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Examination of Educational Films Suggested by MEB to
Teachers from the Perspective of Measurement and Evaluation *

Fatih KEZER ** Kiibra CETINER ***

Abstract

Seeking new approaches on in-service trainings, The Ministry of National Education has recently developed a
number of vocational training programs in order to increase teachers’ pedagogical formation skills. The films
with educational content covered by this study have been suggested to teachers in those programs. Through these
films, teachers are expected to gain new perspectives in a pedagogical sense and to recall existing ones. The
relationship between the film outputs and the social behavior is a matter of curiosity. This study intended to
examine the films proposed by the Ministry of National Education for teachers within the scope of the ‘vocational
study program’ in terms of the elements of measurement and evaluation and the sub-texts they contain. Research
was conducted in qualitative research design. Document analysis used in the research, The study evaluates the
educational content of the films that were suggested to the teachers within the scope of September 2017
Professional Study Program which was created to increase the knowledge and skills of teachers and
administrators working in pre-school, primary and secondary education institutions by the General Directorate
of Teacher Training and Development of Ministry of National Education. In collecting data, a Film Evaluation
Form which was developed by the researchers under 26 themes was used. Given that the films recommended by
MoNE to teachers have already been watched by the majority of teachers, it is inevitable for teachers to be
affected from the scenes, content and sub-texts in the educational content consciously/unconsciously and to
acquire new patterns of behavior. Another important point, however, is that these well-known and popularized
film are also watched by parents. They affect not only the teachers, but also behaviors of the students and parents.
The result of the research, points to the fact that these films, which are proposed to teachers as part of in-service
training, can lead to the acquisition of negative behaviors in view of measurement and evaluation and that they
have implicit messages that can create negative perception.

Key Words: Measurement and evaluation, films with educational content, document analysis, content analysis.

INTRODUCTION

In its general sense, education is defined as the process of creating desired behavioral change in an
individual in a planned and programmed manner (Ertiirk, 1972; S6nmez, 2004) and as a system it
consists of four elements (Demirel, 2005; Fitz-Gibbon & Morris, 1989). These four elements can be
defined as inputs, process, outputs / products and control / evaluation. Whether the individual achieves
the desired behavior or not is rendered possible by evaluation process. Measurement and evaluation
are of great importance in terms of monitoring, controlling and improving the process (Demirel, 2005).
It also provides more systematic and objective evidence for educational decisions (Linn & Gronlund,
1995). The determination of the behaviors to be acquired by individuals via education process can be
insufficient from time to time with the conventional measurement and evaluation approaches. After
the information acquired by individuals, different measurement techniques may be required to measure
the skills that they gain through practice (Turgut & Baykul, 2010; Yildirim, 1999). Considering the
traditional and complementary measurement and evaluation approaches, it is possible to measure /
evaluate the knowledge, skills and abilities of individuals more effectively and reliably by means of
the diversity and quality of the tools. However, it is observed that teachers are insufficient from time
to time in view of their measurement and evaluation skill which is one of the essential teacher
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competencies. The studies conducted in this field indicated that teachers consider measurement and
evaluation activities as important (Anilan, Anagiin, Atalay & Kilig, 2016; Duban & Kiigiikyilmaz,
2008) but they also indicated that they have problems related to the measurement and evaluation
process and that they lack the knowledge and skills in this area (Adiyaman, 2005; Anil & Acar, 2008;
Anilan et al., 2016; Bal, 2009; Cakan, 2004; Coruhlu, Nas & Cepni, 2009; Duban & Kiigiiky1lmaz,
2008; Evin-Gencel & Ozbasi, 2013; Gelbal & Kelecioglu, 2007; Gémleksiz & Bulut, 2007; Giiven,
2008; Kilmen, Akin Késterelioglu & Kosterelioglu, 2007; Ozeng, 2013; Giines, Dilek, Hoplan,
Celikoglu & Demir, 2010; Yanpar, 1992; Yapici & Demirdelen, 2007). In other words, most of the
teachers state that they can use different measurement and evaluation approaches when they have
sufficient knowledge and yet they cannot find an exemplary role model for these practices and that
there is no one to guide them (Giines et al., 2010). Also, teachers think that in-service training is not
enough about the use of measurement and evaluation approaches and effective in-service training
should be given to them (Anil & Acar, 2008; Cakan, 2004; Gelbal & Kelecioglu, 2007; Temel, 1991;
Yanpar, 1992). They also emphasize the need to focus on practical examples in these in-service
trainings (Anil & Acar, 2008; Anilan et al., 2016; Giines et al., 2010). Stiggns (2001) also emphasizes
the same, positing that the lack of teacher skills in using different measurement and evaluation
approaches is due to their low competencies resulting from the insufficiency of pre-service training.

The Ministry of National Education, which has been looking for new approaches for in-service
trainings, has established vocational training programs (and updated the existing ones as well) in recent
years in order to increase teachers’ pedagogical formation skills. Films with educational content have
been proposed to teachers in one of these programs. Through these films, teachers are expected to gain
new perspectives in the pedagogical sense and to recall the existing ones.

The relationship between the outputs of films and the behavior of society is a matter of curiosity. One
of the first studies on this subject was the study named “From Caligari to Hitler: A Psychological
History of the German Film” by Siegfried Kracauer in 1947 (Giighan, 1993). It is possible to deal with
the relationship between cinema and society in two ways. On one hand, cinema is a mirror of the
psychological, sociological, cultural, historical, political, social and economic structure of the society
(Tolon, 1978). In other words, cinema is a product of social structure (Armagan, 1992). On the other
hand, social behavior is also influenced by cinema. Films are one of the important sources for the
dissemination of social information. However, it can be said that societies can reproduce themselves
through films (Diken & Laustsen, trans. 2011; Ozer, 2004; Yakar, 2013). Considering all media tools
including films, visual and audio materials can have an impact on society’s behaviors and thoughts.
Audiences can develop different behaviors due to the explicit and implicit messages contained in the
media (Sahin, 2011). According to Metz (1985), each image is a sentence in itself (as cited in Sivas,
2012).

Like all mass media, films are a powerful and non-formal educational resource (Giichan, 1993). In his
book “We’re in the Money: Depression America and Its Films” (1971), Andrew Bergman (American
writer, screenwriter and director) posited that one of the most important contributions of American
cinema to American education was to teach that its own institutions have enough power to correct a
mistake and to do the right thing, and that this contribution was made by reflecting success and hope
on the screen (as cited in Giichan, 1993).

When the relationship between the mass media and the society is examined, Raymond Williams’ Flow
Theory for television takes part in the related literature as an important point of view to take into
account. Williams in “Television, Technology and Cultural Form” introduced a critical perspective
with his flow theory to the relationship between television and society. According to Williams’ theory,
(Sentiirk, 2009), all programs of a television channel have a conscious planning and the program
contents can have effects on social perception and can transform the values of a society. Though TV
is considered as a large narration tool, this large tool actually consists of small messages / narratives
(Serttas, 2014). Cultivation Theory which was introduced by George Gerbner in the 1970s, is based
on the fact that viewers realize learning without being aware of the stimuli that are presented to them
through the media. Gerbner described this 2 directional / dimensional learning as “Society is the
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message” in 1974 and discussed it in that work with the same title (Gerbner, 1974). Gerbner states that
the educative function of the stories in television is hidden within the thought what most people do,
what they think. However, according to this theory, the degree of education varies based on frequency
of exposure to a given message (Ercan & Demir, 2015). The symbolic environment exposed by mass
media is interpreted as collective consciousness.

Films, both with their themes and scenes, leave sometimes indelible and permanent traces in the human
memory over the years (Budak, 1986). Birk6k (2008), emphasing the idea seeing is believing, states
that the films are a better tools in understanding complex information than texts. In addition to this,
knowledge transfer can be realized through behavioral models as well as formal education. With the
development of technology, individuals are constantly exposed to visual media. With the widespread
use of social media tools, film scenes can be shared for many purposes. Visual media addresses
multiple sensory organs. Therefore, it makes learning something easier and it is more attractive for
individuals.

The fact that individuals develop behavior in the light of the visual elements that they encounter brings
with it another question. What messages do these visual elements contain? Considering the dimension
of measurement and evaluation, the activities used in films, the effects of these activities on students,
teacher behaviors and the similar elements will inevitably affect the audiences (especially the teachers
in the in-service training as target audience) consciously / unconsciously. Having both positive and
negative impact on audiences, what kind of content do these elements have or what messages do they
contain? In the related literature, it is seen that film studies are carried out from a variety of perspectives
focusing on education (Akcan & Polat, 2016; Akinci-Yiiksel, 2015; Beldag & Kaptan, 2017; Hamarat,
Isitan, Ozcan & Karasahin, 2015; Kalayc1, 2015; Kaskaya, Unlii, Akar & Ozturan-Sagirl, 2011; Polat,
2011; Polat & Akcan, 2017; Yakar, 2013; Yildirim, Tiizel & Yildirim, 2016). However, there are not
many studies examining the films from the perspective of measurement and evaluation (ME) activities.
The remarkable study was done by Dogan in 2017 on the Hababam Sinifi series. Even though the aim
of the films is not to give educational messages to the audience, teachers, students and families
encounter elements that are related to learning in these educational films. In this study, the films
proposed by the Ministry of National Education for teachers within the scope of the vocational study
program have been examined in view of the elements of measurement and evaluation, and of their sub-
texts.

METHOD

The present research is a qualitative research which aims to examine the elements of educational
content which are proposed by MoNE by teachers. Document analysis has been used in the research.
Document analysis can be defined as the collection of visual and written materials (Sonmez &
Alacapinar, 2013). It is the analysis of materials containing information about the facts and events
intended to be investigated. These materials alone can be the data collection tool of a research. The
biggest advantages of visual materials such as film, video and photography are that they can be
monitored repeatedly by the researchers and that non-verbal expressions like (gestures and mimics,
body language, facial movements, etc.) can be retained to be searched by other researchers (which
might increase reliability and validity) (Yildinm & Simsek, 2016).

Study Material

In the study, educational materials which have been proposed to increase the pedagogical formation
skills of teachers used as study materials. This study evaluated the films proposed by the General
Directorate of Teacher Education and Development of MoNE to increase the knowledge and skills of
teachers and administrators who are working in preschool, primary and secondary education
institutions. These films with educational content have been proposed for teachers within the scope of
Vocational Study Program which was formed in September 2017 (MEB, 2017). Since a film was re-
listed in the original list of 30 films, and since three films were excluded from the study because they
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were documentaries, the remaining 26 films were included in this study. The list of films is given in
Table 1.

Table 1. List of Films with Educational Content Recommended by MoNE

Original Name Turkish Name Release  Country Runtime
Date (min.)

