, internet connection, printer, and USB (memory) stick
at school. The response categories for this variable were same as the response categories of the
ICTHOME variable. USESCH variable had nine items, such as chatting online, using e-mail at school,
browsing the Internet for schoolwork, downloading, uploading, or browsing material from the school’s
website, posting your work on the school’s website, playing simulations at school, etc. These USESCH
variable items provide information on student involvement in ICT related tasks at school. The response
categories for this variable were same as the response categories of the ENTUSE variable.

Eight scaled indexes ICT-related aspects were computed utilizing the information which was obtained
from PISA 2012 ICT familiarity questionnaire, and five of them were used in this study. The labels of
these student level ICT-related indexes are the ICT availability at home (ICTHOME and Cronbach «
=.78), the ICT use for entertainment (ENTUSE and Cronbach a = .90) and the ICT use at home for
school related tasks (HOMSCH and Cronbach a = .86). The labels of these school level ICT-related
indexes are the ICT availability at school (ICTSCH and Cronbach a = .75) and the ICT use at school
(USESCH and Cronbach a = .89). In PISA 2012, the indexes of the ICTHOME, the ICTSCH and the
ENTUSE were revised from 2009, and new items were added. The indexes of the HOMSCH and the
USESCH were revised from 2009 (OECD, 2014c). For PISA 2012, ICTHOME variable had eleven
items. These items were revised from 2009, and new items were added. The revised items are such as
tablet computer, cell phone (without Internet Access), cell phone (with Internet Access), eBook reader.
ENTUSE variable had ten items. Some of them were revised from 2009, and new items were added.
The examples of the revised items of the ENTUSE variable are reading news on the Internet, obtaining
practical information from Internet, uploading your own created contents for sharing. This variable
had five response categories varying from Never or hardly ever, Once or twice a month, Once or twice
a week Almost every day to Every day. HOMSCH variable for PISA 2012 included seven items. The
items of this variable were revised from 2009. Five response categories for this variable were same as
the response categories of the ENTUSE variable. Compared to PISA 2009, two new items, which were
tablet computer and eBook reader, were added in the ICTSCH variable for PISA 2012, and the other
items were revised from 2009. This variable had seven items and three response categories for this
variable were same as the response categories of the ICTHOME variable. The items of USESCH
variable were modified from 2009. This variable had nine items and five response categories for this
variable were same as the response categories of the ENTUSE variable.

These three student level variables and the two school variables of ICT familiarity questionnaire are
common indexes both in PISA 2009 and PISA 2012, and these variables were selected in this study to
compare the effect of ICT variables on PISA mathematics achievement implemented in different years.
For the construct validity of these scales, psychometric technigques such as correlations, confirmatory
factor analyses, and Item Response Theory (IRT) scaling were used.

Most questionnaire items were scaled using IRT scaling methodology in PISA. One Parameter (Rasch)
model was used for the dichotomous items (1, 0), and the partial credit model was used for items with
multiple score categories (e.g., Likert type items). In order to obtain student scores, weighted
likelihood estimation was primarily used by estimating international item parameters from the
calibration sampling. Weighted likelihood estimations were transformed into an international metrics
with an OECD average of 0 and 1 OECD standard deviation of 1, and indexes were obtained (OECD,
2012, 2014a). The data set ware taken from the website of OECD (2018a, 2018b). The data of Turkey
were used from the file named INT_STQO09 DEC11 for the PISA 2009 data and from the file named
INT_STU12_DECO03 for PISA 2012 data.
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Data Analysis

Two level Hierarchical Linear Modelling (HLM) analysis was used (Raudenbush & Bryk, 2002). Since
PISA dataset has a hierarchical structure, the student variables were dealt with at level 1, and the school
variables were dealt with at level 2. HLM analysis has some assumptions. These were examined
separately for PISA 2009 data and PISA 2012 data. One of these assumptions is related to missing
value and outliers. Since the rate of missing value is low, missing value methods were utilized in HLM
program for the assignment of missing value. Considering the size of sampling, no analysis was
performed related to outliers. In order to determine the multicollinearity which is one of the HLM
assumptions, the correlation coefficient value between the predictor variables in level 1 (student) and
level 2 (school) is estimated. The correlation matrix for the first and second level variables is given in
Table 1 (see Appendix).

The correlation coefficient values between student level variables ranged from .30 to .62. The
correlation coefficient values between school level variables ranged from .23 to .35. These values were
calculated as less than .70 in Table 1. In order to minimize the high correlation between level 1 and
level 2 variables, the data are centered in the analysis (Raudenbush & Bryk, 2002). If the intercept
variance represents the between group variance in the outcome measure, the data are centered around
the group mean. In grand mean centered models, the intercept variance defines the between group
variance in the outcome variable adjusted for the level 1 variables (Hofmann & Gavin, 1998). Hence
the level 1 variables were centered around the group mean, while the second level variables were
centered around the grand mean in this study. In another assumption of HLM, the normality of the
errors at the student level and at the school level were analyzed. Histogram and likelihood graphics
were obtained for this (P-P plot or Q-Q plot), and these graphics were found to compose 45-degree
lines. Thus, the assumption of errors normality of at both levels were met. For the homogeneity of
student level variances, H statistics was calculated, and p value was found to be significant.
Considering the assumption of independence of errors, intra-school errors in PISA 2009 mathematics
achievement were found to be independent of the student level variables (pentuse = 0.444 > .05;
PictHome = .418 > .05; prowmsch = .825 > .05). Also, the assumption of independence of errors was
ensured for PISA 2012 mathematics achievement (pentuse = .253 > .05; pictrome = .133 > .05; promsch
=.211 > .05).

In order to examine the effects of ICT factors at both student and school levels on mathematics
achievement, four models were established for both the implementations of PISA 2009 and PISA
2012. Model 1 is called the One-Way Variance Analysis Random Effects Model (also known as Null
model). This model was established to answer the first research question. The equation for this model
is as Equation 1, Equation 2 and Equation 3.

Level -1 (Student level) Model:

(YijIM3000/M2g12) = Boj + 1ij (1)
Level -2 (School level) Model:
Boj = Yoo + Uoj 2
Combined Model:
(Yijl/M2o00/M2012) = Yoo + Ugj + Ty (3)

Model 2 is called Random Coefficients Regression Model. This model involves a covariate at student
level with a random effect which has different effects on the school level variables. This model was
established in accordance with the second research question. The student level variables are allowed
to be distributed randomly between schools, but the outcome variables at school level are not added to
the model. The equation for this model is as Equation 4, Equation 5 and Equation 6.

Level - 1 (Student level) model:
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Level - 2 (School level) model:
Boj = Yoo + Uoj 5)
B1j = V1o + Uy
B2j = Y20 + Uzj
Bsj = V30 + Us;j
Combined Model:

(YijIM2009/M2012) = Yoo + V10 * (ENTUSEj;) + v20 * (HOMSCHj;) + y30 * ICTHOMEj;) +
Uopj + Uygj * (ENTUSEIJ) + Upj * (HOMSCH”) + Ugzj * (ICTHOMEH) + Tij (6)

In this model, S, stands for mean outcome variable, B, f,;, and f5; stand for slope or the effects of
predictors, r;; coefficient stands for the random effect for i student clustered in j school, u,; stands for
error coefficients.

Model 3 is called Intercept and Slopes as Outcomes Model. This model was established in accordance
with the third research question. The equation for this model is as Equation 7, Equation 8 and Equation
9.

Level - 1 (Student level) model:

(Yij|M2009/M2012)

Level - 2 (School level) model:
Boj = Yoo + Yo1 * UCTSCH;) + yoo * (USESCHj;) + ug; (8)
Combined model:

(YijIM2000/M2012) = Yoo + Yo1 * UCTSCH;;) + yop * (USESCHyj) + y10 * (ENTUSEs) + y20 *

RESULTS

Within the scope of the aim of the study, the results were obtained from Random Effects Model of
One-Way Variance Model developed based on PISA 2009 mathematics achievement and PISA 2012
mathematics achievement to answer the first research question are given in Table 2 (see Appendix).

When Table 2 is examined, it is seen that average school mean mathematics achievement of PISA
2009 was statistically different from zero (t = 73.36, p < .001). Considering the mean and variance,
the mean mathematics achievement of PISA 2009 varied between 424.48 and 447.76 by a possibility
0f 95% (436.12 + 1.96(5.94)). For PISA 2012 data set, average school mean mathematics achievement
was statistically different from zero (t = 77.04, p < .001). In addition to that, the mean mathematics
achievement of PISA 2012 shifted from 428.71 to 451.09 within 95% confidence interval. Table 3 is
related to the information on the last estimation of the random effects in the model (see Appendix).

When Table 3 is reviewed, considering the general average in Turkey, the variance of school means
(inter-school variability) was estimated to be 5795.96 for PISA 2009. The variance of the student’s
mathematics achievement scores was estimated to be 3502.58 within the framework of the school
average (intra-school variability) at the student level (level 1). The value range for the school averages
shifted from 286.9 to 585.33 by a possibility of 95% (436.12 + 1.96*v5795.96). The variance of
school means (inter-school variability) was estimated to be 5327.39 for PISA 2012. The variance of
the student’s mathematics achievement scores was estimated to be 3158.00 within the framework of
the school average at the student level for PISA 2012. With 95% confidence, the school averages range
from 296.85 to 582.95.
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These results showed that there is a broad range of variance in mathematics achievement levels
between the schools. In order to determine the explained variance ratio of students’ mathematics
achievement scores in PISA 2009 and PISA 2012, the interclass correlation coefficient and the
intraclass correlation coefficient were calculated, and the calculations are given in Table 4. The
intraclass correlations are related to the difference between students, and the interclass correlations are
regarding the difference between schools (see Appendix).

Table 4 presented that the difference between the mathematics achievement scores of the students was
found to be 62% in both PISA 2009 and PISA 2012. The remaining 38% of the variability in
mathematics achievement was within the schools. It refers that mean mathematics achievement of
schools differs heterogeneously between schools. These coefficient values show that there is an
explained variance between schools. Therefore, the analysis was continued, including variables at
student and school levels. The student-level variables were added to reduce the variance within
schools, and the school-level variables were added to explain between-school variance.

The second research question is related to the explained variance ratio at the student level ICT variables
in students’ mathematics achievement scores PISA 2009 and PISA 2012. In order to examine this
research question, three variables which are the ICT availability at home (ICTHOME), the ICT use
for entertainment (ENTUSE), the ICT use at home for school-related tasks (HOMSCH) were added in
the model. This model includes in level-1 variables. The findings regarding Random Coefficients
Regression Model are given in Table 5 (see Appendix).

Considering each of the predictor variables at student level, which affect mathematics achievement,
other variables were held fixed except one to determine its impact in Table 5. The relationship between
the ICT use for entertainment (ENTUSE) and PISA 2009 mathematics achievement was positive, and
this relationship was statistically significant (Menrusz,0 = 3.85, SE = 0.92, p < .05). The ICT use at
home for school-related tasks (HOMSCH) decreased PISA 2009 mathematics achievement, and this
decline was statistically significant (Mzuouscry20 = -8.77, SE = 0.99, p <.05). The relationship between
the ICT availability (e.g. laptop, computer, printer, USB, internet connection) at home (ICTHOME)
and PISA 2009 mathematics achievement was positive, and this relationship was statistically
significant (M;crromes30 = 6.39, SE = 0.94, p <.05). In order to compute the effect size of each student
level variable which has a significant effect on mathematics achievement, each beta coefficient was
divided by the pooled within-school standard deviation. The pooled within-school standard deviation
is computed by taking the square root of 6® in Null Model (von Secker & Lissitz, 1999). Effect size is
a standard deviation (SD) unit that allows comparison of outcomes with different measurements. It
describes changes in the dependent variable when other independent variables are held fixed. Thus, it
can be represented as the SD change in the dependent variable connected to 1SD change in an
independent variable. If the value of effect size is computed as smaller than .1 SD, the effect is trivial.
If the effect size value is between .1 SD and .3 SD, the effect is small. If the effect size value is between
.3 SD and .5 SD, the effect is moderate. If the effect size value is computed as larger than .5 SD, this
effect is large (Rosenthal & Rosnow, 2008; von Secker & Lissitz, 1999). When Table 3 was examined,
the standard deviation was calculated as 59.2 (v/3502.58) for within-school. The beta coefficient value
for the ENTUSE variable was 3.85 in Table 5. The effect size value of the ENTUSE variable was
calculated as .07 SD. It means that an increase of 1 SD in the variable of ENTUSE causes an increase
of .07 SD in the students’ mean mathematics achievement. The effect size value was calculated as .15
SD for the HOMSCH variable, and as .11 SD for the ICTHOME variable. The effect size of the
HOMSCH variable indicates that an increase of 1 SD in the HOMESCH variable results in a decrease
of .15 SD in the students’ mean mathematics achievement. The effect size of the ICTHOME variable
interprets as the .11 SD increase in the students’ mean mathematics achievement linked to 1 SD
increase in the ICTHOME variable. Considering the effect sizes, the HOMSCH and the ICTHOME
variables had small effects, and the ENTUSE had a trivial effect on student’s mathematics achievement
in PISA 2009.

The ICT use for entertainment (ENTUSE) increased their PISA 2012 mathematics achievement, so
this increment was statistically significant (Mevruseyi0 = 4.04, SE = 0.76, p < .05). The relationship
between the ICT use at home for school-related tasks (HOMSCH) and PISA 2012 mathematics
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achievement was negative, but this relationship was not statistically significant (Muowmscry20 = -1.60,
SE = 0.97, p > .05). The relationship between the ICT availability (e.g., laptop, computer, printer,
USB, internet connection) at home (ICTHOME) and PISA 2012 mathematics achievement was also
positive, and this relationship was statistically significant (M;crromey30 = 2.71, SE = 0.84, p < .05).

When Table 3 was examined, the standard deviation was calculated as 56.1 (v3158.00). The value of
effect size was calculated as .07 SD for the ENTUSE variable and as .05 SD for the ICTHOME
variable. The effect size of the ENTUSE variable indicates that an increase of 1 SD in the ENTUSE
variable results in an increase of .07 SD in the students’ mean mathematics achievement. The effect
size of the ICTHOME means that an increase of 1 SD in the variable of ICTHOME causes an increase
of .05 SD in the students’ mean mathematics achievement. When the effect size value of each variable
was reviewed, each of the predictive variables had a trivial effect on students’ mathematics
achievement in PISA 2012.

The random effect of predictive variables which were caused by the variance between schools in
students’ PISA mathematics achievements is given in Table 6 (see Appendix).

When Table 6 is reviewed, the variance of the mathematics achievement scores of the schools was
estimated to be 5807.83 in PISA 2009 and 5329.93 in PISA 2012, after the student level variables
were added to the model. In order to determine the explained variance ratio in 2009 mathematics
achievement caused by the difference within schools, the data obtained from the One-Way Variance
Analysis and the data obtained in Table 6 were used. The explained variance ratio in PISA 2009
mathematics achievement at the student level is calculated as 0.027 [(3502.58 - 3405.48) / (3502.58)].
According to this result, there is a decrease of 2.7% in the explained variance ratio with the addition
of the student level variables to the model in PISA 2009. In other words, the proportion of 2.7% of
students’ individual differences in PISA 2009 mathematics achievement results from the student level
ICT variables added to the model (the ICT availability at home, the use of ICT for entertainment, the
use of ICT at home for school-related task). Considering the Null model, 38% of the total variance in
PISA 2009 mathematics achievement was caused by the differences between students. Thus, only
1.03% (38% * 2.7%) of the total variance of the student level ICT variables explained the difference
of PISA 2009 mathematics achievement.

The variance ratio in PISA 2012 mathematics achievement explained by the student level ICT
variables was calculated as 0.012. Accordingly, the explained variance ratio will decrease nearly by
1.2% after the student level variables are added to the model. In other words, the percent of 1.2 of the
variability in students’ PISA 2012 mathematics achievement is caused by the student level ICT
variables added to the model (r* = .012). Considering the Null model, 38% of the total variance in
PISA 2012 mathematics achievement was caused by the differences between students, only 0.45%
(38% * 1.2%) of the total variance of the student level ICT variables explained the difference of PISA
2012 mathematics achievement.

Intercept and Slopes as Outcomes Model was tested to answer the third research question of the study.
The model is obtained by the inclusion to the analysis all of the ICT variables which were determined
to have a significant effect on the mathematics achievement at student and school level in PISA 2009
and PISA 2012. The findings regard the Intercept and Slopes as Outcomes Model are given in Table
7 (see Appendix).

Intable 7, it is seen that PISA 2009 mean mathematics achievement and PISA 2012 mean mathematics
achievement was statistically different from zero (y,, = 435.69, p < .001 for PISA 2009; y,, =
438.30, p <.001 for PISA 2012). When the variable of the ICT use at school (USESCH) was holding
fixed, it was determined that the variable of the ICT availability at school (ICTSCH) had a significant
effect on mathematics achievement in PISA 2009. When the variable of the ICT availability at school
(ICTSCH) was holding fixed, the ICT use at school (USESCH) variable reduced PISA 2009 average
mathematics achievement. Holding fixed the variables which are the ICT availability at home
(ICTHOME) and the ICT use at home for school-related tasks (HOMSCH), the variable of the ICT
use for entertainment (ENTUSE) increased PISA 2009 average mathematics achievement. When the
variables of the ICT availability at home (ICTHOME) and the ICT use for entertainment (ENTUSE)
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were holding fixed, the variable of the ICT use at home for school-related tasks (HOMSCH) decreased
PISA 2009 average mathematics achievement. Holding fixed the variables of the ICT use for
entertainment (ENTUSE) and the ICT use at home for school-related tasks (HOMSCH), the ICT
availability at home (ICTHOME) increased PISA 2009 average mathematics achievement. The
variables with the highest impact value in PISA 2009 mathematics achievement are the ICTSCH and
USESCH variables. These variables are the school level variables. It is expected that 1 SD increase in
the ICTSCH variable will increase .69 SD in the students’ mean mathematics achievement while 1 SD
increase in the USESCH variable will decrease 1 SD in the students’ mean mathematics achievement
in PISA 2009. When the student level variables reviewed, their effect size were not greater than the
school level variables.

When the variable of the ICT use at school (USESCH) was holding fixed, the variable of the ICT
availability at school (ICTSCH) increased PISA 2012 average mathematics achievement. When the
variable of the ICT availability at school (ICTSCH) was holding fixed, the ICT use at school
(USESCH) decreased PISA 2012 average mathematics achievement. When the variables which are
the ICT availability at home (ICTHOME) and the ICT use at home for school-related tasks
(HOMSCH) were holding fixed, the ICT use for entertainment (ENTUSE) increased PISA 2012
average mathematics achievement. When the variables of the ICT availability at home (ICTHOME)
and the ICT use for entertainment (ENTUSE) were holding fixed, the ICT use at home for school-
related tasks (HOMSCH) reduced PISA 2012 average mathematics achievement. Holding fixed the
variables which are the ICT use for entertainment (ENTUSE) and the ICT use at home for school-
related tasks (HOMSCH), the variable of the ICT availability at home increased PISA 2012 average
mathematics achievement. The variables with the highest impact value in PISA 2012 mathematics
achievement is the ICTSCH and USESCH variables. It is expected that 1 SD increase in the ICTSCH
variable will increase .83 SD in the students’ mean mathematics achievement while 1 SD increase in
the USESCH variable will decrease .78 SD in the students’ mean mathematics achievement in PISA
2012. When the student level variables reviewed, their effect sizes were not greater than the school
level variables.

When Table 7 was examined in general, it was seen that the ICT variables at school level caused an
excessive amount of increase and decrease in average mathematics achievement defined as outcome
variable. However, the student level ICT variables caused a low amount of increase and decrease in
average mathematics achievement. Table 8 comprises the random effect of predictive variables caused
by the variance among students and schools of mathematics achievement (see Appendix).

The data obtained from Table 8 and the data obtained from Random Coefficients Regression Analysis
were used to calculate the explained variance ratio in 2009 mathematics achievement caused by the
student and school levels. According to the calculation, 27% of the variance in the between-school
difference in mean PISA 2009 mathematics achievement was explained by the school level variables.
Also, ¥* = 5599.33 was calculated, and p value was found to be statistically significant, so it can be
said that there is still an unexplained variance between schools. The effect size value was calculated
as .69 for the ICTSCH variable, and as -1 for the USESCH variable. The value of effect size was
calculated as .06 for the ENTUSE variable, as -.14 for the HOMSCH variable, and as .08 for the
ICTHOME variable. When the effect sizes were reviewed, it was seen that the ICTSCH and the
USESCH variables had a large effect, the HOMSCH had a small effect, and the ENTUSE and the
ICTHOME had a trivial effect on student’s mathematics achievement in PISA 2009.

For PISA 2012 mathematics achievement the variance ratio was calculated as 31% [(5327.39 -
3656.48) / 5329.93]. The variables which are the ICT availability at school and the ICT use at school
explained 31% of the variance in the between-school difference in mean PISA 2012 mathematics
achievement. In addition, y* = 5901.47 was calculated, and p value was found to be statistically
significant, so it can be said that there is still an unexplained variance between schools. When Table 3
was examined, the standard deviation was calculated as 72.9 (v/5327.39). The effect size of the
ICTSCH variable was calculated as .83. The effect size was calculated as -.78 for the USESCH
variable. The effect size was calculated as .07 for the ENTUSE variable, and as .05 for the ICTHOME
variable. When the effect sizes were examined, it was seen that the ICTSCH and the USESCH
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variables had a large effect, the ENTUSE and the ICTHOME had a trivial effect on student’s
mathematics achievement in PISA 2012.

Four different models were established for HLM analyses in the study. Likelihood ratio test was
calculated to determine whether the established the model 4 was better likelihood than the other models
or not. For this reason, firstly, the difference of deviance statistics values of each model divides by the
degree of freedom. The obtained value is compared to the critical chi-square value. The model is
statistically significant if this value is greater than the critical value (critical * = 5.99 for p = .05). The
results of the likelihood ratio test using deviance statistics in each outcome variable to determine
whether the Model 4 fits significantly better are given in Table 9 (see Appendix). When the results of
the Likelihood ratio test for both PISA 2009 mathematics achievement and PISA 2012 mathematics
achievement were examined, it could be said that the Model 4 fits significantly better.

DISCUSSION and CONCLUSION

In the study, the ICT variables predicting mathematics achievement at the student level and the school
level were examined. When the student level ICT variables are reviewed, one of the variables at the
student level is the ICT use for entertainment. There are studies in the literature similar to the
consequence of this study in which there is a positive and significant relationship between the ICT use
for entertainment and PISA mathematics achievement (e.g., Bilican-Demir & Yildirim, 2016; Demir,
Kilig, & Unal, 2010; Dumais, 2009; Hu, Gong, Lai, & Leung, 2018; Petko et al., 2017; Skryabin et
al., 2015). It is emphasized that the usage of computers for entertainment such as playing games on
computer which is thought by parents as a waste of time is important in the cognitive development of
students (Becker, 2000; Hamlen, 2011; Li & Atkins, 2004) and in visual intelligence development
(Subrahmanyam, Greenfield, Kraut, & Gross, 2001), which can positively affect achievement. Also,
entertainment can help overcoming their stress and anxiety and thus, it can enable them to focus on
their learning; besides, it can contribute to students’ effective and critical thinking (Wittwer &
Senkbeil, 2008; Ziya, Dogan, & Kelecioglu, 2010). However, there are also studies about that the
internet usage for entertainment is a negative and significant predictor of mathematics achievement in
the literature (e.g., Cheema & Hang, 2013; Giizeller & Akin, 2014). The reason for this result can be
explained by the fact that excessive ICT use for entertainment neglects students’ responsibilities for
school (Cheema & Hang, 2013; Luu & Freeman, 2011). If students’ usage of ICT is not controlled and
monitored, it will cause negative social and psychological effects such as addiction to game playing
(Griisser, Thalemann, & Griffiths, 2006). Moreover, the reason why there are inconsistent results
related to the effect of ICT use for entertainment on mathematics achievement in the literature can be
explained by the fact that the ICT use for entertainment causes different effects on different
mathematics topics (Biagi & Loi, 2013). Further studies about the influences of the ICT activities for
entertainment on students’ academic outcomes and the causes of these influences are still needed.

Another variable dealt with at the student level is the ICT use at home for school-related tasks. In the
study, it was found that the relationship between the ICT use at home for school-related tasks and
PISA 2009 mathematics achievement is negative and significant. However, that relationship of it with
PISA 2012 mathematics achievement is negative but not significant. There are studies with similar
results in the literature (e.g., Hu et al., 2018). However, there are several studies that the use of ICT
has a positive effect on learning outcome (e.g., Kubiatko & Vickova, 2010; O’Neil, Wainess, & Baker,
2005; Skryabin et al., 2015). The students’ ICT use for school-related tasks mostly includes
homework. Turkish students frequently have difficulty in mathematics homework (Giiven &
Demirgelik, 2013; MEB, 2011). Thus, students may develop negative prejudices and attitudes towards
mathematics lessons and homework (Yenilmez & Dereli, 2009). This case can negatively affect
achievement. Besides, the students’ spending much time on ICT activities not related to their school-
related tasks (Zhang & Liu, 2016) and their lack of knowledge how to use ICT for accomplishing
school-related tasks (Kubiatko & Vlckova, 2010; Petko et al., 2017) are among the factors that affect
achievement negatively.
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The other variable dealt with at the student level is about the ICT availability at home (ICTHOME),
and it was concluded that the relationship between this variable and PISA mathematics achievement
in 2009 and 2012 is positive and significant in this study. This result is consistent with the results of
some studies in the literature (e.g., Delen & Bulut, 2011; Demir & Kilig, 2009; Erdogdu & Erdogdu,
2015; Ozer & Anil, 2011). Taking into consideration to this result, it can be mentioned that the students
can reach more information from several sources regarding the topics (Kubiatko & Vickova, 2010).
Also, the average percentage of internet access at home has increased over the years (OECD.Stat,
2018). Yet, Aypay (2010), Bilican-Demir and Yildirim (2016), and Wittwer and Senkbeil (2008)
couldn’t find a significant relationship between the student’s ICT opportunity and achievement in their
studies. Hu et al. (2018) found that ICT availability at home is negatively associated with student’s
academic success. The reason for this inconsistency in literature can be explained by the fact that while
the ICT availability at home gives many opportunities in education, the ineffective usage of ICT for
education can affect his/her education negatively (Hu et al., 2018; Lei & Zhao, 2007). In brief,
achievement is affected by how and for what purpose the availability of ICT is used at home (ilgiin-
Dibek, Yalgin, & Yavuz, 2016).

One of the variables dealt with at school level in the study is the ICT availability at school (ICTSCH),
and a positive and significant relationship was found between this variable and PISA mathematics
achievement in 2009 and 2012. In literature, there are studies having reached similar results (Delen &
Bulut, 2011; Hu et al., 2018; Olkun & Altun, 2003; Ozer & Anil, 2011). The students in schools with
ICT facilities can have access to more information using several sources regarding lessons (Kubiatko
& Vickova, 2010). The schools in Turkey are also well enough with regard to ICT devices (Seferoglu,
2015). Another variable at school level is ICT use at school (USESCH). And, the consequence of its
negative and significant relationship with PISA mathematics achievement in 2009 and 2012. Bilican-
Demir and Yildirim (2016), Cheema and Hang (2013) and Petko et al. (2017) found similar findings
using PISA data and Skryabin et al. (2015) reached similar results using TIMMS dataset. This may be
due to the lack of restrictions on access to websites in schools (Kubiatko & VIckova, 2010). Another
reason can be the students’ unfamiliarity with ICT use in lessons (Ilgiin-Dibek et al., 2016). One of
the other reasons is that the teacher’s proficiency in ICT and their information in teaching methods
can be lacking and insufficient (Baki, Yal¢inkaya, Ozpmar, & Uzun, 2009; Pandolfini, 2016). Because,
if the students’ learning targets with ICT are not certain, the teaching value of ICT is low (Kubiatko
& Vickova, 2010), and it gets harder to reach the targeted achievement. The applicability of the FATIH
project in Turkey is discussed in this context, because the number of teachers using the ICT in lessons
is very low, and they generally use word processor and presentation programs actively (Demiraslan &
Usluel, 2005; Kayaduman, Sirakaya, & Seferoglu, 2011).

In the study, it is noticed that the results regarding the relationship between ICT variables at student
level and school level and PISA mathematics achievement are consistent with the results of some
studies but contradict with some other studies in the literature. One of the reasons for this can be
methodological restrictions and differences (Cox & Marshall, 2007; De Witte & Rogge, 2014). The
different data analysis techniques were used in studies with PISA dataset or one of the other large-
scale assessments. Also, the results of this study were compared with the results of studies using PISA
dataset of the different countries in literature, and some of the results were determined to be consistent
and some others to be inconsistent with them. This case could be caused by the fact that each country
has its own educational policies and applications regarding ICT use, and these ICT applications and
these ICT skills may be different in each country (Heinz, 2016; Skryabin et al., 2015).

The variables dealt with both at student level and at school level in the study can be categorized as
ICT availability and ICT use. At both levels, it was concluded that ICT availability increases
achievement, but ICT use is not effective in increasing achievement. Thus, the technological richness
of a house or a school does not mean that using these technologies effectively. Effective technology
usage is connected to the knowledge, the ability, and the experiences of the parents at homes and of
the administrators and the teachers at schools (Hu et al., 2018; Lei & Zhao, 2007; Seferoglu, 2015).

One of the other results of this study is that the explained variance ratio in mathematics achievement
caused by the ICT variables at school level was greater than by the ICT variables at student level. This
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situation can be affected by the factors such as the principals’ awareness of the ICT applications, the
school culture, the cooperation regarding how ICT is used in schools, the teachers’ ICT proficiency,
the teacher education on teaching methods (Pandolfini, 2016) and the pedagogical developments
(Ertmer & Ottenbreit-Leftwich, 2010).

This study also examined the comparison of mathematics achievement between PISA 2009 and PISA
2012. Mathematics is the major domain in PISA 2012, but this domain was minor in PISA 2009.
Therefore, the effect of ICT on mathematics achievement was compared with whether it depends on
the focused domain. Comparing the results regarding mathematics achievement of PISA 2009 and
PISA 2012, it was concluded that whether the major domain is mathematics, in other words,
mathematics achievement test is long or short did not make a serious difference in mathematics
achievement.

When the effect sizes of the student level variables on mathematics achievement were compared with
two implementations of PISA which are PISA 2009 and PSA 2012, the ENTUSE had a trivial effect
on student’s mathematics achievement in both PISA 2009 and PISA 2012. While the relationship
between the HOMSCH variable and PISA 2009 mathematics achievement was negative and
statistically significant, the relationship between the HOMSCH variable and PISA 2012 mathematics
achievement was negative and not statistically significant. The ICTHOME variable had a small effect
on PISA 2009 mathematics achievement, but this variable had a trivial effect on PISA 2012
mathematics achievement. The effect size value of ICTHOME variable on mathematics achievement
in the PISA 2012 implementation was lower than in the PISA 2009 implementation. The reason of the
trivial and the small effect of student level variables may be the students’ competence and awareness
of the effective ICT use (Griisser et al., 2006) and the parents’ views of the ICT use (Becker, 2000;
Hamlen, 2011; Li & Atkins, 2004).

When the effect sizes of the school level variables on mathematics achievement were compared with
two implementations of PISA which are PISA 2009 and PSA 2012, The ICTSCH variable and the
USESCH variable at the school level had a large effect on mathematics achievement in both PISA
2009 and PISA 2012. The reason for the large effect of the ICTSCH variable at the school level can
be explained by the perspective that a good learning environment has an effect on the students’
achievement (Youssef & Dahmani, 2008). The ICTSCH variable had a positive effect on mathematics
achievement in both PISA 2009 and PISA 2012. The effect size value of the ICTSCH variable on
mathematics achievement in the PISA 2012 implementation was higher than in the PISA 2009
implementation. The relationship between the USESCH variable and mathematics achievement in
PISA 2009 and PISA 2012 was negative and statistically significant. The result of the negative
relationship may be due to the teachers’ quality and characteristics of the usage of ICT (Youssef &
Dahmani, 2008). The effect size value of USESCH variable on mathematics achievement in the PISA
2012 implementation was lower than in the PISA 2009 implementation. The effect size value of the
USESCH variable reduced in PISA 2012, but there has been a negative relationship between the
USESCH variable and mathematics achievement. The reason for this negative relationship may be
related to many barriers such as lack of confidence and competence and access to resources
encountered (Bingimlas, 2009). In other words, the school principals’ and the teachers’ perceptions
and their usage of ICT have not changed seriously over the years. In brief, the higher impact variables
on mathematics achievement in both PISA 2009 and PISA 2012 were the ICTSCH variable and the
USESCH variable which are the school level variables. The student level variables had the lowest
impact on mathematics achievement in both PISA 2009 and PISA 2012.