1.3 Idiots 3 Aptal 2009 Hindistan 170
2. AmericanTeacher - 2011 ABD 81
3. Billy Elliot - 2001 Ingiltere, Fransa 110
4. The First Grader Birinci Sinif 2010 Ingiltere, ABD, Kenya 103
5. Good Will Hunting Can Dostum 1997 ABD 126
6. Monsieur Lazhar Canim Ogretmenim 2011 Kanada 94
7. Hababam Sinifi 1974 Tiirkiye 90
8. Hababam Simifi Dokuz Doguruyor 1979 Tiirkiye 88
9. Hababam Simifi Giile Giile 1981 Tiirkiye 78
10. Hababam Simifi Sinifta Kald1 1975 Tiirkiye 91
11. Hababam Sinifi Tatilde 1977 Tiirkiye 93
12. Hababam Simifi Uyaniyor 1976 Tiirkiye 94
13. iki Dil Bir Bavul Tiirkiye, Hollanda 81
14. The Emperor's Club Imparatorlar Kuliibii 2002 ABD 109
15. Black Kara 2005 Hindistan, ABD 122
16. Takhtesiah (Blackboards) Kara Tahta 2000 Iran, Italya, Japonya 85
17. Les Choristes Koro 2004 Fransa Almanya Isvigre =~ 97
18. The Blind Side Kor Nokta 2009 ABD 129
19. Etre et Avoir / To Be and To Have  Olmak ve Sahip Olmak 2002 Fransa 104
20. Dead Poets Society Olii Ozanlar Dernegi 1989 ABD 128
21. Freedom Writers Ozgiirliik Yazarlar 2007 ABD 123
22. Patch Adams - 1998 ABD 115
23. Mr. Holland’s Opus Sevgili Ogretmenim 1995 ABD 143
24. EntreLesMurs (The Class) Sinif 2008 Fransa 128
25. Half Nelson Tepetaklak Nelson 2006 ABD 106
26. Taare Zameen Par Yerdeki Yildizlar 2007 Hindistan 165

Data Collection

In order to collect data, a Film Observation Form developed by the researchers was used. Firstly, the
study of the related literature was reviewed and similar studies were investigated in the preparation of
the form. As a result of the investigations, certain themes were created primarily by the researchers.
The main themes are as follows: the use of traditional measurement and evaluation approaches, the
use of complementary evaluation approaches and the testing / examination environment. A draft form
was created in accordance with the themes determined and it was checked to see in terms of
functionality by the researchers and two observers selected by the researchers from the field of
measurement and evaluation in the evaluation of a particular film. Later, all the evaluators examined
the same film again, concomitantly. In the light of the scenes in the film, the themes were discussed
and elaborated. The researchers then watched three more films in due consideration of these themes
and re-examined the themes in order to determine whether they were suitable for the intended purposes
or not, whether they were able to reveal the sub-texts or not, and whether they have an appropriate
scope or not, and revised them. In addition to determining whether ME is used or not, the themes focus
also on the issues such as the content and the type of evaluation method used, the effect of ME on the
student psychology and behavior, what behaviors can be implicitly acquired through it and what
messages it can give, and on the level of mental skills it addresses to. Five different films were
determined by the researchers and the coding reliability was calculated by the final form. Compliance
/ similarity of all coding and determinations were calculated as percentage and obtained as .84. In the
literature, the reliability among the raters is expected to be over .70 (Tavsancil & Aslan, 2001). The
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fact that the films can be watched again and again is a factor that increases the internal validity of the
research. The Film Observation Form used in the study is presented in Appendix 1.

Data Analysis

Content analysis method was used to analyze the data collected in the study. Content analysis can be
defined as the description of the basic contents of the research items and the sub-messages they contain
(Cohen, Manion & Morrison, 2007). In other words, Content analysis can be defined as a reading for
identifying the items that affect the individual unconsciously (Bilgin, 2006). While conducting content
analysis in the research, themes were formed primarily and they were updated in the research process
in accordance with the nature of qualitative research. Themes are supported by direct quotations.

RESULTS

When the films within the scope of the study have been examined, it is seen that the film 3 Idiots has
been formed in a different concept as it displays a critical viewpoint for the educational activities.
Leaving aside this film, it can be said that the scenes in the other films focusing on measurement and
evaluation are quite few and these scenes are sloppy or arbitrary. Although the films proposed by the
MoNE have pedagogical scenes / content, they do not contain a large number of items in view of the
field of measurement and evaluation. Although there are many scenes related to education and training
in these educational films, the lack of scenes in the field of measurement and evaluation may mean
that the control mechanism is given less importance in terms of evaluation, as in real life. After
examining the measurement and evaluation elements of the films with the data collection tool, 26
themes initially formed were merged into 12 main themes and discussed in line with these main
themes. The 12 themes created are as follows;

. Use of traditional and complementary measurement and evaluation approaches
. Use of reward and punishment in ME activities

. Use of questions to measure lower-level and higher-level skills in ME activities
. Exam preparation and scoring process

. Conditions of Examination Environment

. Praising lower-level and higher mental skills

. Use of questions that do not conform to the ME standards in the ME activities

. Giving feedback to students at the end of the ME activities

© 00 N oo 0o B~ WwN BB

. The effect of me activities on student attitudes and behaviors
10. Praising the use of information in daily life

11. Use of me activities for competition

12. Cheating in ME activities

Findings on the Use of Traditional and Complementary Measurement and Evaluation Approaches

When the scenes with the ME activities was observed, it was seen that the traditional evaluation
approaches were frequently used in clearly disclosed scenes, and a total of 21 scenes of this type were
noted, mostly with written and verbal examinations, and the matching and true false tests were not
seen in any of them (Table 2).
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Table 2. Frequencies Related to the Use of Traditional and Complementary Measurement and
Evaluation Approaches

Observed Not Observed Number of Observed Scenes

Traditional Evaluation Approaches
Items containing written response 9 17 16
Items containing oral response 7 19 11
Items containing multiple choice 2 24 5
Items containing short answer 3 23 6
Items with matching 0 26 0
Items containing true false 0 26 0
Complementary Evaluation Approaches 2 24 2

The sample dialogues in the films indicating the use of the traditional evaluation approach are as
follows;

“Sit down. Pull out your papers. [ am to give you a written test!” - Hababam Sin1fi

“Name an American composer. .... How do you know what key a concerto is in?” - Mr. Holland’s
Opus

“Tell me! Philosophers of the first epoch! .... Tell me my kid, who are these Balkan states?” - Hababam
Sinifi Uyaniyor

In the films, the questions in the examination papers do not appear in detail. Although traditional
evaluation approaches are frequently used, only 2 films out of 26 show complementary evaluation
approaches. These scenes are the entry of a student into an interview room for the acceptance to a
ballet school in the film Billy Elliot, and a self-assessment of a student’s own work in Freedom Writers.
Since the school is located in a disadvantaged area, it is seen that the main aim of the teacher is to
involve children in school life. It should expressly be noted that the complementary evaluation
approaches are limited only in 2 special cases in these 2 films. Traditional approaches, such as written
/ oral exams, multiple-choice tests, short-response tests, and matching tests, focus more on the product
and are weaker in evaluating the learning process. Complementary evaluation approach, however, is
a process of evaluation that examines how the student understands and uses the information,
transforms his / her existing knowledge into a product or activity or how he solves the problems in
daily life, and how he uses the knowledge and skills to solve these problems (Pamukgu, 2015). What
is expected in formal education is the use of different measurement and evaluation tools that will
compensate for the limitations and disadvantages of traditional approaches. Excessive use of
traditional measurement and evaluation approaches in films with educational themes can create a
perception that student performance is always evaluated in that way. It is possible to evaluate the
performance of a student, along with the traditional paper-pen tests, by following the behaviors of him
in the classroom and outside the classroom, by observing his / her performance in the process, by
measuring his / her interest and attitudes and by involving him in the process, from a larger perspective
(Gelbal & Kelecioglu, 2007). When the studies in the related literature are examined, it is seen that
teachers are rather using traditional approaches to measure and evaluate student achievement (Anil &
Acar 2008; Belet & Saglam, 2015; Fidan & Sak 2012; Gelbal & Kelecioglu, 2007; Yaman, 2011).
When the teachers, who are accustomed to using traditional measurement and evaluation approaches,
often see the similar approaches in film scenes, it may create a sense of self confidence in them to the
effect that they are doing the right thing, which in turn may hinder the possibility of self-criticism.

Findings on the Use of the Reward and Punishment Elements in the ME Activities

Of the 26 films, only one of the films contains two reward scenes. This film is the Emperor’s Club.
The children and adults were given a crown as a reward for being the winners.
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ME activities were rather used as punishment in four films in five different scenes and as a threat in
some of them. For example, in one scene, the final exam was used as a threat by a teacher and the
exam was prepared for the purpose of punishing the student. The teacher's line is as follows;

“You’re gonna get job only when you pass in final exams. .... But this time I’m gonna set the paper
for exam” - Three Idiots

Similarly, in another film, the teacher decides to apply an unscheduled examination after the students’
inappropriate behaviors and uses the test as a punishment.

“You ribalds! You are playing leapfrogging in the classroom? Remove the books, pull out your sheets.
I am giving you a written test” - Hababam Sinifi

Although the use of reward and punishment in education is considered to be an old method, it is
frequently used in today’s education system. Class discipline should be provided for an effective
learning environment where students can express themselves by respecting each other, teachers can
reach out to all students in an atmosphere of cooperation and trust among individuals. What is
important at this point is that the concept of discipline should not remain as a class and school rule
determined by the teachers or the school administration; it should, rather, encompass an environment
in which students can develop their self-discipline. Considering that the reward and punishment
element is related to the behaviorist school, it is possible for individuals to develop self-discipline with
only the careful use of reward and punishment. The first step to be taken in order for the measurement
and evaluation studies to produce valid and reliable results is to determine the purpose for which the
test will be used. Exceeding the predetermined purpose in measurement and evaluation may lead to
inaccurate results, affecting validity and reliability negatively. Reward and punishment must be
considered independently. It is very likely that the measurement activities which are used as
punishment and threat elements in film scenes can be normalized by the viewers.

Findings on the Use of Questions to Measure Lower-Level and Higher-Level Skills in ME Activities

When examining the scenes with ME activities, it has been observed that both the written and the oral
guestions are mostly of a nature to measure the learning at the knowledge level. In almost all of the
scenes (9 films, 17 scenes) where the exam questions are pronounced, it is observed that the teachers
test their students at the knowledge level. It is obvious that the characteristics that are intended to be
measured by teachers are more in the knowledge and recalling level, which is the lowest level of
learning. This can lead to a perception that the examinations are used to measure only at the level of
knowledge/recalling. The use of questions only at the level of knowledge/recalling in ME activities
may cause learning to remain at memorization level, and may prevent learners from using knowledge
in new situations, in their daily lives.

Written and oral exam questions, and questions used in competitions in Hababam Sinifi series, the
interview for entrance to a university in Black and the two quiz shows in Emperor Club are the
examples of scenes where lower-level skills are measured. The sample lines taken from these films
are as follows;

Write down! Ouestion 1: Digestive system in mammals. Question 2: Give three
examples of parasitic species. Question 3: The structure of ectoplasm. .... What is the
date of Preveze Sea Battle? Name the parties. .... What happens if two molecules
collide in the atomic reactor? .... With what forces did the Ottoman army set off for the
siege of Vienna? .... How did the Patrona Halil revolt start? .... In what neighborhood
and on what date did the biggest fire in Istanbul occur? .... Who became the king of
Spain after Franko died? - Hababam Sinifit Uyaniyor

“How many oceans are there in the world?” - Black

Which emperor sought to return all power to the Senate, only to garner even greater
power? .... Who introduced the modern/professional army to Rome? .... Of the first
eight emperors, which name is omitted from the following list? .... What year was the
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Roman army crushed at Lake Trasimene? .... Who was the last emperor of the Western
Empire? — Emperor’s Club

“Name the dates of the establishment and demolition of the Anatolian Feudal States.” - Hababam Sinifi
Giile Giile

“How did Marshal Ney die?” - Chorus

Contrary to the abundance of knowledge level questions observed in the scenes concerning ME
activities, high level mental skills have been taken into consideration in only two scenes that question
the reasoning skills of the students. It is observed that these questions are the questions that measure
the interest and emotions that take individual differences into account, not the level of their learning.
These questions, which aim to measure high level mental skills, were seen in the dance interview in
Billy Elliot and in the interview with a student having both vision and hearing impairment for
acceptance into a university. This gives a message to the audience that the questions that measure high-
level mental skills can be used only in special cases. Some examples of these scenes are given below.

“Can you tell us why you first became interested in the ballet? .... Was there any particular aspect of
the ballet, which caught your imagination? .... What does it feel like when you’re dancing? .... What
does knowledge mean to you?” - Billy Elliot

“If we are in India, on which side will America be? .... Why do you want to study?” - Black

In today’s world where the means of access to knowledge have increased and developed rapidly,
education is expected to raise individuals who know the ways of accessing to information, check the
accuracy thereof, adapt it to new situations, interpret the events in a cause effect relationship, create a
new product, and to produce solutions to problems, rather than merely memorizing the given
information. The way to achieve this goal can be possible not by employing activities at the knowledge,
comprehension and application levels, but by activities developing the students’ ability to analyze,
synthesize and evaluate the related subjects. The fact that teacher characters in films use questions
about lower-level mental skills in their ME related activities can be interpreted by the viewers to the
effect that teachers generally attach importance to bookish knowledge. In addition, that the low-level
mental skills can be measured relatively easily may result in the misconception that teachers' task of
measuring is an easy job. However, preparing a qualified exam is a difficult and painful process
especially in measuring high level mental skills. The scenes in the films can create the impression that
teachers' responsibility for measurement and evaluation is very easy and insignificant.

Findings Related to Exam Preparation and Scoring Process

When the films are examined, the first thing that stands out about the examination preparation and
scoring process is that there are scenes which can create a perception that the teachers prepare and
score exams very easily. In relation to the previous theme, teachers appear to be giving instant exams
with questions mostly measuring the lower-level mental skills which can be interpreted as though
exams can easily and quickly be given at any time. In the films, there is no scenes related to the
preparation of the exams or the exam questions are promptly given by the teacher without use of any
resource. For example, in Hababam Sinifi, the teacher gives the exam by asking the random questions
that come into his mind as soon as he enters the classroom. As it is understood from these scenes, the
students have not been informed of these exams. The most common and typical of such scenes are as
follows;

Take out your papers, | will give you an exam. .... Take your papers out, | am giving

you a written exam. .... Remove the books! | am giving you a written exam. .... Sit
down. Take out your papers and pencils! | will give you an exam - Hababam Sinifi
Uyantyor

As can be seen from the examples above, it is shown that the exams can be planned instantly and the
guestions can be easily and randomly created by the teachers. In parallel with the process of exam
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preparation, there are also scenes to make the audiences think that teachers can easily and subjectively
score the performances without using any scoring keys. Following line from the Hababam Sinifi is an
example to that;

“Zero to all Hababam class and your score is 10” - Hababam Sinifi Tatilde

Another example of a scene where exam preparation and scoring are influenced by the emotions and
thoughts of the teachers who act subjectively is in the Emperor’s Club. In the film, it is seen that a
teacher gives an undeserved high mark to a failing and mischievous student just to increase his
motivation.

Developing a tool that ensures valid and reliable measurement requires preparation. A test prepared
by the teacher is expected to meet the following requirements: The purpose of the examination and the
desired competence should be clearly set, and an appropriate test format with a table of test
specifications along with an item pool should be prepared with a view to ensure the length and the
form of the test is appropriate for the desired target. Skipping the specified stages for various reasons
may result in tests that are not appropriate for the purpose, which, in return, may cause miscalculation
or incorrect measurements of the desired competence. The scoring of exams also requires labor.
Erroneous scoring is a factor that reduces the reliability of measurement results. Well-prepared answer
keys, in which the criteria are clearly expressed and the boundaries of which are clearly drawn,
contribute to the objective scoring of the raters. Yet, in the films, it is seen that an objective scoring
tool is not used in the scenes where students are evaluated and the exams are scored, and that the
scoring process can be done with the instant decision of the teachers. This may lead to the idea in the
minds of the viewers that the examinations are hastily and negligently prepared and scored.

Findings on the Application Conditions of Examinations

Nine films and 14 stages display the conditions of application. Only three of them reflect positive
scenes and rest of them reflect negative scenes. When the scenes reflected on the screen are examined,
the messages that the viewers can get are that the exam environments and the application conditions
are sloppy, they do not match the principles of measurement and evaluation and that the students are
not respected and they are treated as insignificant. Teachers disturbing the students by walking on the
desks, teachers reading a newspaper or sleeping during the exam, teachers constantly shouting at and
warning the students against cheating during the exam in a noisy way, students entering the classroom
noisily during the exams, students distorting the attention of the teacher with a variety of stories /
schemes to sabotage the effectiveness of the exam and similar other examples show how far the exam
conditions are from the ideal measurement and evaluation principles.

To get valid and reliable measurement results, examination environments should be suitable and
qualified for the preparation and scoring processes. Reliability, in its most general definition, is the
degree of refinement of the measurement results from random errors (Crocker & Algina, 1986).
Insomnia, fatigue, lack of attention, reluctance to answer questions, lack of experience, success of
chance, cheating, mode of expressions of the items and directives in the exam, difficulty of the items,
discriminative quality of the items, examination environment, exam duration, etc. are some of the
factors leading to random errors. One of the most important of these factors is the test environment. It
should be suitable for the students to be able to demonstrate the best of their performances in such a
way to ensure a valid measurement. Yet, in the scenes of the films, it is seen that the results of the ME
activities are performed in environments where many factors of error are likely to interfere, and that
both teachers and students are frivolous. Such adversary conditions can lead to erroneous results for
the exams and reduce their reliability and validity. The abundance of inappropriate scenes and the lack
of appropriate scenes of examination may create a notion in the audience that the environment is
insignificant in the measurement and evaluation process and that examinations can be conducted in
any way under any condition.
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Findings Concerning Lower and Higher Level Mental Skills

While praise for behaviors at knowledge and recall level is seen in five films, only one film contains
a praise for a high level mental skill. In the seven scenes identified, the teacher / manager / the inspector
praise the students for memorizing some words, a skill pertaining to knowledge level. An example of
a line is in Hababam Sinufi:

“Bravo! You have memorized the book as is.” - Hababam Sinifi

On the other hand, in an interview scene in Black a student is applauded after he has answered a series
of questions requiring higher level of mental skills. This scene praising a student with “bravo” and
“perfect!” is the only praise scene for a high-level mental skill.

When this theme is examined together with the themes that include the use of questions measuring
lower and higher skills, it can be said that these educational films highlight only the importance of the
questions that measure lower-level skills and create a perception in the audience to the effect that
memorizing a book as-is is of high importance.

Findings Regarding the Use of Questions Non Conformant to ME Activities

Although some films have not examined under this theme due to the fact that the examination papers
and exam questions are not clearly shown in them, in most of the ME activities of the films wherein
the questions are revealed; it is seen that there are scenes which can create a misconception on teachers
to the effect that they can ask a broad and unclear range of questions with no conceivable principles
and purposes in their minds. The exemplary lines in the films are given below;

“Tell! Philosophers of the First Age. .... Write! Question 1. Digestive system in mammals” - Hababam
Sinifi Uyaniyor

“Tell! The philosophy and society. .... Question 1. The Era of Murat IV.” - Hababam Sin1fi
“National Literary movements?” - Hababam Sinifi Siifta Kaldi

While measuring the cognitive, affective and psychomotor behaviors of the students, the measurement
tool is required to be suitable for the purpose, to be able to address the structure to be measured and to
be able to make the valid measurements accordingly. Therefore, when preparing the items of
measurement instruments used in performance measurements; maximum care should be exercised to
make sure that they are clear, understandable, concrete, corresponding to and measuring a single
structure, being understood by each student in the same way, having a particular and clear frame, and
be answerable in sufficient time. Compliance with these principles is indispensable for a qualified
measurement and evaluation while preparing both open-ended and multiple-choice items, regardless
of the type of the item. It is observed that the questions asked by the teachers in the films are prepared
indiscriminately by not following all of the principles of the field.

Findings Related to Providing Feedback to Students at the End of the ME Activities

The term feedback is defined as the explanation related to how much the learner learns the target, what
his deficiencies are and what path he can follow to complete the missing parts in his learning (Joyce,
Weil & Calhoun, 2000 as cited in Cevikbas, 2018). Feedback can be provided in a variety of ways.
According to Erisen (1997), positive feedback and correction behaviors involve checking the previous
learning, correcting the missing points and mistakes, asking clear and explicit questions to ensure
target behavior, simplifying the unclear questions and re-asking, replying the students with concrete,
clear and comprehensible answers, giving the students sufficient time to think about the questions
asked, informing the student on the accuracy or inaccuracy of his answers by showing him the missing
points, giving the other students the opportunity to find the wrong or missing answers, giving the
students the opportunity to give feedback and clues to each other, presenting the class inaccuracies
and missing points without specifying student name and correction in the case that there is no time for
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the instructor to help them individually, etc. The feedback enables the teacher to determine which
points are missing in the activity and to communicate these deficiencies to the students. The feedback
and corrections taken into consideration by the student improve his self-awareness, prevent him from
repeating the same mistake and ensure that he gains a variety of perspectives. Considering the fact that
information is a set of meaningful data built on one another, it is necessary to provide feedback for
individuals with incomplete and incorrect learning in his build up process in order to realize the new
learning fully. The findings in the related literature reveal that the effective oral feedback given by the
teachers influences the students” academic achievement and it has a higher impact on the development
of the higher cognitive awareness of the students as compared to traditional teaching (Cetin, 2014).
Failure to give feedback on the results of the examination may prevent students from seeing what
points they are missing or learning incorrectly and it may result in doing the same mistakes.

None of the films examined shows any feedback activity except for the score announcement. This
situation does not correspond to the feedback behavior that supports the change and development of
individuals and it sets a negative example to the teachers in the audience.

Findings on the Effect of ME Activities on Student Attitudes and Behaviors

In the films examined within the scope of the study -5 films and 11 scenes -ME activities are reflected
as though they are vital activities, creating tension / fear and sorrow on students.

Considering examples from the scenes; students are shown to make a course to prayers and
consecration to get better results in their final exams:

“Oh cow-god! .... Just, just get me passing marks. God ... God. God. I’ll offer 100RS per month. Surely
God! Promise!”- Three Idiots

A student who fails in his project assignment commits suicide due to having future anxiety and feeling
of failure. - Three Idiots

One student flees from school because he hasn’t done his math homework. Throughout the whole film,
this student is reflected in fear and anxiety in every ME activity. - The Stars on the Ground

At the end of an examination, the second-best student gets upset and cries because he could not be the
best. - Three Idiots

The student who gets the result of the examination gets nervous for the result in a frightened manner
and when he sees that he passed it, he cries with the relief of emotional tension. - Billy Elliot

When the students find out that they passed the exam, they act as if it is of vital importance, displaying
excessive happiness and excitement. - Three Idiots, Billy Elliot, Black

A student who is nervous about the exam, thinking that his performance was bad, inflicts violence on
another student due to his nervousness. - Billy Elliot

As it can be understood from the scenes, the ME activities in the films are reflected as activities that
cause fear and anxiety and stress for students. It has been seen that ME activities are not a tool but a
goal, and are shown as the factors that affect not only the academic life but also the relationships with
the family members. Another negative effect of measurement activities on the audiences is that
students act as though any means to achieve a goal is justifiable. In the scenes, the students who see
the evaluation activities as competition, become ambitious and develop behaviors to try all the means
to get a prize. These explicit and implicit messages in film scenes have the potential to have adverse
effects on the behavior of the students and teachers who are in audiences.

Findings Regarding the Praise for the Use of Information in Daily Life

None of the films shows any element of the use of the learned material in daily life in the context of
the ME activities. Looking at the educational goals of today's world, students are expected to be grown
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as individuals who can apply the skills they have learned in school in their daily lives and who can
solve problems. In this respect, the measurements are actually expected to be made on real life
situations. Considering this theme, along with the theme of praise for low-level and high-level mental
skills, it can be said that the scenes in the films do not reflect high-level mental skills and to daily life
skills relating to them.

Findings on the Use of ME Activities for Competition / Contest

In the films, the activities of ME have been reflected (4 films, 7 scenes) as competition elements. There
are scenes and dialogues that can create the perception that the exams and exam results are a mere
element of competition and that rivalry is an intrinsical quality of the exams. For example, in a scene
of Three Idiots, the students were seated for a photo shoot in order of their success levels, and a student
is compared to his siblings and classmates through his exam scores in Stars on the Ground. In addition,
the films are abound with scenes where the students are competing to get the top place in the exams.
In the scenes, the teachers / managers and the families display inciting and encouraging behaviors.
Examples of the lines in these scenes are as follows:

“Rajan Damodhran always stood first in the class.” - Taare-Zameen-Par / The Stars on the Ground

“Sir, Is it compulsory to sit acccording to our ranks? .... Anyone here in this batch to honour this pen?
.... Nobody remembers the man who ever came second!” -Three Idiots

Film scenes reflected are in line with one of the major criticisms voiced in the education system in
Turkey: Both the limitations of the traditional measurement and evaluation approaches and the high
number of the population demanding education along with the low level of employment in the field
seem to have created a competitive atmosphere in the educational system. Although selection as one
of the objectives of the assessment involves the element of competition, it is essential that assess and
improve the skills of the students’ rather than having them competes with each other. The fact that the
test scenes reflected in the films are of a competitive nature can cause the audience to give such a
meaning into the measurement and evaluation activities.