It was found that the ICT variables both at school level and at student levels explained 27% of PISA
2009 mathematics achievement variance, while these variables explained 31% of PISA 2012
mathematics achievement variance. So, it was noticed that there was a slight increase in the explained
variance ratio from 2009 to 2012. Yet the explained variance ratio at student level was calculated as
2.7% in PISA 2009, and this ratio was accounted for 1.2% for PISA 2012. When the student level
variables were compared by years, the effect of the ICT variables at student level had reduced from
2009 to 2012. The reason of the small amount of variance increase obtained from the study can be
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explained by the slight increase of the ICT use awareness of the families, the teachers, and the
administrators who shape the students’ ICT use at home or at school. If students have several ICT
availabilities, these opportunities offer a great number of sources and access to information for
students’ learning. However, it should be remembered that the usage and the purpose of ICT affect the
students’ learning (Ilgiin-Dibek et al., 2016).

Having a negative relationship between ICT use at home for school-related tasks and mathematics
achievement actually poses a problem. This problem can be solved by changing the content of the
school-related tasks. For instance, the school-related mathematical tasks may include entertaining
components that help students to develop a love for mathematics. Besides, students can be consciously
directed to use online materials for school-related tasks and for accomplishing their homework. Also,
there are important responsibilities at home for families. One of them is the families’ monitoring.
Another responsibility is controlling the students’ ICT use materials at home and teaching their
children how to use online materials consciously.

The negative relationship between ICT use at school and mathematics achievement is another problem.
In order to eliminate this problem, ICT use for entertainment can be integrated into lessons. For
instance, games can be utilized to be successful in mathematics lessons at schools. For effective ICT
applications, the teachers’ ICT proficiency is important. Therefore, the teachers should be encouraged
to participate in in-service training for developing their ICT proficiencies. Besides, there is a need for
projects related to increasing the teachers’ effective ICT use and the families’ awareness of ICT use.
Students’ socio-economic background, age and gender, and learning expectations are important factors
that affect ICT use and achievement (Balanskat, Bannister, Hertz, Sigillo, & Vuorikari, 2013).
However, these variables were not included in the model in this study. This is one of the limitations
of this study. As a suggestion to this limitation, some researches in which the variables related to the
student’s characteristics, the learning environment, and the school features are added in the model can
be done. The other limitation of this study is to use two level Hierarchical Linear Modelling. Several
studies can be offered for different multi-levels (e.g., three level models) related to investigating the
effect of ICT on achievement by adding these variables into the model. The data in this study is limited
to only one country. The studies related to comparing the effect of ICT usage on achievement between
different countries are suggested to be performed.
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Bilgi ve Iletisim Teknolojilerine Erisim Diizeyi ve Kullanin
PISA 2009 ve 2012 Ogrenci Basarisim Nasil Etkiler?

Giris

Matematik 6gretme ve Ogrenme siirecinde bilgisayarlarin kullaniminin 6nemi yildan yila artis
gostermekte ve bilgi ve iletisim teknolojilerinin (BIT) matematik basarismi olumlu yonde etkileyecegi
diisiincesi ile BIT e iliskin ciddi miktarlarda yatirimlar yapilmaktadir (Anderson, 2008; Kim, Kil, &
Shin, 2014; Scheuermann & Pedro, 2009). Yapilan yatirimlarin ve sonuglarin hem ulusal hem de
uluslararas1 boyutta PISA (Uluslararas1 Egitim Degerlendirme Testi) ve TIMMS (Uluslararasi
Matematik ve Fen Egilimleri Arastirmasi) gibi uygulamalar ile degerlendirilmesine ve BIT ile
akademik basar1 arasindaki iliskiye yonelik ¢alismalar iz kazanmaya baglamistir (OECD, 2014b;
Skryabin, Zhang, Liu, & Zhang, 2015; Sengiil & Demir, 2018). BIT e dayali 6gretim ve 6grenme ile
basar1 arasindaki iliskiyi belirlemek amaciyla yapilan c¢aligmalardan kesin bir sonucun elde
edilemedigi ve bu calismalarin sonuglariin birbiri ile tutarsiz oldugu goriilmiistiir (Balanskat,
Blamire, & Kefala, 2006; Cox & Marshall, 2007; De Witte & Rogge, 2014; Skryabin ve digerleri,
2015; Trucano, 2005). Ayrica bu tiir aragtirmalar, genellikle bireysel ve basit diizeydedir. BIT in
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basariy1 nasil etkiledigine ve basarida hangi BIT degiskenlerinin rol oynadigina yénelik ¢ok diizeyli
yaklagimlarin yer aldigi ¢alismalar ise oldukga azdir (Pandolfini, 2016). Ek olarak, bu tiir caligmalarda
genellikle PISA uygulamasinin tek yilina odaklanilmigtir (6rnegin, Demir & Kilig, 2009; Giizeller &
Akin, 2014; Petko, Cantieni & Prasse, 2017). BIT degiskenlerinin dgrencinin matematik basarisini
aciklama diizeyini farkli yillarda uygulanan PISA verilerine gore karsilastiran bir caligmaya
rastlanilmamigtir. Bunun bir nedeni PISA’da farkli yillarda odaklanilan alanin degismesi olabilir ancak
az soruyla da olsa tiim alanlarin her yil 6lgiildiigii de bir gergektir. Bu ¢aligmada da PISA 2009 ve
2012 uygulamalarinda 6grencilerin matematik basarilarinin bilgi ve iletisim teknolojilerine erigim ve
kullanim diizeyleri agisindan degerlendirilmesi amaglanmaktadir. Her PISA uygulamasinda okuma,
fen ve matematik okuryazarligindan birine odaklanilmaktadir. PISA 2012 uygulamasinda matematik
okuryazarhigna odaklanilirken, PISA 2009’da okuma okuryazarliga odaklamlmistir. Boylece
odaklanmilan alana bagl olarak, BIT degiskenlerinin matematik basarisim aciklama oram
belirlenebilecektir. Bu baglamda, bu ¢alisma ile PISA 2009 ve 2012 sonuglarina gore, Tiirkiye’deki
Ogrencilerin bilgi ve iletisim teknolojilerine erisim ve kullanim diizeylerinin matematik basarisini
aciklama oraminin belirlenmesi amaglanmaktadir. Caligmanin amaci dogrultusunda arastirma sorulari
ise sunlardir:

1. PISA 2009 ve 2012 Tiirkiye verisine gore, matematik basarisindaki degiskenligin okullar
arasindaki farkliliklar ve 6grenciler arasindaki farkliliklar tarafindan agiklanma orani nedir?

2. PISA 2009 ve 2012 Tiirkiye verisine gore, matematik basarisindaki degiskenligin 6grenci
diizeyinde ele alinan bilgi ve iletisim teknolojilerine erisim ve kullanimi ile ilgili
degiskenler tarafindan agiklanma orani nedir?

3. PISA 2009 ve 2012 Tiirkiye verisine gore, matematik basarisindaki degiskenligin okul
diizeyinde ele alinan bilgi ve iletisim teknolojilerine erisim ve kullanimi ile ilgili
degiskenler tarafindan agiklanma orani nedir?

4. PISA 2009 ve 2012 Tirkiye verisine gore, matematik basarisindaki degiskenligin hem
Ogrenci diizeyindeki hem de okul diizeyindeki BIT’e iliskin degiskenler tarafindan
aciklanma orani nedir?

Bu ¢alismanin, alan yazina gesitli agilardan katki saglayacag diisiiniilmektedir. Bu katkilar: (a) BIT'in
erisim ve kullanim diizeyinin matematik basarisi {izerindeki etkisinin agikliga kavusabilmesidir. (b)
Alan yazinda, BIT degiskenlerinin matematik basarisindaki varyans agiklama oramnim farkli yillar
acisindan karsilastiran calismalarin eksik oldugu goriilmektedir. Bu ¢caligmada 6grencilerin matematik
basarisinda agiklanan varyans oramnin belirlenmesinde etkili olan BIT degiskenleri farkli yillar
acisindan arastirilmustir. Agiklanan varyans oram, BiT ’in matematik egitiminde etkili kullanimima dair
bir fikir verilebilir. (c) Bu arastirmada hiyerarsik dogrusal modeller olusturulmustur. PISA verisinin
yapisi dikkate alindiginda, hiyerarsik modellerin tahmini standart hatayi daha iyi kalibre ettigi i¢in,
daha dogru sonuglara ulasmak ve bulgular1 daha az hatayla yorumlamak agisindan énemli oldugu
sOylenebilir. (d) PISA 2012 matematik alanina odaklanirken, PISA 2009 okuma alania odaklanmustir.
Bu ¢ahisma, BIT degiskenlerinin matematik basaris iizerindeki etkisinin alana bagl olarak degisip
degismedigini yorumlama firsati da saglayacaktir. Bu nedenle, bu calismanm BIT'in matematik
basarist iizerindeki etkisine iligkin biitiinciil bir bakis ag¢is1 sunmasi baglaminda 6nemli oldugu
diisiiniilmektedir.

Yontem

Bu arastirmada iliskisel aragtirma modeli kullanilmistir. Arastirmanin PISA 2009 uygulamasinin
orneklemi 56 il ve okul tiirlerine gore tabakalandirilmasi sonucu toplam 170 okuldan 4996 6grenciden,
PISA 2012 uygulamasimn orneklemi ise 57 il ve okul tiirlerine goére tabakalandirilmasi sonucu 170
okuldan toplam 4848 6grenciden olusmaktadir. Arastirmada Tiirkiye’de uygulanan PISA 2009 ve
PISA 2012 matematik basar1 testinden ve her iki uygulamada ogrencilerin bilgi ve iletisim
teknolojilerine yatkinlik (BITY) anketindeki ortak indekslerden elde edilen veriler kullanilmustir.
BITY anketindeki BIT’in evde bulunmasi ICTHOME), BIT’in eglence amagh kullanimi (ENTUSE)
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ve BIT’in okul gorevlerini yerine getirmek igin evde kullanimi (HOMSCH), BIT’in okulda bulunmasi
(ICTSCH), BIT’in okulda kullanilmasi (USESCH) indeksleri hem PISA 2009 hem de PISA 2012
uygulamasinda yer alan ortak BITY indeksleridir.

Arastirmada kullanilan PISA verilerinin hiyerarsik bir yapis1 oldugu i¢in veri analizinde iki diizeyli
Hiyerarsik Lineer Modelleme (HLM) analizi kullanilmigtir. Modelin birinci diizeyinde 6grenci, ikinci
diizeyinde okul degiskenleri ele alinmigtir. Ele alinan PISA verilerinin HLM analizi i¢in varsayimlari
incelendiginde, veri setindeki kayip veri orant diisiik oldugu icin kayip verilerin atanmasinda HLM
programindaki kayp veri yontemlerinden faydalamlmistir. Orneklem biiyiikliigii dikkate alindiginda,
uc degerlerin atilmasina yonelik herhangi bir islem yapilmamistir. HLM’nin varsayimlarindan ¢oklu
baglant1 sorununun olup olmadiginin belirlenmesine iliskin birinci diizeyde (8grenci) ve ikinci
diizeyde (okul) yer alan bagimsiz degiskenler arasindaki korelasyon katsayr degerleri hesaplanmigtir
ve bu degerlerin 0.70’in altinda oldugu saptanmustir. Arastirmada birinci diizey degiskenleri grup
ortalamasi1 etrafinda merkezilestirilirken; ikinci diizey degiskenleri genel ortalama etrafinda
merkezilestirilmistir. HLM’in diger bir varsayiminda &grenci diizeyindeki hatalarin ve okul
diizeyindeki hatalarin dagiliminin normalligi incelenmistir. Bunun i¢in histogram ve olasilik grafikleri
(P-P plot veya Q-Q plot) elde edilmistir ve bu grafiklerin 45 derecelik bir dogru olusturdugu
gbzlemlenmistir. Dolayisiyla her iki diizeydeki hatalarin normallik sayiltis1 saglanmustir. Ogrenci
diizeyi varyanslarin homojenligi i¢cin H istatistigi hesaplanmis ve p degeri manidar bulunmustur.
Bagimsizlik sayiltisi incelendiginde de PISA 2009 matematik degiskeninde ve PISA 2012 matematik
degiskeninde okul-i¢i hatalarin 6grenci diizeyindeki degiskenlerden bagimsiz oldugu bulunmustur.

Arastirmanin amaci dogrultusunda ii¢ model kurulmustur. Bu modeller sirasiyla tek yonlii varyans
analizi rastgele etkiler modeli (bos model ya da yokluk modeli olarak da adlandirilmaktadir), rastgele
katsayilar regresyon modeli ve kesisim ve egim katsayilarinin bagli oldugu modeldir. Tek yonli
varyans analizi rastgele etkiler modeline birinci diizeye ve ikinci diizeye ait herhangi bir degisken
eklenmemistir ve birlestirilmis model Esitlik 1°de verilmistir.

(Yijl/Mz009/M2012) = Yoo + Uoj + 7ij (1)

Rastgele katsayilar regresyon modeline &grenci diizeyindeki matematik basarisinda BIT
degiskenlerinden kaynaklanan kismini agiklamak icin BIT e evde ulasabilirlik ICTHOME), BIT’in
eglence amagh kullanilmas1 (ENTUSE), BIT’in okul gorevlerini yerine getirmek igin kullanimi
(HOMSCH) olmak tlizere toplam ii¢ degisken eklenmistir ancak ikinci diizeye ait herhangi bir degisken
eklenmemistir ve birlestirilmis model Esitlik 2’de verilmistir.

(YijIM2000/M2912) = Yoo + Y10 * (ENTUSEj;) + Y20 * (HOMSCH;5) + y30 * ICTHOMEj;) +

Kesigim ve egim katsayilarinin bagh oldugu model, Tiirkiye’de 6grencilerin PISA 2009 matematik ve
2012 matematik basarist ile iligkili olan BIT e yonelik dgrenci 6zelliklerinin, okulun BIT e yonelik
hangi ozellikleri ile iligkili oldugunu belirlemeye yoneliktir. Bu modele 6grenci diizeyindeki {i¢
degisken ve okul diizeyindeki iki degisken eklenmistir ve birlestirilmis model Esitlik 3’te verilmistir.

(Yij|M2009/M2012) =Yoo t Yo1 * (ICTSCHiJ') + Yoz * (USESCHij) + 10 % (ENTUSEij) MRELNN
(HOMSCHi]-) + ¥30 * (ICTHOMEi]-) + Upj + 15 3)

Sonuc ve Tartisma

Arastirmada 6grenci diizeyinde ele alman degiskenlerden BIT in eglence amagh kullanimi ile PISA
matematik basarisi arasinda pozitif ve manidar bir iliskinin oldugu saptanmigtir. Bilgisayarda oyun
oynama gibi bilgisayarin eglence amacli aktiviteler icin kullanimi aileler tarafindan zaman kaybi
oldugu diisiiniilse de bu tiir aktivitelerin aslinda 6grencilerin biligsel gelisiminde (Becker, 2000;
Hamlen, 2011; Li & Atkins, 2004) ve gorsel zekay: gelistirmede (Subrahmanyam, Greenfield, Kraut,
& Gross, 2000) 6nemli oldugunu unutmamak gerekir ve bu durum basarityr olumlu yonde de
etkileyebilir. Ogrencinin okul gérevlerini yerine getirmek amagh BIT kullanimi ile PISA 2009
matematik basaris1 arasindaki iligkinin negatif ve manidar olmasi sonucu, okul gdrevlerini yerine
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getirmek amacli BIT kullaniminin daha ¢ok 6dev icermesi ve dgrencilerin de genelde matematik
Odevlerinde zorlanmalar1 (Giiven & Demirgelik, 2013; MEB, 2011) ve bu durumun hem matematik
dersine hem de odevlere karsi olumsuz tutumlar olusturmasi ile agiklanabilir (Yenilmez & Dereli
2009). Ogrencinin evde ve okulda BiT e dayali materyallere sahip olmas1 ile PISA matematik basaris
arasindaki iligkinin pozitif ve manidar oldugu sonucu, 6grencinin konu ile ilgili gesitli kaynaklardan
daha fazla bilgiye erisebilmeleri ile aciklanabilir (Kubiatko & Vlckova, 2010). Okulda BiT’in
kullamimi ile PISA matematik bagarisi arasinda negatif ve manidar bir iliskinin olmasi, okullarin egitim
ile ilgili olan web sayfalarina erigimine izin vermemesi (Kubiatko & Vlickova, 2010), 6grencilerin
derslerde BIT kullanimma asina olmamalar1 (Ilgiin-Dibek, Yalgin, & Yavuz, 2016) ya da
ogretmenlerin BIT yeterlikleri ve 6gretim ydntemlerine iliskin bilgilerinin eksik ya da yetersiz olmasi
ile agiklanabilir (Baki, Yal¢inkaya, Ozpmar, & Uzun, 2009; Pandolfini, 2016).

Aragtirmada hem &grenci diizeyinde hem de okul diizeyinde ele alinan degiskenler BIiT olanaklarina
sahip olma ve bunlarin kullanimi seklinde gruplandirildiginda, her iki diizeyde de BIT olanaklarma
sahip olmanin basarty1 arttirdigi ancak BIT kullaniminin basariy artirmada etkili olmadig1 sonucuna
ulasilmistir. Ayrica arastirmada 6grenci diizeyinde ve okul diizeyindeki BIT degiskenleri ile PISA
matematik basarisi arasindaki iliskiye yonelik elde edilen sonuglarin, alanyazindaki bazi ¢aligmalarla
tutarlilik gosterirken, bazilari ile tutarlilik gostermedigi goriilmiistiir. Bunun nedenleri metodolojik
smirlamalar (Cox & Marshall, 2007; De Witte & Rogge, 2014) ya da her iilkenin kendine 6zgii BIT
kullammina iligkin egitim politikalarinin ve uygulamalarmin olmas ile agiklanabilir (Heinz, 2016;
Skryabin ve digerleri, 2015).

Ogrenci diizeyindeki ve okul diizeyindeki BIT degiskenlerinin basartyr aciklama oranlari
karsilastirildiginda, okul diizeyindeki BIT degiskenlerinin basariyr agiklama oraninin, &grenci
diizeyindeki BIT degiskenlerine gére daha fazla oldugu bulunmustur. Bu bulgu, okul seviyesindeki
miidiirlerin BIT uygulamalarindaki farkindaliklar1, okul kiiltiirii, BIT in okullarda nasil kullanildig: ile
ilgili isbirligi, 6gretmenlerin BIT yeterlikleri ve dgretim yontemlerine iliskin 6gretmen egitimi gibi
faktorlerden kaynaklanabilir (Ertmer & Ottenbreit-Leftwich, 2010; Pandolfini, 2016).

Matematik okuryazarligima PISA 2012°de odaklanirken, PISA 2009°da odaklanmilmamuistir. BiT’in
matematik basaris1 {izerindeki etkisi, matematik alanina odaklanildigi ve odaklanilmadigi yillar
agisindan karsilastirildiginda, dgrenci diizeyindeki BIT degiskenleri ile PISA matematik basarist
arasindaki iliskinin degismedigi belirlenmistir. Sadece 6grencinin okul gorevlerini yerine getirmek
amacli BIT kullanimi ile PISA 2009 matematik basarisi arasindaki iliski manidarken, PISA 2012 igin
bu iliski manidar bulunmanmustir. Okul diizeyindeki BIT degiskenlerinden USESCH degiskeni ile
PISA 2009 ve PISA 2012 matematik basarisi arasindaki iligki ayr1 ayr1 incelendiginde de bu iliskinin
degismedigi saptanmistir. Bu olumsuz iliskilerin yillara gére degismemesinin nedeni, 6gretmenlerin
ya da okul yoneticilerinin giiven ve yeterlilik eksikligi ve kaynaklara erisim ile ilgili karsilasilan cesitli
engellerle ilgili olabilir. Hem 6grenci diizeyindeki hem de okul diizeyindeki degiskenlerin PISA 2009
matematik basarisi i¢in etki bityiikliikleri incelendiginde, okul degiskenlerinden ICTSCH ve USESCH
degiskenlerinin biiylik etkiye, 6grenci diizeyi degiskenlerinden HOMSCH degiskeninin kiiciik etkiye
ve ICTHOME ve ENTUSE degiskenlerinin ise 6nemsiz bir etkiye sahip oldugu bulunmustur. PISA
2012 i¢in okul diizeyi degiskenlerinin matematik basarisi izerindeki etkisinin biiyiik oldugu, 6grenci
diizeyi degiskenlerinin ise matematik basarisi lizerindeki etkisinin 6nemsiz oldugu saptanmustir.
Ogrenci diizeyindeki degiskenlerin basari iizerindeki etkisinin 6nemsiz ve kiiciik olmasmin nedeni,
ogrencilerin BIT'in etkin kullanimindaki yetkinligi ve farkindaligi (Griisser, Thalemann, & Griffiths,
2006) ve ebeveynlerin BT kullanimina iliskin gériisleri ile ilgili olabilir (Becker, 2000; Hamlen, 2011;
Li & Atkins, 2004). ICTSCH degiskeninin okul diizeyinde etkisinin biiyiik olmasimin nedeni, iyi bir
O0grenme ortaminin 0grencilerin basarisini olumlu etkiledigi bakis agisi ile aciklanabilir (Youssef &
Dahmani, 2008). USECH degiskeninin dgrencinin matematik basarisi iizerindeki etkisinin biiytlik
olmasinin nedeni de dgretmenlerin BIT’in kullamimuyla ilgili yeterliklerinden ve niteliklerinden
kaynaklanabilir (Youssef & Dahmani, 2008). PISA 2009 ve PISA 2012 matematik basarisina iligkin
sonuglarin karsilagtirilmasinda, sinavin matematik odakli olup olmamasinin, baska bir ifade ile
matematik basari testinin uzun ya da kisa olmasinin, ciddi bir fark olusturmadigi da sdylenebilir. Hem
ogrenci hem de okul diizeyindeki BIT degiskenlerinin, PISA 2009 matematik basarisindaki
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degiskenligi agiklama oram %27 iken, PISA 2012 matematik basarisindaki degiskenligi agiklama
oram %31 olarak bulunmustur. Aciklama varyansindaki artigin az miktarda oldugu goriilmektedir. Az
miktardaki varyans artismin nedeni ise, dgrencinin evde ve okulda BIT kullanimini sekillendiren
ailelerin, 6gretmenlerin ve ydneticilerin BIT’in kullanimma iliskin farkindaliklarmin az da olsa
artmasi ile agiklanabilir.

Aragtirma sonuglarindan ogrencilerin okul gorevlerini yerine getirmek amaciyla evde BIT’i
kullanmalar1 ile matematik basarisi arasinda negatif bir iliskinin olmasi, bir sorun olarak karsimiza
¢ikmaktadir. Bu sorunun ¢6ziimii i¢in 0gretmenler, 0grencilere matematigi sevmelerine yardimci
olabilecekleri ve eglence igerikli 6gelerin matematik Odevlerinde kullanabilmelerini saglayacak
sekilde ddevlerin igerigi degistirilebilirler. Ayrica Ogrenciler de 6devlerini yaparken g¢evrimigi
materyalleri okul gorevlerinde kullamimi agisindan yonlendirilmelerine gerek duyulmaktadir. Bu
durumda hem G6gretmenlere hem de evde ailelere 6nemli sorumluluklar diismektedir. Evde ailelerin,
cocuklarin1 BIT kullanma sekilleri agisindan izlemeleri ve ¢ocuklarmi ¢evrim ici kaynak kullanimi
konusunda bilinglendirmeleri gerekmektedir.

Okulda BiT’in kullanim ile matematik basaris1 arasindaki negatif iliski, diger bir sorundur. Bu sorunu
giderebilmek igin, eglence amagli BIT kullanimi derslere dahil edilebilir. Okulda matematik dersinde
basartyr artirmaya yonelik oyunlar segilebilir. Ayrica &gretmenlerin BIT’e iliskin yeterliliklerini
gelistirmeleri de onem kazanmaktadir. Dolayisiyla 6gretmenlerin BIT’e iligkin yeterliklerini
gelistirmeleri i¢in hizmet i¢i egitimlere katilmalari tesvik edilmelidir. Ayrica dgretmenlerin ders
ortammda BIT’i etkili kullanmaya ve ailelerin de BIT kullanimina iliskin farkindaliklarinin
artirilmasina yonelik projelere ihtiyag duyulmaktadir. Bu arastirmada BiT’in kullanim seklini ve
basarisimi etkileyen 6grencinin sosyo ekonomik ge¢misi, yasi ve cinsiyeti, 6grenme beklentileri gibi
faktorler ele alinmamustir. Bu degiskenler de modele eklenerek, BiT in basariya etkisini belirlemeye
iliskin ¢ok diizeyli gesitli caligmalar yapilabilir.
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Appendix. Tables Referenced in the Text

Table 1. The Correlation Matrix for the Level 1 and Level 2 Variables

Levels of Variables Years Predictor Variables ICTHOME ENTUSE HOMSCH
The level 1 (student) 2009 ICTHOME 1
ENTUSE .62 1
HOMSCH .45 .63 1
2012 ICTHOME 1
ENTUSE 43 1
HOMSCH .30 .53 1
Levels of variables Years Predictor variables ICTSCH USESCH
The level 2 (school) 2009 ICTSCH 1
USESCH .35 1
2012 ICTSCH 1
USESCH 22 1
Table 2. Fixed Effects Estimates and One-way Variance Analysis Random Effects Model
Fixed Effects Coefficient Standard Error t-ratio df
PISA 2009 average school mean, ¥, 436.12 5.94 73.36* 169
PISA 2012 average school mean, ¥ 439.90 5.71 77.04* 169

*p<.001

Table 3. Estimation of Variance Components of the One-Way ANOVA Model with Random Effect

Outcome Variables Random Effect Standard Deviation ~ Variance Component df a
PISA 2009 INTRCPT (School .
mathematics average), Uy 76.13 579596 169  7039.26
achievement level-1 effect, rj 59.18 3502.58

PISA 2012 INTRCPT (School .
mathematics average), iy, 72.99 5327.39 169  8427.38
achievement level-1 effect, rj 56.20 3158.00

*p<.001

Table 4. Interclass and Intraclass Correlation Coefficient Calculations

Mathematics Achievement Scores Interclass and Intraclass Correlation Coefficient Calculations

PISA 2009 mathematics achievement  p (interclass) = Too/ (too+ 02 ) =5795.96 / (5795.96 + 3502.58) = 0.62
p (intraclass) = 62/ (62 + Too ) = 3502.58/(3502.58 + 5795.96) = 0.38
p (interclass) = Too/ (Too+ 0% ) =5327.39/ (5327.39 + 3158.00) = 0.62
p (intraclass) = 62/ (6% + too ) = 3158.00/(3158.00 + 5327.39) = 0.38

PISA 2012 mathematics achievement

Table 5. Estimation of Fixed Effects on Random Coefficients Model in the Student Level

Fixed Effects Coefficient  Standard error t-ratio df  Effect Size
PISA 2009 mathematics achievement average, Yoo 436.08 5.95 73.31* 169
Average ENTUSE effect, y10 3.85 0.92 4.17* 4510 .07
Average HOMSCH effect, y20 -8.77 0.99 -8.85* 4510 -.15
Average ICTHOME effect, yso 6.39 0.94 6.80* 4510 A1
PISA 2012 mathematics achievement average, Yoo 439.89 571 77.03* 169
Average ENTUSE effect, y10 4.04 0.76 5.29* 4477 .07
Average HOMSCH effect, y20 -1.60 0.97 -1.65 4477
Average ICTHOME effect, yso 2.71 0.84 3.24* 4477 .05
*p<.001
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Table 6. Estimation of the Variance Components on Random Coefficients Regression Model in the

Student Level

Outcome Variables

Random Effect

Standard Deviation

Variance Component

df

XZ

PISA 2009 mathematics Level-2 error term, Uo 76.21 5807.83 169 7241.57*
achievement Level-1 error term, rij 58.36 3405.48
PISA 2012 mathematics Level-2 error term, uo 73.01 5329.93 169 8535.79*
achievement Level-1 error term, rjj 55.84 3118.09

*p<.001

Table 7. Fixed Effects for Mathematics Achievement in the Intercept and Slopes as Outcomes Model

Fixed Effects Coefficient  Standard Error t-ratio df  Effect Size
PISA 2009 mathematics achievement average, Yoo 435.69 5.01 86.94* 167

Average ICTSCH effect, yoi 52.91 13.04 4.06* 167 .69
Average USESCH effect, yoz -76.32 14.64 -5.21* 167 -1.00
Average ENTUSE effect, y10 3.85 0.90 4.29* 4510 .06
Average HOMSCH effect, y20 -8.77 0.97 -9.02* 4510 -14
Average ICTHOME effect, y30 6.39 0.91 7.04* 4510 .08
PISA 2012 mathematics achievement average, Yoo 438.30 4.77 91.82* 167

Average ICTSCH effect, yo1 60.76 10.34 5.88* 167 .83
Average USESCH effect, yo2 -57.65 8.59 -6.71* 167 -.78
Average ENTUSE effect, y10 4.04 0.76 5.28* 4477 .07
Average HOMSCH effect, y20 -1.60 0.97 -1.65 4477

Average ICTHOME effect, y30 2.71 0.84 3.23* 4477 .05

*p<.001

Table 8. Random Effects for Mathematics Achievement in the Intercept and Slopes as Outcomes

Variables Random Effect Standard Deviation  Variance Component df r
PISA 2009 Level-2 error term, uo 64.83 4203.46 167 5599.33*
mat_hematlcs Level-1 error term, rij 58.36 3405.35

achievement

PISA 2012  Level-2 error term, Uo 60.47 3656.48 167 5901.47*
mathematics Level-1 error term, rij 55 85 3119.47

achievement

*p<.001

Table 9. Likelihood Ratio Test Results of OQutcome Variables

Variables

Compared models

Calculating of Likelihood Ratio Test and Results

PISA 2009
mathematics
achievement

For goodness of fit of model 1 - model 4:
For goodness of fit of model 2 - model 4:
For goodness of fit of model 3 - model 4:

x2 = (52139.20 - 51959.54) / (169 - 167) = 89.83
x2 = (52012.49 - 51959.54) / (169 - 167) = 26.47
x2 = (52086.26 - 51959.54) / (169 - 167) = 63.36

PISA 2012
mathematics
achievement

For goodness of fit of model 1 - model 4:
For goodness of fit of model 2 - model 4:
For goodness of fit of model 3 - model 4:

x2 = (51293.51 - 51177.37) / (169 - 167) = 58.08
x2 = (51236.54 - 51177.37) / (169 - 167) = 29.58
x2 = (51234.33 - 51177.37) / (169 - 167) = 28.48
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Psychometric Properties of Turkish Version of Aggression
Questionnaire Short Form: Measurement Invariance and
Differential Item Functioning across Sex and Age

Yasar KUZUCU * Ozge SARIOT ERTURK **

Abstract

The aim of the present study was to test the psychometric properties of the Aggression Questionnaire Short Form
for adolescents and adults in Turkish. The adaptation study was conducted with 778 adolescents aged between 15-
18 and 1067 adults aged between 19 and 44. The construct validity of the questionnaire was tested via Parallel
Analysis, Exploratory Factor Analysis and Confirmatory Factor Analysis. Furthermore, item-total correlations,
test-retest score correlation, and internal consistency (Cronbach Alpha and McDonald’s Omega) were calculated
as reliability analyses. The Measurement Invariance test and Differential Item Functioning in male and female,
adolescent and adult samples were also conducted. The results yielded that the Turkish version of the Aggression
Questionnaire Short Form is a reliable questionnaire with four-factors, and without sex and age differences, it can
be used to measure aggression among Turkish adolescents and adults.

Key Words: Aggression questionnaire short form, measurement invariance, differential item functioning

INTRODUCTION

Aggression is a multidimensional construct that develops within a complex interaction of biological,
psychological, social, and cultural factors (Vitoratou, Ntzoufras, Smyrnis, & Stefanis, 2009) and has
received great deal of attention in mental health area (Evren, Cinar, Giileg, Celik, & Evren, 2011;
Hinshaw; 1987; Johnson, Carve, & Joormann, 2013; Podubinski, Lee, Hollander, & Daffern, 2017). A
large number of theoreticians and researchers tried to explain the origin and reason of aggression and
association of aggression with other behaviors (Chang, Schwartz, Dodge, & McBride-Chang, 2003;
Coie & Dodge, 1998; Maslow, 1943; Moyer, 1982; Sexton et al. 2019).

Several measurement tools were developed to measure this essential issue (Buss & Perry, 1992; Orpinas
& Frankowski, 2001; Kang, Lim, Suh, Gang, & Pedersen, 2020; Palmstierna & Wistedt, 1987; Raine et
al. 2006). The Buss-Perry Aggression Questionnaire (BPAQ); Buss & Perry, 1992) is one of the most
frequently used measurement tool in the literature to measure aggression (Adigiizel, Ozdemir & Sahin,
2019; Kiihn et al. 2019; Singh, 2017). Buss-Durkee Hostility Inventory (BDHI; Buss & Durkee, 1957)
is the origin of the questionnaire. Researchers constructed BPAQ as a more current instrument in terms
of psychometric properties. BPAQ is a 5-point Likert scale, consists of 29 items and has four factors.
These factors are physical aggression, verbal aggression, anger, and hostility. Additionally, different
from the other instruments developed to measure aggression, BPAQ has validity for both adolescent
(Reyna, Sanchez, Ivacevich, & Brussino, 2011) and adult samples (Vitoratou et al. 2009). Moreover, it
is used with both clinical (Evren et al. 2011) and nonclinical samples (Ozdemir, Vazsonyi & Cok, 2017)
rather than just with clinical or nonclinical ones (Palmstierna & Wistedt, 1987). BPAQ also provides
valid and reliable data from offenders (Diamond, Wang & Buffington-Vollum, 2005). In terms of factor
structure, the scale explains aggression with four structures that involve different forms of active and
passive aggression, rather than just proactive or reactive aggression (Raine et al. 2006). The
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psychometric properties of the BPAQ were tested with different methodologies and samples, and
research results confirmed the original four-factor structure of the questionnaire (Bernstein & Gesn,
1997; Garcia-Leon et al. 2002; Gerevich, Bacskai, & Czobor 2007; Harris, 1997; Reyna et al. 2011,
Torregrosa et al. 2020). However, most of the studies reported better fit to original factor structure or
better factor loadings when some items are omitted (Bernstein & Gesn, 1997; Gerevich et al. 2007;
Harris, 1995). Additionally, researchers reported BPAQ as an inadequate measurement tool because of
the explained common variance by these four factors (Bryant & Smith, 2001).

In order to develop an acceptable measurement model for the BPAQ, Bryant and Smith (2001) refined
the questionnaire and proposed a 12 item version (short form) of the Aggression Questionnaire (AQ-
SF). The new short form of the AQ-SF also has a four-factor structure model with the same names,
physical aggression, verbal aggression, anger arousal and hostility. Each factor includes three items.
Unlike the BPAQ, the AQ-SF is a 6 point Likert questionnaire (Bryant & Smith, 2001). However, most
of the studies (e.g., Maxwell, 2007; Torregrosa et al. 2020) which includes AQ-SF preferred the 5 point
Likert type version.

As BPAQ), the psychometric properties of the AQ-SF (12 item version of AQ) was tested with different
methods and samples. The AQ-SF showed good construct validity in the offenders (Diamond &
Magaletta, 2006) and mentally ill male prisoners (Diamond et al. 2005). Sex invariance of the
questionnaire was also confirmed for the Argentinean adolescents (Reyna et al., 2011) and federal
offenders (Diamond & Magaletta, 2006). Maxwell (2007) tested validity on the translated Chinese
version AQ-SF with Chinese sample. Results indicated a good fit to the data and adequate internal
reliability. The Dutch version of AQ-SF also has sufficient validity and reliability in the psychiatric
patient and the student samples (Hornsveld, Muris, Kraaimaat, & Meesters, 2009).

In addition to the good psychometric properties of the AQ-SF, remarkable relations with aggression and
other mental health issues were reported in the studies that used the 12-item version of the AQ-SF. The
relation between aggression and collective narcissism (De Zavala, Cichocka, Eidelson, &
Jayawickreme, 2009), hubristic pride (Carver, Sinclair, & Johnson; 2010) mindfulness and rumination
(Borders, Earleywine, & Jajodia, 2010) were pointed out. Johnson et al. (2013) reported significant
relation of anger and verbal aggression dimensions with borderline personality characteristics, anxiety
symptoms and alcohol consumption.

As in varied languages the Turkish 29 item version of the BPAQ was also studied. In order to test the
psychometric properties of BPAQ, studies were conducted with college students (Madran, 2012),
adolescents (Onen, 2016) and male substance dependent inpatients (Evren et al. 2011). Despite their
different sample profiles, all have a common result; the Turkish version of the BPAQ is a valid and
reliable questionnaire to measure aggression. However, no studies have been conducted to test the
psychometric properties of the AQ-SF in Turkish.

The AQ-SF was reported as acceptable to use in different cultures, sexes, clinical and nonclinical
samples. The relation of aggression with both well-being and ill-being variables was pointed out when
aggression was measured through the AQ-SF. Taking into account all of these, it seems essential to
introduce the AQ-SF into Turkish. Therefore, this study aims to test the construct validity and reliability
of the AQ-SF and to test sex and age invariance of the questionnaire in the Turkish sample.

METHOD

This study, which aims to adapt the AQ-SF into Turkish, is a descriptive study. Descriptive studies
attempt to explain “what” events, objects, entities, institutions, groups, and areas are (Fraenkel, Wallen
& Hyun, 2012). In this descriptive study, the validity and reliability analyses were conducted, and the
psychometric properties of AQ-SF were determined. Detailed information about participants, the data
collection instrument, and data analysis are presented below.
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Study Group and Process

The AQ-SF was implemented to 778 students between the ages of 15 and 18 from five different high
schools. The self-report measures were administered to the participants at their school. Participants were
volunteers, and no personal information was assembled. The whole data was collected two times for
Parallel Analysis (PA), Exploratory Factor Analysis (EFA), and Confirmatory Factor analysis (CFA).
PA and EFA were conducted with 383 adolescents. In order to CFA, the data from 395 adolescents were
used.

AQ-SF was also applied to the adult group. The adult group consists of overall 1067 people,
undergraduate students from Aydin Adnan Menderes University, University of Ege and University of
Ankara, graduated from university and participated in pedagogical formation training and trainees in the
public training center. Participants were determined by convenience sampling, and they were voluntarily
participating. Two different data sets were used for PA, EFA (n= 648) and CFA (n= 419). The
distribution of the study groups is given in Table 1 and Table 2.

Table 1. The Distribution of the Study Group for the EFA

Adolescent (15-18 years of age) Adult (19-35 years of age)

Sex F % Sex F %
Male 98 26.41 Male 220 33,95
Female 273 73.58 Female 428 66,04
Total 371 100.0 Total 648 100.0
Age F % Age F %
15 97 253 19-23 510 78.70
16 77 20.1 24-30 122 18.82
17 128 334 31-35 16 2.46
18 81 21.1 Total 648 100.0
Total 383 100.0

Table 2. The Distribution of the Study Group for the CFA

Adolescent (15-18 years of age) Adult (19-44 years of age)

Sex F % Sex F %
Male 165 41.1 Male 130 31.63
Female 230 57.4 Female 281 68.36
Total 395 100.0 Total 411 100.0
Age F % Age F %
15 201 50.1 19-23 291 74.44
16 124 30.9 24-30 71 18.15
17 65 16.2 31-35 14 3.58
18 6 15 36-44 15 3.83
Total 396 100.0 Total 391 100.0

The Adaptation Procedure

The original questionnaire was independently translated from English into Turkish by four experts in
psychology. In addition to the individual transition, using the focus group technique, each item was
evaluated by the same experts. The group members are composed of people who know both languages
and cultures, have measurement tool development skills, and know the purpose of the translated
measurement tool. Consensus was reached on a common draft by these experts. Then back-translated
by bilingual psychiatry and psychology experts who are different from the experts in the translation
process.
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Data Collection Instruments

Aggression

Aggression was measured by using the AQ-SF. The AQ-SF containing 12 items comprised the refined
four-factor measurement model. This questionnaire was developed from Buss and Perry’s 29-item AQ,
and it has a four-factor structure; physical aggression, verbal aggression, anger, and hostility. The
physical aggression, involves nine items, factor loadings of these items changes between .44 and .84.
The verbal aggression involves five items and factor loadings of these items changes between .35 and
.56. The anger, consists of seven items and these items’ factor loadings change between .35 and .75.
Lastly, the hostility involves eight items and their factor loadings change between .37 and .70 (Buss &
Perry, 1992). Although Buss and Perry (1992) did not report explained variance for the AQ, Garcia-
Leon et al. (2002) supported four-factor structure of the questionnaire and reported variance explained
by the whole questionnaire as 42.1 %. Cronbach Alpha values of the factors and the total score for the
AQ-SF are .85, .72, .83, .77, and .89, respectively. Moreover, test-retest reliability estimates are .80, .76,
.72, .72, and .80 for the four factors and total score, respectively (Buss & Perry, 1992).

Bryant and Smith (2001) explored the factor structure of the AQ. The researchers deleted items that
displayed low or multiple loadings in a principal component analysis and excluded a number of reverse-
scored items. This procedure yielded the AQ-SF (12 item), for which the hypothesized four-factor model
produced an acceptable fit. The AQ-SF has the same factor structure with the AQ. Each dimension had
three items. However, Bryan and Smith (2001) did not report factor loadings, explained variance and
test retest reliability of AQ-SF. In addition to obtaining dimension scores, a total aggression score can
also be calculated. Cronbach Alpha values for the dimensions of the original AQ-SF change between
.70 and .83. In the original form (Buss & Perry, 1992) the questionnaire is a 5 point Likert questionnaire
and Bryant and Smith (2001) adopted the questionnaire to a 6-point response tool ranging from 1
(extremely uncharacteristic of me) to 6 (extremely characteristic of me). Despite the adaptation of
Bryant and Smith (2001) in the current study, the original 5-point questionnaire (1 = uncharacteristic of
me, 5=very characteristic of me) was sustained likewise previous adaptation studies (Abd-El-Fattah,
2013; Maxwell, 2007; Torregrosa et al. 2020) in order to compare the present results with earlier
researches in a credible way.

Social problem solving

The Social Problem Solving Inventory-Revised Short-Form (SPSI-RSF; D’Zurilla, Nezu, & Maydeu-
Olivares, 2002) was used. The scale has 25 self- administered questions that are developed to assess
cognitive, emotional or behavioral reactions of individuals to real life problem-solving situations. It has
five dimensions, each involves five items, comprising two problem orientations as positive and negative,
and three problem-solving styles, as rational, impulsive/carelessness, and avoidance. In terms of the
validity, Sorsdahl, Stein, and Myers (2017) reported the variance explained by SPSI-RSF as 57.9%. The
inventory has good internal consistency (0=.84), excellent test-retest reliability, (r=.90), and good
discriminant validity tested on a sample of sexual offenders (Webster, Mann, Thornton, & Wakeling,
2007). The Turkish form of the tool (Eskin & Aycan, 2009) supported original factor structure. Factor
loadings for positive orientation change between .52 and .67, for negative orientation .62 and .81, for
rational orientation .60 and .72, for impulsive/carelessness orientation .38 and .76, lastly, for avoidance
orientation .35 and .90. CFA results for Turkish form of the inventory is also acceptable; ¥2 / df 2.15,
RMSEA = .04, CFI = .92. In the adaptation study, the coefficients of internal consistency and test-retest
reliability differed from .62 to .92 and from .60 to .84, respectively (Eskin & Aycan, 2009). In the present
study, the coefficient of internal consistency is ranged from .68 to .90 for adolescents and .69 to .80 for
adults.
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Trait anger

Trait Anger was assessed using the 10-item subscale of the Anger Expression Scale (Spielberger, 1985).
Trait Anger and Anger Expression Style Scale (STAXI) is a self-report scale comprised of 44 items; 10
items of this 44 item scale define trait anger, 10 items define state anger, and 24 items define anger
expression style (Anger control, Anger-out and Anger-in). The scale allows researchers to use each
subscale independently. Trait Anger Scales (TAS) reports how angry they generally feel. The TAS
correlates positively with a variety of anger and hostility measures such as the Buss-Durkee Hostility
Inventory and with various state anger measures and discriminates high from low anger groups
(Spielberger, 1988). The reliability study of the STAXI-2 with adult males from the general population
reports alpha coefficients ranging from .73-.95 for the total scale scores and from .73-.94 for the
subscales (Spielberger et al., 1985). In Turkish adaptation study (Ozer, 1994), for anger control, the
coefficients of internal consistency were calculated as .84. In the present study, the coefficient of internal
consistency is .83 for adolescents and .87 for adults.

Data Analysis

SPSS 25.0 (SPSS Inc.), Factor Analysis 10.10 (Ferrnando & Lorenza-Seva, 2017), LISREL 8.80
(Joreskog & Sorbom, 1993) and jMetrik Version 4.1.1 statistical package programs were used in the
analysis. The data were analyzed using PA, EFA, and CFA techniques for the construct validity.
Furthermore, item-total correlations, test-retest score correlation, internal consistency estimates of
reliability (Cronbach Alpha and McDonald’s Omega) were calculated. T-test was performed to test
whether the items of the questionnaire distinguished between the lower and upper 27% groups. By
examining the measurement invariance (MI) in female-male and adolescent-adult samples, it was tested
whether the measurement tool was appropriate for the comparisons between groups. In order to test the
validity of the questionnaire by item, Differential Item Functioning (DIF) tests were conducted for sex
and age groups. Expert opinion was used to determine what the source of the DIF is for an item that
gives DIF (Dogan & Ogretmen, 2008).

RESULTS

AQ-SF Adolescent Application

To test the psychometric properties of the measurement in adolescent, validity and reliability analyses
was conducted. All analyses were explained in detail.

Pre-analyses

In order to determine whether the data showed normal distribution or not, measures of central tendency,
Skewness and Kurtosis values were examined. The results about central tendencies, showed that Mean
= 29.17, Median = 29, and Mode = 30. The similarity of these scores indicates the normal distribution
of the data (Biiyiikoztiirk, 2007). For aggression total score Skewness is .11, and Kurtosis is -.23 (n=778,
data set for PA, EFA, and CFA). The fact that both values are between the range of -1, +1 implies that
they show normal distribution.

Kaiser Meyer Olkin (KMO) coefficient was used to determine whether the data structure was
appropriate for factor analysis in terms of the sample size of the application. As a result, KMO value
was determined as 0.79. The fact that KMO value is high means that each variable in the questionnaire
can be estimated well by the other variables (Field, 2013). Bartlett’s test of Sphericity was significant
(% (66, n=383) = 1261.459 p<.001), and this value supported the factorability of the correlation matrix.
Another indicator of the appropriateness of the data for factor analysis is the Anti-image Correlation
Matrix. These values need to be above 0.5, and the values below this must be excluded from the analysis
(Field, 2013). The diagonal values for each variable in the anti-image matrix vary between .70 and .89.
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The fact that all the values of the intersection point are above 0.5 indicates that it is accurate to include
all the items in the questionnaire.

The validity analysis

The factor structure for the construct validity of the questionnaire was determined by performing PA
and EFA. The purpose of performing PA and EFA is to gather the variables that are related to each other
and that measure the same quality together, and to reduce the number of items forming the questionnaire
(Aksu, Eser, & Giizeller, 2017; Horn, 1965). CFA was performed to test whether the restricted structure
defined by PA and EFA was verified as a model (Horn, 1965; Tabachnick & Fidell, 2013).

When the factor structure of the questionnaire is analyzed via PA and EFA the scree plots are also
examined. As can be seen in Figure 1 the graph curve shows a sharp decrease till the fourth factor and
that the curve proceeds horizontally after the fourth factor. It indicates that this finding supports the four-
factor structure of the questionnaire.

Paraliel Analysis Scree Flots Scree Plot

Eigenvalue

2 Component Number

sk Humts

Figure 1. AQ-SF Parallel Analysis and EFA Scree Plots Graph of Adolescent Application

In PA, factor number is decided through comparing eigenvalues from real data and simulated random
parallel data set that is produced based on the real data set. Factor number is accepted till the point in
which the real data eigenvalue is larger than the parallel data eigenvalue (Akbas, Karabay, Yildirim-
Seheryeli, Ayaz, & Demir, 2019). Depending on these explanations and the values mentioned in Table
3, the PA results indicated that, the adolescent application of AQ-SF has four factors.

Table 3. Eigenvalues from PA for Adolescents Application

Factors 1 2 3 4

Eigenvalues from sample correlation matrix 3.88 1.63 1.21 1.14

Average eigenvalues from parallel analysis 1.20 1.15 111 1.08

95th percentile eigenvalues from parallel analysis 1.25 1.19 1.14 1.10
Notes: n =778

The result of the EFA with 12 items indicated that the items were collected in 4 sub-dimensions, with
eigenvalues greater than 1. The items of each sub-dimension were examined, and it was determined that
they were grouped under the factor to which they were related. To clarify the relationship among factors,
the varimax rotation (the orthogonal rotation technique of Principal Component Analysis) is used. As a
result of the EFA it was found that the eigenvalue of the factors from the first to the fourth were 2.12,
2.09, 1.88 and 1.83 respectively. Additionally, the variance explained by the factors from the first to the
fourth were 17.74, 17.45, 15.70 and 15.25 respectively. The total variance explained by the

248



Kuzucu, Y., Sariot-Ertiirk, 0. / Psychometric Properties of Turkish Version of Aggression Questionnaire Short
Form: Measurement Invariance and Differential Item Functioning across Sex and Age

guestionnaire was found at 66.16%. When the eigenvalues and cumulative variance percentages of the
four factors were taken into consideration, it was determined that the questionnaire had four factors. The
findings obtained as a result of the EFA performed for AQ-SF Adolescent Application revealed that the
construct validity of the questionnaire was sufficient and factor structure was similar to the original
form. The factors formed after EFA and the items collected under each factor are given in Table 4.

Table 4. Factor Loadings, Item-Total Correlations and Common Variances for Adolescent Application

PA EFA Item-Total Common
Factors Factor Loadings Factor Loadings Correlation  Variances
1 2 3 4 1 2 3 4

.80 -25 .16 .00 .83 19 .09 -01 45 .73
Physical .80 -.04 -.01 -.02 .82 .06 18 .06 46 72
.64 .03 .03 .02 77 21 11 11 49 .67
.04 46 -01 .04 .16 .79 .10 .03 40 .67
Verbal -.02 .79 -.04 -.03 .15 .76 .26 .01 45 .67
.01 .70 .04 -.00 A2 .65 -.03 .10 .30 45
-.07 -.09 .70 -04 .01 -.10 .82 .08 .33 .69
Anger -.00 -01 .70 05 .10 .23 .75 14 49 .65
.08 .10 .63 -01 .24 31 .65 12 .56 .60
-.06 .04 .05 .66 .00 .06 .06 .86 .39 .76
Hostility .04 -.04 -.10 .94 .00 .04 .04 .84 .36 72
-.00 .02 11 .51 -.01 .06 .22 .76 .38 .62

Notes: PA = Parallel Analysis, EFA= Exploratory Factor Analysis

When Table 4 is examined, the results of PA and EFA reveal that each item is clustered under a factor
that is related to a value that is more than twice as much as the factor loading value that they have in
other factors. This finding, which shows that the items differentiate in terms of factors, supports the
construct validity of the questionnaire. As can be seen in Table 4, each factor is composed of the three
items. The factor loadings of the first factor vary between .80 and .64 for PA, .83 and .77 for EFA. The
factor loading of the second factor values varies between .46 and .70 for PA, .79 and .65 for EFA. The
factor loadings of the third factor vary between. 70 and.63 for PA, .82 and .65 for EFA. The factor
loadings of the fourth vary between .66 and .94 for PA, 86 and .76 for EFA. Following this phase, the
items in each factor were examined as a whole, and a factor structure consistent with the original form
of the questionnaire was observed. In order to determine whether there were significant correlations
among the factors forming AQ-SF adolescent application, Pearson Correlation Analysis was performed.
It was revealed that the relationship coefficients of “Physical aggression” factor with “Verbal
Aggression”, “Anger”, and “Hostility” were found as .39, .38, and .25 respectively; and the relationship
coefficient of “Verbal Aggression” with “Anger” and “Hostility” was found as .38 and .22 respectively;
and lastly, the relationship coefficient between “Anger” and “Hostility” was determined as .34. The
results obtained, consistent with the literature (Sahin, 2018), show a positive significant (p<.001)
relationship among all the factors of the questionnaire.

First-order and second-order CFA was performed to evaluate the applicability of the four factors of AQ-
SF Adolescent application. The models obtained from these analyses are given in Figure 2. Additional
to the first and second-order CFA, 1- factor solution was also tested.
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Chi-Square=101.19, df=48, P-value=0.00001, RMSEA=0.054 Chi-Square=98.52, df=50, P-value=0.00005, RMSEA=0.050

Figure 2. AQ-SF Adolescent 1%t and 2" Order CFA

First and second-order CFA were performed for four-factor structured AQ-SF adolescent application.
When the CFA was evaluated, y?/sd ratios for the first and second-order were determined as 2
(%*/sd=96/48) and 1.97 (y*/sd=98.52/50), respectively. The fact that y*/sd ratios obtained as a result of
first and second-order CFA are <2.0, correspond to a good fit. RMSEA fit index values were determined
as 0.051 and 0.050 as a result of first and second-order CFA, respectively. The fact that RMSEA fit
index value is below and equal to 0.05 can be interpreted as a good fit (Kline, 2015). It was determined
that, among the fit index values related to the model as a result of the first and second order CFA, AGFI
was 0.93, GFI was 0.96, standardized RMR fit index value was 0.059, NFI fit index value was 0.96, and
CFI fit index value was 0.98. There is no statistically significant difference between first and second-
order CFA (less than 3.84 chi-square difference with one degree of freedom); however, the second-order
was evaluated to be superior since it is more parsimonious. When all the values related to data fit of the
model are taken into consideration, it can be seen that the model formed shows a sufficient order to fit
with the data.

Another CFA was performed to support the multifactorial structure of AQ-SF adolescent application;
the results of first and second-order factor analyses were compared with the one-factor analysis of the
guestionnaire. The questionnaire was assumed to have one dimension, and it produced the following
statistics: y*sd ratio of the fit values used in the model comparisons was calculated as 9.41
(%?/sd=508.48/54, RMSEA= 0.15, GFI= 0.82, NFI=0.79, CFI = 0.81). The results showed that the one-
factor structure had poorer fit values than the multifactorial structure.

In order to determine the convergent validity of AQ-SF adolescent application, the relationship between
AQ-SF scores with trait anger scores was examined with Pearson Product-Moment Correlation
Analysis. The correlation of the AQ-SF with trait anger (r=.54) is moderate and statistically significant
(p<.001). Additionally, to determine the divergent validity of AQ-SF, the relationship between AQ-SF
scores and social problem-solving scores was examined in the same way. Results showed a negative
(r=-.30) and statistically significant (»<.001) relationship between the two variables.

The reliability analysis

Item analysis was conducted with all adolescent data (n=778) to determine the contribution of the items
in the questionnaire of the implicit structure they belong to and to measure the level of discrimination
between the items with and without relevant characteristics of the structure they belong to (Erkus, 2012).
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The Cronbach Alpha and McDonald’s Omega coefficients were calculated for all and each factor of the
questionnaire. It is suggested that McDonald’s Omega coefficient is more appropriate for multi-
dimensional measures (Revelle, 2018). Cronbach Alpha and McDonald’s Omega coefficients have
following values for the first factor .76 and.73, for second factor .68 and .70, for the third factor .70 and
.60, for the fourth factor, .74 and .64 respectively. Cronbach Alpha and McDonald’s Omega were
calculated as .80 and .76 for the total score.

Test-retest reliability was found as .99. Item total correlation coefficients varied between .57 and .62 for
the first factor, .41 and .56 for the second factor, .49 and .54 for the third factor, .49 and .67 for the
fourth factor, .30 and .56 for total.

It was also analyzed whether there was a significant difference between individuals with low scores and
high scores. As a result of the t-test conducted to compare the responses of the individuals in the lower
27% group and the responses of the individuals in the upper 27% group to all the items in the
questionnaire, the items’ t values varied between 62.73 (p<.001) and 32.96 (p<.001) and a significant
difference was found. In the analysis performed, it was found that the variances were heterogeneous. It
can be seen that the reliability values of the overall and factors of the AQ-SF adolescent application are
generally acceptable for social sciences.

AQ-SF Adult Application

To test the psychometric properties of the measurement in adults, validity and reliability analyses were
conducted. All analyses were explained in detail.

Pre-analyses

In a similar manner with the adolescent application analysis, measures of central tendency, Skewness,
and Kurtosis values were examined. The central tendency results showed that Mean = 29, Median = 29,
and Mode = 29. Skewness and Kurtosis values were examined (n = 1067, data set for PA, EFA, and
CFA). Skewness was found .30, and Kurtosis was found .02. As for the data of adolescence, the
similarity of central tendency measures, Skewness, and Kurtosis values indicated normality for data of
adults.

KMO value was determined as 0.78. It means that each variable can be estimated well by the other
variable. Bartlett’s test of Sphericity was significant (32 (66, n = 648) = 1985.553 p<.001) and this value
supported the factorability of the correlation matrix. Besides, the Anti-Image Correlation Matrix
intersection values were also analyzed and it was found that these values varied between .68 and .89.
As the values at this intersection point were above 0.5, it was determined that it was accurate to include
all the items in the questionnaire.

The validity analysis

PA and EFA were conducted for adult application data, too. When the “Scree Plots” graphs were
examined (Figure 3), it can be seen that the curves show a sharp decrease till the fourth factor and that
the curve proceeds horizontally after the fourth factor. The results are consistent with the previous results
showing that the questionnaire has a four-factor structure.
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Figure 3. AQ-SF Parallel Analysis and EFA Scree Plots Graph of Adult Application

Accordingly, to the PA results, when eigenvalues from real data and stimulated parallel data were
compared (see in Table 5), it indicates that consistent with the original structure, the adult application
of AQ-SF has four factors.

Table 5. Eigenvalues from PA for Adult Application

Factors 1 2 3 4

Eigenvalues from sample correlation matrix 3.63 1.74 1.15 1.10

Average eigenvalues from parallel analysis 117 1.13 1.10 1.07

95t percentile eigenvalues from parallel analysis 1.21 1.16 1.12 1.09
Notes: n=648

The items were grouped under the factor, with eigenvalues greater than 1, to which they were related.
To clarify the relationship among factors, varimax rotation (the orthogonal rotation technique of
Principal Component Analysis) is used.

As a result of the EFA it was found that the eigenvalue of the factors from the first to the fourth were
2.17,1.92, 1.86 and 1.67 respectively. Additionally, the variance explained by the factors from the first
to the fourth were 18.12, 16.01, 15.25 and 13.95 respectively. The total variance explained by the
guestionnaire was 63.61%. The findings revealed that the construct validity of the questionnaire was
sufficient and factor structure was similar with the original form. The factors formed after EFA and the
items collected under each factor are given in Table 6.
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Table 6. Factor Loadings, Item-Total Correlations and Common Variances for Adult Application

PA EFA
Factors Factor Loadings Factor Loadings Item-Total ~ Common
Correlation  Variances
1 2 3 4 1 2 3 4

.68 -19 .25 -.03 .83 .16 .06 .03 .39 12

Physical .82 -01 -.07 -21 a7 .03 27 .09 44 .67

.45 .02 12 .04 .69 .18 .09 .05 37 .52

-.02 .32 .04 .10 .22 a7 14 -.02 41 .66

Verbal -.04 12 -.02 -.03 .20 .75 19 .06 46 .65

.05 .70 -.00 -01 -01 .58 .09 .22 .33 .40

-.03 .07 51 -.01 A7 .06 .79 16 41 .57

Anger .00 -.10 77 .02 .22 .20 .73 12 .48 .67

.02 .06 .67 -.03 .03 .22 72 .06 .56 .64

-.01 .02 14 .57 .03 A2 .06 .89 44 81

Hostility -01 .03 -.10 97 .07 .03 .10 .84 42 .73

.02 -.04 .02 75 .06 A1 A7 .76 A4 .62

Notes: PA= Parallel Analysis, EFA= Exploratory Factor Analysis

As can be seen in Table 4, each factor is composed of the three items. The factor loadings of the first
factor vary between .82 and .45 for PA, .83, and .69 for EFA. The factor loading of the second factor
values varies between .72 and .32 for PA, .77, and .58 for EFA. The factor loadings of the third factor
vary between .77 and .51 for PA, .79 and .72 for EFA. The factor loadings of the fourth factor vary
between .97 and .57 for PA, .89 and .76 for EFA. Following this phase, the items in each factor were
examined as a whole and a factor structure consistent with the original form of the questionnaire was
observed. In order to determine whether there were significant correlations among the factors forming
AQ-SF adult application, Pearson Product-Moment Correlation Analysis was performed. It was revealed
that the relationship of “Physical Aggression” factor with “Verbal Aggression”, “Anger”, and
“Hostility” was found as .38, .38, .21, respectively; the relationship of “Verbal Aggression” with
“Anger” and “Hostility” was found as .38 and .24 respectively, and lastly, the relationship between
“Anger” and “Hostility” was determined as .29. The results obtained, consistent with the literature
(Sahin, 2018), show a positive significant relationship among all the sub-dimensions of the questionnaire
p<.001.

First and second-order CFA were performed to determine whether the 12-item, 4-factor structure of the
questionnaire achieved after EFA performed for AQ-SF adult application would be verified. The models
obtained from these analyses are given in Figure 4. One-factor solution was also tested.
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Figure 4. AQ-SF Adult 1% and 2™ Order CFA

First and second-order CFA were performed for AQ-SF adult application. When the result of CFA was
evaluated, y*/sd ratios for the first and second-order were determined as 2.11 (¥?/sd=101.19/48) and 2.05
(x¥/sd=102.27/50), respectively. RMSEA fit index values were as determined as 0.054 and 0.052 as a
result of first and second second-order CFA, respectively. It was determined that, among the fit index
values related to the model as a result of the first and second-order CFA, AGFI was 0.93, GFI was 0.96,
standardized RMR fit index value was 0.063, NFI fit index value was 0.94, and CFI fit index value was
0.97. When all the values related to data fit of the model are taken into consideration, it can be seen that
the model has good fit indices.

An additional CFA was performed to support the multifactorial structure of AQ-SF adult application;
the results of the first and second-order factor analyses were compared with the one-factor analysis of
the questionnaire. The questionnaire was assumed unidimensional and it produced following statistics:
¥*/sd ratio of the fit values used in the model comparisons was calculated as 11.41 (y*/sd=616.26/54,
RMSEA= 0.17, GFI= 0.79, NFI= 0.66, CFI = 0.67). Consistent with the model comparison in the
adolescent group, the second-order CFA was considered to be superior since it has higher degrees of
freedom, i.e., having more parsimony. The results also showed that the one-factor structure had poorer
fit values than the multifactorial structure.

In order to determine the convergent validity of AQ-SF adult application, the relationship between trait
anger scores and AQ-SF scores from the adult application was examined with Pearson Correlation
Analysis, and it was found that there is a positive (r=.56) and statistically significant (p<.001)
relationship between the two variables. Additionally, to determine the divergent validity of AQ-SF adult
application, the relationship between social problem solving and AQ-SF scores from the adult
application was examined, and aggression has a statistically significant relationship with social problem
solving (r =-.31, p<.001).
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The reliability analysis

The reliability analysis of each factor and overall of the AQ-SF adult application was also conducted.
Cronbach Alpha and McDonald’s Omega coefficients have the following values for first factor .70
and.68, for second factor .60 and .60, for the third factor .68 and .62, for the fourth factor, .80 and .65
respectively. Cronbach Alpha and McDonald’s Omega were calculated as .78 and .72 for all
guestionnaire.

Test-retest reliability was found as .98. Item total correlation coefficients varied between .45 and .56 for
the first factor, .29 and .48 for the second factor, .44 and .53 for the third factor, 56 and .74 for the fourth
factor, .33 and .56 for the total.

Item analysis was performed to compare the responses of the individuals with low scores and high scores
As a result of the t-test performed for this purpose, t values of the items varied between 8.16 (p<.001)
and 2.83 (p<.001), and there was a significant difference. It can be seen that the reliability values of the
overall and sub-dimensions of the AQ-SF adult application are generally acceptable values for social
sciences.

Measurement Invariance for Sex and Age

For the questionnaire to show this it measures in the same manner for two subgroups Ml is tested
(Vandenberg & Lance, 2000). In the MI process, the aim is to test the factor structure of the questionnaire
for different groups and to reach to a similar factor structure for compared groups. Ml is frequently
checked via multi-group confirmatory factor analysis (MG-CFA) (Joreskog & Sorbom, 1993; Meredith,
1993). Additionally, these models are based on the increasingly restrictive assumptions regarding to the
relations between the observed variables and the latent factor(s). These hierarchical models are named
structural invariance, metric invariance, strong invariance, and strict invariance respectively through the
least strict one to the most. For structural invariance an equal factor structure (i.e., constraining the
number of factor(s) and the pattern of fixed and free loadings) across groups is required. When this
requirement is met, it means respondents from various groups employ the same conceptual framework
when responding (Cheung & Rensvold, 2002; Vandenberg & Lance, 2000). Metric invariance requires
invariant factor loadings across groups. This would have accepted that the content of the factors is the
same across groups and that relationships between variables can justifiably be compared across groups
(lurino & Saucier, 2020; Milfont & Fischer, 2015). The third step, strong invariance necessitates
equivalent intercepts (for continuous variables) or equivalent thresholds (for ordinal variables), invariant
intercepts across groups and it suggests that means across groups can be compared Gustavsson,
Eriksson, Hilding, Gunnarsson, & Ostensson, 2008; Iurino & Saucier, 2020). In the most rigid model, a
strict invariance implies equivalent residual variances and indicates that the systematic measurement
error is invariant across groups (lurino & Saucier, 2020; Meredith, 1993). Among these models, in a
hierarchical way, to meet the requirements of a model means to meet the requirements of the previous
model(s).

Additionally, in the decision of how well M1 models fit the data, several model indexes are used. Chi-
square (%), the root mean square of error of approximation (RMSEA), comparative fit index (CFI), non-
normed fit index (NNFI), are some of them (Emerson, Guhn, & Gadermann; 2017; Guo et al., 2017). In
the acceptable MI conditions, it is expected that differences between indexes (RMSEA, CFI, NNFI) of
ensuing models should be equal or smaller than -0.01, ARMSEA, ACFI, ANNFI < -0.01 (Guo et al.,
2017; Wu, Li, & Zumbo, 2007) and 2 show insignificant change from previous model Guo et al., 2017).