Findings Related to Cheating in ME Activities

In 7 films, 9 scenes of cheating are seen to contain some elements which might create the perceptions
to the effect that cheating is normal, that the cheater can gain prestige, and that cheating might be
excused by the teacher. Particularly in the scenes belonging to the series of Hababam Sinifi, cheating
is reflected as an act that is usual for the students and it is an inseparable natural component of the
exams. In the film Emperor Club, which is one of the films having a cheating scene, the student who
participates in the quiz contests at both children and adults level cheats in both of the competitions and
it is stated in the film that copying is normal or even necessary under the current life conditions.
Obviously, cheating is a factor that reduces the validity and reliability of the measurement results.
Cheating is described by Cizek & Wallack (2017) as an act to obtain an unfair gain / advantage before,
during or after a test or homework. It is possible to measure the desired property according to its
purpose by minimizing the negative elements such as cheating. When students are asked not to make
a recourse to cheating within the scope of formal education, a moral behavior is implicitly expected
from them, as well. Yet, the popular scenes of the films showing the act of cheating as excusable and
pleasant can make the audiences normalize it and can create the notion that it is a behavior which is
worth praising.

DISCUSSION and CONCLUSION

In the study, the scenes - related to the measurement and evaluation activities - of 26 films with
educational content have been evaluated. These films have been proposed by the Ministry of National
Education to the teachers. The scenes in the films have been studied both in view of measurement and
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evaluation principles and of the way the measurement and evaluation activities are handled in them.
Scenes have been examined under the following themes: teachers’ use of traditional or complementary
evaluation approaches, use of questions in measuring lower and high level mental skills; praise of
these skills, the use of skills in daily life, the use of evaluation activities as reward / punishment or as
competition, the use of inappropriate questions in the activities, the effects of activities on student
attitudes and behaviors, the preparation of examinations, implementation and grading processes,
giving feedback to students after the exam, and cheating.

A variety of studies have been conducted on the effect of visual and auditory media on the perceptions
of individuals/societies (Budak, 1986; Couldry, 2000; Gerbner, 1974; Giichan, 1993; Kaskaya et al.,
2011; Kontas, 2016; Samsel & Perepa, 2013; Sivas, 2012; Sahin, 2011; Sentiirk, 2009). In a study, Lin
(2002), states that films are effective in ensuring the development of students’ attitudes and
motivations as well as in making learning permanent. In a similar way, according to the results of a
study by Kontasg (2016), films - with educational themes - have an important contribution in the
development of positive and negative attitudes for teachers. The fact that visual media appeals to more
than one sensory organ and that it is easily accessible with the widespread use of technology make it
attractive to individuals as it also facilitates better learning. Based on the assumption that the films
recommended by MoNE to teachers are watched by the majority of teachers, it is inevitable for
teachers to be affected by the scenes, content and sub-texts of these films voluntarily or involuntarily,
and to develop a behavior. Another important point, however, is that these films have become favorite
films also for the parents and students. So, they affect not only the teachers, but also the attitudes of
the students and parents. It is seen that the teacher characters prepare the questions hastily and score
them very easily with no conceivable criteria in the scenes. Teachers’ acts of giving arbitrary or
instantaneous exams, scoring without using a scoring key subjectively in favor of or against certain
students, giving no feedback to the students after the exams can be normalized by the audiences. In a
similar way, the reflections, in the scenes, of test environments which are not conformant to the
principles pertaining to measurement and evaluation, of students being disturbed, of negligence of
students’ cognitive and affective development, and the reflections of tests for which validity and
reliability factors are not taken into consideration can lead the audiences to the misconception that the
students’ performance can be measured under any circumstance and that the testing environments are
of no importance. The scenes in the films can create the impression that teachers' responsibility for
measurement and evaluation is of no significance at all.

As a result of the research, it is seen that mostly the traditional evaluation approaches have been used
in the scenes involving ME activities. Relatively less use of complementary evaluation approaches in
formal education reflects in the cinema as well, and the tools like structured grid, portfolio and graded
scoring key are not found in the films. The types of exams that the teacher figures reflect on the screen
are rather written/oral examinations and multiple choice tests which are used in conventional education
system. That the traditional approach tends to evaluate the product rather than the process is reflected
on the scenes as well. The learning required to be measured by the teachers remains in the recall and
comprehension level and the scenes related to the measurement of high-level mental skills are
insufficient. None of the films examined have any scene to reflect the use of knowledge in everyday
life. The absence of these elements can create a perception in the audience that the skill which is
important in the school setting is nothing but memorization. However, what is actually expected from
the students in a school is that they should be able to turn the knowledge into practical skills, and their
skills to abilities by using their own potential. The elements of praise for the lower-level mental skills
in the scenes can reinforce the perception that these skills are more important than high-level mental
skills, and that only memorization can bring success and praise. One of the striking results of the study
is the use of ME activities for a goal other than their own. These activities are just a means of control
mechanism for a program. It is a mechanism to check whether the program objectives have been
achieved. However, in the films examined, it is seen that they are carried out in order to punish the
students and they are even used as threats. There is a possibility that the viewer will normalize such
behaviors upon seeing these scenes in the films. ME activities have not been implemented with the
correct approaches and with their real purpose but as activities that create fear and anxiety in some
scenes, affecting the individuals’ own and family lives as well as their social relationships with the
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environment. Since many similar examples are encountered in real life as well, this situation is very
worrisome. The process of measurement and evaluation which, in fact, should be seen as a natural part
of the educational process is perceived as a vital activity by students and families and thus it deviates
from its real goal due to the misconceptions built in their minds. Misconception of the ME process and
its goal in reality might be an outcome of these and similar other films showing it as a race process
where competition prevails. Teachers’ use of exams and their results as a competitive element in some
scenes may also mean normalization of that misconception. It is seen in many scenes that cheating is
also normalized and the students who cheat in the exams can gain prestige, and be excused by the
teachers.

The research, after content analysis, has revealed the implicit messages of these films, which are
suggested to teachers as part of in-service training, in terms of the concepts of Measurement and
Evaluation and it has shown how these implicit messages can affect teachers, parents and students.
The visual elements that the viewers are exposed to are tried to be examined rather than the intentions
of the stories or scenarios. Therefore, the results of the research should not be interpreted as a critique
of the films but as a set of perceptions and notions that these films can create in the audience. Also,
the findings of the research on the elements in the films do not provide dependable evidence to the
effect that these elements can lead to negative behavioral changes in teachers, students and families as
the audience. While it is undeniable that these films would contribute to the teachers in the pedagogical
sense and in many other ways, it will be appropriate to monitor / scrutinize them with an awareness of
the sub-texts of the scenes in terms of the concepts of measurement and evaluation.
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Appendix A. Film Observation Form

Original name:

Turkish name:

Release year:

Country:

Runtime:

evaluation activities

In the film, the scene related to measurement and

|:| observed

|:| not observed

Themes

Y/N

Number of
Observed Scenes

Time of Observation
of (the Scene)

Annotations

1. Use of written exams for ME

2. Use of oral exams for ME

3. Use of multiple-choice tests for ME

4. Use of short-response tests for ME

5. Use of matching tests for ME

6. Use of true false tests for ME

7. Use of complementary measurement tools for
ME

8. Use of interviews for ME

9. Use of reward element for ME

10. Use of penal clause for ME

11. Use of questions at the recall / knowledge
level in ME

12. Use of questions to measure high-level
mental processes in ME

13. Exam preparation process (easy, difficult
etc.)

14. Exam scoring process (easy / difficult,
objective / subjective, etc.)

15. Application of examinations (environment,
conditions of application, duration etc.)

16. Use of questions that do not conform to the
ME principles in examinations

17. Giving feedback to students at the end of ME

18. Effect of ME activities on student attitudes
and behaviors

19. Compliments on the knowledge / recall
behavior

20. Praise for high-level mental skills

21. Compliments on the use of information in
daily life

22. Use of ME in competition

23. Use of ME activities as a target, not as a
means

24. Number of ME activities (Number of exams
faced by students, etc.)

25. Use of ME activities for a certificate /
diploma

26. Cheating

Quotes

Related Theme Code

Quote
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An Example of Empirical and Model Based Methods for
Performance Descriptors: English Proficiency Test *
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Abstract

Great emphasis is given to the development of high-stake tests all around the world and in Turkey. However,
limited emphasis is given to adequate score reporting. Too much emphasis on rankings and almost no emphasis
on performance level descriptors (meaning of the scores) have leaded a “ranking culture” in Turkey. There is an
immense need to raise awareness about score reporting and performance level descriptions in Turkey. This study
aims to raise awareness about the use of performance level descriptors in a high-stake exam in Turkey, an English
proficiency exam. The study sample is consisted of 630 undergraduate students who took the 2016-2017 English
proficiency exam of a public university in the southwest of the Turkey. In order to identify the potential
exemplars, two types of item mapping methods (i.e. experimental based method and model-based method) were
used in the present study. Item grouping for performance level descriptors provided hierarchical and interpretable
structure. Using these performance level descriptors, it is possible to give criterion referenced feedback to each
student about his/her reading abilities.

Key Words: Criterion referenced assessment, performance level descriptors, empirical method, model-based
method, construct map.

INTRODUCTION

Every year many exams were prepared to evaluate student performances and to give pass or fail
decisions all around the world. Generally, great emphasis is given to the development of these high-
stake tests. However, limited emphasis is given to adequate score reporting (Goodman & Hambleton,
2004; Karantonis, 2017). Students get their scores, but they generally do not have any idea what these
scores mean. Similarly, instructors give scores to their students, but could not use these scores
adequately in their instructions as these scores do not make concrete sense to them, either. In the United
States, effort is given to find effective ways to report results of high-stake tests by giving meaning to
scores (Karantonis, 2017). The research on standard setting is focusing on which methods are more
effective (Karantonis, 2017; Karantonis & Sireci, 2006). Karantonis (2017) stated that there is still a
need to examine different item-mapping methods to identify exemplar items for performance level
descriptors. However, in Turkey, although exams take a crucial role in every grade level even starting
from primary education, very little emphasis is given to score reporting, standard setting procedures
and performance level interpretations. Each component of education is strongly affected by high-stake
exams; however, stakeholders of education could not interpret and use exam results as no performance
level descriptors associated with the scores are given. Students and educators are mainly interested in
the normative results such as the rank of students in an exam. Criterion referenced results are very
rarely used. Too much emphasis on rankings and almost no emphasis on performance level descriptors
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have led a ranking culture all over the country. Additionally, there is no public or academic demand
to force private and national testing companies to report test results in clear and meaningful way.
Turkish teachers reported they rarely use exam results to give feedback compared to European
colleagues (Demirtasli, 2009). Therefore, there is an immense need to raise awareness about score
reporting, standard setting procedures and performance level interpretations in Turkey. As Shulman
(2009) stated “assessment is a powerful tool for raising the quality of teaching and learning. It should
be used diagnostically and interactively, not as a form of autopsy” (p. 237). We need to use assessment
more effectively and this study aims to raise awareness about the use of performance level descriptors
in a high-stake exam in Turkey by describing and exemplifying the procedures of defining
performance level descriptors. This study shows how a teacher group could get performance level
descriptors by using empirical method to get performance level descriptors and also shows how experts
could use ConstructMap to get performance level descriptors using model-based methods.

Performance Level Descriptor Methods

There are two major methods for defining performance level descriptors: the empirical method and
the model-based method. These methods are described in this part.

The empirical method

The empirical method (Zwick, Senturk, Wang, & Loomis, 2001) corresponds to direct method, defined
originally by Beaton and Allen (1992). According to this method, first a few carefully dispersed scale
points are determined. These points are called anchor points or anchor levels and they are defined as
judgmental. Then, the student groups at anchor points are determined. But since there may be a small
number of students at these points or even no student may be present, a range of points near the anchor
points is determined. The items correctly answered by the majority of the students in the range are
determined. These items are called exemplars. Finally, the performance represented by these items is
defined (Beaton & Allen, 1992).

For example, anchor points can be defined as 10, 20, 30, and 40 on a scale scored from O to 50.
Regarding how close a point interval to anchor points is to be determined, Beaton and Allen (1992, p.
195) recommended that “this interval should be large enough so that there will be an adequate sample
in group k and yet small enough so that the score values are clearly distinguishable from the adjacent
anchor points”. For the anchor points in the example, near the anchor point can be specified as anchor
point £2. In this case the first anchor point interval is determined as 8 to 12 points. Other anchor
intervals are determined by adding and subtracting 2 points. After the near the anchor points are
identified, the correct answers are determined by the majority of the students in that range. At this
point, what is meant by the majority of students is needed to be operationally defined. Different correct
response probabilities (e.g. 50%, 65%, and 80%) have been used in the literature (Beaton & Allen,
1992). One of these probabilities could be selected for this method. For example, if the probability of
correct response is identified to be 65%, the items correctly answered by 65% of the individuals in
each anchor interval are determined. For each anchor interval, the cognitive and content related
properties measured by these items are determined and the performance for each anchor interval is
defined.