In this manner, the present study tested whether participants from different groups having the same
aggression level will have the same scores from AQ-SF or not through MI. In other words, to determine
whether the properties of the questionnaire are invariant among males and females, MI was examined
in terms of sex. In addition to this sex comparison, the questionnaire was tested in different age groups.
To test the MI of the factor structure of the questionnaire was being measured for the sex groups (male,
female) and age (adolescents and adults), MG-CFA was used. For this purpose, four hierarchical models
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were tested respectively: structural invariance, metric invariance, strong invariance, and strict
invariance.

Moreover, in this study, it was examined whether the invariance conditions of ARMSEA, ACFI, ANNFI
< -0.01 for MG-CFA study files which are compatible with the data were obtained. The fact that
ARMSEA, ACFI, and ANNFI values obtained as a result of the comparison of the two models are equal
to -.01 or below can be used as the evidence that the Ml is achieved (Wu, Li, & Zumbo, 2007).

The findings regarding the invariance steps tested are present in Table 7. “The Structural Invariance
Model” in the table represents the factor loads, regression constant, and the error variances free model,;
“The Weak Invariance Model” in the table represents the factor loads constant, regression constants,
and error variances free model; “The Strong Invariance Model” in the table represents the factor loads,
regression constants, and error variance free model; and “The Strict Invariance Model” in the table
represents the factor loads, regression constants, and error variances constant model.

Table 7. Fit Statistics Regarding Ml

Steps 2 Df RMSEA (CI) ARMSEA CFI ACFI NNFI ANNFI
Sex
Sl 162.70 108 0.036 (0.02; 0.04) 0.98 0.98
Ml 232.91 120 0.049 (0.04; 0.05) -0.013 0.97 0.01 0.97 0.01
Sgl 246.35 126 0.049 (0.04; 0.05) 0.000 0.97 0.00 0.97 0.00
Stl 246.61 126 0.050 (0.04; 0.05) 0.001 0.97 0.00 0.97 0.00
Age
Sl 282.19 108 0.064 (0.05; 0.07) 0.96 0.95
Ml 333.32 120 0.067 (0.05; 0.07) 0.003 0.95 0.01 0.95 0.00
Sgl 338.54 126 0.065 (0.05; 0.07) 0.002 0.95 0.00 0.95 0.00
Stl 380.06 126 0.071 (0.06; 0.08) -0.006 0.94 -0.01 0.94 0.01

Notes: n= 782 (for sex), 792 (for age) Cl= Confidence Interval, SI= Structural Invariance, MI= Metric Invariance, Sgl=
Strong Invariance, Stl= Strict Invariance

As can be seen in Table 7, the fit indexes obtained as a result of multi-group RMSEA, CFI, NNFI and
ARMSEA, ACFI, ANNFI values obtained as a result of the CFI difference test can be interpreted for
each step as follows. According to the results, it is seen that the structural invariance is provided, and
this finding shows that the measured structures use the same conceptual perspectives in responding to
the questionnaire items of the adolescents and adults; males and females. The result regarding the metric
invariance indicates that the factor structures of the variables taken in the model are the same in the
adolescent and adult; male and female groups. It is confirmed that strong invariance is provided, and the
constant number in the regression equations formed for the items is invariant between the groups. In the
last stage, considering the ARMSEA, ACFI, ANNFI values calculated with the fit indexes, it is accepted
that the error terms regarding the items forming the measurement tool are invariant between the
comparison groups. Hierarchical analysis results, factor structure, and pattern of the questionnaire,
factor loads, regression constants, and error variances are seen to be invariant for the adolescent and
adult; male and female groups.

Differential Item Functioning for Sex and Age

In order to provide evidence for the validity of the items included in the measurement tools used in the
study, it was examined whether each item showed bias according to the sex and age variables. In this
context, it has been examined how the responses given to the items according to sex and age variables
with the help of logistic functions by using the Mantel-Haenszel technique, which is based on the Item
Response Theory. The change in the likelihood that individuals with the same level of ability will
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respond correctly to an item is based on two reasons item bias or differences of actual knowledge, skill,
etc. Determining whether items give DIF is a more commonly used technique, as it is seen as a more
objective approach to bias (Dogan & Ogretmen, 2008).

DIF results for sex

As a result of the determination of males as focus groups and females as reference groups; the
comparison variable is accepted as the score obtained from the questionnaire's each item. The chi-square
values, significance values, and statistics showing the level of DIF obtained as a result of the analysis
are presented in Table 8.

Table 8. DIF Results for Sex

Item a Error ClI Lower Cl Upper Class
Q1 4.03* 0.16 0.01 0.31 AA
Q2 74.63%** 0.66 0.50 0.81 CC+
Q3 6.22** 0.20 0.04 0.36 BB+
Q4 0.18 -0.03 -0.17 0.11 AA
Q5 5.16** 0.20 0.03 0.36 AA
Q6 12.73*** 0.27 0.11 0.42 BB+
Q7 6.56** -0.28 -0.48 -0.09 BB-
Q8 12.03*** -0.28 -0.45 -0.11 BB-
Q9 2.54 -0.12 -0.28 0.04 AA
Q10 4.61* -0.20 -0.39 -0.02 BB-
Q11 2.14 -0.14 -0.31 0.04 AA
Q12 2.49 -0.15 -0.33 0.02 AA

Notes: n= 1825, *=p < .05, **=p < .01, ***= p <.001, Cl= Confidence Interval

When Table 8 is analyzed, it is seen that the y2values obtained for all the items except Q2 coded item
among the items in the measurement tool are not statistically significant in the determined degree of
freedom. In other words, in the AQ-SF it was found that six items showed negligible (AA) DIF, six
items showed medium (BB) DIF and one item showed high (CC) DIF (Gtizeller, Eser & Aksu, 2018).
This result explains that the 12 items in the measurement tool do not work in favor of female or male
participants and the results obtained from the measurement tool didn't differ for both groups. However,
it was determined that the Q2 coded item in the measurement tool showed DIF in favor of the focus
group at the CC + (high) level. In order to say that an item produces biased results for or against one of
the subgroups in the study universe, it should show at least C (high) DIF (Koyuncu, Aksu, & Kelecioglu,
2018). Therefore, it is necessary to examine whether the item is biased according to the sex variable.
The characteristic curve obtained for the second item determined to show a high level of DIF is shown
in Figure 5.
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Figure 5. Item Characteristic Curve for the Related Item
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When Figure 5 is examined, it is determined that the scores obtained from this item show DIF in favor
of male participants who are determined as the focus group at all ability levels. In other words, Q2
measures aggression differently for males from aggression for females. Item impact means that
respondents in different groups answer one item correctly express the real differences in their
probabilities. This difference is explained by the knowledge or experience that one of the groups has
(GOk, Kelecioglu, Dogan & 2010). Item impact is also evident when examinees from different groups
have differing probabilities of responding correctly to (or endorsing) an item because there are true
differences between the groups in the underlying ability being measured by the item (Zumbo, 1999).

DIF results for age
It was analyzed whether each item differs depending on the age variable. As a result of the determination
of the fewer adolescents as focus groups and adults as reference groups, the comparison variable is

accepted as the score obtained for each questionnaire item. The chi-square values, significance values,
and statistics showing the level of DIF obtained as a result of the analysis are presented in Table 9.

Table 9. DIF Results for Age

Item Y Error CI Lower CI Upper Class
Q1 7.13** 0.11 0.02 0.19 AA
Q2 1.76 0.05 -0.03 0.13 AA
Q3 30.85*** 0.23 0.15 0.32 BB+
Q4 0.99 -0.04 -0.11 0.04 AA
Q5 0.22 0.02 -0.07 0.10 AA
Q6 14 53*** 0.16 0.07 0.24 AA
Q7 3.47 -0.10 -0.20 0.00 AA
Q8 3.45 0.08 -0.01 0.17 AA
Q9 3.88* -0.09 -0.16 -0.01 AA
Q10 1.63* -0.06 -0.16 0.04 AA
Q11 29.00*** -0.24 -0.33 -0.15 BB-
Q12 6.35** -0.12 -0.21 -0.02 AA

Notes: n= 1825, *=p < .05, **=p < .01, ***= p <.001, Cl= Confidence Interval

Table 9 indicated that the y?values obtained for all the items in the measurement tool are not statistically
significant in the determined degree of freedom. In the AQ-SF, it was found that 10 items showed
negligible (AA) DIF and two items showed medium (BB) DIF (Giizeller, Eser & Aksu, 2018). This
result explains that the 12 items in the measurement tool do not work in favor of female or male students
and the results obtained from the measurement tool didn't differ for both groups.

Accordingly, when the results obtained regarding the reliability and validity of the measurement tool
were analyzed as a whole, it was determined that the aggressive characteristics of the adolescents and
adults were measured with a valid and reliable measurement tool.

DISCUSSION and CONCLUSION

This study aims to make the adaptation of the Aggression Questionnaire Short Form-in Turkish with
adolescent and adult samples. In order to test the construct validity of the questionnaire, PA was
conducted. The four factor structure of the questionnaire was confirmed via PA, which was defined as
the best way to determine factor numbers to retain (Ledesma & Valero-Mora, 2007). This analysis has
been indicated consistently accurate in determining the threshold for significant components, variable
loadings, and analytical statistics when decomposing a correlation matrix (Franklin, Gibson, Robertson,
Pohlmann, & Fralish, 1995). Moreover, the factor structure of the questionnaire was tested through EFA.
EFA findings indicated that the questionnaire has a four-factor structure of adolescent and adult samples
similar to the original form of the questionnaire (Bryant & Smith, 2001). Additionally, the results of the
CFA, which were conducted for both adolescents and adults confirmed the four-factor structure of the
questionnaire. These results also parallel the findings of Braynt & Smith (2001) that about the CFA for
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the original form of the questionnaire. The four factors structure of the questionnaire was also approved
via CFA in the study, which includes Spanish (Morales-Vives, Codorniu-Raga, & Andreu Vigil-Colet,
2005), Egyptian, Omani (Abd-El-Fattah, 2013), Dutch (Hornsveld et al. 2009) adolescents. In studies
conducted with adults by Maxwell (2007) and Vitoratou et al. (2009), CFA results indicated four factor
structure. McKay, Perry, and Harway (2016) tested both unidimensional and four-factor models of AQ-
SF and reported limited evidence for unidimensional models beside four-factor model supported results.
Different from the studies which support four-factor structure of AQ-SF via CFA, KoZeny, Tisanska, &
Csémy (2017) reported one component, Reyna et al. (2011) indicated two-component structure for AQ-
SF.

For validity analysis, convergent and divergent validity of AQ-SF was examined. The moderate and
significant correlation of AQ-SF scores with trait anger and social problem-solving scores in adolescent
and adult applications confirmed the construct validity of AQ-SF. A significant and moderate correlation
between AQ scores and trait anger level was reported by Wang et al. (2018). Similarly, Kuzucu (2016)
reported a significant correlation between AQ-SF scores and social problem-solving scores. These
results are not only evidence for convergent and divergent validity of the AQ-SF, but also show the
correlation of questionnaire both with ill-being and well-being variables.

In terms of reliability, internal consistency and test-retest reliability scores were calculated. While the
Cronbach Alpha scores in the present study are acceptable similar to the original form (Bryant & Smith,
2001), the test-retest reliability scores are higher than the original form of the questionnaire (Buss and
Perry, 1992) and most of the previous studies (Harris, 1997; Suris, Borman, Lind, & Kashner, 2007;
Webster et al. 2014). The differences were found between the responses of the individuals with low and
high scores in adolescent and adult groups.

To test invariant measurement models of the AQ-SF between different sex and age groups, Ml of the
guestionnaire was also tested in terms of sex and age. In the present study, there is sex invariance for
measurement through AQ-SF between males and females. It is consistent with the other findings in the
literature. Sex differences about the type and magnitude of aggressive behaviors seem as common results
of the studies (Bjorkqvist, Osterman, & Lagerspetz, 1994; Eron, Huesmann, Dubow, Romanoff, &
Yarmel, 1987). The invariance of sex was also mentioned by Bryant & Smith (2001). Moreover, among
Greek adults (Vitoratou et al. 2009) and federal offenders (Diamond & Magaletta, 2006), sex invariance
was reported. Different from the sex invariance results of the present study, partial sex MI of AQ-SF for
Argentinean (Reyna et al. 2011), Egyptian (Abd-El-Fattah, 2013) adolescents, and adolescents from
Singapour (Ang, 2007) and Liverpool (McKay et al. 2016) was reported. The previous studies tested
and showed MI of the questionnaire also with several samples from similar demographic backgrounds
(Ang, 2007; Bryant & Smith, 2001; Vitoratou et al., 2009).

There is an age invariance for measurement through AQ-SF between adolescents and adults. In
literature, adolescents are reported no more aggressive than adults. Adults are not less hostile than
adolescents, but they use different and more latent means of aggression (Bjorkqvist et al., 1994).
Torregrosa et al. (2020) showed age invariance between 8-9 and 10-11 aged children. Moreover,
longitudinal studies emphasized the continuity of aggressive behaviors through adolescence to
adulthood (Eron et al. 1987; Huesmann, Eron, Lefkowitz, & Walder, 1984, Huesmann, Eron, & Dubow,
2002). The present findings confirmed the invariant measurement of aggression between adolescents
and adults via AQ-SF. However, to our knowledge, there is no study in which age invariance was tested
for AQ-SF among adolescents and adults.

The DIF analysis for sex showed that the item of AQ-SF coded as Q2 'There are people who pushed me
so far that we came to blows’ measure aggression in a biased way between the sexes. With the aim of
explaining whether this difference is item bias or true difference, expert opinion was obtained. The
expert group interview conducted with the consideration of it is a physical aggression related item and
they focused that it measures physical aggression in favor of males. In conclusion, this difference should
be accepted as the real difference due to biological reasons; as a result, males are more likely to respond
to this item. Similar to the DIF results and experts’ opinions about Q2, it was reported that males are
more physically aggressive than females related to the testosterone level (Bjorkqvist, 2018). Despite the
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focused age group, Lansford et al., (2012) reported more physical aggression among boys than girls,
consistently across nine different countries.

The DIF analysis for age supported that there is no bias in the AQ-SF items for adolescents and adults.
In addition to the power of the questionnaire in terms of factorial structural that MI for age results
showed, DIF results reinforced this power by items for different age groups. All items of the
guestionnaire measure aggression in an unbiased way for age. This result has support in the literature.
With the evidence from longitudinal studies (Eron et al. 1987; Huesmann et al., 1984; Huesmann, Eron,
& Dubow, 2002) it is known that aggression has persisted from adolescence to adulthood. Moreover,
aggression is a topic that is investigated in the life span approach. Several studies were conducted with
different aged group participants, from toddlerhood to old-adulthood (Liu, Lewis, & Evans, 2013). This
wide range of studies of aggression, both in terms of time and age could explain the power of AS-QF
about giving reliable measurements for different ages.

Despite the contributions to literature, this study has limitations. The results for the AQ-SF were not
compared with BPAQ (29 item version). In the current study, participants came from a nonclinical
sample. In further studies, Ml for clinical and nonclinical samples can be tested. In addition to the cross-
sectional data set, testing sex and age invariance in aggression with longitudinal data is another
suggestion for the researchers. All results for validity and reliability tests confirmed four factors and 12
items structure of the questionnaire. The findings also presented that the AQ-SF is a valid and reliable
guestionnaire, and it can be used for male, female, adolescent, and adult populations.
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Saldirganhk Ol¢egi Kisa Formu Tiirk¢e Versiyonunun
Psikometrik Ozelliklerinin Incelenmesi: Cinsiyet ve Yas icin
Ol¢me Esdegerligi ve Degisen Madde Fonksiyonu

Giris
Saldirganlik; biyolojik, psikolojik, sosyal ve kiiltiirel faktorlerin bir arada etkili oldugu ¢ok boyutlu bir
yapida gelismektedir (Vitoratou, Ntzoufras, Smyrnis, ve Stefanis, 2009). Birgok kuramc1 ve uygulamaci

saldirganlik davranigini ve iliskili oldugu diger davranislar1 agiklamaya ¢alismaktadir (Chang, Schwartz,
Dodge, ve McBride-Chang, 2003; Sexton ve digerleri, 2019).

Saldirganligi 6lgmek igin gesitli 6lgme araglart gelistirilmis olup (Buss ve Perry, 1992; Kang, Lim, Suh,
Gang, ve Pedersen, 2020; Orpinas ve Frankowski, 2001; Palmstierna ve Wistedt, 1987; Raine ve
digerleri, 2006), bunlar arasinda en sik kullanilan 6l¢me aract Buss ve Perry (1992) tarafindan
gelistirilen Buss-Perry Saldirganlik Olgegidir. Olgek fiziksel saldirganlik, sozel saldirganlik, dfke ve
diismanlik alt boyutlarindan olusan 29 maddelik bir dlgektir. Olcegin psikometrik 6zellikleri farkli
yontem ve orneklemlerle test edilmis ve sonuclar dort faktorlii yapiyr dogrulamistir (Bernstein ve Gesn,
1997; Garcia-Leon ve digerleri, 2002; Gerevich, Bacskai, ve Czobor 2007; Harris, 1997; Reyna et al.
2011). Bununla birlikte ¢alismalarin birgogunda bazi maddeler 6lgekten ¢ikarildiginda daha iyi uyum
degerleri ve faktor yiikleri elde edilmistir (Bernstein ve Gesn, 1997; Gerevich ve digerleri, 2007; Harris,
1995;).

Bryant ve Smith (2001) daha rafine bir 6lgme araci yaratmak igin Buss ve Perry Saldirganlik 6lgeginin
en iyi ¢calisan 12 maddesini belirlemistir. Bu yeni kisa form dort faktdriin her birinde {i¢ madde olacak
sekilde kisaltilmigtir. Kisa form hem Arjantin, Hollanda ve Cin gibi farkli iilkelerde (Reyna et al, 2011;
Maxvell (2007) hem de tutuklular ve ruh sagligi bozuklugu olanlar gibi farkli 6rneklemlerde
(Buffington-Vollum, 2005; Diamond ve Magaletta, 2006; Diamond, Wang) test edilmistir, sonuglar
Olcegin i¢ tutarliginin ve uyum degerlerinin yiiksek oldugunu gostermektedir.

Saldirganlik Olgegi’nin kisa formunun yeterli psikometrik 6zelliklere sahip olmasinin yani sira, dlgek
diger ruh sagligi degiskenleri ile de yiiksek iliski gostermektedir. Yapilan ¢aligmalar saldirganligin
kolektif narsizim (De Zavala, Cichocka, Eidelson, ve Jayawickreme, 2009), ruminasyon (Borders,
Earleywine, ve Jajodia, 2010), kibirlilik (Carver, Sinclair, ve Johnson; 2010), anksiyete ve alkol
kullanimiyla (Johnson, Carver, ve Joormann, 2013) iliskili oldugunu ortaya koymustur.

Tiirkiye’de de Buss-Perry Saldirganlik Olgegi’nin 29 maddelik formu lise, iiniversite dgrencileri ve
madde bagimlilan ile yapilan arastirmalarda kullamilmistir. Elde edilen arastirma bulgular1 dlgegin
gegerli ve giivenilir bir ara¢ oldugunu gostermektedir (Evren, Cinar, Giileg, Celik, ve Evren, 2011;
Madran, 2012; Onen, 2016). Bununla birlikte 6lgegin kisa formunun psikometrik zellikleri Tiirkiye’de
caligtimamustir

Saldirganlik 6lgeginin kisa formu farkli kiiltiirlerde, cinsiyette, klinik ve klinik olmayan gruplarda
kullanilabilmektedir. Olgek hem psikolojik iyi olus hem de psikolojik sorunlarla korelasyon
gostermektedir. Olgegin bu dzellikleri dikkate alindiginda kisa formunun dilimize kazandirilmas: dnem
tasimaktadir. Bu calismanin amaci, Saldirganlik Olgegi Kisa Formu’nun Tiirkcedeki psikometrik
ozelliklerini ergen ve yetiskinler ile kadinlar ve erkekler igin test etmektir.

Yontem

Calisma 15-18 yaslar1 arasindaki 778 ergen ve 19-44 yaslar1 arasindaki 1067 yetiskin katilimcr ile
gercgeklestirilmistir. Ergen ¢alismasi igin 6lgegin kisa formu bes farkli lisede 6grenim goéren toplamda
778 dgrenciye uygulanmistir. Ik uygulamada 383 6grenciyle calisilmus, elde edilen veri iizerinde Paralel
Analiz (PA) ve Agimlayict Faktor Analizi (AFA) yapilmugtir. Ikinci uygulamada 395 6grenciye
ulasilmis ve bu veriler lizerinde Dogrulayici Faktor Analizi (DFA) yapilmistir. Yetiskin uygulamalar
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icin toplamda 1067 yetiskinle ¢alisilmuistir. Katilimcilar Aydin Adnan Menderes Universitesi, Ege
Universitesi ve Ankara Universitesinde pedagojik formasyon egitimi alan kisiler ile halk egitim
merkezlerinde kurslara katilan kursiyerlerden olusmaktadir. Veriler yetiskinlerden iki farkl
uygulamayla toplanmistir. ilk uygulamada 648 katilimciya erisilmis, bu katilimcilardan alinan veriler
PA ve AFA igin kullanilmstir. Tkinci uygulamada toplanan 391 veri ile ise DFA yapilmistir.

Veri analizleri igin SPSS 25.0 (SPSS Inc.), Factor Analysis 10.10 (Ferrnando ve Lorenza-Seva, 2017),
Lisrel 8.80 (Joreskog ve Sorbom, 1993) ve jMetrik Version 4.1.1 istatistik paket programlar
kullanilmistir. Olgegin yapr gecerligi PA, AFA, DFA aracilifiyla test edilmistir. Olgegin yakinsak
gecerligi icin stirekli 6fkeyle, iraksak gecerlik icin ise sosyal problem ¢ozmeyle iliskisine bakilmigtir.
Giivenirlik analizleri kapsaminda, madde-toplam korelasyonu, test tekrar test giivenirligi, Cronbach
Alpha ve McDonald Omega i¢ tutarlik degerleri hesaplanmistir. Ek olarak 6l¢ek maddelerinin en yiiksek
ve diisiik %27 grupta ayrigsmast t-test ile test edilmistir. Olgegi 6lciim degismezligi erkek-kadin ve ergen-
yetigkin 6rneklemlerle test edilmistir.

Sonuc¢ ve Tartisma

Sonuglar, Saldirganlik Olgegi Kisa Formu’nun Tiirkcede dort faktdrden olusan, giivenirlige sahip,
cinsiyetler arasi 6l¢iim farki olmayan, ergen ve yetiskinler i¢in saldirganlik 6l¢iimiinde kullanilabilecek
bir 6l¢lim aract oldugunu gostermistir.

Olgegin yapr gecerligini test etmek icin paralel analiz kullamlmistir. Faktor belirlemede en 6nemli
yontemlerden birisi olarak goriilen PA (Horn, 1965) sonuclari, dort faktorlii yapinin dogrulandigini
gostermektedir. Olgek ¢aligmalarinda, yapi ve alt yapilarin nasil ve kag tane olacagini belirleyebilmek
i¢in birden ¢ok yonteme bagvurulmasi dnerilmektedir (Erkusg, 2012). Bu dogrultuda galisma kapsaminda
PA’nin yam sira 6lgegin faktor yapisi AFA ile de incelenmistir. Elde edilen sonuglar hem ergen hem de
yetigkin gruplarda dort faktorlii orijinal yapiy1 dogrulamaktadir. Yamag egrisi grafikleri de ergen ve
yetigkin gruplar i¢in 6l¢egin dort faktorlii yapiya sahip oldugunu desteklemektedir. Ergen ve yetigkin
gruplarda uygulanan PA ve AFA sonuglart maddelerin ilgili faktoriin altinda yiiksek degerle
gruplandigini géstermektedir.

PA ve AFA’dan sonra, DFA kullanilmistir. Birinci ve ikinci diizey DFA sonuglar1 da 6lcegin dort
faktorlii yapida iyi uyum degerlerine sahip oldugunu gostermektedir. Olgek birinci ve ikinci diizey DFA’
ya ek olarak, tek boyutlu DFA ile de test edilmistir. Sonuglar dort faktorlii yapisinin daha iyi uyum
degerlerine sahip oldugunu ortaya koymustur.

Olgegin faktorleri arasindaki korelasyon ergen ve yetiskin drneklemde incelenmis orta diizey yakin yada
orta diizeyde korelasyon gosterdikleri bulunmustur. Olgegin yakinsak ve iraksak gecerligi ergen ve
yetiskin grupta test edilmistir. Saldirganligin stirekli 6fkeyle beklenen yonde pozitif ve orta diizeyde
anlamli iliskiye sahip oldugu bulunmustur. Iraksak gecerlik ise sosyal problem ¢ézme ile iliskisine
bakilmis ve 6lgegin raksak gegerlige sahip oldugu belirlenmistir.

Ergen ve yetigkin grup icin giivenirlik analizleri kapsaminda hesaplanan madde toplam korelasyonu
degerlerinin 0,30’un iizerinde oldugu goriilmiistiir. Olgegin i¢ tutarlig1 igin incelenen Cronbach Alpha
ve McDonald Omega degerlerinin hem ergen hem de yetiskin grup igin yeterli diizeyde oldugu
bulunmustur. Olgegin i¢ tutarlik katsayisinin hesaplanmasinin disinda giivenirligi degerlendirmek icin
Olgegin test-tekrar test giivenirligine bakilmistir. Ergen ve yetiskin gruplar icin 6lgegin test-tekrar test
giivenirligine sahip oldugu goriilmiistiir.

Bu galismada Buss ve Perry Saldirganlik Olgegi Kisa Formunun ergen ve yetiskin 6rneklemi igin yeterli
diizeyde psikometrik 6zelliklere sahip oldugu belirlenmistir. Elde edilen sonuglar birbirleriyle ve
literatiirle tutarlilik gdstermektedir (Braynt ve Smith, 2001; Hornsveld ve digerleri. 2009; Maxwell,
2007; Morales-Vives, Codorniu-Raga, ve Andreu Vigil-Colet, 2005). Olgegin kisa formu iizerinden test
edilen faktor yapisinin, 6l¢egin uzun formundaki gibi giiclii bir faktér yapisina sahip oldugunu
kanitlamaktadir. Sonuglar Saldirganlik Olgegi Kisa Formu’nun gecerli ve giivenilir bir dlgek oldugunu,
erkek, kadin, ergen ve yetiskin gruplar i¢in kullanilabilecegini gostermistir.
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Abstract

Parameter estimation of Item Response Theory (IRT) models can be applied using both Bayesian and non-
Bayesian methods. Although maximum likelihood estimation (MLE), a non-Bayesian method, has predominated
since the 1970s, there is an increasing use of Bayesian methods, due to their capability for estimating complex
models and for their implementation in commercially available software. In view of the recent increase in the
popularity of these methods, a comparison between model parameter estimates from the two types of methods
would be useful for practitioners. In this study, we compare MLE and Bayesian estimation, two popular methods
for obtaining parameter estimates for dichotomous IRT models, using the MLE and Bayes estimator options as
implemented in the Mplus software package. Results indicated Bayesian and MLE estimates differed only slightly,
clearly demonstrating the consistency between estimates from the two methods. Further, Bayes estimator option
in Mplus can be a viable and relatively easy to use tool for calibrations of IRT models.

Key Words: Item response theory, dichotomous models, Bayesian estimation, Mplus.

INTRODUCTION

Item response theory (IRT) models have been used for testing over the last half-century (van der Linden
& Hambleton, 2013). Parameter estimation is considered one of the important processes of IRT
modeling. Estimates of IRT model parameters have typically been done using methods such as
maximum likelihood estimation (MLE; Bock & Aitkin, 1981) and Markov chain Monte Carlo
estimation (MCMC; Patz & Junker, 1999a). MLE methods are based on a frequentist approach, and
MCMC is a Bayesian method. MLE-based estimation methods have been widely used in IRT modeling
since the development of software such as BILOG (Zimowski, Muraki, Mislevy, & Bock, 2003),
MULTILOG (Thissen, 1991) and PARSCALE (Muraki & Bock, 1996). Implementations of MCMC
methods for estimation of IRT models began to be reported in the early 1990s (e.g., Albert, 1992; Albert
& Chib, 1993). MLE generally requires large samples to produce reliable results (e.g., Asparouhov &
Muthén, 2010a; Meuleman & Billiet, 2009), a condition not necessarily required by Bayesian methods.

In this regard, there are often advantages with Bayesian methods that can overcome some of the
problems associated with MLE methods. Lee and Song (2004) note that Bayesian methods can provide
asymptotically distribution-free estimates, as well as more accurate results with smaller samples with
non-normal ability distribution (see also Gao, & Chen, 2005). Fox (2010) suggests that, unlike MLE,
Bayesian methods enable the use of additional information for estimating model parameters in addition
to providing smaller standard errors than those of marginal maximum likelihood estimate, when
reasonable prior information is available. Thus, MCMC implementations, such as Metropolis-Hastings
and Gibbs sampling, became increasingly popular for IRT modeling after 1990s, particularly for
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complex models (Rupp, Dey & Zumbo, 2004). Albert (1992), and Albert and Chib (1993), for example,
demonstrated the application of the Gibbs sampler for two-parameter normal-ogive models. More
generally, Patz and Junker (1999a, 1999b) provided details of Metropolis-Hastings procedures within
Gibbs for logistic IRT models. Baker (1998), Ghosh, Ghosh, Chen, and Agresti (2000), and Sheng
(2010) provide applications of Gibbs sampling. In addition to these applications, Bayesian estimation
has been reported for other IRT models, including the 4PL model (Culpepper, 2016), the multi-
unidimensional graded response IRT model (Kuo & Sheng, 2015), and the mixture IRT model (Bolt,
Cohen, & Wollack, 2001).

MCMC estimation of IRT requires respondents’ data and prior distributions for the model parameters.
Gibbs sampling is one of the MCMC algorithms that can be used to estimate the parameters of IRT
models. This method summarizes the joint posterior distribution of (0, &) by simulation (Albert, 1992).
After collecting the examinee responses in the data matrix Y, suppose we have a vector (o) including
item (&) and person (0) parameters. Implementation of Gibbs sampling starts with initial guesses on this

vector. Let @ = (w§°>, ...,oo,(co)) denote initial values of . As explained by Wollack, Bolt, Cohen,

and Lee (2002, p.340), “a single sample from the joint posterior distribution, z(w|Y), is approximated,
by sampling each parameter from its conditional posterior distribution.” A cycle is completed after
sampling the first set of parameters. The parameters of the previous cycle serve as conditional values
for the next cycle. We need to iterate the cycles t times until convergence is achieved. Mean, mode, or
median of each parameter’s marginal posterior distribution can be used as the final estimates (Baker,
1998). Readers are referred to Albert (1992) and Baker (1998) for more details on Gibbs Sampling.

One characteristic of the implementation of MCMC algorithms is that they can be quite technically
complex. Fortunately, implementations of Bayesian estimation algorithms are often available from
authors of published articles (Curtis, 2010). Early applications of Bayesian IRT estimation were mainly
implemented in WINBUGS (Spiegelhalter, Thomas, Best, & Lunn, 2003). Thus, most of the Bayesian
estimation programs have been written in the BUGS language (Curtis, 2010). Over the years, other
software packages have also been developed for Bayesian estimation of IRT including JAGS (Plummer,
2003), STAN (Stan Development Team, 2016), and OPENBUGS (Spiegelhalter, Thomas, Best, &
Lunn, 2010), which is the more recent version of WinBUGS. These packages are designed primarily for
Bayesian estimation. Bayesian algorithms have become available in several general purpose software
packages including SAS (e.g., Proc MCMC; SAS Institute, 2017), S-PLUS, R packages including
DPpackage (Jara, Hanson, Quintana, Mueller, & Rosner 2012), mlirt (Fox, 2007), MCMCpack (Martin,
Quinn, & Park, 2011), pscl (Jackman et al., 2017) and MATLAB (The MathWorks Inc., 2010).

Mplus (Muthén, & Muthén, 1998-2019) recently implemented a Bayesian MCMC algorithm option for
latent variable models (Asparouhov & Muthén, 2010). Mplus is a general latent variable modeling
program that implements the estimation of several statistical model families, including structural
equation models, latent class analysis, factor analysis, mixture models with both single- and multi-level
data structures. Mplus also estimates a range of IRT models (Embretson, & Reise, 2000) including the
one-, two- and three-parameter logistic models (1PL, 2PL, and 3PL; Birnbaum, 1968), the four-
parameter logistic model (4PL; Barton & Lord, 1981), the partial credit model (PCM; Masters & Wright,
1997), and the generalized partial credit model (GPCM; Muraki, 1997). Multi-level and mixture
extensions of these models are also possible within Mplus. A relatively small number of studies have
reported results use of Mplus for Bayesian estimation of IRT models (e.g., Luo & Dimitrov, 2019). Luo
and Dimitrov (2019) have shown how to obtain estimates for MCMC/EAP of the ability parameters
when using Bayes estimator in Mplus. Their study has focused on ability parameters. However, studies
investigating the Bayesian estimation of item parameters of IRT models using Mplus do not yet appear
to have been reported. As the popularity of the Mplus software package increases, the user may want to
learn how to create syntaxes to be able to estimate item parameters of IRT models using Mplus software
package. A didactic paper on this issue would be very helpful for practitioners. To this end, the purpose
of this study is to introduce Bayes estimator of Mplus and to demonstrate its application in obtaining
item parameter estimates of dichotomous IRT models.
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METHOD
Empirical Example

Estimation of dichotomous IRT models on a sample data set using the Bayesian estimation algorithm
implemented in Mplus will be demonstrated in this part. In addition, Bayesian estimates were compared
with ML based estimates as implemented in Mplus.

Data

Section 6 of the Law School Admission Test data set (LSAT6; Bock & Lieberman, 1970) was analyzed
in this study. The LSAT6 data set consists of the item responses of 1,000 examinees to five multiple
choice five-choice items on Figure Classification. Multiple choice items are coded as 0 and 1 for wrong
and right answers, respectively. LSAT6 data set was preferred in this study as it has been studied in
many IRT studies and it is available with most of the IRT software packages. This data set is known to
be useful example of testing out IRT procedures and showing the use of Bayesian estimation.

IRT Models

Only Rasch, 1PL, and 2PL dichotomous models were considered in the present study as the Bayes
estimator is not currently available in Mplus for other IRT models (e.g., 3PL, 4PL, and polytomous
models). Under the 2PL IRT model, the probability of a correct response to an item can be given as
follows:

exp[o;(8s — Bi)]

P(Xis = 1165, Bi o) = 7 exp[e; (85 — B’

ey

where 6; is the person ability parameter for examinee s, and i and a; are the difficulty and discrimination
parameters, respectively, for item i. The 1PL model can be written from Equation 1 by setting the item
discrimination parameters to a constant value (e.g., the average item discrimination). Similarly, the
Rasch model equation may be written by setting the item discrimination parameters to 1. Given that
conditional independence assumption, the conditional likelihood of a response pattern would be given
as

1
L(usl'usz: ey usl) = 1_[ Pi(es)uSi Qi(gs)l_uSi, 2
i=1

where Q;(6;) =1 — P;(6y).

Estimation

Parameter estimates of the model in Equation 1 can be obtained with either MLE or Bayesian estimation.
The MLE algorithm focuses on finding the ability-level estimates that maximize the log-likelihood
function with iterative procedures like Newton-Raphson (Embretson & Reise, 2000). Bayesian
estimation integrates the prior distribution into the likelihood function. In Mplus, Bayesian estimation
is on the probit scale, and MLE is on the logistic scale. When using the probit model, the posterior
distribution of s can be defined as

P(0s | Y) o Lxp(6s) ©)

where p(0s) is the prior. As can be seen in Equation 3 (right side), prior distributions required to define
the posterior distributions. These are used with the specified model in determining the posterior. The
central tendency statistics of the posterior distribution can be reported as the final estimates.
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Bayesian Estimation with Mplus

Bayesian estimation in Mplus is not currently available for count, continuous-time survival, censored or
nominal data, nor is Bayesian estimation currently available for the 3PL, graded response model, partial
credit model, or the generalized partial credit model.

The ESTIMATOR option should be defined as “ESTIMATOR=BAYES;” to obtain Bayes estimates in
Mplus. Other Bayesian related options in the ANALYSIS command include ALGORITHM,
BCONVERGENCE, BITERATIONS, BSEED, CHAINS, FBITERATIONS, POINT, PREDICTOR,
PRIOR, STVALUES, and THIN. Descriptions of these options can be found in Mplus User’s Guide
(Muthén & Muthén, 1998-2019). The non-informative priors are the default for Bayes estimator in
Mplus. However, users can specify informative priors such as inverse Gamma, Inverse Wishart, and
Dirichlet (Muthén & Asparouhov, 2013).

Analyses

Three dichotomous IRT models (i.e., Rasch, 1PL, and 2PL models) were fit to the LSAT6 data set using
MLE and Bayesian options in Mplus. For comparison, the MLE estimator was used as implemented in
the Mplus software. Bayesian estimation with Mplus was applied with non-informative default priors
N(O, 5) (Muthén & Muthén, 1998-2019, p. 775) for item difficulty and discrimination parameters. A
detailed list of the alternative prior distributions can be found in Mplus User’s Guide (Muthén &
Muthén, 1998-2019, p. 775). The Mplus syntaxes for Bayesian estimation of the three models are
presented in Figures 1 to 3, respectively. All model parameters were estimated from the posterior
distribution. LSAT6 data have been previously analyzed with MCMC by Kim (2003). In that study,
5,000 iterations were used as burn-in based on Gelman and Rubin diagnostic information. In this study,
the same number of iterations was used for burn-in stage. Thus, a total of 10,000 MCMC iterations were
run; the first 5,000 iterations were used as burn-in. Posterior means of the sampled values for each
parameter were taken as parameter estimates.

In the Mplus syntax for the Bayesian estimation of the Rasch model (see Figure 1), the TITLE command
was used to describe the problem. The FILE option was added for the data set (FILE = LSAT6.txt;). As
the LSAT6 data set consists of five dichotomous items, the “NAMES = item1-itemS5;” option was used
to label these five items under the VARIABLE command. The CATEGORICAL option was used to
specify these items as categorical (CATEGORICAL = item1-item5;). USEVAR option was used to
specify to use all of the items in the analysis (USEVAR = item1-item5;). The ANALYSIS command,
ESTIMATOR = BAYES; option was specified to obtain Bayesian estimates. The Bayes estimator in
Mplus employs Gibbs sampling (line 10) with two processors (line 11) to run two parallel chains (line
12). FBITERATIONS option was used to set the number of iterations to be 10,000 (line 13). That is, the
posterior is based on the last half (i.e., 5,000). STVAL=ML; option was used to specify starting value
information as ML-based values. In the syntax, we specified the mean of the posterior distribution to be
reported in the output (POINT=MEAN;). THIN indicates the number of iterations to be used for
estimating the posterior. In this example, thinning was set to be 5 (see line 16), which means every 5™
iteration is used for estimating the posterior. The MODEL command (see line 17) indicates a general
factor f1 (see line 18) and use the command “by” to indicate the relationship between items and factor
f1. As can be seen in Figure 1, f1 by item1@0.587544 item2-item5@0.587544; (line 18) was used to
link five items (items1-item5) with factor f1. The @0.587544 part was used to fix item discrimination
parameters at 1, which enable us to obtain a model based on Rasch framework. f1@1 option was used
fix factor variance to one. In addition, the mean of f1 was fixed at zero by writing [fL@0];. Specifications
between lines 17 and 20 were used to obtain Rasch model. The PLOT command was also used to create
plots after estimation. As mentioned in the Mplus User’s Guide, TYPE = PLOT?3; can be used to request
graphical displays of several results. STANDARDIZED option was used to obtain standardized
solution, and TECH8 was added to request diagnostic information regarding model convergence in the
OUTPUT section (line 24). TECHS also shows the total number of iterations, including the discards.
Mplus reports the Potential Scale Reduction (PSR) computed based on Gelman and Rubin’s
convergence diagnostic (Gelman & Rubin, 1992) when included TECHS8 under the OUTPUT command.
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In addition, a posterior predictive checking (PPC) statistics and its p-value (PPP) can be obtained for
model fit assessment in Mplus. This statistics is based on the usual y2 test, which is computed using the
replicated and the observed data in MCMC iteration t. The 2 fit function difference between these two
values is calculated using every 5" iteration. For an excellent-fitting model, 95% CI for the difference
in 2 value should include zero (Wang & Wang, 2020). Poor fit is observed with low PPP values (e.g.

<0.05).
1 TITLE: Bayesian Estimation of Rasch Model
2 DATA:
3 FILE = LSATS6.txt;
4 VARIABLE:
5 NAMES = item1-item5;
6 CATEGORICAL = item1-item5;
7 USEVAR = item1-item5;
8 ANALYSIS:
9 ESTIMATOR = BAYES;

10 ALGORITHM=GIBBS;

11 PROCESS=2;

12 CHAINS=2;

13 FBITERATIONS=10000;

14 STVAL=ML;

15 POINT=MEAN;

16 THIN=5;

17 MODEL:

18 1 by item1@0.587544 item2-item5@0.587544; 11/1.702=0.587544
19 fl@1;

20 | [F1@0];
21 | PLOT:

22 | TYPE=PLOT3;
23 | OUTPUT:

24 STANDARDIZED TECHS;

Figure 1. Mplus Syntax for Bayesian Estimation of Rasch Model.

The Mplus syntax created for Bayesian estimation of 1PL model is presented in Figure 2. Since most
parts of this syntax are similar to the syntax of the previous model, only the different parts are explained
here. The main difference between the syntaxes in Figure 1 and Figure 2 is that the MODEL section was
modified to be able to estimate 1PL model. The f1 by item1-item5* (loading); option (line 18) was used
to fix all discrimination parameters to be equal, and the [item1$1-item5$1*] option (line 19) was used

to freely estimate the item difficulty parameters.
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TITLE: Bayesian Estimation of 1PL Model
DATA:

FILE = LSAT6.txt;
VARIABLE:

NAMES = item1-item5;
CATEGORICAL = item1-item5;
USEVAR = item1-item5;
ANALYSIS:

ESTIMATOR = BAYES;

10 ALGORITHM=GIBBS;

11 PROCESS=2;

12 CHAINS=2;

13 FBITERATIONS=10000;

14 STVAL=ML;

15 POINT=MEAN;

16 THIN=5;

17 MODEL:

18 f1 by item1-item5* (loading);

19 [item1$1-item5$1*]

20 [fl@0]; fl@1;

©CoOo~NO U wWwNBE

21 PLOT:
22 TYPE =PLOTS;
23 OUTPUT:

24 | STANDARDIZED TECHS;
Figure 2. Mplus Syntax for Bayesian Estimation of 1PL IRT Model.

The Mplus syntax created for Bayesian estimation of 2PL model is presented in Figure 3. Since most
parts of this syntax are similar to the syntax of the previous model, only the different parts are explained
here. The most noticeable difference between the syntaxes in Figure 1 and Figure 3 is is that the MODEL
section was modified to be able to estimate 2PL model. Lines 18 and 19, f1 by item1-item5; and
[item1$1-item5$1*] options were used to freely estimate the item discrimination and difficulty
parameters, respectively.

TITLE: Bayesian Estimation of 2PL Model
DATA:

FILE = LSAT6.txt;
VARIABLE:

NAMES = item1-item5;
CATEGORICAL = item1-item5;
USEVAR = item1-itemb5;
ANALYSIS:

ESTIMATOR = BAYES;

10 ALGORITHM=GIBBS;

11 PROCESS=2;

12 CHAINS=2;

13 FBITERATIONS=10000;

14 STVAL=ML;

15 POINT=MEAN;

16 THIN=5;

17 MODEL:

18 f1 by item1-item5;

19 [item1$1-item5$1*]

20 [fl@0]; fl@1,;

O©CoOo~~NOUThWNE

21 PLOT:
22 TYPE =PLOTS3;
23 OUTPUT:

24 | STANDARDIZED TECHS;
Figure 3. Mplus Syntax for Bayesian Estimation of 2PL IRT Model.
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ML estimates of item parameters of three IRT models with LSAT6 data set were also obtained with
Mplus software package for comparison. In order to transform the Mplus derived parameter estimates
(i.e., location and thresholds) to typical IRT estimates (i.e., discrimination and difficulty), we followed
the transformation formula provided by Asparouhov and Muthén (2016, p.6). Given that p represents
factor mean and v denotes the factor variance, item discrimination parameter (a;) and the item difficulty
parameter (B;) can be calculated as below using the location (4;) and threhold (z;) parameters from
Mplus output:

a; = )‘iﬂ (4)
Bi=57 (5)

Forero and Maydeu-Olivares (2009) use the normal and logistic versions of the IRT models to place
parameter estimates and standard errors in the same metric (within .01 units). The constant D (i.e., 1.702)
proposed by Haley (1952) was used in this study as well to convert normal ogive parameters to the
logistic parameters.

RESULTS

Tables 1-3 contain approximate posterior means using the MCMC algorithm for the five item parameters
for the three IRT models fit the LSAT6 data set. Bayesian estimation and the MLE estimates of item
parameters for Rasch, 1PL, and 2PL models were compared. In order to rescale parameters obtained
from the Bayesian estimation, all of the parameters were multiplied by 1.7, since the Bayesian estimation
in Mplus uses the probit link function.

Traditional fit indices cannot be used when IRT models are estimated with Bayesian estimation. In this
case, the convergence of the Markov chain should be checked using Bayesian diagnostic statistics.
Mplus reports the potential scale reduction (PSR) for convergence assessment (Asparouhov & Muthén,
2010b). PSR values between 1 and 1.1 indicate good convergence (Wang & Wang, 2020). In this study,
PSR values were found to be 1.024, 1.018, and 1.042 for Rasch, 1PL, and 2PL models, respectively.
Under the MCMC estimation, the PPC statistics can be used to assess model fit. Mplus provides a x2 fit
function difference between observed values and replicated estimates, a p-value (PPP), scatter plot and
histogram. 2 fit function differences were found to be [-14.585, 22.300], [-18.232, 16.381], and [-
17.844, 17.061] for Rasch, 1PL, and 2PL models, respectively. Associated p-values were 0.346, 0.545,
and 0.505, respectively. All of the 95% CI’s include zero, and associated p-values are high indicating
that three IRT models fit the data very well. In addition, plots based posterior predictive checking (see
Figures A3 and A6) also indicate that the fit of the model is reasonable. Table 1 lists item parameter
estimates of the Rasch model from Mplus for the MLE and Bayes estimators. Mplus-ML columns
present MLE estimates, and the last column displays Bayesian estimates. The item parameter estimates
from Bayesian estimation in Mplus are not on the same scale as those from MLE. Therefore, to convert
the item difficulty and item discrimination parameters to the logit scale, we applied Equations 4 and 5
to the Bayesian estimates. The results presented in Table 1 in the right column (headed Mplus-Bayes)
are on the logit scale. As shown in Table 1, the transformed Bayesian estimates differed in the first and
second decimal places compared to the MLE estimates. The Pearson correlation value between Bayes
estimates and ML estimates was .999.

Table 1. Item Parameter Estimates of Rasch Model

Item parameter Mplus-ML Mplus-Bayes
B1 -2.871 -2.791

B2 -1.062 -1.076

Ps -0.257 -0.260

Ba -1.387 -1.396

Bs -2.218 -2.194

a 1.000 1.000

Note. p=item difficulty; o=item discrimination.
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Table 2 presents the item parameter estimations for 1PL IRT model from the MLE and Bayes estimators
in Mplus. As shown in Table 2, the Bayesian estimates from Mplus yielded similar estimates to those
obtained with the MLE estimator. As shown in Table 2, the transformed Bayesian estimates differed in
the first and second decimal places compared to the MLE estimates. The Pearson correlation value
between Bayes estimates and ML estimates was .999.

Table 2. Item Parameter Estimates of 1PL IRT Model

Item parameter Mplus-ML Mplus-Bayes
B1 -3.606 -3.571

B2 -1.319 -1.372

B3 -0.317 -0.333

Ba -1.726 -1.783

Bs -2.773 -2.804

o 0.757 0.745

Note. p=item difficulty; o=item discrimination.

Table 3 presents the item parameter estimates of the 2PL IRT model in Mplus with the two estimators.
As can be seen, the Bayes estimator in Mplus also yielded similar estimates to those obtained with MLE
(see Table 3). For item discrimination parameters, the Pearson correlation value between Bayes
estimates and ML estimates was .87. For item difficulty parameters, the Pearson correlation value
between Bayes estimates and ML estimates was .999. As shown in Table 3, the transformed Bayesian
estimates differed in the first and second decimal places compared to the MLE estimates.

Several plots are possible in the “View plots” submenu under the “Plots” menu of Mplus screen. A
screen opens and shows several options that can be used to request graphical displays of several results.
As an example, Bayesian related plots for item 1 estimated with the 1PL IRT model are presented in the
Appendix (see Figures A1-A7).

Table 3. Item Parameter Estimates of the 2PL IRT Model

Item parameter Mplus-ML Mplus-Bayes
o1 0.825 0.727
a2 0.722 0.749
a3 0.891 0.934
o4 0.688 0.689
as 0.659 0.616
B1 -3.360 -3.672
B2 -1.371 -1.373
B3 -0.280 -0.279
Ba -1.868 -1.916
Bs -3.117 -3.323

Note. p=item difficulty; o=item discrimination.

DISCUSSION and CONCLUSION

Dichotomous IRT models are typically estimated with both Bayesian and MLE estimation algorithms.
Bayesian estimation of IRT models is sometimes preferable to MLE as MLE needs numerical
integration, which can be slow or prohibitive depending on the numbers of dimensions of integration as
a function of the numbers of latent variables. Tutorials do not yet appear to be presented in the
psychometric literature for estimating dichotomous IRT models in Mplus using Bayesian estimation. In
this paper, we provide a simplified step-by-step method for the estimation of dichotomous IRT models
with Bayesian estimation.

Specifically, three dichotomous IRT models were analyzed using the five-item LSAT6 data set.
Parameter estimates of these five items were compared for MLE and Bayesian estimations. Results
suggested that there were some differences between item parameter estimates from MLE and Bayesian
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estimation. This is consistent with the results of previous research that showed comparable estimation
results for MLE and MCMC (e.g., Kieftenbeld & Natesan, 2012; Luo, 2018; Paek, Cui, Oztiirk Giibes,
& Yang, 2018; Wollack, Bolt, Cohen, & Lee, 2002). For instance, Luo (2018) found very close estimates
between MCMC and robust ML (MLR) estimation of 2PL testlet model in Mplus. Kieftenbeld and
Natesan (2012) have found little difference between the estimates obtained from MML and MCMC
estimation of the graded response model. Similarly, Wollack et al. (2002) have also demonstrated that
item parameter estimates from MMLE and MCMC methods were very similar under the nominal
response model.

Bayesian estimation with non-informative priors should give asymptotically similar estimates as MLE.
As shown in this study, non-informative priors are the default for the Bayes estimator in Mplus, although
several informative priors can be defined. The prior distribution is one of the most important aspects of
Bayesian estimation. This is because prior distributions can substantially affect the posterior distribution
especially for small sample sizes (Natesan, Nandakumar, Minka, & Rubright, 2016). Only non-
informative priors were used in this study. However, it is possible to add informative or slightly
informative priors to the estimation in Mplus software. Further studies may reveal the differential effect
of using different priors in Mplus. The addition of the Bayesian estimation algorithm in Mplus makes
Mplus a viable and useful software package for the estimation of dichotomous IRT models.
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Mplus'ta Bayes Kestirimi ile IRT Modellerinin Madde Parametre
Kestirimlerinin Elde Edilmesine iliskin Kisa Bir Not

Girig

Madde tepki kurami (MTK) modelleri 1970'lerden beri ¢esitli test uygulamalarinda kullanilmaktadir
(van der Linden ve Hambleton, 2013). MTK modellemesinde en énemli adimlardan birini parametre
tahmini olusturmaktadir. MTK modeline ait madde ve yetenek parametrelerinin tahmini tipik olarak
maksimum olabilirlik tahmini (MLE; Bock & Aitkin, 1981) ve Markov zinciri Monte Carlo tahmini
(MCMC; Patz ve Junker, 1999a) gibi yontemler kullanilarak yapilmaktadir. MLE tabanli tahmin
yontemleri, BILOG (Zimowski, Muraki, Mislevy ve Bock, 2003), MULTILOG (Thissen, 1991) ve
PARSCALE (Muraki ve Bock, 1996) gibi yazilimlarin gelistirilmesinden bu yana MTK
modellemesinde yaygin olarak kullanilmaktadir. MTK modellerinin tahmini igin MCMC ydntemlerinin
uygulamalar1 1990'larin basinda gosterilmeye baslanmistir (6r. Albert, 1992; Albert ve Chib, 1993).
Kararl sonuglar iiretmek adina MLE yontemi, genellikle Bayesci yontemlerin gerektirdigi bir kosul
olmayan, biiyiikk 6rneklemlere ihtiya¢ duyar (6rnegin, Asparouhov ve Muthén, 2010; Meuleman ve
Billiet, 2009). Bu baglamda, Bayesci kestirim yontemleri MLE yontemleriyle iligkili baz1 sorunlarin
iistesinden gelebilecek avantajlara sahiptir. Lee ve Song (2004) Bayesci kestirim yontemlerinin
asimptotik olarak dagilimsiz serbest tahminler saglayabilecegini ve normal olmayan yetenek dagilimina
sahip daha kiigiik 6rneklemlerle daha dogru sonuglar verebilecegini belirtmektedir. Fox (2010),
MLE'den farkli olarak Bayesci kestirim yontemlerinin, makul 6nsel (prior) bilgiler mevcut oldugunda
marjinal maksimum olabilirlik tahmininden daha kiigiik standart hatalar sunmasinin yani sira model
parametrelerini tahmin etmek i¢in ek bilgilerin kullanilmasini sagladigini ileri stirmektedir. Boylece,
Metropolis-Hastings ve Gibbs orneklemesi gibi MCMC uygulamalari, 1990'1ardan sonra, 6zellikle
nispeten karmasik modeller i¢in veya verilerin az oldugu ve asimptotik teorinin tutulmasinin pek
miimkiin olmadig1 durumlarda MTK modellemesi i¢in giderek daha popiiler hale gelmistir (Rupp, Dey
ve Zumbo, 2004). Ornegin Albert (1992) ve Albert ve Chib (1993), iki parametreli normal-ogive
modelleri i¢cin Gibbs drnekleyicisinin uygulanabilecegini gostermislerdir. Daha genel olarak, Patz ve
Junker (1999a, 1999b) lojistik MTK modelleri igin Gibbs i¢cinde Metropolis-Hastings prosediirlerinin
ayrintilarint gostermistir. Baker (1998), Ghosh, Ghosh, Chen ve Agresti (2000) ve Sheng (2010)
caligmalar1 Gibbs 6rneklemesi uygulamalar1 sunmaktadir. Bu uygulamalara ek olarak, 4 parametreli
MTK modeli (Culpepper, 2016), ¢ok boyutlu derecelendirilmis yanit MTK modeli (Kuo ve Sheng,
2015) ve karma MTK modeli (Bolt, Cohen, ve Wollack, 2001) dahil olmak iizere diger MTK modelleri
icin Bayesci kestirimi kullanilmistir. MTK'nin MCMC tahmini, yanitlar i¢in bir olasilik modelinden,
model parametreleri i¢in 6nsel dagilimlardan ve muhtemelen hiperparametreler igin 6nsel dagilimlardan
olusur. MCMC algoritmalarinin uygulanmasinin bir &zelligi, teknik olarak olduk¢a karmasik
olmalaridir. Neyse ki, Bayesci kestirim algoritmalarinin uygulamalar1 genellikle yaymlanmis
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makalelerin yazarlarindan elde edilebilmektedir (Curtis, 2010). Bayesci MTK tahmininin ilk
uygulamalari esas olarak WINBUGS yaziliminda uygulanmistir (Spiegelhalter, Thomas, Best ve Lunn,
2003). Bu nedenle, Bayesci tahmin programlarinin ¢ogu BUGS dilinde yazilmstir (Curtis, 2010). Yillar
iginde, JAGS (Plummer, 2003), STAN (Stan Gelistirme Ekibi, 2016) ve OPENBUGS (WinBUGS’1n
yeni siiriimii; Spiegelhalter, Thomas, Best ve Lunn, 2010) dahil olmak {izere MTK'nin Bayesci tahmini
icin bagka yazilim paketleri de gelistirilmistir. Bu paketler 6ncelikle Bayesci kestirim i¢in tasarlanmstir.
Bayesci algoritmalari, MATLAB (The MathWorks Inc., 2010), SAS (6r. Proc MCMC; SAS Enstitiisii,
2017), S-PLUS, MCMCpack (Martin, Quinn ve Park, 2011), pscl (Jackman ve digerleri, 2017),
DPpackage (Jara, Hanson, Quintana, Mueller ve Rosner 2012), mlIRT (Fox, 2007) gibi R paketleri de
dahil olmak iizere ¢esitli genel amagh yazilim paketlerinde kullanilabilir hale gelmistir.

Mplus (Muthén ve Muthén, 1998-2019) kisa bir siire dnce oOrtikk degisken modelleri igin bir Bayesci
MCMC algoritma segenegi uygulamaya baglamistir (Asparouhov ve Muthén, 2010). Mplus, yapisal
esitlik modelleri, ortiik sinif analizi, faktor analizi, hem tek hem de ¢ok seviyeli veri yapilara sahip
karma modelleri de dahil olmak tizere bir¢ok istatistiksel model ailesinin tahminini uygulayan genel bir
ortiik degisken modelleme programidir. Mplus ayrica 1 parametreli lojistik model (1PL), 2 parametreli
lojistik model (2PL), 3 parametreli lojistik model (3PL; Birnbaum, 1968), 4 parametreli lojistik model
(4PL; Barton ve Lord, 1981), kismi kredi modeli (PCM; Masters ve Wright, 1997) ve genellestirilmis
kismi kredi modeli (GPCM; Muraki, 1997) dahil olmak iizere bir dizi MTK modelini (Embretson ve
Reise, 2000) tahmin edebilmektedir. Bu modellerin gok diizeyli ve karma uzantilari Mplus igerisinde de
miimkiindiir. Nispeten az sayida ¢aligma, MTK model parametrelerinin Bayesci kestirimi i¢in Mplus
kullanimi sonuglarini raporlamistir (6rn. Luo ve Dimitrov, 2019). Mplus kullanarak MTK modellerinin
madde parametrelerinin Bayesci tahminini arastiran ¢alismalar heniiz rapor edilmemistir. Bu ¢aligmanin
amaci Mplus kullanarak Bayesci kestirimine bir giris saglamak ve bunun iki kategorili (dikotomus)
MTK modellerinin tahmininde uygulanmasini gostermektir.

Yontem

Bu béliimde, Mplus'ta uygulanan Bayesci kestirim algoritmasini kullanarak ampirik bir veri seti
iizerinde iki kategorili MTK modellerinin madde parametre tahminleri gosterilmektedir. Ayrica, bu
madde parametre tahminleri Mplus'ta uygulanan maksimum olabilirlik tahminininden elde edilen
degerlerle karsilagtirllmaktadir. Bu ¢alismada analiz edilen Hukuk Fakiiltesi Kabul Testi 6 (LSAT6;
Bock ve Lieberman, 1970) veri seti 1000 adayin bes secenekli bes maddeye verdigi cevaplardan
olugmaktadir. Coktan se¢gmeli maddeler yanlis yanit icin 0 ve dogru yanit i¢in 1 olarak kodlanmistir. Bu
caligmada, Bayes kesitiricisi su anda Mplus'ta 3PL, 4PL ve polytomous modeller gibi diger MTK
modelleri i¢in mevcut olmadigindan sadece Rasch, 1PL ve 2PL. MTK modellerine odaklanilmigtir. Bu
3 modele ait yetenek ve madde parametresi tahminleri, MLE veya Bayes kestirimi ile elde edilebilir.
MLE algoritmasi, Newton-Raphson (Embretson & Reise, 2000) gibi yinelemeli kestirimlerle olabilirlik
fonksiyonunu en iist diizeye ¢ikaran yetenek ve madde diizeyi tahminlerini bulmaya odaklanir. Bayes
Kestiricisi ise, 6nsel dagilimi olabilirlik fonksiyonuna entegre eder. Mplus'ta Bayesci kestirimi probit
Olceginde ve MLE kestirimi lojistik skalada gerceklestirilmektedir. Bayesci kestirim yonteminde
posterior dagilimin modu, medyani veya ortalamasi, merkezi egilimin nihai tahmini olarak alinmaktadir.
Mplus'ta Bayesci kestirimi simdilik sayim, siirekli zamanli yagsam kalim, sansiirlii veya nominal veriler
icin mevcut degildir ayrica 3PL, kademeli yanit modeli, kismi kredi modeli veya genellestirilmis kismi
kredi modeli i¢in de Bayesci kestirimi mevcut degildir. Bu sebeple, bu ¢alismada Rasch, 1PL ve 2PL
modelleri Mplus'taki MLE ve Bayes segenekleri kullanilarak LSAT6 veri setine uygulanmustir.
Karsilagtirma i¢in Mplus yaziliminda uygulandigi sekliyle MLE tahmincisi kullanilmistir. Mplus ile
Bayesci kestirimi bilgilendirici olmayan varsayilan 6nsellerle uygulanmistir. Ug modelin Bayesci
Kestirimi i¢in Mplus s6zdizimleri sirasiyla Sekil 1 ila 3'te sunulmustur. Tiim model parametreleri sonsal
(posterior) dagilimdan hesaplanmistir. LSAT6 verileri daha 6nce Kim (2003) tarafindan MCMC ile
analiz edilmis ve Gelman ve Rubin tanilayici bilgilerine dayanarak burn-in (yanma) sayisi olarak 5000
iterasyon (yineleme) belirlenmistir. Bu ¢alismada da, yanma asamasi i¢in ayni sayida iterasyon
kullanilmustir. Boylece toplam 10000 MCMC yinelemesi gergeklestirilmis ve ilk 5000 yineleme burn-
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in olarak kullanilmistir. Her bir parametre i¢in érneklenen degerlerin sonsal ortalamalari nihai tahminler
olarak kullanilmistir. LSAT6 veri setine sahip ic MTK modelinin madde parametrelerinin ML
tahminleri de karsilastirma icin Mplus yazilim paketi ile elde edilmistir. Mplus tiirevli parametre
tahminlerini (yani konum [location] ve esikler [thresholds]) tipik MTK tahminlerine (yani ayirt edicilik
[discrimination] ve giicliik [difficulty] degerlerine) doniistiirmek i¢in Asparouhov ve Muthén (2016, s.6)
tarafindan sunulan dontisiim formiilleri kullanilmistir. Forero ve Maydeu-Olivares (2009), D = 1.702
6lcekleme sabitini kullanarak parametre tahminlerini ve standart hatalari ayni metrige (.01 birim i¢inde)
yerlestirmek i¢cin MTK modellerinin normal ve lojistik varyantlarin1 kullanir (Haley, 1952). Bu
calismada da D sabiti, kullanilan modelin normal ogive parametrelerini lojistik parametrelerin 6lcegine
koymak i¢in kullanilmigtir. Tablo 1-3, LSAT veri setine uyan Rasch, 1PL ve 2PL MTK modelleri i¢in
bes madde parametresi icin MCMC algoritmasini kullanan yaklasik sonsal (posterior) ortalamalari
gostermektedir. Bulgular boliimiinde, Rasch, 1PL ve 2PL modelleri i¢in Bayesci kestirimi ile madde
parametrelerinin MLE tahminleri karsilastirilmaktadir. Bayesci kestiriminden elde edilen parametreleri
yeniden Ol¢eklendirmek i¢in Mplus'taki Bayesci kestirimi probit baglant1 fonksiyonunu kullandigindan
tiim parametreler 1.7 ile ¢arpilmistir. Tablo 1-3'te MLE ve Bayesci tahmincileri i¢in Mplus'tan Rasch,
1PL ve 2PL modellerinin madde parametre tahminleri listelenmektedir. Mplus-ML siitunlar1t MLE
tahminlerini sunar ve son siitun Bayesci tahminlerini gdsterir. Mplus'ta Bayesci kestiriminden alinan
madde parametresi tahminleri, MLE ile ayn1 dlgekte degildir. Bu nedenle, madde giicliigli ve madde
ayrt edicilik parametrelerini logit 6lgegine doniistiirmek i¢cin Bayesci tahminlere doniisiim formiilleri
uygulanmistir. Tablo 1-3'te goriilebilecegi gibi, doniistiiriilmiis Bayesci kestirimleri, birinci ve ikinci
ondalik basamaklarda MLE tahminlerine gore farklilagsmistir. Bayesci tahminleri ile ML tahminleri
arasindaki Pearson korelasyon degeri .999 civarinda bulunmustur. MLE ve MCMC arasindaki en biiyiik
farkliliklar 2PL MTK modeline ait parametrelerde bulunmustur.