The model-based method

In model-based method, as in the empirical method, exemplars are chosen based on the probability of
correct answer of the item. The difference of the model-based method from the empirical method is
that correct response probabilities are estimated based on the item response theory model (Zwick et
al., 2001). According to item response theory, ability and item parameters can be placed on the same
scale. At this scale, the difficulty parameter of an item is settled at the same time as individuals who
are likely to respond to that item by 50%. By utilizing this property of item response theory, it is
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possible to find items with 50% probability of responding in a certain proficiency score interval. These
items are the items that are likely to be correctly answered 50% by the individuals in this point range
(Embretson & Reise, 2000; Hambleton, Swaminathan, & Rogers, 1991). For example, the items that
individuals in the range of 2.20 - 3.00 points can correctly answer with 50% probability are those with
difficulty parameters ranging from 2.20 - 3.00.

As mentioned above, the difference between these two methods is the way in which the response
probabilities are calculated. In the empirical method, the response probability is calculated based on
the classical test theory, while in the model-based method, it is calculated based on the item response
theory.

Purpose of the Study

This study aimed to illustrate how performance level descriptors could be defined using a dataset of
an English proficiency test. There is a need to report educational test result more efficiently by
developing adequate score reporting methods, especially in Turkey. Providing verbal descriptors for
related score intervals, the exam results will be more meaningful and required feedback could be given
to stakeholders. An example from a high-stake English proficiency exam was used to illustrate how
empirical method and model-based method using ConstructMaps could be applied in practice. With
this incentive, the research question of the study is set as How can we define performance level
descriptors for an English proficiency exam?

METHOD

This study is a standard setting study that aims to give a meaning to test scores. This study expected
to raise awareness about the use of performance level descriptors in a high-stake exam in Turkey. In
order to achieve this goal, two item-mapping methods to identify exemplar items for performance level
descriptors were used. The participants, instrument and data analysis procedures were described in this
section.

Participants

Total of 630 undergraduate students took the 2016-2017 English proficiency exam of a public
university in the southwest of the Turkey. Sixty two percent of the students were male, and thirty two
percent were females. This public university mainly has programs in Turkish but there are some
programs that have the medium instruction in English. The participants of this study were the students
who were registered to preparatory class of foreign language school of this university. These students
were required to get overall score of 60 out of 100 to start their undergraduate programs.

Data Collection Instrument

This study used English proficiency test to define performance level descriptors. The English
proficiency test has four major dimensions: Reading, Listening, Writing and Speaking. This test was
developed by test development team of foreign language school of the university. The proficiency test
was developed based on the assessment framework of Common European Framework and aimed to
be in B1 to B2 level. This study focuses on reading part of this test. Reading part included reading
paragraphs and there were 19 items in the format of matching, short answer and multiple choice.
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Data Analysis

Preliminary analysis

As a preliminary analysis, internal consistency of reading test was tested using The Cronbach’s Alpha
reliability coefficient. According to George and Mallery (2003) Cronbach’s Alpha coefficient should
be higher than .700. An instrument with Cronbach’s Alpha coefficient higher than .800 is considered
as a good instrument as and higher than .900 is considered as a marvelous instrument. Besides,
descriptive statistics related to reading test results were reported. SPSS 22.0 was used to conduct
internal consistency and descriptive statistics.

Reading test was developed to measure one main reading ability. Therefore, confirmatory factor
analysis was conducted to test unidimensionality of the reading test. Confirmatory factor analysis
requires an assessment to establish whether or not the proposed model is a good one. A good model is
a model in which the difference between covariance matrix obtained from student data and covariance
matrix implied by the hypothesized model is minimum (Ullman, 2001). This difference is evaluated
by using several fit indices. Comparative Fit Index (CFI), Tucker-Lewis Index (TLI) and Root Mean
Square Error of Approximation (RMSEA) are widely reported fit indices to assess goodness of fit of
confirmatory factor analysis. In this study, CFI and TLI values higher than .900 was considered as
acceptable fit and .950 and above was considered as good fit; and RMSEA values .080 or less was
considered as an acceptable fit and .060 or less was considered as a good fit (Browne & Cudeck, 1993;
Hu & Bentler, 1999). Confirmatory factor analysis was conducted by MPLUS 7.4 program (Muthen
& Muthen, 2015).

Differential Item Functioning (DIF) analysis was conducted to evaluate the fairness and equality of
tests on item level in investigating the comparability of gender performances. Having an instrument
without DIF items is an indication of a well-prepared instrument in terms of group comparisons and
fairness. In the study, logistic regression (LR) and Structural Equation Modeling (SEM) DIF methods
were used. In the logistic regression procedure, as a first step, only total score (modell), then total
score and grouping variable (model2), and finally total score, grouping variable and their interaction
(model3) were used as predictors. Significance of country and their interaction, and the change in R?
value were taken as evidence for uniform bias and non-uniform bias, respectively (Zumbo, 1999).
Jodoin and Gierl (2001) proposed AR? higher than 0.035 indicates moderate DIF and higher than 0.070
indicates large DIF. SPSS 22.0 programs were used to conduct logistic regression analysis. In the SEM
procedure, a Confirmatory Factor Analysis (unifactorial, with all items as indicators of the latent
variable) is conducted to assess configural and scalar invariance. The difference between incremental
types of model fit is evaluated as the factor loadings and intercepts are forced to be equal for
comparison groups (van de Vijver, 2017). If the difference in comparative fit index (CFI) and Tucker
Lewis index (TLI) between configural and the scalar invariance model is larger than .010 modification
indices are investigated to identify DIF items (Cheung & Rensvold, 2002). Mplus 7.4 program was
used for SEM DIF detection procedure (Muthen & Muthen, 2015).

Defining performance level descriptors

Determination of exemplars according to the empirical method: First, the exemplar items were
determined. In order to determine the potential exemplars according to empirical method using 50%,
67%, and 80% response probability, first, raw scores were converted to zero to hundred grade scale.
The scores were clustered into five categories (0 - 20; 21 - 40; 41 - 60; 61 - 80; 81 - 100). The students
in each score category was identified and then the proportion of correct response of each item for each
score category was calculated using IBM SPSS 22. These proportions could be considered as classical
test theory item difficulty indices for each item in each score category. In the present study, three
different response probabilities (RP) were used to determine the exemplars: 50% RP: The items
answered correctly by at least 50% of the participants in each performance level were selected as
exemplar items; 67% RP: The items answered correctly by at least 67% of the participants in each
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performance level were selected as exemplar items; 80% RP: The items answered correctly by at least
80% of the participants in each performance level were selected as exemplar items. For example, at
the third performance level (41 - 60), the proportion of correct response for item 3 was calculated as
60.2%. This item was not chosen as an exemplar according to the empirical based method using 67%
and 80%, while it was selected as an exemplar item according to empirical based method using 50%.

Determination of exemplars according to the model-based method: In the present study, ConstructMap
4.6 (Kennedy, Wilson, Draney, Tutunciyan, & Vorp, 2010) program was used which gives the total
raw score of the students, student ability estimation and item difficulty values on Wright map. The
program analyzes 1-0 item scores based on the Rasch model of item response theory. The Wright map
shows student ability scores and item difficulty values on the same scale. In addition, raw scores can
be reported on this map. Items were given in the order related to their difficulty indices and item
clusters were investigated to decide the cut scores for each performance level.

RESULTS

Psychometric Properties and Item Bias Analysis

Internal consistency analysis

The Cronbach’s Alpha reliability coefficient value in the proficiency exam reading part calculated as
.814 with 19 items. This value indicated a good internal consistency (George & Mallery, 2003). The
corrected item-total correlation coefficient of each item was higher than .200 indicated that all items
correlated with total score as expected.

Descriptive statistics

Reading test consisted of 19 items that were scored dichotomously. The reading score of students
ranged from 0 to 19 (M = 10.06, SD = 4.38). Reading scores were normally distributed, with skewness
of 0.15 and kurtosis of -0.86. Students were 391 men and 239 women (men: M = 9.94, SD = 4.23;
women: M = 10.24, SD = 4.62). An independent-samples t-test indicated that reading scores of men
and women were not significantly different (te2s = 0.831, p > .05, d = 0.07).

Table 1. Descriptive Statistics of the Reading Test

N Mean Standard Standard Error of Skewness Kurtosis
Deviation The Mean
630 10.06 4.38 A7 0.15 -0.86

Factor structure

Reading test aimed to measure one dimensional reading ability of students (See Figure 1). Therefore,
confirmatory factor analysis was conducted to test whether 19 items reading test was unidimensional
as it was proposed (see Table 2). The results showed that RMSEA, CFI and TLI values indicated an
acceptable fit of the data to the unidimensional model (RMSEA = .054 < .060; CFI = .918 > .900).
Thus, confirmatory factor analysis findings indicated that the proposed model was supported by the
collected reading test data.

Table 2. One-dimensional Confirmatory Factor Analysis Results

v2/df RMSEA CFI TLI
2.836%** .054 918 .908
***p < .001.
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Figure 1. The Proposed Structure of Reading Test

Item bias

In this section, gender related DIF results based on Logistic Regression and Structural Equation
Modeling DIF detection methods were presented. DIF results using LR method was presented in Table
3. The results indicated that none of the reading items showed DIF for gender groups. SEM DIF results
are presented in Table 4. In comparing answers of girls and boys, none of the reading items showed
DIF for gender groups either. Therefore, using two different DIF detection methods, it was concluded
that reading test did not contain any DIF items for gender groups which was a fairness indicator of the
test.

Table 3. Logistic Regression DIF Results

Item No Girls-Boys AR?
01 .004
02 .007
03 .002
04 .009
05 .006
06 .001
07 .001
08 .005
09 .007
10 .001
11 .001
12 .006
13 .004
14 .001
15 .004
16 .001
17 .003
18 .003
19 .002
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Table 4. SEM DIF Results

Model y/df RMSEA CFlI ACFI TLI ATLI DIF ITEMS
Configural 1.483** .039 .956 .950 None
Scalar 1.464** .038 .956 .000 .952 -.002

**p < .01.

Item parameters according to classical and item response theory

In Table 5, item difficulty and item discrimination indices calculated by classical test theory and item
response theory were reported. According to classical test theory item analysis statistics, the difficulty
of the items were ranged from .31 to .85 with the mean value of .53; and the discrimination index was
ranged from .24 to .53 with the mean value of .39. One parameter item response theory (Rasch model)
results produced item difficulty indices ranging from -1.90 to 1.12 with the mean value of 0.00. These
values indicated that the reading test had medium level difficulty.

Table 5. Item Parameters According to Classical and Item Response Theory

Item Item Difficulty Index Item Discrimination Index b Parameter
1 .53 .53 0.03
2 .52 43 0.04
3 .63 .28 -0.48
4 .34 .29 0.99
5 .32 44 1.12
6 .38 .34 0.77
7 .68 .33 -0.79
8 .60 44 -0.34
9 .59 48 -0.30
10 .59 44 -0.28
11 .52 .50 0.05
12 .60 45 -0.33
13 .56 AT -0.13
14 31 .24 1.18
15 .85 .35 -1.90
16 A7 .34 0.29
17 .54 .37 -0.03
18 .65 31 -0.59
19 .39 .30 0.72
Total .53 .39 0.00

Defining Performance Level Descriptors

Identifying exemplar items using empirical method

Using RP 50, RP 67 and RP 80, exemplar items for each score interval (0 - 20; 21 - 40; etc.) were
decided (see Table 6). Exemplar item grouping results were affected from chosen response probability.
While an item was located to lower score intervals in RP 50, the same item was generally located to
higher score intervals in RP 80. For score interval of 0 - 20, none of the items were located. This means
that students who got a score between 0 and 20 in reading part could not achieve none of the items on
general. In the next section how these item classifications were used to define performance level
descriptors was explained. Additionally, the hierarchical structures were observed for RP 50, RP 67
and RP 80. If an item was located in one of the score interval (answered correctly by students in this
score interval with required percentage) then the item was achieved by students in above score
intervals with required percentage, too.
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Table 6. Exemplar Items in Empirical Method

PL n RP 50 RP 67 RP 80*

0-20 31 - - -

21-40 174 15 15 -

41-60 186 3,7,8,9,10,12, 13,18 7 15

61-80 156 1,2,6,11,16,17 1,2,3,8,9 10,11, 12, 13,17, 18 1,7,8,9, 10,12

81-100 83 4,5 14,19 4,5,6, 14,16, 19 2,3,5/11,13, 16,17, 18,19

PL: performance level, RP: response probability. * Item 4, 6 and 14 could not be classified to any PL for RP 80.