Sonug ve Tartisma

Iki kategorili MTK modelleri tipik olarak hem Bayesci hem de MLE tahmin algoritmalari ile tahmin
edilir. MTK modellerinin Bayesci kestirimi bazen MLE'ye tercih edilir, ¢linkii MLEnin ortiik
degiskenlerin sayisinin bir fonksiyonu olan entegrasyon boyutlarinin sayisina bagli olarak yavas veya
engelleyici olabilen sayisal entegrasyona ihtiyaci vardir. iki kategorili MTK modellerinin Bayesci
kestirimi kullanarak Mplus'ta nasil tahmin edilecegini psikometri literatiiriinde gosteren didaktik bir
calisma yer almamaktadir. Bu ¢alismada, Bayesci kestirimi ile iki kategorili MTK modellerinin tahmini
icin gerekli islemler adimlar halinde sunulmaktadir. Spesifik olarak, bes maddelik LSAT6 veri seti
kullanilarak iki kategorili ti¢ MTK modeli analiz edilmistir. Bu bes maddenin parametre tahminleri MLE
ve Bayesci tahminleri i¢in karsilagtirilmistir. Sonuglar, MLE ile Bayesci kestirimlerinden elde edilen
madde parametre tahminleri arasinda bazi farkliliklar oldugunu gostermistir. Bu, MLE ve MCMC igin
karsilastirilabilir tahmin sonuglar1 gosteren Onceki arastirmalarin sonuglartyla tutarlidir (6rnegin,
Kieftenbeld & Natesan, 2012; Luo, 2018; Paek, Cui, Oztiirk Giibes ve Yang, 2018; Wollack, Bolt,
Cohen ve Lee, 2002). Bilgilendirici olmayan (non-informative) onsellerle Bayesci kestirimi, MLE ile
asimptotik olarak benzer tahminler vermelidir. Bu ¢alismada gosterildigi gibi, Mplus'ta Bayesci
kestirimi i¢in varsayilan, bilgilendirici (informative) Onseller kolayca belirtilmesine ragmen,
bilgilendirici olmayan onseller kullanmaktir. Onsel dagilim, Bayesci tahminin en énemli kisimlarindan
biridir. Bunun nedeni, 6nsel dagilimlarin 6zellikle kiigiik 6rneklem biiyiikliikleri i¢in sonsal dagilimi
onemli Olciide etkileyebilmesidir (Natesan, Nandakumar, Minka ve Rubright, 2016). Bu ¢alismada
sadece bilgilendirici olmayan 6nseller kullanilmistir. Bununla birlikte, Mplus yazilimindaki tahminlere
bilgilendirici veya biraz bilgilendirici Onseller eklemek miimkiindiir. Mplus'a Bayesci kestirim
algoritmasinin eklenmesi, Mplus' iki kategorili MTK modellerinin kestirimi i¢in uygun ve kullanish bir
yazilim paketi haline getirmistir.
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Appendix. Mplus Plots for 1PL IRT Model with Bayes Estimator
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Figure A2. Bayesian autocorrelation plot.
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Abstract

It is accepted that the presence of Differential Item Functioning (DIF) in large scale examinations may be an
indication of bias. The aim of the present study was to analyze whether dichotomous (1-0) items in the PISA 2015
mathematics subtest exhibit DIF with regard to gender and statistical regions. The study was carried out using the
data of 2409 students who took part in PISA 2015 and answered all mathematics questions. Rasch model was used
via Winsteps software to determine whether the items exhibit DIF or not. Confirmatory Factor Analysis (CFA)
was applied to the sixty-three mathematics questions in the clusters. The modification indices and goodness of fit
values were examined for CFA and a total of eight items that disrupt the model structure were excluded from the
test. DIF analyses were carried out for the 55 items that were observed to be one-dimensional. The analysis results
based on gender indicated that five items exhibit DIF. Two of these items exhibit DIF in favor of girls, while three
in favor of men. Statistically significant DIF findings were observed in all items when the analyses results based
on statistical regional units were analyzed. While at least 10 DIF cases were observed as a result of the binary
territory comparison on an item basis, maximum 38 DIF cases were observed. Minimum DIF was observed in
item Q4 as a result of regional comparisons, whereas maximum DIF was observed in items Q47 and Q50.

Key Words: Differential item functioning, Rasch model, bias, statistical regions, PISA.

INTRODUCTION

Structuring of labor via qualified education is directly related to education quality and policy.
Continuous advancement of scientific developments by way of innovations increases the importance of
cooperative education quality and education policies. Measurement and evaluation tools are used for
determining the personal qualifications of individuals who undergo a certain education. Individual
outputs determined subject to the implementation purpose provide insight into the competence of the
individuals (Baykul, 2000). Large scale examinations are conducted for the global evaluation of
educated individuals. Large scale examinations in Turkey are conducted by the Ministry of National
Education (MoNE), General Directorate of Measurement, Evaluation and Examination Services and
Student Selection and Placement Center.

Large scale examinations are carried out worldwide such as Programme for International Student
Assessment (PISA), Trends in International Mathematics and Science Study (TIMSS), Progress in
International Reading Literacy Study (PIRLS) are carried out which enable the comparison of many
education-related outputs.

PISA, organized by the Organization for Economic Cooperation and Development (OECD) has been
applied in Turkey once every three years since 2000. The fundamental knowledge and skills of the
students in the fields of science, mathematics and reading are assessed as part of the PISA project for a
15-year-old group of students (MoNE, 2013). PISA goes beyond assessing whether students can
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reproduce what they have learned in school, thus focusing on determining their ability to apply their
knowledge in real life, solve problems in novel situations as well as their abilities to make use of skills
such as extrapolation and reasoning (MoNE, 2010). The data acquired from these surveys contribute to
the interpretation of cognitive data. Turkey has taken part in school and student surveys within the scope
of PISA 2015 (MoNE, 2015).

Individuals who take part in international large scale examinations vary with regard to characteristics
such as ethnic origins, language, culture, etc. The balance of presence in life of female-male individuals
differs among different societies, especially within the context of gender. These differences make it
difficult to adapt the tests into different languages and cultures in intercultural studies (Van de Vijver &
Tanzer, 2004). Large scale examinations should be prepared without allowing for any inequalities by
taking the aforementioned circumstances under control. The prepared test items should not provide any
advantage or disadvantage to any group (Ogretmen, 1995).

The validity and reliability of the test scores of the individuals for the characteristics to be compared
with regard to desired ability or success may have an impact on the accuracy of the decisions made
based on these data (Gierl, 2000). The fact that large scale examinations used as a resource for important
decisions are free of errors brings forth the validity of the test or test items and thus, the presence of bias
observed as systematic error. Item and test bias is among the threats against meeting the validity
requirement (Clauser & Mazor, 1998). In this regard, unbiasedness is considered as a criterion in order
for a test or test item to meet the validity requirement (Camili & Shepard, 1994). Characteristics of
measurement such as the ability level, item discrimination, item difficulty, distribution, reliability vary
subject to the group (Ozer Ozkan, 2012). In this regard, it is expected that the psychometric
characteristics of the measurement tool are the same for all responders (Kibrislioglu Uysal & Atalay
Kabasakal, 2017).

Bias is accepted as the presence of systematic error in the test items (Osterlind, 1983). It can be indicated
that the value of the variables is systematically low or high in case of bias in the test item (Cikrik¢1
Demirtagh & Ulustas, 2015). It is expected that the individuals will have the same probability of
responding to the items correctly if the test or test items have the same construct validity for all
individuals in the group (Camili & Shepard, 1994). Determining the test or test item that exhibits DIF
is important for validity. In this case, the validity of the study carried out will be at risk in case studies
are not carried out for determining the biased items in large scale tests.

It is observed that studies on DIF are carried out frequently in different countries in order to test the
validity of international large scale examinations. DIF and bias studies based on gender, culture and
language are observed frequently in literature. It has been observed that DIF and bias studies have been
carried out for international or national scale examinations subject to gender (Acar, 2011; Alkaline,
2014; Amour, AL-Gadarene Alomar, & AL Ruairi, 2015; Aniffin, Idris, & Thsak, 2010; Atesok Deveci,
2008; Bakan Kalaycioglu, 2008; Bakan Kalaycioglu & Kelecioglu, 2011; Bekci, 2007; Berberoglu,
1995; Birjandi & Amini, 2007; Doolite & Cleary, 1987; Gamer & Engelhard, 1999; Hanna, 1986; Haris
& Cartlon, 1993; Karakaya, 2012; Karakaya & Cult, 2012; Ken, Sunbelt, & Omar, 2013;Kibrishioglu &
Atalay Kabasakal, 2017; Kurnaz, 2006;Latifi, Bulut, Gierl, Christie, & Jeeva, 2016; Le, 1999,2009;
Lyons-Thomas, Sandilands, & Ercikan, 2014; Ogretmen & Dogan, 2004; Ozer Ozkan & Fincan, 2017;
Satict & Ozer Ozkan, 2016; Sunna, 2012;Senferah, 2015; Taylor & Lee, 2012;Turkman, 2014;Ultras,
2012;Yilin & Tavsancil, 2015;Yurdugiil & Askar, 2004; Zenisky, Hambleton, & Robin, 2004; Zwick &
Ercikan, 1989); school type (Bakan Kalaycioglu, 2008; Bekci, 2007; Karakaya & Kutlu, 2012; Senferah,
2015); regions and cultures (Ercikan & Kim, 2009; Gok, Atalay Kabasakal, & Kelecioglu, 2014;
Ozmen, 2014; Ulutas, 2012; Yurdugiil & Askar, 2004; Zwick & Ercikan, 1989).

It is observed that bias studies in Turkey have been carried out since the early 1990s on data for national
tests of Secondary School Institutions Student Selection and Placement Test, Student Selection Test,
Level Determination Exam and Transition from Primary to Secondary Education. There has been an
increase in DIF and bias studies on PISA, TIMSS and PIRLS following the increase in the popularity of
international large scale examinations after the 2000s. Bias studies have been included in the PISA 2015
technical report published by the OECD and information has been presented on how the biased items
are controlled (OECD, 2015). It is observed that there is no mention of any DIF or bias towards gender
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and statistical regions in both the PISA 2015 technical report published by OECD and the PISA 2015
National Report published by MoNE General Directorate of Measurement, Evaluation and Examination
Services and Student Selection. Moreover, the fact that the impacts of gender and culture yield results
that cannot be ignored in DIF and bias studies in literature increase the importance of the study. In this
regard, it is expected that the present study aiming to examine the DIF of PISA 2015 mathematics subtest
subject to gender and statistical regions will contribute to the related studies in the literature.

The Aim of the Study
The aim of the study is to determine whether the dichotomous (1-0) items in the PISA 2015 application
mathematics subtest exhibit DIF subject to gender and territory or not, according to the Item Response
Theory (IRT) via the Rasch Model. Answers to the following questions were sought within the
framework of this aim:

1. Do the binary scored items in the PISA 2015 mathematics literacy subtest exhibit DIF based on
the analyses via the Rasch method?

2. Do the binary scored items in the PISA 2015 mathematics literacy subtest exhibit DIF with
regard to the statistical regions in Turkey based on the analyses via the Rasch method?

METHOD

The study examines whether the dichotomous (1-0) items in the PISA 2015 mathematics literacy subtest
exhibit DIF or not with regard to gender and regions. The study is designed based on considering the
current situation from different perspectives, defining and comparing the relations between them and
expressing them in a holistic and circumspect way (Bliylikoztiirk et al., 2013). In this regard, this is a
descriptive study in the survey model.

Population and Sample

The 15-year-old student population who can take part in the PISA 2015 Turkey application was
determined as 925.366. A total of 187 schools from 61 provinces representing the 12 regions in the
Turkey Nomenclature of Territorial Units for Statistics. (NUTS) 1% level took part in the PISA 2015
application. Turkey's NUTS classifications are officially termed statistical regions. Therefore, in this
study, the term statistical region is used. School sample groups were determined during the PISA 2015
study via a stratified random sampling method, while the students to take part in the application were
selected via random sampling method (MoNE, 2015). The present study was carried out using the data
of 2409 students who responded to the PISA 2015 mathematics subtest. The regionals DIF findings of
the items in the PISA 2015 mathematics subtest were examined based on the NUTS-1 classification
presented in Table 1. Table 1 presents the distribution subject to gender and statistical regions for the
students who took the mathematics subtest in 2015.
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Table 1. Sample Group Distribution for the Students Subject to Gender and Statistical Regions

Female Male Total
Territory f % f % f %
Istanbul 221 18.45% 210 17.34% 431 17.89%
Western Marmara 53 4.42% 46 3.80% 99 4.11%
Aegean 154 12.85% 130 10.73% 284 11.79%
Eastern Marmara 102 8.51% 107 8.84% 209 8.68%
Western Anatolia 112 9.35% 113 9.33% 225 9.34%
Mediterranean 160 13.36% 182 15.03% 342 14.20%
Central Anatolia 61 5.09% 70 5.78% 131 5.44%
Western Black Sea 54 4.51% 77 6.36% 131 5.44%
Eastern Black Sea 35 2.92% 45 3.72% 80 3.32%
Northeastern Anatolia 44 3.67% 36 2.97% 80 3.32%
Central Eastern Anatolia 60 5.01% 59 4.87% 119 4.94%
Southeastern Anatolia 142 11.85% 136 11.23% 278 11.54%
Total 1198 100.00% 1211 100.00% 2409 100.00%

It can be observed when Table 1 is examined that the students who responded to the PISA 2015
mathematics subtest have similar gender distributions. Whereas, it can be indicated that the distribution
according to the statistical regions of the students who responded to the PISA 2015 is similar within the
scope of NUTS.

Data Collection Tools

Procedure

PISA 2015 cognitive test results published at the OECD official website were used in the study. PISA
2015 was applied in Turkey by way of a computer-based assessment method instead of as a pencil-paper
test. The items in the mathematics subtest were included in 36 of the 66 booklets prepared for the
implementation of this method. PISA 2015 cognitive test data were downloaded after which the data
related to the Turkey mathematics subtest were sorted out. The data for 2409 Turkish students who
responded to all of the items in the mathematics literacy subtest were used (OECD, 2015).

Data Analysis

The items in PISA 2015 mathematics subtest were classified by the OECD into 6 + 1 (equivalent form)
different clusters comprised of 11 or 12 questions. Each booklet used for implementation in PISA 2015
was prepared by including the question group that makes up one or two mathematics clusters. Annex 1
presents the additional data regarding the mathematics subtest items included in each booklet
implemented in PISA 2015.

The forms used in PISA 2015 implementation were prepared consecutively, placing to the booklets each
of the six different clusters. The students answered the items in the mathematics cluster in the booklet.
Each student did not take the complete mathematics subtest. Instead, they answered the mathematics
items in one or two of the six mathematics clusters determined by the OECD. The following sample
distribution method was used for selecting the items in the forms prepared for PISA 2015
implementation. Table 2 presents the sample distribution method for the number of items included in
the mathematics subtest clusters.
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Table 2. Mathematics Subtest Items Sample Cluster Distribution

Cluster01 Cluster02 Cluster03 Cluster04 Cluster05 ClusterO6a
Forms 11 Items 12 Items 12 Items 11 Items 12 Items 11 Items
Form33 X X
Form34 X X
Form35 X X
Form36 X X
Form37 X X
Form38 X X
Form39 X X

While the items in ClusterO1 and Cluster02 in Form33 were observed when Table 2 is examined, the
items in Cluster05 and Cluster06 were answered in Form37. Two equivalent forms were prepared for
the final cluster in the PISA 2015 mathematics subtest. One of the equivalent forms was applied in
Turkey. The equivalent form was named as “Cluster06a” throughout the study. The data regarding the
Turkey mathematics subtest declared by the OECD were extracted by taking the data related to gender,
territory, form number and question responses. Six multi-scored items were excluded from the data
cluster in addition to one item excluded by the OECD since the study was going to be carried out using
the dichotomous (1-0) items.

Six copies of the data file were prepared since the responses to each of the mathematics subtest items
included in each cluster will be analyzed separately. Each data file was renamed as such (e.g.; Cluster01,
Cluster02, etc.), after which they were cleaned up so as to include only the responses to the items in that
cluster. Hence, each file was prepared to include gender, education territory and the responses to the
items in that cluster. One copy of each cluster file was made in order to ensure that the data are in
compliance with the Winsteps 3.80.1 software. Microsoft Office Excel software was used to arrange
one of the files to include gender and item responses and the other file to include regions and item
responses. As a result, 12 data files were prepared by sorting the PISA 2015 mathematics subtest items
for analysis in six clusters and two variables. Winsteps was run and each Excel file was transformed
into a text document for analysis. The proper syntax was written for the file transformed into a text
document in accordance with the Winsteps software. The related package software was used in the study
for the analysis of the assumptions of IRT and for data sorting. The normality graph and the skewness-
kurtosis coefficients were examined for the normal distribution assumption of the data of each cluster.
The skewness and kurtosis coefficients of each cluster were determined to be between +1 and -1.
CFA was applied on the PISA 2015 mathematics subtest for the unidimensionality analysis on a
cluster basis. CFA was used to examine RMSEA, GFI, NFI, RFI, IFI, AGFI, CFl and SRMR with
regard to validity and goodness of fit values. Two items in Cluster02, three items in Cluster04, one
item in Cluster05 and two items in ClusterO6a were excluded from the study since they did not meet
the unidimensionality assumption. It was observed that the items of each cluster included in the
study meet the normality, unidimensionality and local independence assumptions. Finally, it was
accepted that the items in the PISA 2015 mathematics subtest are structured in accordance with the
Rasch model, according to IRT.

RESULTS

Gender-Related DIF Findings for the Mathematics Subtest Items

This section examines the gender-related DIF values for the dichotomous (1-0) items included in six
clusters in PISA 2015 mathematics subtest. DIF measurement value regarding the responses of female
and male students to the nine items in Cluster01 of the mathematics subtest subject to the item codes,
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the contrast value between the DIF measurement values and t values were examined with the findings

presented in Table 3.

Table 3. DIF Values of Items in ClusterO1 Subject to Gender

Item Focus Group MeasI,:L)J:Zment Reference Group Meas[l)J:'e:ment DIF Contrast t value

Q1 -1.94 -1.82 -12 -.63
Q2 -1.12 -1.37 .26 141
Q3 -1.03 -1.34 31 1.69
Q4 -.33 -24 -.09 -.45
Q5 Female .37 Male .56 -.19 -.88
Q6 A1 19 -.09 -.43
Q7 2.25 1.64 .60 191
Q8 1.13 1.76 -.62 -2.35
Q9 59 71 -12 -.56

It was observed when Table 3 was examined that item Q7 exhibits DIF (.60) in favor of males, whereas
item Q8 exhibits DIF (-.62) in favor of females. Figure 1presents the change in DIF for the items in
Cluster01 subject to gender.
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Figure 1. DIF Change Graph Subject to Gender for the Nine Items in Cluster01

It can be understood from the DIF change graph in Figure 1 that the items with contrast values outside
the range of .5 and -.5 logit exhibit DIF at a statistically significant level. It can be observed that items
Q7 and Q8 have the highest divergence from the mean value for the female and male students. In
conclusion, it can be indicated when the DIF values of the nine items in Cluster01 subject to gender are
examined that items Q7 and Q8 exhibit DIF at a statistically significant level. Table 4 presents the DIF
value subject to gender for the items in Cluster02 of the mathematics subtest.
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Table 4. DIF Values Subject to Gender for the Items in Cluster02

DIF

DIF

Item Focus Group Reference Group DIF Contrast t value
Measurement Measurement
Q10 -.03 44 -47 -2.49
Q11 .83 .68 A5 74
Q12 -.64 -.87 22 1.25
Q13 -2.80 -2.94 A5 .62
Q14 Female 2.70 Male 2.05 66 211
Q16 31 .64 -.33 -1.71
Q18 -31 .06 -.36 -2.01
Q19 21 -.22 43 2.35

It is observed in Table 4 that the item Q14 in Cluster02 (.66) exhibits DIF in favor of males. Figure 2
presents the DIF change graph of items in Cluster02 subject to gender.
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Figure 2. DIF Change Graph of the Eight Items in Cluster02 Subject to Gender

It can be stated when the DIF values of the eight items in Cluster02 are examined that the Q14 coded
item exhibits DIF at a statistically significant level. Table 5 presents the DIF value of the items in the
mathematics subtest Cluster03 subject to gender.
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Table 5. DIF Values Subject to Gender for the Items in Cluster03

Item Focus Group MeasI,:L)J:Ement Reference Group Meas[l)J:'e:ment DIF Contrast t value
Q20 -.80 -.85 .05 .26
Q21 .37 -.09 .46 243
Q22 .29 A3 A7 .87
Q23 .35 .35 .00 .00
Q24 -1.62 -1.36 -.26 -1.39
Q25 Female 4.07 Male 4.56 -.49 -.80
Q26 -.65 -.78 14 74
Q27 =77 -.59 -.18 -.97
Q28 1.15 1.25 -.10 -44
Q29 1.18 1.56 -.38 -1.64
Q30 -3.86 -3.86 .00 .00

The DIF contrast values of the 11 items in Cluster03 have been calculated between 0.5 and -0.5 logit in
Table 5. Thus, it can be stated that the items in Cluster03 do not work for or against any group. Figure
3 presents the change in DIF graph for the items in Cluster03 subject to gender.
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Figure 3. DIF Change Graph of the 11 Items in Cluster03 Subject to Gender

It can be stated when the change in DIF subject to the gender of the 11 items in Cluster03 presented in
Figure 3 is examined that there are no items that exhibit DIF at a statistically significant level. Table 6
presents the DIF values subject to the gender of the items in Cluster04 of the mathematics subtest.

Table 6. DIF Values of the Items in Cluster04 Subject to Gender

Item Focus Group DIF Reference Group DIF DIF Contrast t Value
Measurement Measurement
Q31 -2.00 -2.00 .00 .00
Q33 -1.29 -1.18 -11 -.63
Q34 34 54 -20 -1.04
Q35 Female -.89 Male -1.08 19 1.09
Q37 4.34 4.67 -.34 -51
Q38 .01 -.07 .08 43
Q39 -74 -.68 -.06 -.37
Q40 .06 -.07 13 .70
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It can be stated when the DIF contrast values subject to the gender of the eight items in Cluster04
presented in Table 6 are examined that the DIF contrast value calculated between 0.5 and -0.5 logit and
that the items do not exhibit DIF subject to gender.
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Figure 4. DIF Change Graph Subject to Gender for the Eight Items in Cluster04

It can be understood when Figure 4 is examined that there are no items with contrast values outside the
boundaries of .5 and -.5 logit, or in other words, that the items in Cluster04 do not exhibit DIF at a
statistically significant level. Table 7 presents the DIF values subject to the gender of the items in
Cluster05 of the mathematics subtest.

Table 7. DIF Values Subject to Gender of the Items in Cluster05

DIF

DIF

Item Focus Group M Reference Group DIF Contrast t Value
easurement Measurement

Q42 -1.75 -1.92 A7 .96
Q44 1.54 1.32 22 75
Q45 -1.12 -1.17 .05 .30
Q46 .18 .50 -32 -1.53
Q47 Female 2.26 | 2.09 A7 44
Q48 -1.26 Male -1.26 00 00
Q49 -.83 -.96 A3 a7
Q50 3.37 3.13 .23 .39
Q51 -1.72 -1.55 -17 -1.02
Q52 -43 -.38 -.06 -.30

It was observed when Table 7 was examined that the items in Cluster05 do not exhibit DIF subject to
gender. Figure 5 presents the DIF change graph subject to the gender of the items in Cluster05.
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Figure 5. DIF Change Graph Subject to Gender of the 10 Items in Cluster05

It is understood when Figure 5 is examined that the items in Cluster05 do not display DIF at a statistically
significant level. The DIF values subject to the gender of the items in ClusterO6a of the mathematics
subtest are presented in Table 8.

Table 8. DIF Values Subject to Gender of the Items in ClusterO6a

Item Focus Group Il\D/IIF Reference Group DIF DIF Contrast t Value
easurement Measurement
Q53 -1.74 -2.47 .73 3.82
Q54 .69 27 42 1.78
Q56 -12 -27 .16 .76
Q57 -1.60 -1.12 -.48 -2.55
Q58 Female 48 Male 1.23 -75 -2.94
Q59 2.85 2.82 .03 .06
Q60 -1.37 -1.45 .08 42
Q62 .46 .59 -13 -.55
Q63 27 .61 -35 -1.48

It is observed when Table 8 is examined that the item Q58 in ClusterO6a operates in favor of females
based on its DIF contrast (-.75) value, whereas item Q53 (.73) operates in favor of males. Figure 6
presents the DIF change graph subject to the gender of the items in ClusterO6a.
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Figure 6. DIF Change Graph Subject to Gender of the Nine Items in ClusterO6a

It can be observed when Figure 6 is examined that the female and male students stray away from the
mean at the maximum level in items Q53 and Q58. In conclusion, it can be stated that items Q53 and
Q58 exhibit DIF at a statistically significant level.

Statistical Regions Related DIF Findings of the Items in the Mathematics Subtest

This section focuses on the DIF values of the dichotomous (1-0) items in the PISA 2015 mathematics
subtest. The DIF change graphs subject to statistical regions are presented for the items in the six clusters
of the mathematics subtest. Figure 7 presents the change in DIF graph subject to the statistical regions
for the nine items in Cluster01.
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Figure 7. Change in DIF Subject to Statistical Regions for the Nine Items in Cluster01
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In Figure 7, with the blue dotted line for Istanbul, Western Marmara with the orange checkered line for,
Aegean with the grey triangle line, Eastern Marmara with the yellow crossed line, Western Anatolia
with the blue starred line, the Mediterranean with the green dotted line, Central Anatolia with the navy
blue perpendicular line, Western Black Sea with the brown line, Eastern Black Sea with the red line,
Northeastern Anatolia with the brown checkered line, Central Eastern Anatolia with the navy blue
squared line, Southeastern Anatolia with the green triangled line and the educational territory mean
value with the blue crossed line. It is observed that items Q3, Q5, Q6, Q7, Q8 and Q9 exhibit the biggest
change from among the items in Figure 1. It is seen from the DIF change graph of the items in Cluster01
subject to statistical regions that the maximum divergence from the mean value is in the Eastern Black
Sea, Northeastern Anatolia, Central Eastern Anatolia and Southeastern Anatolia region. Figure 8
presents the change in DIF of the eight items in Cluster02 subject to statistical regions.
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Figure 8. Change in DIF Subject to Statistical Regions for the Eight Items in Cluster02

Figure 8 illustrates that Q13, Q14, Q16 and Q18 items exhibit the highest rate of change. As can be seen
from the change in DIF of the items in Cluster02 subject to statistical regions, Northeastern Anatolia,
Central Eastern Anatolia and Southeastern Anatolia are the regions that have diverged the most from
the mean value. Figure 3 shows the DIF change graph of the 11 items in Cluster03 subject to statistical
regions.
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Figure 9. Change in DIF Subject to Statistical Regions for the Eleven Items in Cluster03

Figure 9 illustrates that Q23, Q25, Q26 and Q28 items exhibit the highest rate of change. As can be seen
from the change in DIF of the items in Cluster03 subject to statistical regions, Eastern Marmara,
Northeastern Anatolia, Central Eastern Anatolia and Southeastern Anatolia are the regions that have
diverged the most from the mean value. Figure 10 shows the DIF change graph of the eight items in
Cluster04 subject to statistical regions.
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Figure 10. Change in DIF Subject to Statistical Regions for the Eight Items in Cluster04

It can be observed when Figure 10 is examined that Q33, Q34 and Q39 are the items from among the
eight items of Cluster04, which display the highest rate of change subject to statistical regions. It is
presented in the DIF change graph subject to regions for the items in Cluster04 that Northeastern
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Anatolia and Central Eastern Anatolia are the regions that have diverged the most from the mean value.
The results indicate that Northeastern Anatolia territory for items Q33 and Q40 and the Central Eastern
Anatolia regions for items Q34 and Q39 have diverged from the mean value at a significant level. Figure
11 presents the DIF change subject to regions for the 10 items in Cluster05.

——ISTANBUL ~— BATI MARMARA EGE DOGU MARMARA ==#e=BATI ANADOLU ~ ==@=AKDENIZ e ORTA ANADOLU
e BAT| KARADENIZ e DOGU KARADENIZ == KUZEY DOGU ANA eili= ORTA DOGU ANA  milem= GUNEY DOGU ANA === ORTALAMA

o » 4 o A % ) o ~ a
¥ o ¥ & 4 3
s o & & o N & o o o

EGITiM BOLGELERINE GORE DMF DEGiSiM OLCUMU

3

Figure 11. Change in DIF Subject to Statistical Regions for the Ten Items in Cluster05

Figure 11 reveals that the highest rate of change is observed in items Q44, Q46, Q47, Q49 and Q52. It
can be seen from the graph showing the DIF change subject to statistical regions for the items in
Cluster05 that the greatest divergence from the mean value has been observed in Western Marmara,
Eastern Black sea, Northeastern Anatolia, Central Eastern Anatolia and Southeastern Anatolia regions.
Figure 12 shows the DIF change graph of the nine items in ClusterO6a subject to statistical regions.
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Figure 12. Change in DIF Subject to Statistical Regions for the Nine Items in Cluster06
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It can be observed from Figure 12 that the highest rate of change in the graph is observed in items Q54,
Q57, Q58, Q62 and Q63.

DISCUSSION and CONCLUSION

The aim of the present study was to determine whether the dichotomous (1-0) items in the PISA 2015
mathematics literacy subtest exhibit DIF subject to gender and statistical regions. IRT based Rasch
model method was used for examining whether the items included in the study exhibit DIF or not.

Large scale examinations have a significant impact by way of their results on the education shareholders.
It is important that the results of the examinations on which decisions related to individuals and the
educational systems of countries are based contain minimum error. This will contribute to the accuracy
of the decisions taken in accordance with the test results. Hence, it is expected that the tests applied in
the field of education are free from bias. In other words, it is expected that the responses to the items in
the examinations are not affected by factors such as gender, socioeconomic level, language, culture,
territory, graduated school type, etc. excluding the abilities of the students. It is an important problem
with regard to validity when the items operate for or against a certain group. Determining bias as a
source of systematic error for examinations is also important for accountability.

Statistically significant DIF finding was observed subject to gender and statistical regions in the
dichotomous (1-0) items of the mathematics subtest in PISA 2015 Turkey implementation. Statistically
significant DIF findings were observed in five items in the mathematics subtest with regard to gender
and in all items with regard to statistical regions.

Gender-based analyses of the items in the mathematics subtest of PISA 2015 revealed that item Q7 in
Cluster01 operates in favor of males, whereas item Q8 operates in favor of females. Moreover, it was
also understood that the item Q14 in Cluster02 operates in favor of males, whereas items Q58 and Q53
in ClusterO6a operate in favor of females. It was understood as a result of the DIF analysis subject to
gender for the 55 items of the mathematics subtest included in the study that five items exhibit. Of these
items, two exhibited DIF in favor of females and three in favor of males. Demir and Kose (2014) carried
out a study for examining whether the items included in PISA 2009 mathematics literacy subtest exhibit
DIF subject to gender and culture. The study results put forth that two questions exhibit DIF subject to
gender-based on the MH technique, three questions based on the LR technique and four questions based
on the SIBTEST technique. In addition, DIF findings in favor of female students have been obtained as
a result of the study by Akour et al. (2015) examining whether the PISA 2012 mathematics subtest
results exhibit DIF or not. Atalay Kabasakal and Kibrislioglu Uysal (2017) conducted a study examining
whether the PISA 2015 science subtest exhibits DIF subject to gender or not as a result of which it was
observed that the number of items that exhibit DIF varies between two and six. Cikrik¢1 Demirtash and
Ulutas (2015) carried out a study examining whether the items in the PISA 2006 science literacy subtest
exhibit DIF subject to culture and gender or not. It was observed based on the DIF analysis subject to
the item and item type that all multiple-choice items operate in favor of females, whereas two-thirds of
the open-ended questions and a short response item operate in favor of males. It is observed especially
in recent studies reporting gender DIF in large scale examinations that the number of items that exhibit
DIF varies between three and six. The results obtained from these studies and the aforementioned
literature findings are in accordance.

Statistically significant DIF findings were observed in all items when the results obtained from the
analyses of the items in PISA 2015 mathematics subtest subject to statistical regions are examined.
While at least 10 DIF cases were observed in the item based binary educational territory comparison,
the maximum DIF cases observed were 38.

It is also very important for the implementation of the national and international tests in PISA 2015
mathematics subtest to take into consideration the impact of different demographic characteristics on
the measurement results. It has been reported when the result indicating that the reasons for DIF in
examinations carried out at the national level include variables such as gender and school type is taken
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into consideration that it is inevitable for large scale examinations at the international scale such as PISA
to include items that exhibit DIF (Bakan Kalaycioglu & Kelecioglu, 2011). According to Sachse and
Haag (2017), DIF can be observed due to the margin for error calculated for large scale examinations.
In this regard, they have mentioned the need to reevaluate the methods used for calculating the standard
error for national tendencies and taking into consideration the errors due to different points. Arikan, Van
de Vijder and Yagmur (2018) expressed as a result of their study that less DIF is observed when tendency
scores are used in DIF analyses.

It can be stated when the results of studies examining DIF subject to the gender of large scale
examinations along with the results of the present study are taken into consideration that similar results
have been attained. It is expressed when DIF subject to statistical regions is examined that different
demographic characteristics should be taken into consideration and that different DIF prediction
methods should be used. In addition, it is also observed that even though DIF description techniques
yield similar results, they do not yield the same results due to the presence of algorithms and breakpoints
at different classifications (Ardig & Gelbal, 2017).
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Appendix A. PISA 2015 Mathematics Literacy Form-Question and Cluster Matching Table
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Development of a Short Form: Methods, Examinations and
Recommendations
Hakan KOGAR *
Abstract

The aim of this review is to explain the methods that can be used when developing short form of a measurement
tool and to examine some short form development studies in the field of health sciences literature by taking into
consideration the criticisms of short form development studies. It is seen that short form development studies are
especially concentrated in the fields of health sciences. The main reason for this situation has been shown that
clinicians need fast and reliable measurement tools to reduce the pressure on them. The review results of the 12
articles selected for this research show that there are very few studies that follow the guidelines for short form
development. Researchers are advised to develop the short form of the scale by taking into account the criteria
mentioned in this study. It is recommended to select measurement instruments which are developed in accordance
with ethical rules and have sufficient psychometric properties. Clinical researchers should be aware that the
perception that measuring instruments containing less items are less valid does not show the truth. The same
psychometric standards are sought for each measurement tools.

Key Words: Short form, scale development, classical test theory, item response theory

INTRODUCTION

Attempts to develop a short form of an existing measurement tool started at the beginning of the 20th
century when it was questioned if it was essential to use all the items on Doll’s (1917) Binet-Simon
intelligence test to measure intelligence. Studies on the development of short forms, the number of which
increased in the 1950s, initially focused on the measurement tools used for clinical assessments as an
outcome of criticisms made against numerous items on intelligence and ability tests (Levy, 1968). Levy
(1968), who examined the short form development studies in that period, criticized these kinds of studies
in his study by claiming that studies aiming to produce short forms diverted from their real purposes and
became a commonplace academic activity.

Why Short Forms?

The primary aim of studies on the development of short forms in the mid-20th century was for effective
use of the time available (Levy, 1968). The aim was to establish a balance between economic use of
time and energy and accurate test estimations (Doppelt, 1956). Today, however, there are different
reasons underlying efforts to develop short forms. Some of these are as follows: finding the use of short
forms convenient in studies involving multiple cultures with multiple variables, saving time by
measuring fewer behaviors, the possibility of developing a child form, reaching the goals of selection
and placement more quickly and developing a short form having the same validity as that of a long form.
Studies on the development of a short form are observed to be more common in the field of health
sciences. This is primarily attributed to the health specialists’ need for a quick and reliable measurement
tool to relieve the pressure they are under (Smith, McCarthy & Anderson, 2000).
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Psychometric Theories Used In Developing Short Forms

Various methods were used in developing short forms in the mid-20th century, some of which are
selecting the item set yielding the highest correlation with the long form of the measurement tool,
forming an item sample based merely on item statistics, and selecting a factor or factors with the highest
validity (Levy, 1968). It was revealed that among these methods, it was the selection of an item sample
based on classical item statistics that was used most frequently; in addition to these statistics, some other
statistics, such as Guttman’s scalogram analyses were also found to be utilized. These methods, the use
of which are limited today, as well as other methods that started to be used with the advancements in
technology as of 1970, are explained below in detail in association with the psychometric theories they
are based on.

Classical Test Theory (CTT)

Classical item statistics

The most important of the classical statistics that go way back to the times when intense interest in scale
development studies started in the field of social sciences are item difficulty index, item discrimination
index and item total correlation coefficient. The item difficulty index refers to the difficulty level of an
item with respect to the ability level of the individuals in a group. According to Henning (1987), an item
being too easy or too difficult can indicate that the score distribution is skewed, which may show that
the item prepared is not compatible with the ability level of the group. The item discrimination index,
the purpose of which is to distinguish a high scoring group from the low scoring group in reference to
the total score, is an important index value that determines the place of an item in a scale. As for the
item total correlation coefficient, it displays the relationship between the trait the item or the content is
testing and the trait that the total score of the test is measuring. Each item score should be associated
with the total score. Items that show a high level of relationship with the total score are those items that
highly account for the variance in the total score, as in the factor load of a factor analysis. In other words,
these items have a high level of validity. These statistical techniques are frequently utilized in the 21st
century as their calculations are relatively easy. However, particularly item total correlation is known to
result in misleading findings as it is based on the Pearson’s product-moment correlation coefficient
(Raykov & Marcoulides, 2011)

Biggers’ (1976) Spearman-Brown prediction method

Biggers (1976), who criticized the use of classical item statistics, stated that the long form is the unity
of n number of parallel short forms, and that the short form developed is merely one of these parallel
forms; thus, it is not possible to determine which short form is a more appropriate selection. Moreover,
generating a short form by eliminating or choosing items is an irreversible experimental method; that is,
he stated that it was not possible to initially develop a short form and then add items to try to obtain the
long form of the test. For this purpose, Spearman-Brown proposed the prediction method as an
alternative to developing a short form. He, first of all, developed the short form of a 40-item dogmatism
scale with the aid of classical item analyses. Subsequently, he divided the test into two parts based on
odd-and even-numbered items, and calculated the correlation coefficient between the total score of the
short form, obtained using the classical item analyses, and the total score of the long form of the scale.
It was found that the coefficient between the scores obtained from one half of the scale based on odd-
numbered items and the scores from the long form of the scale was .92, while the correlation between
the scores of the other part of the scale based on even-numbered items and the scores obtained from the
long form of the scale was .93.
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Factor analysis

Factor analysis is a multivariate statistical technique by which items are associated with one or more
latent items by means of a model constructed based on the relationships among the observed variables.
It is the most frequently used statistical technique in studies on scale development and adaptation as
well as in short form scale development studies. However, sample studies in which factor analysis is
accurately conducted is rarely encountered. According to Goretzko, Pahm and Buhner (2019), in studies
where factor analysis is utilized, problems are experienced particularly in identifying the sample size,
in choosing the correct rotation method and the correct technique for selecting the factor-revealing
technique. Based on the studies they examined, Fabrigar, Wegener, MacCallum and Strahan (1999)
made some recommendations for studies in which factor analysis would be used. According to
researchers, the number of items that needs to be included in a factor is at least four, and the sample size
needs to be at least 400. In cases where multivariate normality is obtained, mostly likelihood estimation,
and in other conditions such techniques as data rotation methods or principal axis factoring should be
used. Smith, McCarthy and Anderson (2000) stated that factor analysis was frequently used in short
form development studies and criticized the formation of the short form by applying a factor analysis to
the data set obtained from the long form of a scale. This kind of an approach is based on the assumption
that the long and short forms of a scale have the same structure. However, there is no certainty that the
long and the short forms of the scale have the same factor structure. As a solution to this problem, they
proposed running a separate factor analysis on the items of the short form. If these findings are similar
to those obtained from the long form, then this means that the two forms of the scale can be alternatives
to each other. On the other hand, significant differences between the factor structures of the short and
long forms can indicate that these two forms measure different traits.

Item Response Theory (IRT)

Item response theory (IRT) was developed to overcome the various limitations of CTT and particularly
the inadequate approaches in determining psychometric properties of scales. It includes two approaches,
namely parametric (Birnbaum, 1968; Rasch, 1960) and non-parametric approaches (Mokken & Lewis,
1982). Researchers should choose one of these fundamental approaches based on the purpose of the
research study and on the extent to which the assumptions are met. When there is a symmetrical
relationship between a latent trait and responses to the item, and when uni-dimensionality and a large
sample size can be ensured, parametric IRT models can be utilized. On the other hand, when there is an
asymmetrical distribution and a small sample size, non-parametric IRT models can be used. It is known
that parametric and non-parametric IRT models show resistance to conditions where the
unidimensionality of IRT models are violated (Embretson & Reise, 2000; Sodano & Tracey, 2011).

Parametric Item Response Theory

Like factor analysis, technigues based on CTT can obtain information based only on relationships among
independent items. Moreover, all the statistical findings obtained are dependent on the sample. The
greatest advantage of the item response theory (IRT) is that it eliminates the dependence on the sample
by claiming invariance of the item parameters. The standard errors in IRT are calculated separately for
each level of latent trait. In this way, the group’s fixation to one error value is overcome. This topic is
important in terms of the decisions made especially in clinical measurements. IRT obtains information
from the items that can distinguish groups with high and low ability. Furthermore, as IRT yields item
characteristic curves (ICC) at each trait level and for each dimension, the amount of information
necessary to obtain the short form of the scale can be estimated. While it is possible to determine the
level of ability with a higher level of certainty with items yielding higher amounts of information,
determining ability level with items yielding lower amounts of information is possible with lower level
of certainty. The items yielding the highest amounts of information can be selected in accordance with
the range of the trait being measured. By selecting the better performing items providing adequate
information across different levels of the trait, it is possible to develop a short form with high
psychometric properties. In addition, rather than obtaining a single coefficient yielded as in reliability
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measuring techniques based on CTT, such as Cronbach alpha, test information functions (TIF) in IRT
allows the assessment of the certainty for each level of the structure being measured. Thanks to TIF,
ability levels that include high amounts of information and thus include low amounts of error can be
determined and, in this way, a high level of local reliability can be obtained (Embretson & Reise, 2000;
Hambleton, Swaminathan, & Rogers, 1991). TIF can be developed by means of ICCs. Hence, in short
form development studies, the aim should be to reach the same amount of information that the long form
possesses by selecting items yielding high amounts of information.

Non-Parametric Item Response Theory and the Mokken Scale Analysis

Non-parametric Item Response Theory (IRT) is an approach, the use of which has become widespread
as of the beginning of the 21st century owing to the very low number of assumptions it has. Its
interpretation is also easy for researchers. It is commonly used particularly for exploratory purposes.
Like in parametric IRT, ICCs are also obtained in non-parametric IRT. ICCs can be obtained in all kinds
of distributions — monotonically decreasing, monotonously non-decreasing, symmetrical or
asymmetrical distributions (Meijer & Baneke, 2004). Non-parametric IRT models are categorized into
two: Mokken scale analyses and non-parametric regression prediction models. The Mokken scale
analysis is the extended probabilistic version of the Guttman scale. It has two approaches, namely the
Monotone Homogeneity Model (MHM) and the Dual Monotone Model (DMM). MHM defines the
relationship between individuals and items that belong to unidimensional item groups and that have an
item response function displaying a latent trait and a monotonic relationship. It is the simplified version
of DMM with fewer assumptions. The primary aim of these models is to order items and individuals
(Kogar, 2015). Parametric and non-parametric IRT follows the algorithm for simultaneous selection
(Lei, Dunbar, & Kolen, 2004).

Ant Colony Optimization

Even though it is not a psychometric theory, the Ant Colony Optimization (ACO), one of the most
current and effective techniques developed with the aim of developing short forms, is based on the
algorithm of ants’ search for food (Dorigo & Stiitzle, 2004). It is believed that this algorithm, which
calculates the shortest route between the ant colony and the food source, can be used in short form
development studies. It is modeled by utilizing the Structural Equality Model (SEM). The ACO
algorithm aims to reveal the model with the highest compatibility by converging towards the appropriate
model. It tries to produce the best short form based on the repetition of this process.

Purpose and Importance of the Research

In the present study, some of the methods frequently utilized to develop the short form of a measurement
tool are explained. Even though the number of studies based on developing short forms is quite high
and has a long history, discussions in this area continue to exist. Criticisms against studies on developing
short forms can be examined from two basic aspects. First, these studies prioritize the validity of the
measurement tool over any other property. According to psychometric theories, the validity of a
measurement tool is obligatory. Such factors that relate to convenience, such as reducing item numbers
or using time more effectively, are of secondary importance. Hence, while developing a short form of a
scale, the primary aim should be to obtain a short form that is at least as valid as the long form of the
scale. However, it is noticed in literature that there are research studies that divert from this aim. The
second criticism is that during the development of the short form of a measurement tool, methodology
errors are frequently made, the short form is developed carelessly and imprecisely, and the short form
is not compared to the long form. This could be attributed to the limited information regarding the
methodology of developing short forms in the literature (Smith, McCarthy & Anderson, 2000). The aim
of the current study is to explain the methods that can be used to develop a short form of a measurement
tool and to examine the methodology that some studies employed to develop short forms in the literature
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of education and health sciences by taking into consideration the criticisms made against studies on
short form development.

What Needs to be Taken into Account in Short Form Development Studies and The Examination of
Some Studies

In this part of the study, what needs to be taken into account while developing short forms are explained
and itemized based on the studies of Levy (1968), Smith, McCarthy and Anderson (2000), and Hagtvet
and Sipos (2016). For the present study, 12 short form development studies published in journals
indexed in the ERIC and PUBMED databases between the years 2011 and 2019 were selected. In all of
these studies, the aim was to develop a new, short form. The present study examined whether or not the
short form in each was developed in accordance with the principles stated below. Identification
regarding these studies is presented in Table 1.

Table 1. Identification of the Studies Examined

Source The Short Form of the Scale

Baiocco, Pallini & Santamaria (2014) Adolescent Friendship Attachment Scale

}I;/gijg)stra, Meppelink, Maat, Oosterhaven, Fransen & Dima Short Assessment of Health Literacy

Lim & Chapman (2013) Attitudes Toward Mathematics Inventory

Jenkinson, Kelly, Dummett & Morley (2019) The Oxford Participation and Activities Questionnaire
é%glelr)s, M. E, Creed, P. A., Searle, J., & Hartung, P. J. Physician Values in Practice Scale

Ferrario, Panzeri, Anselmi & Vidotto (2019) IlIness Denial Questionnaire

Morin, Valois, Crocker & Robitaille (2019) Intellectual Disability Questionnaire

Nimon & Zigarmi (2015) Work Intention Inventory

Milavic, Padulo, Grgantov, Milic, Mannarini, Manzoni,

Ardigo & Rossi (2019) The Psychology Skills Inventory For Sports

Park & Hill (2017) Occupational Work Ethic Inventory

Siefert, Sexton, Meehan, Nelson, Haggerty, Dauphin & . L . .
Huprich (2019) DSM-5 Levels of Personality Functioning Questionnaire
BohImeijer, Klooster, Fledderus, Veehof & Baer (2011) Five Facet Mindfulness Questionnaire

1. Initially, the long form of a measurement tool should be sufficiently reliable and valid:

When a short form is to be developed, the first step to be taken is to evaluate the reliability and validity
values of this scale long form. If a measurement tool is not reliable nor valid, then any short form of this
tool will most likely have inaccurate validity and reliability values. Two of the 12 studies examined
explained the psychometric traits of the long form in detail. Other studies sufficed by merely reporting
reliability coefficients or stating that the long form is valid and reliable measurement tool.

2. If a short form does not have the same psychometric traits as those of the long form of a measurement
tool, then it is not a single short form, but one of the alternative short forms:

The item set in a short form should be formed by randomly selecting an item set from the long form of
the scale that best explains the structure. The next phase is to make the decision as to whether the short
form is an “equivalent” or “exchangeable” form. The “equivalent” short form has the same psychometric
traits as those of the long form and, therefore, can be used as an alternative to the long form. The
“exchangeable” short form, however, does not possess psychometric traits to the same degree as those
of the long form. Hence, in another study replicated with a similar method, it is likely to obtain similar
forms. “Exchangeable” short forms generally have a lower validity than the long form. In this case, the
researcher should reveal and discuss the different forms, the different factor structures, and the different
items or item sets that can be alternatives to this form. Otherwise, this form cannot be an alternative to
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the long form. Having fewer items in the short form does not mean a lower level of validity is sufficient.
This issue is so important that it cannot be disregarded. In two of the studies examined, it was deduced
that the form assumed an “equivalent” nature. The short forms developed in these studies were at least
as valid and as reliable as the long form. However, in the remaining ten studies, since there was no
sufficient information about the reliability and validity of the long form, no interpretation could be made
about these studies.

3. A transition should be made from the population behavior (items in the long form) to the the sample
behavior (items to be included in the short form) by ensuring that it reflects the nature of the trait which
the measurement tool is measuring:

One other factor that needs attention is related to the selection of items for the short form from the item
pool in the long form. The selected items that will make up the sample of the behavior should be able to
reflect the population behavior in the long form. This topic is as important as psychometric properties
and is related to content validity. A well-explained and well-defined content is a topic of priority that is
of vital importance for construct validity. In order to maintain the content domain, not only statistical
evidence but also expertise in the field is important in the selection of the items to be included in the
sample. Only one of the studies examined was observed to have discussed the content of the long form
in detail and took into consideration the content as well as the statistical analyses when choosing items
for the short form. In all the other studies, only statistical evidence was taken into consideration.

4. The view that “if the long form of the measurement tool is valid, then its short form is also valid” is
wrong:

Even if a short form includes the items in the long form as well, this does not ensure that the short form
will be reliable and valid. The short form includes fewer items and less content. From this respect, it is
psychometrically at a disadvantage. For this reason, the psychometric properties must definitely be
statistically proven. In all the studies examined, statistical evidence was sought for the reliability and
validity of the short form.

5. In measurement tools with multiple dimensions, the content and psychometric properties should be
analyzed for each dimension:

In structures with multiple dimensions, the psychometric properties of the scale should be examined by
associating each item of the scale with the relevant dimension. In this case, evidence should be presented
to prove that each dimension is reliable and valid. For example, if item selection is to be made based on
item-total correlations, the total score should be the factor score, not the overall total of the measurement
tool. It should be ensured that there are at least four items in one dimension. If it is essential to omit one
dimension completely from the scale, then the relevant theoretical and statistical foundation should be
presented in detail. It should be noted that the lower the number of items are, the the lower the content
validity will be. One of the 12 studies examined was disregarded because it had a unidimensional
structure. 10 of the remaining studies was found to have taken into consideration the multidimensional
structure and run the statistical analyses. Even though the present study had a multidimensional
structure, it obtained the proofs for the latent trait by means of the total score of the scale.

6. Evidence regarding reliability should be obtained within the scope of various types of reliability:

Construct validity should be the primary concern in determining the validity of a short form. However,
in reporting reliability, different kinds of evidence for reliability such as internal consistency reliability,
inter-rater agreement in measurements of behavior, and stability reliability need to be obtained.
Reliability is a concept related to error and it is not possible to mention only one type of error in a
measurement process. Hence, reliability coefficients that take error into consideration from different
perspectives should be used. Only one of the 12 studies that were examined obtained internal consistency
and stability reliability coefficients. To this end, the Cronbach alpha and the test-retest reliability
coefficients were used. It was observed that in one of the research studies the reliability coefficient was
not reported. All the remaining studies were found to have reported the internal consistency reliability
coefficient. Eight of these studies reported the Cronbach alpha reliability coefficient, one reported the
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Raykov’s maximum reliability coefficient and one reported the person reliability and person
discrimination coefficients.

7. The psychometric properties of the short form should be examined independent of the long form:

The short form of a measurement tool is a copy of the long form which displays a high degree of
association. However, this high degree of association does not prove that the short form is reliable and
valid. The concepts of validity and reliability are not transferrable and transitive. For this reason, the
psychometric properties of the short form must definitely be examined independent of the long form
and evidence should be reported. The proofs obtained from one independent group should be compared
with the reliability and validity proofs of the long form. While half of the studies examined were found
to have obtained the reliability and validity coefficients independent of the long form, the other half of
the studies remained limited to merely reducing the number of items in the long form.

8. In clinical and behavioral measurement tools, the classification accuracies of the short form should
also be examined:

The aim of some clinical measurement tools is to make classifications. The aim should be to refrain
from negative classification (diagnosing an individual with a syndrome as having no syndrome) and
positive classification (diagnosing an individual without a syndrome as having a syndrome). Thus,
proofs independent of the long form should be obtained. An accurate classification and diagnosis by the
long form does not guarantee that the short form can serve the same purposes as well. Four of the studies
examined can be used for clinical purposes. None of these studies reported any proof for accuracy of
classification.

9. That the time saved by developing a short form is meaningful and important should be justified:

One of the concrete aims of developing a short form is to save time. However, as previously mentioned,
validity and reliability are more important than time. Hence, the researcher should explain how much
time was saved and show that the time saved did not impact the the psychometric properties. On average
40 minutes is needed to fill in a long form with 80 items. Assuming that the short form of such a form
would include 40 items, it can be said that 20 minutes will be saved. However, it should be noted that a
reduction of 40 items will have negative impacts on the reliability and validity. The degree of these
effects should be discussed in the study. One of the studies examined the time to be saved by developing
a short form and discussed this by taking into consideration the psychometric properties of the
measurement tool. The other studies, however, merely stated that time would be used more effectively.

CONCLUSION

While developing a short form of a measurement tool, one of the greatest misconceptions of researchers
is the idea that the reliability and validity of the short form and the original measurement tool are the
same. This causes some researchers to disregard psychometric properties such as reliability and validity,
and prevents some researchers from paying the necessary importance to this issue. In the development
of a short form, the observed number of items decreases. Therefore, the content and coverage are
narrowed, which makes it difficult for these two test forms to be alternatives to each other.

The 12 research studies selected for the present study were screened in two important indexed databases
in the fields of health and social sciences. The results which the examinations yielded show that the
number of studies conforming to the rules of developing short forms is limited. This shows that short
form development studies, which have been under discussion since mid-20th century, are still subject
to discussion. When the study by Levy (1968) is compared to that of Smith, McCarthy and Anderson
(2000), it is true that the examined studies performed a more accurate study. However, in the examined
studies the following problems were identified: not reporting a detailed account of the reliability and
validity information of the long form of the measurement tool, not paying attention to the fact that the
short form must be as reliable and valid as the long form, not being aware of the fact that the concept of
“exchangeable” short form emerges in cases where the reliability and validity of the short form is not
at the same level as those of the long form, limiting reliability to merely reporting the internal
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consistency coefficients, obtaining the psychometric properties of the short form independent of the long
form, not providing a detailed explanation of the content of the long form of the measurement tool, and
not obtaining proof regarding the fact that the content of the short form can be generalized to the long
form as well. In these studies, there are also deficiencies in terms of not explaining how much time is
saved, which is one of the primary aims of developing short forms, and how this impacts psychometric
properties. Furthermore, it was observed that in clinical measurement tools, classification accuracy was
not tested.

When developing short forms, researchers are recommended to use the long form of the measurement
as a starting point and take the criteria mentioned in the present study into consideration. On the other
hand, studies aiming to adapt short forms of the measurement tool are not recommended owing to some
important points such as the psychometric properties of short forms may not be precise. For this reason,
instead of conducting a short form adaptation study, initially adapting the long form of a measurement
tool to the related culture, and then developing the short form of the adapted measurement tool is
recommended to be a more sound approach.

Particularly from the clinical researchers perspective, it is not sufficient to choose a measurement tool
whose short form is already developed merely because it was published in a refereed journal and because
it will save more time. Measurement tools that were developed in accordance with ethical principles and
have sufficient psychometric properties are recommended to be selected. Clinical researchers should
note that the perception that measurement tools with fewer items are less valid is not true. The same
psychometric standards should be sought in each measurement tool. Moreover, in selection of a short
form, it is recommended that one should critically analyze whether or not the steps outlined in the present
study were followed during its developmental process; a short form that has the essential properties can
be utilized for clinical or other purposes.
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Investigation of the Effect of Missing Data Handling Methods on
Measurement Invariance of Multi-Dimensional Structures *

Mehmet Ali ISIKOGLU ** Burcu ATAR ***

Abstract

The purpose of this study was to compare the missing data handling methods on measurement invariance of multi-
dimensional structures. For this purpose, data of 10857 students who participated in PISA 2015 administration
from Turkey and Singapore and fully responded to the items related to affective characteristics of science literacy
was used. Data with different percentages of missing data (5%, 10%, and 20% missing data) were generated from
the complete data set with missing completely at random (MCAR) mechanism. In all data sets, missing data was
completed with listwise deletion (LD), serial mean imputation (SMI), regression imputation (RI), expectation
maximization (EM), and multiple imputation (MI) methods. Measurement invariance of the construct being
measured between countries on completed data sets was investigated with multiple-group confirmatory factor
analysis (MG-CFA). Findings from each dataset were compared with reference values. In the results of the study,
RI and MI methods in the data set with 5% missing, EM method in the data set with 10% missing, and MI method
in the data set with 20% missing gave the more similar results to the reference values than the other methods.

Key Words: Missing data handling methods, measurement invariance, multiple-group confirmatory factor
analysis, PISA 2015, science literacy.

INTRODUCTION

Measurement instruments are of great importance in education systems. In order to train qualified
workforce in accordance with the needs of the society, placement of individuals in educational
institutions and programs, making changes and improvements in educational systems can be made based
on the findings obtained from measurement instruments. As a result of national and international
assessment studies, countries can even change their educational policies. In particular, the results of
large-scale assessment studies that enable international comparisons are followed with interest by all
stakeholders of the education.

PISA (Program for International Student Assessment) and TIMSS (Trends in International Mathematics
and Science Study) aim to make cross-country comparisons. PISA and TIMSS are large-scale studies
that aim to make comparisons between countries and can affect educational policies at national and
international levels. The comparability of the results, especially in international assessments, is of great
importance in the evaluation of countries. To be able to interpret the findings from different groups who
took the same measurement instrument, the measurement instrument should have the same meaning for
all groups. In this context, the concept of measurement invariance emerges. Drasgow (1984) defines
measurement invariance as the similar relationships between observed test scores and latent traits across
all subgroups.

The data obtained by the measurement instruments are not always complete. For reasons caused by the
examinee, the measurement instrument, or the administrator, some data may be missing on data sets.
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Missing values arise as a problem since they directly affect the results of the statistical analyses of data
sets. As in all other statistical analyses, in the measurement invariance studies, the missing data needs
to be checked and managed before the analyses. The presence of missing data can affect the results of
many analyses, including confirmatory factor analysis. Since excluding examinees with missing values
from data sets will reduce the sample size, the power to generalize the results to the population decreases.
In addition, the presence of missing values can cause type | and type Il errors. Even the difference in the

methods used to handle the missing data problem may lead to different findings from the analysis
(Harrington, 2009).

Many techniques have been developed to handle missing data. Allison (2001) classified the missing data
handling methods as traditional methods, methods based on Maximum likelihood, and multiple
imputation approaches. Listwise deletion (LD) is the method that enables the complete data set to be
obtained by removing all cases with unobserved data in any of the variables in the data set. If the missing
data has the missing completely at random (MCAR) mechanism, the standard error estimates will be
close to the standard error estimates of the real data, since the data set obtained by removing the missing
data will be a random sample of the original data set (Allison, 2003). However, if each missing value is
in different observations, the sample size will be greatly affected by this situation. This can cause
problems even if the missing data has the MCAR mechanism (Enders, 2010). Serial mean imputation
(SMI) assigns the mean of the observed data in the variable where the missing data is located, instead
of missing data (Little & Rubin, 2002). Since the average of the variable is imputed to the missing data,
it does not change the mean value of the variable. However, it reduces the distance of the missing data
from the mean to zero, and it underestimates the variance (Enders, 2010; Tabachnick & Fidell, 2013).
In the regression imputation (RI) method, the missing variables are imputed values with a regression
equation obtained from the observed variables. However, the imputed values have some disadvantages,
such as better fit than expected due to estimation from other variable and reducing the variance because
it will most likely impute a value close to the mean. And, when the other variables are not a good
predictor of the variable with missing value, there is no difference between regression imputation and
mean imputation (Tabachnick & Fidell, 2013). Expectation maximization (EM), which is a method
based on maximum likelihood, is a method consisting of two steps: expectation (E) and maximization
(M), and consists of sequential steps based on a series of regressions. The disadvantage of this method
is that the standard errors obtained from this method are not consistent with the actual standard errors
(Allison, 2003). In the multiple imputation (MI) method, the random variance is added to the values
estimated by regression, unlike EM method. However, different results can be obtained each time due
to the addition of random variance (Allison, 2003).

There are two commonly used approaches in measurement invariance tests: confirmatory factor analysis
and item response theory (Reise, Widaman & Pugh, 1993). Measurement invariance is generally
examined by the multiple-group confirmatory factor analysis (MGCFA) method, which includes
hierarchical steps (Whitaker & McKinney, 2007). In order to control the measurement invariance
between groups with MGCFA method, configural invariance which requires equality of factor structures
between groups, metric invariance which requires equality of factor loadings between groups, scalar
invariance which requires equality of intercepts between groups, and strict invariance which requires
equality of residual variances between groups must be tested hierarchically (Schoot, Lugtig & Hox,
2012).

Purpose of the Study

The purpose of this study was to investigate the effect of missing data handling methods on measurement
invariance of multi-dimensional structures. In this context, the answer to the following problem is
sought: “What is the effect of listwise deletion (LD), serial mean imputation (SMI), regression
imputation (RI), expectation maximization (EM), and multiple imputation (MI) methods used to handle
missing data on the measurement invariance in data sets with different percentages of missingness?”.

General Background
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In the literature, Reise, Widaman, and Pugh (1993) investigated the effects of confirmatory factor
analysis and item response theory models on the invariance of psychological measures. The actual
psychological data collected from Minnesota and China were examined by both methods, and their
advantages and disadvantages were investigated. Cheung and Rensvold (2002) investigated how GFI
goodness of fit statistic changed in MGCFA, which is generally used in measurement invariance studies.
As a result of the invariance study performed in the simulation data consisting of two groups, it was
suggested to use ACFI, AGamma, and AMcDonald’s indices from 20 different fit indices based on GFI.
Chen, Wang, and Chen (2012) conducted a simulation study on data sets with different rates of
missingness in order to compare the missing data handling methods in exploratory and confirmatory
factor analysis. In the study where six different methods were examined, all the methods produced
appropriate results for exploratory and confirmatory factor analyses. It was concluded that the most
suitable method for exploratory factor analysis was EM. In the case of less than 20% missing, no
statistically significant difference was found between the methods. However, when the missing data is
more than 30%, it is suggested to use the SMI and linear trend methods It is seen that studies on
measurement invariance are generally based on real data among different groups such as gender and
culture (Schnabel, Kelava, Vijver & Seifert, 2015; Wang, Willett & Eccles, 2011).Some of the studies
were also used to compare the goodness of fit indices used when examining the measurement invariance
(Chen, 2007; Cheung & Rensvold, 2002).

Studies on the effect of missing data on test and item parameters and model data fit (Akbas & Tavsancil,
2015; Cim & Gelbal, 2015; Demir, 2013; Kose, 2014) were conducted. However, there are not many
studies about the effect of missing data handling methods on measurement invariance under different
conditions. In one of these studies, Selvi, Alic1 & Uzun (2020) examined the effect of EM RI, and SMI
methods on measurement invariance on the data obtained from the School Attitude Scale developed by
Alic1 (2013) under the condition of 5% missing. Findings of the study show that different methods can
change measurement invariance decisions. It has been suggested by the researchers to do more research
on different missing data structures and different proportions of missing data.

When the studies related to the missing data handling methods were examined, it is generally aimed to
determine which method is more successful in handling missing values (Allison, 2003; Chen, Wang &
Chen, 2012; Downey & King, 1998; Olinsky, Chen & Harlow, 2003). The data sets used are generally
simulation data, and it is seen that the successful methods change in the data sets with different sample
sizes and different percentages of missingness. Missing data studies have recently increased. The
problem of missing data is no longer ignored, and efforts are being made to solve the problem.

In this context, it is thought that examining the performance of the missing data handling methods at
different missing rates in measurement invariance studies on multi-dimensional structures is important
in terms of shedding light on the problem of missing data in measurement invariance studies. Five
methods frequently used in researches are discussed within the scope of this study.

METHOD

Participants

The sample was 10857 15-years old students (5109 from Turkey and 5748 from Singapore) who
participated in PISA 2015 administration from Turkey and Singapore. Students who have fully
responded to items on “enjoyment of science, instrumental motivation, and epistemological beliefs
about science” were used in the study. Measurement invariance studies between Turkey and Singapore
were conducted on a complete data set of 10857 students in total.

Since PISA results are generally used for cross-country comparisons, it was decided to evaluate the
measurement invariance between countries in the data set. It was decided to use Turkey and Singapore
data whose mean science score distance from the OECD average is approximately equal in absolute
value in terms of mean science score. Singapore has 556 mean science score, Turkey has 425 mean
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science score, and OECD average is 493. It is also taken into account that Singapore is the most
successful country in terms of average science score. Similarly, the percentage of variation in science
performance explained by students’ socio-economic status was also considered.

Data Collection Instruments/Data Collection Methods/Data Collection Technigues

The data used in this study was obtained from the PISA 2015 administration organized by OECD and
aimed to evaluate the educational systems of countries. PISA is an administration to measure the level
of knowledge and skills necessary for students to participate in modern society. In addition to focusing
on key areas such as science, mathematics, and reading, the 2015 administration included collaborative
problem solving and financial literacy as an innovative field (OECD, 2016).

In this study, the model including the items of enjoyment of science, instrumental motivation, and
epistemological beliefs was used. Enjoyment of science is represented by five items, instrumental
motivation by four items, and epistemological beliefs by six items. Each item has four response
categories, such as strongly disagree, disagree, agree, and strongly agree. Some sample items are shown
in the Table 1.

Table 1. Sample Items of the Model

ST094 How much do you disagree or agree with the statements about yourself below?
(Please select one response in each row.)
Strongly Disagree Agree Strongly
disagree agree
ST094Q01NA I generally have fun when | am
learning <broad science> topics. ! 02 O3 Ha
ST094Q02NA I like reading about <broad science>. 0, o, O, O,
ST113 How much do you agree with the statements below?
(Please select one response in each row.)
Strongly Disagree Agree Strongly
disagree agree
ST113QO01TA Making an effort in my <school
science> subject(s) is worth it O O O O
because this will help me in the work 1 2 3 4
I want to do later on.
ST113Q02TA What I learn in my <school science>
subject(s) is important for me O O O O
because I need this for what | want to 1 2 3 4
do later on.
ST131 How much do you disagree or agree with the statements below?
(Please select one response in each row.)
Strongly Disagree Agree Strongly
disagree agree
ST131Q01NA A good way to know if something is
. . O O O O
true is to do an experiment. 1 2 3 4
ST131Q03NA Ideas in <broad science> sometimes
change. 0y ~ s Ha

Data Analysis

From the complete data set, 5%, 10%, and 20% of values were deleted randomly on the basis of all cells
in the dataset with the help of the R program, and missing data with different percentages of missingness
were generated. To determine the mechanism of the missing data in the data sets, Little's MCAR test
was performed in each data set. MCAR test was examined separately for each country’s datasets.
Accordingly, for Turkey p= 0.864 (chi-square=3474.455) in the data set with 5% missing, p=0.909 (chi-
square=8279.206) in the data set with 10% missing, and p= 0.921 (chi-square=21341.920) in the data
set with 20% missing were found. For Singapore p= 0.976 (chi-square=3458.673) in the data set with
5% missing, p= 0.990 (chi-square=8840.290) in the data set with 10% missing, and p= 0.645 (chi-
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square=23308.247) in the data set with 20% missing were found. Accordingly, it can be said that the
missing data in all data sets have MCAR mechanism. Afterwards, LD, SMI, RI, EM, and MI with five
imputation methods were applied to each data set to handle the missing data problem, and inter-country
measurement invariance was examined by MGCFA approach on completed data sets.