Performance level descriptors using empirical method

In Table 6, exemplar items were reported with different response probabilities to show how each
response probability affected the classification. In order to define performance level descriptors, RP
67 was selected. RP 50 was justified as the number of students at a particular score interval can do a
task exceeds the number of students who cannot do the task (Zwick et al., 2001). However, RP 50 is
criticized as being too low for a standard. Kolstad et al., (1998) stated that “if one is going to say that
people with a particular score on an assessment can successfully perform a particular assessment task,
one wants to be fairly sure that a substantial majority of them can do it” (p. 11). RP 80 could be used
if the aim of the test requires higher percentage correct values. RP 80 was considered to be too stringent
(Kolstad et al., 1998). In this study, three items (Item 4, 6 and 14) could not be located to any score
interval for this reason. In RP 67 two third of the students were required to answer the item correctly
in related score interval. RP 67 was justified as being consistent with the mastery notion (Kolstad et
al., 1998) and maximizing the information of the correct response under several IRT models (Huynh,
2006). Therefore, performance level descriptors were defined using exemplar items under RP 67. The
performance level descriptors were defined by three experienced scholars.

Results showed that students in score interval 0 - 20 could not show any reading ability measured in
this test. Students in score interval 21 - 40 “can recognize a detail from context by using more
frequently used vocabulary item (from k1 band) in the question root as an explicit clue”. The ability
of students in score interval 41 - 60 could be exemplified as, in addition to previously described ability,
“can recognize a detail from context by using frequently vocabulary item (from k1 band) in the
question root as an explicit clue”. There was a small difference between these two abilities and for
these groups only one item was located. For score intervals 61 - 80 and 81 - 100, there were more
items. This might indicate that this test could better differentiate between score intervals of 0 - 60, 61
- 80 and 81 - 100 which is reasonable in a sense that a student should get overall score of 60 to be
successful. Students in score interval 61 - 80 “can infer a detail by using an explicit clue in the text”
whereas students in score interval 81 - 100 “can infer the meaning by using implicit clues in the text
with less frequently used vocabulary” in addition to previously described abilities. It is also important
to note that these structures are based on a probabilistic view in which a student in a score interval
could have these abilities with at least 67% probability.

Cross validation of exemplar items in empirical method

As empirical method is based on percentages calculated according to classical test theory and as
classical test theory is affected from different samples, the dataset was divided randomly into two to
cross validate the results. In Table 8 and Table 9 these results were reported. In sample 1, for RP 50
and RP 67 only one item was located to different score interval whereas for RP 80, two items were
mislocated (0.95, 0.95, and 0.89 convergence ratios, respectively). In sample 2, for RP 50 and RP 67
two items were located to different score interval whereas for RP 80, four items were located
differently (0.89, 0.89, and 0.74 convergence ratios, respectively). These results showed that RP 80
was affected from sample change compared to RP 50 and RP 67. This finding also justified not
selecting RP 80 for defining performance level descriptors.
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Table 7. Performance Level Descriptors in Empirical Method

Level PL n RP 67%  Performance Level Descriptors
1 0-20 31 - -
2 21-40 174 15 o Can recognize a detail from context by using more frequently used vocabulary
item (from k1 band) in the question root as an explicit clue.
3 41-60 186 7 e Can recognize a detail from context by using frequently vocabulary item
(from k1 band) in the question root as an explicit clue.
4 61-80 156 1, 2, 3,8, e Canrecognize adetail from context by using more frequently used vocabulary
9, 10, 11, item (from k2 band) in the question root as an explicit clue.
12,13,17, e Can follow the development of text structure and decide from where in the
18 text each sentence is removed by using an explicit clue.

e Can reach a conclusion by using an implicit clue in the text.
e Can infer a detail by using an explicit clue in the text.
5 81-100 83  4,5,6,14, e Can follow the development of text structure and can decide from where in
16, 19 the text each sentence is removed by using an implicit clue.
Can infer the meaning by using explicit clues in the text.
Can infer the meaning by using implicit clues in the text with less frequently
used vocabulary.
Can infer writer’s attitude and viewpoint.

Table 8. Cross Validation of Exemplar Items in Empirical Method-Sample 1

PL n RP50 RP 67* RP 80**
0-20 20 - - -
21-40 85 15 15 -
41-60 98 3,7,8,910,12,13,18 7 15
61-80 61 1,2,6,11,16,17,19 1,2,3,8,9 10,11, 12, 13,17, 18 1,2,7,8,9 10, 12
81-100 47 4,514 4,5,6,16,19 3,4,5,11,13, 16,17, 18, 19

PL: performance level, RP: Response probability. * Item 14 could not be classified to any PL for RP 67. ** Item 6 and 14
could not be classified to any PL for RP 80

Table 9. Cross Validation of Exemplar Items in Empirical Method-Sample 2

PL n RP50 RP 67* RP 80
0-20 1 - - -
21-40 89 15 15 -
41-60 88 3,7,8,9,10,12, 16, 18 7,18 15
61-80 95 1,2,6,11,13,17 1,2,3,8,9 10,11, 12, 13, 17 1,7,8,9 10,12, 18
81-100 36 4,514,19 5, 6,14, 16, 19 2,3,11,13, 14,17

PL: performance level, RP: Response probability. * Item 4 could not be classified to any PL for RP 67. ** Item 4, 5, 6, 16,
19 could not be classified to any PL for RP 80

Identifying exemplar items using model-based method using ConstructMap

ConstructMap 4.6.0 program was used to get Wright Map (See Figure 2). Wright Map provided ability
level of students (ranging from -3 to +3), raw score associated with this ability levels, number of
students in each ability level (denoted by X’s) and item numbers ordered based on difficulty estimation
done based on item response theory. The next step is to decide item groups by setting cut points.
Among several approaches about how to decide cut points, The Construct Mapping method (Draney
& Wilson, 2009) was used to identify the exemplar items. The Construct Mapping method was selected
as experts defining performance level description (panelists) were given items’ location and related
scale scores. Panelists examined the data and items and selected the best locations for cut scores.

In the study, panelists investigated item clusters in the Wright Map and grouped items as given in
Table 10. Then the scale scores intervals (theta) were reported for each level with RP67. These scale
scores were estimated using the item response theory. Items were investigated in content and cognitive
processes and performance level descriptors were provided. The results provide hierarchical structure
for cognitive processes.
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Wright Map (EAF) Variable: Construct 1
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Figure 2. Wright Map Obtained by ConstructMap Program

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

228



Arikan, S., Kilmen, S., Abi, M., Ustiinel, E. / An Example of Empirical and Model Based Methods for Performance
Descriptors: English Proficiency Test

Table 10. Item Grouping According to Construct Mapping Method

Level Items Theta Score  Performance Level Descriptors
Interval
RP 67
1 15 -0.60 and below  * Can recognize a detail from context by using more frequently used
vocabulary item (from k1 band) in the question root as an explicit clue.
2 7 -0.60 and 0.00 * Can recognize a detail from context by using frequently vocabulary item
(from k1 band) in the question root as an explicit clue.
3 1,2,3,8,9,10, 0.00and 0.90 * Can recognize a detail from context by using more frequently used
11, 12, 13, 17, vocabulary item (from k2 band) in the question root as an explicit clue.
18 * Can follow the development of text structure and decide from where in

the text each sentence is removed by using an explicit clue.
* Can reach a conclusion by using an implicit clue in the text.
* Can infer a detail by using an explicit clue in the text.
16 0.90 and 1.25 * Can infer writer’s viewpoint.
4,5,6,14,19 1.25 and above * Can follow the development of text structure and can decide from where
in the text each sentence is removed by using an implicit clue.
* Can infer the meaning by using explicit clues in the text.
* Can infer the meaning by using implicit clues in the text with less
frequently used vocabulary.
* Can infer writer’s attitude.

(628N

DISCUSSION and CONCLUSION

This study aimed to raise awareness about the importance of criterion referenced assessment via
showing how performance level descriptors in a high-stake exam in Turkey could be defined. Giving
too much emphasis on norm referenced assessment by rankings and almost no emphasis on criterion
referenced assessment is continuing to harm the educational system from early years of primary school
to university education. Especially national large-scale assessments that aim to select limited number
of students among huge number of students to a higher educational institution focuses on norm
referenced assessment in Turkey. However, there are national assessments, especially language tests,
that aims to decide who are proficient or not, but even the results of these assessments are not reported
with the criterion referenced perspective. Therefore, criterion referenced assessment is undervalued.
There is a need to use criterion referenced assessment via providing performance level descriptors to
integrate assessment results to the instructions and to provide concrete feedback to the stakeholders.
Performance level descriptors could be used to follow the development of a student throughout the
years of assessments. Therefore, a student who started from lower levels could increase his or her
performance over years and this development could create a confidence for the student. Only ranking
students is harming majority of the students as top rankings are reserved by top achievers.

One of the reasons of why assessment results based on criterion referenced assessment via performance
level descriptors is not popular could be that there are very limited examples of performance level
descriptors in Turkish context. Defining performance level descriptors requires more detailed effort
and know how compared to providing norm referenced assessment results. This study showed how
performance level descriptors could be defined using empirical method and model-based method.
Empirical method is based on classical test theory and easier to implement and model-based method
is based on item response theory and requires expertise on statistical software. In both methods, in the
process of defining the descriptors for the score intervals, there is a hierarchical structure among the
item clusters, and items that are located in higher score intervals require higher cognitive demands. As
it is known, Wright maps were based on the item response theory, in which the item parameters could
be estimated independently from the sample. In the study, we obtained similar results for both
empirical method and model-based method. In the relevant literature, similar results were obtained in
studies in different fields (e.g. mathematics). In the previous literature, it was found that the results
obtained from the empirical method and wright maps were similar (e.g. Arikan & Kilmen, 2018). As
both methods produce similar item rankings and item clusters in this study, teachers could use
empirical method to define performance level descriptors for their assessments and measurement
experts could use model-based methods to get more stable results.
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Teacher groups with limited access to the measurement experts could follow the steps described in the
empirical method and could get item clusters and then could describe required abilities by the items.
The study showed that with 600 students the findings were consistent with the smaller samples. With
smaller number of students, the results could be more sample dependent, but the feedbacks based on
performance level descriptors would be still useful for this specific group. Teachers could cooperate
with other teachers to increase the number of students in their assessments and group discussion on
defining performance level descriptors would be beneficial for them. Testing companies with
measurement specialist and bigger schools that have measurement department are advised to use
model-based method. Item statistics estimated by item response theory are sample independent which
makes them more consistent (Hambleton & Jones, 1993). Cooperating with teachers and experts,
Construct Mapping method is useful in defining performance level descriptors based on item analysis
and item mapping.

Overall, we showed that it is possible to define performance level descriptors for an English
proficiency exam. With the help of verbal descriptors for related score intervals, the exam results will
be more meaningful and related feedback will be given to students, parents and school administration.
Teachers and administration are expected to use this information to raise the quality of education. The
student achievement outcome was defined according to what students can do and cannot do, therefore,
overall success of given education throughout the year would be evaluated by these standards. When
similar assessment is used for incoming proficiency exams, the outcome could also be comparable in
terms of these standards. For students who could not achieve this test could be provided what they can
do in addition to what they cannot do. These feedbacks are expected to help these students to shape
their remedial studies.

The limitation of this study is that the number of reading items was not that high, and the items were
generally loaded above score of 60. As a result, for some score intervals, one item was loaded. Defining
performance level descriptors based on a limited number of items would threat the reliability of the
findings. Therefore, having more items that have more equal distribution over score intervals would
be preferable. Piloting items and selecting items according to pilot item analysis could be beneficial
when administrating the items beforehand is possible.
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Ampirik ve Modele Dayah Yeterlik Tanimlari: Ingilizce Yeterlik
Sinavi Ornegi

Girig

Tirkiye’de, test sonucunu daha verimli bir sekilde rapor etmek igin yeterlik puan raporlama
yontemlerinin gelistirilmesine ihtiya¢ duyulmaktadir. Bir testten alinabilecek puan araliklarinda
tanimlanan yeterlikler sinav sonuglarinin anlamli hale gelmesini saglamakta ve paydaslara gerekli
geribildirimler verme konusunda yararli olmaktadir. Bu ¢alisma, ampirik yontem ve modele dayali
yontem (ConstructMaps) kullanilarak, Ingilizce yeterlilik testine ait puan araliklarinm nasil
tanimlanabilecegini gdstermeyi amaglamistir.

Ampirik yonteme (Zwick, Senturk, Wang, & Loomis, 2001) gore yeterlik tanimlamanin ilk
asamasinda, once Ol¢ege iliskin puan araliklari belirlenir. Ardindan, bu puan araliklarinda yer alan
Ogrenci gruplart saptanir. Her bir puan araligindaki 6grencilerin ¢ogunlugu tarafindan dogru olarak
cevaplandirilan (6rnegin %50, %65, %67 ve %80) maddeler belirlenir (Beaton & Allen, 1992).
Arastirmact belli bir dogru yanitlama olasiligi belirleyerek bu olasilik {izerinden her bir puan
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araligindaki maddeleri belirler. Ornegin, dogru yanit olasilig1 %65 olarak belirlenmisse, her bir puan
araliginda bireylerin %651 tarafindan dogru sekilde yanitlanan maddeler bulunur. Her bir puan araligi
icin, bu maddelerle Ol¢iilen bilissel ve igerikle ilgili 6zellikler belirlenir ve her bir puan araligi igin
performans tanimlanir.

Modele dayali yontemde, ampirik yontemde oldugu gibi, maddenin dogru yanitlanma olasilig1 esas
alinarak maddeler belirlenir. Modele dayali yontemin ampirik yontemden farki, Madde Tepki Kurami
Rasch modeline gore dogru cevap olasiliklarinin tahmin edilmesidir. Madde tepki kuramina gore,
yetenek ve madde parametreleri ayn1 6lgekte yerlestirilebilir (Embretson & Reise, 2000; Hambleton,
Swaminathan & Rogers, 1991). Yukarida belirtildigi gibi, bu iki yontem arasindaki fark, yanit
olasiliklarinin hesaplanma seklidir. Ampirik yontemde, yanitlanma olasilig1 klasik test teorisine gore
hesaplanirken modele dayali yontemde madde tepki kuramina gore hesaplanir.

Yontem

Calisma grubu

Tiirkiye'nin glineybatisindaki bir devlet {iniversitesinin 2016-2017 Ingilizc"e yeterlilik sinavina giren
630 lisans Ogrencisi bu arastirmanin ¢aligma grubunu olusturmaktadir. Ogrencilerin %68’1 erkek,
%32’si ise kadindir.

Veri toplama aract

Bu calismada, iiniversitenin yabanci dil okulu test gelistirme ekibi tarafindan gelistirilen ingilizce
yeterlilik testi kullanmustir. Ingilizce yeterlilik smavinin dért ana boyutu bulunmaktadir: Okuma,
Dinleme, Yazma ve Konusma. Bu ¢aligma, bu testin bir kismini olusturan okumaya odaklanmaktadir.
Okuma boliimii okuma paragraflarini icermektedir. Cesitli madde formatlarinda (eslestirme, kisa
cevap ve ¢oktan se¢cmeli) 19 test maddesinden olugmaktadir.

Verilerin analizi

On analiz olarak, okuma testinin i¢ tutarliligi Cronbach’m Alfa giivenilirlik katsayis1 kullanilarak
hesaplanmistir. Okuma testi, okudugunu anlama yetenegini 6lgmek i¢in gelistirilmistir. Bu nedenle,
okuma testinin tek boyutlulugunu test etmek i¢in dogrulayici faktor analizi yapilmistir. Dogrulayici
faktor analizi MPLUS 7.4 programi ile gergeklestirilmistir (Muthen & Muthen, 2015).

Maddelerin bir gruba yanli olup olmadigini test etmek i¢in madde yanliligi analizi yapilmistir. Bu
calismada, lojistik Regresyon (LR) ve Yapisal Esitlik Modelleme (YEM) madde yanliligi yontemleri
kullanilmugtir,

Bu analizlerin ardindan yeterlik tanimlama islemleri yapilmistir. Bu aragtirmada yeterliklerin
tanimlanmasinda ampirik ve modele dayali yontemler kullanilmistir. Ampirik yontemde 6grencilerin
almis olduklar1 puanlar bes performans seviyesine ayrilmigtir (0 - 20; 21 - 40; 41 - 60; 61 - 80; 81 -
100). Her bir puan kategorisindeki 6grenciler belirlenmis ve daha sonra her bir puan kategorisi igin
her bir maddenin dogru cevaplanma orani hesaplanmistir. Bu ¢alismada, her bir puan kategorisini
temsil eden madde 6rneklerini belirlemek igin ii¢ farkli cevap olasiligi (RP) kullanilmistir. %50 RP:
Her bir performans seviyesinde katilimcilarin en az %50’si tarafindan dogru olarak cevaplanan
maddeler 6rnek maddeler olarak secilmistir. %67 RP: Her bir performans seviyesinde katilimcilari
en az %67’si tarafindan dogru olarak cevaplanan maddeler 6rnek maddeler olarak secilmistir. %80
RP: Her performans seviyesinde katilimcilarin en az %80°1 tarafindan dogru bir sekilde cevaplanan
maddeler 6rnek maddeler olarak seg¢ilmistir. Modele dayal1 yeterlik tanimlamalari ise Wright haritast
iizerinde 6grencilerin toplam ham puanini, 6grenci yetenek tahminlerini ve madde gii¢liik indekslerini
veren ConstructMap 4.6 (Kennedy, Wilson, Draney, Tutunciyan & Vorp, 2010) programi kullanilarak
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yapilmistir. Program Madde Tepki Kuraminin Rasch modeline dayanarak 1-0 seklinde puanlanan
maddeleri analiz etmektedir. Wright haritasi, 6grenci 6l¢egi puanlarin1 ve madde giicliik indekslerini
ayni1 6lgekte gostermektedir.

Bulgular

Yeterlik sinavi okuma testinin Cronbach Alfa giivenirlik katsayis1 .81 olarak hesaplanmistir. Bu deger
Olgekten giivenilir sonuglar elde edildiginin bir kanitidir (George & Mallery, 2003). Okuma testi
ogrencilerin tek boyutlu okudugunu anlama becerilerini dlgmeyi amaclamistir. Bu nedenle 19
maddelik okuma testinin tek boyutlu olup olmadigini test etmek icin dogrulayici faktoér analizi
yapilmustir. Yapilan analiz sonucunda 6lgegin tek boyutlu bir yapida oldugu saptanmistir (RMSEA =
.054 < .060; CFI = .918 > .900). Lojistik Regresyon ve Yapisal Esitlik Modelleme madde yanlilig
belirleme yontemlerine dayali analizler sonucunda okuma maddelerinin higbirinin cinsiyet gruplari
icin madde yanlilig1 géstermedigi saptanmisgtir.

Ampirik yonteme gore bulgular incelendiginde, 0 - 20 puan araliginda 6grencilerin okudugunu anlama
becerisinin tanimlanamadigi saptanmistir. 21 - 40 puan araligindaki 6grencilerin soru kokiindeki agik
bir ipucu olarak daha sik kullanilan kelime hazinesini (k1 bandindan) kullanarak igerikten bir detay
taniyabildigi belirlenmistir. 41 - 60 puan araliginda bir puan alan 6grencilerin ise soru kokiindeki agik
bir ipucu olarak sik basvurulan kelime hazinesini (k1 bandindan) kullanarak igerikten bir ayrintiy1
taniyabildigi saptanmistir. 61 - 80 puan arasi bir puana sahip 6grencilerin soru kokiindeki acik bir
ipucu olarak daha sik kullanilan kelime hazinesini (k2 bandindan) kullanarak icerikten bir detay
taniyabildigi, metin yapisiin gelisimini takip edebildigi metinde agik bir ipucu kullanarak bir sonuca
ve detaylara ulasabildigi goriilmiistiir. En iist yeterlik diizeyi olan 81 - 100 puan arasinda puan alan
Ogrencilerin ise metin yapisinin gelisimini takip edebildigi ve bir ipucu kullanarak her ciimledeki
metnin nereden ¢ikacagina karar verilebildigi, daha az kullanilan kelime dagarcigi igeren metinde
ortiik ipuclarini kullanarak anlam c¢ikarabildigi ve yazarin tutum ve bakis agisini yakalayabildigi
saptanmigtir.

Modele dayali bulgulara gore en alt yeterlik basamaginin kesim noktasi olarak -0.60 puan belirlenmis,
bu puanin altinda bir puana sahip 6grenciler i¢in yeterlik tanimlar1 yapilabilmistir. Ancak yapilan
tanimlamalar ampirik yontemdeki 21 - 40 puan arali§inda tanimlanan yeterliklerdir. Diger bir deyisle,
ampirik yontemde 21 - 40 puan arasinda tanimlanan yeterlikler modele dayali yontemde en alt yeterlik
basamaginda tanimlanmustir. Benzer sekilde ampirik yontemde 41 - 60 puan araliginda belirlenen
yeterlik tanimlar1 da modele dayali yontemde -0.60 - 0.00 puan aralifinda tanimlanmstir. 0.00 - 0.90
arasinda puan alan 6grencilerin ise soru kokiindeki agik bir ipucu olarak daha sik kullanilan kelime
haznesini (k2 bandindan) kullanarak igerikten bir detay taniyabildigi, metin yapisinin gelisimini takip
edebildigi metinde acik bir ipucu kullanarak bir sonuca ve detaylara ulasabildigi goriilmiistiir. Bu
yeterlik tanimi1 ampirik yontemde 61 - 80 puan aralifina denk gelmektedir. 0.90 - 1.25 arasinda puan
alan Ogrencilerin yazarin bakis a¢is1 hakkinda ¢ikarim yapabildigi saptanmigtir. 1.25 puan iizerinde
puan alan Ogrencilerin metin yapisinin gelisimini takip edebildigi ve bir ipucu kullanarak her
climledeki metnin nereden ¢ikacagina karar verilebildigi, daha az kullanilan kelime dagarcigi iceren
metinde Ortiik ipuglarim kullanarak anlam ¢ikarabildigi ve yazarin tutumunu belirleyebildigi
gorilmistiir.

Sonug ve Tartisma

Genel olarak degerlendirildiginde, ampirik yontem ve modele dayali yontem arasinda yeterlik tanim
basamaklar1 agisindan birtakim farkliliklar gézlense de sonuglar yeterlik tanimlarinin hiyerarsik bir
sekilde siralandigim, Ingilizce yeterlilik sinavimin yeterlik tammlarmin ampirik ve modele dayali
yontemlerle tanimlanabilecegini gostermektedir. Ampirik yontem, klasik test teorisine dayanir ve
uygulanmasi kolaydir. Modele dayali yontem, madde tepki kuramina dayanir ve istatistiksel yazilim
iizerinde uzmanlik gerektirir. Her iki yontemde de puan araliklari i¢in tanimlayicilarin tanimlanmasi
stirecinde, madde kiimeleri arasinda hiyerarsik bir yap1 bulunmus ve daha yiiksek puan araliklarinda
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bulunan maddeler daha yiiksek bilissel beceriler gerektirmistir. lgili literatiirde, farkli alanlarda
(6rnegin matematik) yapilan ¢alismalarda benzer sonuglar elde edilmis, literatiirde, ampirik yontem
ve Wright haritalarindan elde edilen sonug¢larin benzer oldugu bulunmustur (Arikan & Kilmen, 2018).
Her iki yontemde de benzer madde siralamalart ve madde kiimeleri olusturuldugundan, 6gretmenler,
degerlendirmeler i¢in performans diizeyi tanimlayicilarini tanimlamada ampirik yontem kullanabilir,
ampirik yontemde agiklanan adimlari takip edebilir ve yeterlikleri tanimlayabilirler. Ogretmenler,
diger 6gretmenlerle birlikte, 6grencilerin basarisini arttirmak igin i birligi yapabilir ve performans
diizeyi tamimlayicilarim tanimlamak icin bir araya gelebilirler. Olgme ve degerlendirme alaninda
uzmanlasmis kisilerin ise modele dayali yontem kullanmalar1 tavsiye edilebilir. Ciinkii madde tepki
kuramu ile tahmin edilen madde istatistikleri, 6rneklemden bagimsizdir ve bu da parametreleri daha
tutarli hale getirir (Hambleton & Jones, 1993).