For cross-country measurement invariance, enjoyment of science, instrumental motivation, and
epistemological beliefs model is shown in Figure 1.

st131g11 | [st131q06 | [st131g06 | |st131g04 | [st131003 | [st131q01 | |st113g04 | [st113q03| Ist113g02| |st113¢01 | |st094¢05 | |st094q04 | |st094¢03 | |st094¢02| |st094q01

R I B R R R A R R R R R

Figure 1. Enjoyment of Science, Instrumental Motivation, and Epistemological Beliefs Model

Before starting the analysis, it is necessary to check the missing values, normality, outliers, and
multicollinearity in the data set. The kurtosis and skewness values of each data were examined for
normality assumption. According to the findings, the skewness values of the variables ranged from -
0.942 to -0.471, and the kurtosis values ranged from -0.296 to 0.913. Tabachnick and Fidell (2013)
stated that the closeness of kurtosis and skewness values to zero shows that the distribution is close to
normal distribution. According to obtained kurtosis and skewness values, it can be said that each variable
was distributed normally. To determine the outliers, z distributions were examined. |z|>3.29 indicates
that the variable contains outliers (Tabachnick & Fidell, 2013). According to the findings, z scores of
the variables ranged between -2.78 and 1.42. In this case, it can be concluded that there are no outliers
in the data set. VIF and tolerance values were examined to determine if there was a multicollinearity
problem. VIF values ranged between 2.178 and 4.882, and the tolerance values ranged between 0.205
and 0.459. Based on this finding, it was concluded that there is no multicollinearity problem in the data
set.

In order to compare the results obtained from a measurement instrument applied to groups with different
characteristics, it is important to ensure the measurement invariance between groups. There are different
approaches to test measurement invariance, such as MGCFA and item response theory. In this study,
the measurement invariance was examined with the MGCFA approach with ML estimator. MGCFA
aims to compare the means, variance, and covariance of the latent variable between the groups while
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testing the measurement invariance (Asparouhov & Muthen, 2014). In this context, configural
invariance, metric invariance, scalar invariance, and strict invariance were tested hierarchically. ACFI
was examined to determine whether measurement invariance was provided at each stage. A difference
of less than .01 supports the less parameterized model (Chung et al., 2016).

RESULTS

In this section, the findings of the research are given. Firstly, the reference values to compare the data
sets with different percentages of missingness were obtained by performing a hierarchical measurement
invariance in the complete data set.

Before moving on to measurement invariance studies in the whole data set, confirmatory factor analysis
was performed in Turkey and Singapore datasets separately, and model-data fits were examined. Fit
indices obtained from Turkey and Singapore datasets are presented in Table 2.

Table 2. Fit Indices in the Singapore and Turkey Data Sets

x? df x2/df SRMR RMSEA CFlI TLI
Singapore 3546.635 87 40.766 .033 .083 .949 .938
Turkey 2036.208 87 23.405 .022 .066 .968 961

When Table 2 is examined, it is seen that the data for both countries fit the model. After that, a cross-
country measurement invariance study was conducted for the complete data set, and reference values
were obtained. Reference values obtained from the complete data set are provided in Table 3.

Table 3. Fit Indices in The Complete Data Set

% df X*/df __SRMR RMSEA __ CFI TLI ACFI
Configural 5582.843 174 32085  .028 076 958 949
Metric 5723.250 186 30770  .034 074 957 951 -.001
Scalar 6222.092 198 31425 038 075 953 950 -.005
Strict 11469299 216 53.099  .226 098 912 914 -.046

When the fit indices in the Table 1 were examined, it was seen that configural invariance, metric
invariance, and scalar invariance were achieved in the complete data set, but not the strict invariance
(JACFI|<.01). The values related to fit indices from the reference data set was used to compare with the
completed data sets. Then, the results of the measurement invariance studies were included in the data
sets with 5% missing, 10% missing, and 20% missing and completed with LD, SMI, RI, EM, and Ml
methods.

Influence of Missing Data Handling Methods on Measurement Invariance in the Data Set with 5%
Missing
The data set with 5% missing was completed with LD, SMI, RI, EM, and MI methods, and measurement

invariance was hierarchically tested on completed data sets. The fit indices obtained at each stage of
measurement invariance according to different methods are provided in Table 4.
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Table 4. Fit Indices in the Data Set with 5% Missing and Completed with the Methods

Method Invariance x? df x?/df SRMR RMSEA CFlI TLI ACFI
Configural 2982.518 174 17.141 .030 .080 .953 944

LD Metric 3055.602 186 16.428 .035 .078 .952 .946 -.001
Scalar 3301.304 198 16.673 .039 .079 .948 .945 -.005
Strict 5661.534 216 26.211 222 .100 .909 912 -.044
Configural 4363.479 174 25.077 .028 .067 .962 .955

SMI Metric 4488.792 186 24.133 .033 .065 .961 .956 -.001
Scalar 4915130 198 24.824 .037 .066 .958 .955 -.004
Strict 10062.546 216 46.586 .228 .092 912 914 -.050
Configural 5543.385 174 31.856 .028 .075 .958 .949

RI Metric 5661.530 186 30.438 .033 074 .957 .952 -.001
Scalar 6139.553 198 31.008 .036 074 .954 .951 -.004
Strict 10845.374 216 50.210 221 .095 917 919 -.041
Configural 6153.287 174 35.364 .028 .080 .955 .946

EM Metric 6275.856 186 33.741 .033 .078 .954 .949 -.001
Scalar 6766.297 198 34.173 .037 .078 .951 .948 -.004
Strict 11998.191 216 55.547 .228 .100 912 914 -.043
Configural 5413.041 174 31.109 .028 074 .959 .950

MI Metric 5531.746 186 29.741 .033 .073 .958 .952 -.001
Scalar 6002.515 198 30.316 .036 .073 .954 .951 -.005
Strict 10786.742 216 49.939 224 .095 .916 .919 -.040

When the fit indices in the tables were examined, it was seen that the first three stages of measurement
invariance between countries were achieved in all data sets, but not the strict invariance (JACFI|<.01).
When the fit indices obtained for each method were compared with the reference values given in Table
1, it was observed that the indices obtained from SMI, RI, EM, and MI methods gave more similar
results to the reference values. But dissimilarly, LD and SMI methods showed *?/df less than the
reference value. All indices, especially ACFI, were compared with the reference data set. Methods giving
more similar results to the reference values were determined. Rl and MI methods yielded the closest
results.

Influence of Missing Data Handling Methods on Measurement Invariance in the Data Set with 10%
Missing
The data set with 10% missing was completed with LD, SMI, RI, EM, and MI methods. Measurement

invariance was hierarchically tested on completed data sets. The fit indices obtained at each stage of
measurement invariance according to different methods are provided in Table 5.
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Table 5. Fit Indices in the Data Set with 10% Mlssmg and Completed the Methods

Method Invariance X2 df x?/df  SRMR RMSEA  CFlI TLI ACFI
Configural 1423.852 174 8.183 .035 .080 .950 .940

LD Metric 1444.182 186 7.764 .038 .078 .950 .944 .000
Scalar 1526.376 198 7.709 .041 .078 .947 .944 -.003
Strict 2786.312 216 12.900 .245 .103 .898 .901 -.052
Configural 3186.870 174 18.315 .025 .056 .969 .963

SMI Metric 3275.686 186 17.611 .030 .055 .968 .964 -.001
Scalar 3625.250 198 18.309 .033 .056 .965 .963 -.004
Strict 8700.191 216 40.279 232 .085 913 .915 -.056
Configural 4943.032 174 28.408 .027 071 .962 .955

RI Metric 5060.230 186 27.206 .032 .069 .961 .957 -.001
Scalar 5433.588 198 27.442 .035 .070 .959 .956 -.003
Strict 9705.969 216 44.935 217 .090 .925 .927 -.037
Configural 6318.480 174 36.313 .028 .081 .956 .947

EM Metric 6446.346 186 34.658 .033 .079 .955 .949 -.001
Scalar 6873.543 198 34.715 .036 .079 .952 .949 -.004
Strict 12000.284 216 55.557 .230 .100 .916 .918 -.040
Configural 4898.776 174 28.154 .027 071 .962 .954

MI Metric 5015.456 186 26.965 .032 .069 .961 .956 -.001
Scalar 5407.393 198 27.310 .035 .070 .958 .956 -.004
Strict 9761.137 216 45.190 222 .090 .923 .926 -.039

When the fit indices in the tables were examined, it was seen that all the missing data handling methods
are provided all the invariance stages except strict invariance as in reference data set (JACFI|<.01). When
the fit indices obtained for each method were compared with the reference values given in Table 1, it
was seen that the EM method gives results very close to the reference values. Dissimilarly, LD and SMI
methods showed X2 /df less than the reference value. And the SMI method showed CFI and TLI values
to be more than they were.

Influence of Missing Data Handling Methods on Measurement Invariance in the Data Set with 20%
Missing

The data set with 20% missing was completed with LD, SMI, RI, EM,and MI methods, and
measurement invariance between countries was hierarchically tested on completed data sets. The fit
indices obtained from the measurement invariance studies are provided in Table 6.

Table 6. Fit Indices in the Data Set with 20% Missing and Completed with the Methods

Method Invariance X df x?/df SRMR RMSEA  CFlI TLI ACFI
Configural 417.859 174 2.401 .043 .085 .948 .938

LD Metric 425.802 186 2.289 .049 .082 .949 .943 .001
Scalar 448.435 198 2.265 .051 .081 .947 .944 -.001
Strict 694.988 216 3.218 199 107 .899 .902 -.049
Configural 2168.515 174 12.463  .023 .046 973 .968

SMI Metric 2227.010 186 11973  .027 .045 973 .969 .000
Scalar 2484.778 198 12.549  .030 .046 .969 .967 -.004
Strict 7600.786 216 35189  .239 .079 .901 .904 -.072
Configural 4736.906 174 27.224 026 .070 .963 .956

RI Metric 4831875 186 25.978  .030 .068 .963 .958 .000
Scalar 5153.266 198 26.027  .033 .068 .960 .958 -.003
Strict 8454.797 216 39.143 207 .084 .934 .936 -.029
Configural 7818.130 174 44932  .028 .090 .950 .940

EM Metric 7928.744 186 42.628  .032 .088 .949 .943 -.001
Scalar 8317.908 198 42,010 .035 .087 .947 .944 -.003
Strict 13517.876 216 62583 .234 107 913 .916 -.037

M Configural 4916.012 174 28.253  .026 071 .961 .953
Metric 4995423 186 26.857  .030 .069 .960 .955 -.001
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Scalar 5328.987 198 26.914  .033 .069 .958 .955 -.003
Strict 8937.861 216 41379  .216 .086 .928 .930 -.033

When the fit indices in the tables were examined, it was seen that all the missing data handling methods
provided all the invariance stages except strict invariance (JACFI|<.01). When the fit indices obtained
for each method were compared with the reference values given in Table 1, it was seen that the Ml
method gives results close to the reference values. The M1 method shows X2 /df close to the reference
value, but dissimilarly, LD and SMI methods shows X2 /df lower than it is, and the EM method shows
X2 /df higher than it is.

DISCUSSION and CONCLUSION

In this study, the effect of completing data sets with missing values with LD, SMI, RI, EM, and Ml
methods on measurement invariance was investigated. As a result of measurement invariance studies
between countries performed in data sets completed with different missing data handling methods in all
missing percentages, it was observed that all the invariance stages except strict invariance were provided
in accordance with the complete data set. Although the data sets were completed with different methods,
there was no result that would show the measurement invariance between countries different from the
reference data set.

The research was limited in terms of missing data handling methods, missing data mechanisms, and
measurement invariance approaches. LD, SMI, RI, EM, and MI methods were used as missing data
handling methods. The data sets have MCAR mechanism. Data sets with multi-dimensional structures
were used in the study. And, measurement invariance was handled by MG-CFA approach. The findings
and discussion in this study are based on a single data set obtained from the PISA 2015 administration.
No replication was done in the study. Please consider this situation as a limitation.

In the literature, methods based on the likelihood approach and the multiple imputation approach are
proposed as the strategy of handling the missing data in CFA models (Allison, 2003; Brown, 2006). The
findings of the research show that EM and MI methods which are based on the likelihood approach
yielded more successful results in accordance with the literature.

Selvi, Alic1 & Uzun (2020) tested the measurement invariance with structural equation modeling in the
complete data matrix and in cases of handling the missing data tested using EM, Regression-Based
Imputation, and Mean Substitution methods. They concluded that different methods can change the
decisions of measurement invariance. But, in the findings of this study it was seen that not all methods
change measurement invariance decisions.

Allison (2003) stated that M1 has good statistical properties, and it can be used in almost any situation.
Schafer and Graham (2002) recommended EM algorithm for maximum likelihood and MI method.
Similar to the studies, the results obtained from EM and MI methods were found to be more appropriate
to reference data in this study.

As a result of comparing the fit indices obtained from each data set with the fit indices obtained from
the complete data set, the data sets completed with Rl and M1 in the data set with 5% missing yielded
closer results to the reference values. In the data set with 10% missing, closer results were obtained from
the EM method than the other methods. And in the data set with 20% missing, the missing data handling
method which gave the closest results to the reference values was MI. While making comparisons, based
on ACFI change, the methods whose fit indices give the closest results to the reference values were
determined descriptively. As a result of the research, recommendations for implementation are as
follows: In the measurement invariance studies to be performed in multi-dimensional data sets, data sets
with 5% missing can be completed by Rl and MI methods. The EM method works better than other
methods if there are around 10% missing. And, if the data set has about 20% missing, the MI method
can be used to complete the data set.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 319
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

REFERENCES

Akbas, U., & Tavsancil, E. (2015). Farkli 6rneklem biiyiikliiklerinde ve kayip veri oriintiilerinde 6lgeklerin
psikometrik &zelliklerinin kayip veri bas etme teknikleri ile incelenmesi. Egitimde ve Psikolojide Ol¢me
ve Degerlendirme Dergisi, 6(1), 38-57.

Alici, D. (2013). Okula yonelik tutum 6l¢egi’nin gelistirilmesi: Giivenirlik ve gecerlik calismasi. Egitim ve Bilim,
38(268), 318-331.

Allison, P. D. (2001). Missing data. Thousand Oaks, CA: Sage.

Allison, P. D. (2003). Missing data techniques for structural equation modeling. Journal of Abnormal Psychology,
112(4), 545-557.

Asparouhov, T., & Muthen, B. (2014). Multiple-group factor analysis alignment. Structural Equation Modeling:
A Multidisciplinary Journal, 21(4), 1-14.

Brown, T. A. (2006). Confirmatory factor analysis for applied research. New York: The Guilford Press.

Chen, F. F. (2007). Sensitivity of goodness of fit indexes to lack of measurement invariance. Structural Equation
Modeling: A Multidisciplinary Journal, 14(3), 464-504.

Chen, S. F., Wang, S., & Chen, C. Y. (2012). A simulation study using EFA and CFA programs based the impact
of the missing data on test dimensionality. Expert Systems with Applications, 39(4), 4026-4031.

Cheung, G. W., & Rensvold, R. B. (2002). Evaluating goodness-of-fit indexes for testing measurement invariance.
Structural Equation Modeling: A Multidisciplinary Journal, 9(2), 233-255.

Chung, H., Kim, J., Park, R., Bamer, A. M., Bocell, F. D., & Amtmann, D. (2016). Testing the measurement
invariance of the University of Washington Self-Efficacy Scale short form across four diagnostic
subgroups. Qual Life Res., 25(10), 2559-2564.

Cum, S. & Gelbal, S. (2015). Kayip veriler yerine yaklasik deger atamada kullanilan farkli yontemlerin model veri
uyumu iizerindeki etkisi. Mehmet Akif Ersoy Universitesi Egitim Fakiiltesi Dergisi, 35, 87-111.

Demir, E. (2013). Kayip verilerin varliginda ¢oktan se¢meli testlerde madde ve test parametrelerinin kestirilmesi:
SBS 6rnegi. Egitim Bilimleri Arastirmalar: Dergisi, 3(2), 47-68.

Downey, R. G. & King, C. V. (1998). Missing data in likert ratings: A comparison of replacement methods. The
Journal of General Psychology, 125(2), 175-191.

Drasgow, F. (1984). Scrutinizing psychological tests: Measurement equivalence and equivalent relations with
external variables are the central issues. Psychological Bulletin, 95(1), 134-135.

Enders, C. K. (2010). Applied missing data analysis. New York: The Guilford Press.

Harrington, D. (2009). Confirmatory factor analysis. New York: Oxford University Press.

Kose, A. (2014). The effect of missing data handling methods on goodness of fit indices in confirmatory factor
analysis. Educational Research and Reviews, 9(8), 208-215.

Little, R. J. A. & Rubin, D. B. (2002). Statistical analysis with missing data. (2nd edition). New York: Wiley

OECD (Organization for Economic Cooperation and Development) (2016). PISA 2015 results in focus. Retrieved
February 12, 2017, from https://www.oecd.org/pisa/pisa-2015-results-in-focus.pdf

Olinsky, A., Chen, S., & Harlow, L. (2003). The comparative efficacy of imputation methods for missing data in
structural equation modeling. European Journal of Operational Research, 151(1), 53-79.

Reise, S. P., Widaman, K. F., & Pugh, R. H. (1993). Confirmatory factor analysis and item response theory: Two
approaches for exploring measurement invariance. Psychological Bulletin, 114(3), 552-566.

Schafer, J. L. & Graham, J. W. (2002) Missing data: Our view of the state of the art. Psychological Methods, 7(2),
147-177.

Schnabel, D. B. L., Kelava, A., Vijver, F. J. R., & Seifert, L. (2015). Examining psychometric properties,
measurement invariance, and construct validity of a short version of the Test to Measure Intercultural
Competence (TMIC-S) in Germany and Brazil. International Journal of Intercultural Relations, 49, 137-
155.

Schoot, R., Lugtig, P., & Hox, J. (2012). A checklist for testing measurement invariance. European Journal of
Developmental Psychology, 9(4), 486-492.

Selvi, H., Alici, D., & Uzun, N. B. (2020). Investigating measurement invariance under different missing value
reduction methods. Asian Journal of Education and Training, 6(2), 237-245.

Tabachnick, B. G. & Fidell, L. S. (2013). Using multivariate statistics. (6" edition). Boston: Pearson.

Wang, M., Willett, J. B., & Eccles, J. S. (2011). The assessment of school engagement: Examining dimensionality
and measurement invariance by gender and race/ethnicity. Journal of School Psychology, 49(4), 465-480.

Whitaker, B. G., & Mckinney, J. L. (2007). Assessing the measurement invariance of latent job satisfaction ratings
across survey administration modes for respondent subgroups: A MIMIC modeling approach. Behavior
Research Methods, 39(3), 502-509.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 320


https://www.oecd.org/pisa/pisa-2015-results-in-focus.pdf

Isikoglu, M. A., Atar, B./ Investigation of the Effect of Missing Data Handling Methods on Measurement Invariance of
Multi-Dimensional Structures

Xu, H., & Tracey, T. J. G. (2017). Use of multi-group confirmatory factor analysis in examining measurenet
invariance in counseling psychology research. The European Journal of Counselling Psychology, 6(1),
75-82.

Cok Boyutlu Yapilarda Kayip Veri ile Bas Etme Yontemlerinin
Ol¢me Degismezligine Etkisi Acisindan Karsilastiriimasi

Girig

Olgme araglari, egitim sistemleri igerisinde biiyiik neme sahiptir. Thtiyaca uygun nitelikli insan giicii
yetigtirmek i¢in bireylerin egitim kurumlarina yerlestirilmesi, egitim sistemlerinde ihtiyaca uygun olarak
degisiklikler ve gelistirmeler yapilabilmesi 6l¢me araglarindan elde edilen bulgular sonucunda
yapilabilmektedir. Ulusal ve uluslararasi diizeyde yapilan 6lgme ve degerlendirme caligsmalari
sonucunda, iilkeler egitim politikalarinda dahi degisikliklere gidebilmektedir. Ozellikle uluslararasi
karsilagtirmalarin yapilmasina olanak saglayan biiyiik 6lgekli dlgme ve degerlendirme ¢aligmalarmin
sonuglari, egitimin tiim paydaslar tarafindan ilgiyle takip edilmektedir.

Uluslararasi diizeyde uygulanan PISA (Programme for International Student Assessment) ve TIMSS
(Trends in International Mathematics and Science Study) projeleri, llkeler arasi karsilastirma
yapilmasini amaglamaktadir. Ozellikle uluslararasi diizeyde yapilan ve sonucunda karsilastirma yapilan
sinavlarda, elde edilen sonuglarin karsilastirilabilir olmasi, iilkeler aras1 degerlendirmelerde biiyiik Snem
tagimaktadir. Ayni 6lgme aracinin uygulandigi, 6zellikleri birbirinden farkli gruplardan elde edilen
bulgularin yorumlanabilmesi i¢in, 6lgme aracmnin biitiin gruplar i¢in ayn1 anlama gelmesi gerekmektedir.
Bu baglamda karsimiza Olgme degismezligi kavrami ortaya g¢ikmaktadir. Drasgow (1984) olgme
degismezligini “gdzlenen test puanlari ile gizil 6zelliklerin arasindaki iligkinin tiim alt gruplar arasinda
benzer olmas1” seklinde tanimlamustir.

Olgme araclari tarafindan elde edilen veriler her zaman eksiksiz sekilde elde edilememektedir.
Yanitlayicidan, 6lgme aracindan veya uygulayicidan kaynaklanan sebeplerden dolay1 veri setlerinde,
baz1 degiskenlerde kayip veriler bulunabilmektedir. Kayip veriler, veri setleri iizerinde yapilan
istatistiksel islemlerin sonuglarmi dogrudan etkileyen énemli bir problemdir.

Bu arastirmanin amaci, kayip veri ile bag etme yontemlerinin 6lgme degismezligine etkisi agisindan
karsilastirilmasidir. Yapilan Olgme degismezligi caligmalarinda kayip veri durumu, analizlere
baslamadan o6nce kontrol edilmesi ve ¢oziilmesi gereken bir problemdir. Kayip verilerin varligi,
dogrulayici faktor analizi de dahil olmak tizere birgok analizin sonucunu etkileyebilir. Kayip verilerin
veri setinden ¢ikarilmasi 6rneklemi kiigiilteceginden, elde edilen sonuglarin evrene genellenebilme giicii
azalir. Ayrica kayip verilerin varligi, analizlerden elde edilen anlamlilik degerlerini etkileyerek tip I ve
tip Il hatalarin olugsmasina sebep olabilir. Kayip veri problemini ¢6zmek i¢in kullanilan yontemlerin
farklilig1 bile, analizlerden farkli bulgular elde edilmesine neden olabilir (Harrington, 2009).

Kiiltiir, etnik kdken, dil, cinsiyet gibi farkli gruplardan bireylerin karsilastiriimasinda kullanilan testlerin
oncelikle dlgme degismezliginin saglanmasi1 gerekmektedir. Olgme degismezligi analizlerinden elde
edilen bulgularin dogru bir sekilde yorumlanabilmesi i¢in ise kayip veri probleminin ¢oziilmesi
gerekmektedir. Farkli kayip veri oranlarina bagli olarak, kayip veri ile bas etme yontemlerinin
karsilastirildigi bu arastirmadan elde edilen bulgularla, yapilacak olan o6lgme degismezligi
calismalarinda veri setine uygun olan kayip veri ile bag etme yonteminin segilebilmesi amag¢lanmustir.
Bu baglamda “Kayip veriler ile bas etmede kullanilan dizin silme (DS), seri ortalamasi atama (SO),
regresyon atama (RA), beklenti maksimizasyonu (BM) ve coklu atama (CA) yontemlerinin, farkl
oranlarda kayip igeren veri setlerinde dlgme degismezligine etkisi ne diizeydedir?” problemine yanit
aranmaktadir.

Alan yazin incelendiginde, Reise, Widaman ve Pugh (1993), dogrulayici faktor analizi ve madde tepki
kurami modellerinin, psikolojik 6lgmelerin degismezligine etkilerini arastirmmslardir. Minesota ve
Cin’den toplanan gergek psikolojik veriler her iki yontemle de incelenmis ve yontemlerin avantaj ve
dezavantajlar1 arastirilmistir. Cheung ve Rensvold (2002), dlce degismezligi calismalarinda genellikle
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kullamlan ¢ok gruplu dogrulayici faktér analizinde, GFI uyum iyiligi istatistiginin ne sekilde degistigini
arastirnuglardir. ki gruptan olusan simiilasyon verisinde gerceklestirilen degismezlik caligmasinin
sonucunda, GFI indeksini temel alan 20 farkli uyum indeksinden, ACFI, AGamma ve AMcDonald’s
indekslerinin kullanilmas1 6nerilmistir. Chen, Wang ve Chen (2012), agimlayici ve dogrulayici faktor
analizinde kayip veri yontemlerini kargilagtirmak amaciyla, farkli oranlarda kayip iceren veri setleri
tizerinde simiilasyon c¢alismasi yapmugtir. Alti farkli yontemin incelendigi ¢alismada, tim ydntemler
acimlayici ve dogrulayici faktor analizinde modele uygun sonuglar iiretmistir. Agimlayici faktor analizi
icin en uygun yontemin beklenti maksimizasyonu oldugu sonucuna ulagilmistir. %20’nin altinda kayip
olmasi durumunda yontemler arasinda istatistiksel olarak anlamli bir fark bulunamamustir. Ancak eksik
veriler %30’dan fazla oldugunda, seri ortalamasi atama yontemi ve dogrusal egim yontemi kullanilmasi
Onerilmistir.

Diinyada ve Tiirkiye’de 6lgme degismezligi ile ilgili yapilan ¢aligmalara genel olarak bakildiginda,
caligmalarin genelinde gercek veriler kullanilarak cinsiyet ve kiiltiir gibi farkli gruplar arasinda 6lgme
degismezliginin saglanip saglanmadigiyla ilgili oldugu goriilmektedir (Schnabel, Kelava, Vijver ve
Seifert, 2015; Wang, Willett ve Eccles, 2011;). Bir kisim arastirmalarin da, 6lgme degismezligi
incelenirken kullanilan uyum iyiligi katsayilarmin karsilastirilmasina yonelik oldugu gorilmiistiir
(Chen, 2007; Cheung ve Rensvold, 2002;).

Kayip veri atama yontemleri ile ilgili olan ¢aligmalara bakildiginda ise, ¢alismalar genellikle kayip
verilerin tamamlanmasinda hangi yontemin daha basarili oldugunu belirlemeye yoneliktir (Allison,
2003; Chen, Wang & Chen, 2012; Downey & King, 1998; Olinsky, Chen & Harlow, 2003). Kullanilan
veri setleri genellikle simiilasyon verileri olup, basarili yontemlerin, farkli 6rneklem biiyiikliiklerinde ve
farkli oranlarda kayip iceren veri setlerinde degistigi goriilmektedir. Kayip veri ¢aligmalari son
zamanlarda artmistir. Kayip veri sorunu, artik géz ardi edilmeyerek, problemin ¢éziimiine yonelik
caligmalar yapilmaktadir. Bu arastirmada, kayip veri atama yontemlerinin 6lgme degismezligine etkisi
aragtirilmaktadir. Alan yazinda yapilacak Olgme degismezligi calismalarinda, farkli Grneklem
biiyiikliiklerinde ve farkli oranlardaki kayip verilerde, kayip veri probleminin ¢6ziimiine yonelik dneriler
getirmek amaglanmaktadir.

Yontem

Bu arastirmada, farkli kayip veri ile bas etme yontemleri ile tamamlanmis veri setlerinde 6lgme
degismezligi ¢aligmasi yapimistir. Calismanin amaci, DS, SO, RA, BM ve CA yontemlerinin ¢ok
boyutlu yapilarda 6lgme degismezligine etkisini incelemektir.

Arastirmanin  Orneklemini PISA 2015 uygulamasina Tirkiye ve Singapur’dan katilmis 12010
(Tirkiye=5895, Singapur=6115) 6grenciden, fen okuryazarligina iliskin duyussal ozellikler ile ilgili
maddelere eksiksiz yanit vermis 10857 (Tiirkiye=5109, Singapur=5748) 6grenci olusturmaktadir.

Arastirmada, 5496 kisilik eksiksiz veri setinde iilkeler aras1 6l¢gme degismezligi calismalar1 yapilmistir.

Olusturulan eksiksiz veri setinden, hiicre bazinda %5, %10 ve %20 oraninda rastgele degerler R
programi yardimiyla silinmis ve kayip veriler olusturulmustur. Olusturulan veri setlerinde bulunan kayip
verilerin mekanizmasinin belirlenebilmesi i¢in, her veri setinde Little’in TROK testi gerceklestirilmistir.
Tiirkiye orneklemi igin %35 kayip igeren veri setinde p= 0,864 (ki-kare=3474,455), %10 kayip igeren
veri setinde p= 0,909 (ki-kare=8279,206) ve %20 kayip igeren veri setinde p= 0, 921 (ki-
kare=21341,920) bulunmustur. Singapur i¢in %35 kayip igeren veri setinde p= 0, 976 (ki-
kare=3458,673), %10 kayip i¢eren veri setinde p= 0, 990 (ki-kare=8840,290) ve %20 kayip iceren veri
setinde p=0, 645 (ki-kare=23308,247) bulunmustur. Buna gére tiim veri setindeki kay1p verilerin TROK
mekanizmasina sahip oldugu sdylenebilir.

Daha sonra, her bir veri setinde DS, SO, RA, BM ve CA yontemleri uygulanmis ve iilkeler arasi 6lgme
degismezligi calismalar1 cok gruplu dogrulayici faktor analizi (CGDFA) yaklasimi ile incelenmistir.
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Arastirmada kayip veri i¢eren veri setlerinin, DS, SO, RA, BM ve CA yontemleriyle tamamlanmasinin,
O0lgme degismezligine etkisi arastirilmustir. Tim oranlarda, farkli yontemlerle tamamlanmis veri
setlerinde yapilan iilkeler arasi 6lgme degismezligi ¢alismalariin sonucunda, eksiksiz veri setine uygun
olarak kat1 degigsmezlik digindaki tiim degismezlik agamalarinin saglandig1 goriilmiistiir. Veri setlerinde,
farkli kayip veri ile bag etme yontemleri ile tamamlansa da, tilkeler arasi 6lgme degismezligini referans
veri setinden farkli gosterecek bir sonu¢ bulunmamustir.

Arastirma, kayip veri ile bag etme yontemleri, kayip veri mekanizmasi ve 6lgme degismezligi yaklagimi
acgisindan siirlandirilmistir. Kayip veri ile bag etme yontemlerinden dizin silme (DS), seri ortalamasi
atama (SO), regresyon atama (RA), beklenti maksimizasyonu (BM) ve ¢oklu atama (CA) yontemlerine
yer verilmistir. Veri setleri, kayip veri mekanizmalarindan tamamen rassal olarak kayip (TROK)
mekanizmasina sahiptir. Calismada birden fazla faktdre sahip veri setleri kullanilmustir. Olgme
degismezligi ¢cok gruplu dogrulayici faktor analizi yaklagimiyla ele alimmuisgtir.

Her bir veri setinden elde edilen uyum katsayilarinin, eksiksiz veriden elde edilen uyum katsayilari ile
karsilastirilmasi sonucunda, %5 kayip igeren veri setinde RA ve CA ile tamamlanan veri setleri, referans
degerlere daha yakin sonuglar vermistir. %10 kayip iceren veri setinde, BM yonteminden diger
yontemlere gore daha yakin sonuglar elde edilmistir. %20 kayip igeren veri setinde ise referans degere
en yakin sonug veren kayip veri ile bag etme yontemi CA olmustur.

Arastirma sonucunda uygulamaya yonelik olarak 6neriler su sekildedir:

Cok boyutlu veri setlerinde yapilacak olan 6lgme degismezligi ¢alismalarinda, %5 civarinda kayip
iceren veri setleri RA veya CA yoOntemi ile tamamlanabilir. %10 civarinda kayip veri bulunuyorsa BM
yontemi diger yontemlere gore daha iyi sonug vermektedir. Kayip veri miktar1 %20 civarinda ise, CA
yontemi kayip verileri tamamlamak i¢in kullanilabilir.
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