Tiirkiye’de genis Olgekli testlerde bagil ve mutlak degerlendirmeler yapilmasina ragmen daha ¢ok
bagil degerlendirmeye vurgu yapilmaktadir. Ozellikle ¢ok sayida 6grenci arasindan smirli sayida
Ogrenciyi yliksekdgretim kurumlarina segmeyi amacglayan ulusal genis Olgekli degerlendirmeler
normlara odaklanmaktadir. Bununla birlikte, ulusal capta diizenlenen mutlak degerlendirmenin
kullanildig1 simavlardan o6zellikle dil smavlari kimin yetkin olup olmadigina karar vermeyi
amaglamasina ragmen, kisinin yeterliklerine odaklanan bir rapor sunmamakta, sonuclar puan ile sinirlt
kalmaktadir. Oysa degerlendirme sonuc¢larinin puan ile simirli kalmayarak 6grencilere ve paydaslara
somut bir geri bildirim saglamak i¢in kullanilmasi daha yararli olacaktir. Ayrica, yeterlik tanimlari, yil
boyunca bir &grencinin gelisimini takip etmek icin kullamlabilir. Ornegin, diisiik seviyelerden
baglayan bir 6grenci, yil boyunca kendi performansini artiracak ¢aligmalar yeterlik gdostergelerinin
inceleyerek bulabilir ve kendi gelisimini basarabildiklerine ve basaramadiklarina odaklanarak kendi
kendine hizlandirabilir.

Bu calismanin gesitli sinirliliklar1 bulunmaktadir. Smirli sayida 6grenciyle elde edilen bulgular
sonuglarin  genellenebilirligini azaltmaktadir. Bu nedenle daha biiyiik 6rneklemlerde benzer
arastirmalar yapilabilir. Okuma maddelerinin sayisinin ¢ok yiiksek olmamasi bazi puan araliklarina
sadece bir maddenin yerlesmesine neden olmustur. Sinirh sayida maddeye dayanarak yeterliklerin
tanimlanmasi bulgularin giivenilirligini tehdit etmektedir. Bu nedenle, daha fazla madde iceren
testlerle benzer aragtirmalar yapilabilir.
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The Influence of Using Plausible Values and Survey Weights on
Multiple Regression and Hierarchical Linear Model Parameters*
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Abstract

In large-scale assessments like Programme for International Students Assessment (PISA) and the Trends in
International Mathematics and Science Study (TIMSS), plausible values are often used as students’ ability
estimations. In those studies, stratified sampling method is employed in order to draw participants, and hence,
the data gathered has a hierarchical structure. In the context of large-scale assessments, plausible values refer to
randomly drawn values from posterior ability distribution. It is reported that using one of plausible values or
mean of those values as independent variable in linear models may lead to some estimation errors. Moreover, it
is observed that sampling weights sometimes are not used during analysis of large-scale assessment data. This
study aims to investigate the influence of three approaches on the parameters of linear and hierarchical linear
regression models: 1) using only one plausible value, 2) using all plausible values, 3) incorporating sampling
weights or not. Data used in the present study is obtained from school and student questionnaires in PISA (2015)
Turkey database. Results revealed that the use of sampling weights and number of plausible values has
significant effects on regression coefficients, standard errors and explained variance for both regression models.
Findings of the study were discussed in details and some conclusions were drawn for practice and further
research.

Key Words: Hierarchical linear modeling, multiple linear regression, plausible values, survey weights, large-
scale assessments, PISA.

INTRODUCTION

When determining the group performance, large-scale assessment data are used in many countries so
as to take initiatives and develop educational policies. In addition to the cognitive tests measuring the
student performance, several scales are used in those applications in order to collect student-, teacher-
and school-level information. Through that data, instead of individual assessment, school- and study-
related student skills are taken together, and group-level inferences are made. In this type of large-
scale assessments, different booklets are designed and applied to students in pairwise blocks in order
to prevent the loss of time resulting from the measurement of performance in a wide range of subjects.
In this case, as all students do not answer the same questions, it is incorrect and inaccurate to estimate
their performance via classical statistical methods and to make a group-level comparison
(Organization for Economic Cooperation and Development-OECD, 2017). Hence, such applications
employ multiple values demonstrating the possible distribution of student abilities (Von Davier,
Gonzales & Mislevy, 2009). The so-called plausible values are based on student responses to subset
of tests, as well as affective features and available background information (demographic information)
(Mislevy, 1991; OECD, 2009).

Plausible values refer to random values drawn from the posterior distributions of ability scores in the
context of large-scale assessments (Von Davier et al., 2009). Maximum Likelihood (ML) (Rasch,
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1960), Weighted Maximum Likelihood (WML) (Warm, 1985), Joint Maximum Likelihood (JML)
(Wright & Stone, 1979), and Expected A Posteriori (EAP) (Bock & Aitkin, 1981) used in estimations
made through the Rasch model within the Item Response Theory are estimation methods that cover
up each other’s flaws. However, these methods make point estimations and do not give more than one
ability estimation different from each other coming from the posterior distribution for individuals as
in plausible values (Wu, 2005). The first usage of plausible values was inspired by Rubin’s (1987)
multiple imputation research when analyzing the US National Assessment of Educational Progress
(NAEP) data in 1994. Using plausible values in large-scale tests became more common as they were
also used in the next NAEP applications, the Trends in International Mathematics and Science Study
(TIMSS) by OECD, as well as the Programme for International Student Assessment (PISA). In
general, five plausible values are produced for each student, though there is not a strong basis for this
limitation in the literature (\Von Davier et al., 2009; Wu, 2005).

Plausible values correspond to the distribution of abilities a student can have depending on his / her
responses to items. They are obtained by randomly drawn values out of the posterior probability
distribution for 0 ability values in the Item Response Theory (IRT) (Wu, 2005). The technical reports
of the NAEP applications in 1983-1984 and the PISA in 2000 give detailed information about how
those values are calculated and how they are drawn from the probability distribution (Adams & Wu,
2002; Beaton, 1987). Plausible values are not individual scores in the traditional sense, and should
therefore not be analyzed as multiple indicators of the same score or latent variable (Mislevy, 1993).
When compared to the EAP and WML methods that make point estimations, using plausible values
will yield less biased results in group-level assessments, as VVon Davier et al. (2009) demonstrated in
their research. They point out, however, that using the averages of plausible values (PV-W) leads to
more biased estimates than using the average of statistics (PV-R) derived by analyzing each value;
therefore, the averages of plausible values should not be used as dependent variable (Von Davier et
al., 2009). Furthermore, the simulation research by Wu (2005) shows that using any plausible value
alone is enough to make highly correct estimates regarding the population parameters.

Instead of assigning point estimations of ability for each student, plausible values from the posterior
ability distribution are used in large-scale assessments such as Trends in International Mathematics
and Science Study (TIMSS), the PISA, and International Computer and Information Literacy Study
(ICILS). The data obtained via those large-scale applications is hierarchically structured within
multiple levels (student, school, regions, country, etc.). In fact, it is possible to encounter this data
structure in several areas of social science research like organizational, intercultural, and
developmental studies (Bryk & Raudenbush, 2002). The data in educational sciences may involve two
or more levels as well, with students being nested within classes, classes within schools, and schools
within cities or regions, in addition to the repeated measures for students or any unit of analysis. Over
the Ghana Youth Save data, for instance, Chowa, Masa, Ramos, and Ansong (2015) examined how
the properties of students and schools would affect the academic achievement of youth. Students were
nested within schools in the mentioned study. By using the longitudinal data from the students
participating the National Longitudinal Survey of Youth (NLSY), Stipek and Valentino (2015)
investigated how well measures of short-term and working memory and attention in early childhood
predicted longitudinal growth trajectories in mathematics and reading comprehension. The measures
in due course were nested within the variable of student as a secondary unit. In the Sustaining Effects
Study (SES), Bryk and Raudenbush (1988) used a three-level hierarchical linear model to analyze the
relationship between the intensity of student and school poverty for the first to third grade students
and their reading comprehension and learning mathematics.

It is common to observe two type of data use if the hierarchical data structure is not taken into
consideration. Those are aggregation and disaggregation methods. Aggregation is integrating sub-units
of data in upper units. Conjoining the test scores of students at the class level and obtaining school-
level scores by weighting their average class-level scores can be taken as examples of aggregation. As
individual differences are ruled out in this method, relationships between aggregated variables may be
much stronger or lead to misinterpretations (Atar, 2010; Bryk & Raudenbush, 2002; Snijders &
Bosker, 2003; Woltman, Feldstain, MacKay, & Rocchi, 2012). In disaggregation, upper units are
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degraded to lower levels. Assigning the data about a school- and class-level variable to students can
be an example of disaggregation. In this case, as all of the students within the same school or class
have the same properties, independence of observations as a significant assumption of statistical
analyses will be violated (Snijders & Bosker, 2003; Woltman et al., 2012). In conclusion, using linear
regression models with aggregation and disaggregation methods will lead to related residuals, as well
as to biased coefficients and standard errors on regression equations by ignoring between-group
differences (Bryk & Raudenbush, 2002).

Being a way to analyze nested data, hierarchical linear models eliminate the mentioned disadvantages
of aggregation and disaggregation methods. Hierarchical linear models have removed the obstacles
concerning the examination of analysis unit and measurement change that were important problems in
the past (Raudenbush & Bryk, 1986). Thus, estimates for variables at each level, interactions between
variables at the same and different levels, as well as components of variance-covariance can be
investigated through a single analysis (Bryk & Raudenbush, 2002). The advantages of using
hierarchical linear models for hierarchical data include formulating within and between level relations
correctly; eliminating the biases resulting from aggregation; enabling to propose more diversified and
far-reaching research questions and hypotheses in empirical studies; detecting the appropriate error
structures including random effects, and allowing for estimates of standard errors stemming from
group effects, including the components of variance and covariance (Raudenbush, 1988). According
to Goldstein (2011), hierarchical models enable statistically efficient estimates of regression
coefficients, provide correct standard errors, confidence intervals, significance tests, and make it
possible to examine within and between relations, as well as to compare the whole levels by taking all
factors into consideration. The data analysis section of this research touches on the statistical aspects
of hierarchical linear models (HLM) analyses and how they are carried out.

Ignoring the hierarchical structure in the data may lead to a considerable differentiation in the outcome.
Roberts (2004) found that the relationship between urbanicity and science achievement was .77 when
the hierarchical data structure was ignored, whereas the same relationship was -.88 when the students
were nested within school. Likewise, a number of studies argue that using traditional linear models
instead of hierarchical ones will yield biased results (Bryk & Raudenbush, 2002; Goldstein, 2011,
Osborne, 2000; Raudenbush, 1988; Raudenbush & Bryk, 1986; Woltman et al., 2012). In her study
which is a comparison of linear regression and hierarchical linear model, Atar (2010) found that the
coefficient of Attitude Towards Science in linear regression differs among second level units (schools)
in a range from -0.2 to 1.09. The findings shown the degree of attitude towards science significantly
differs between schools and multilevel nature of the data should be taken into consideration.

According to Gelman (2006), hierarchical linear models are useful in terms of data reduction and
casual inference compared to classical regression analysis. However, using hierarchical linear models
do not guarantee the unbiasedness of parameter estimation in the hierarchical data, because some errors
of estimates may be observed if the selected sample does not represent the number of students in the
population, as it might be the case in the other linear models as well. For this reason, large-scale
assessments make use of survey weights pertaining to different levels (Meinck, 2015).

The survey weights used in large-scale tests like PISA make it easier to analyze data, to calculate
estimates of sampling errors appropriately, as well as to make valid estimates and inferences of the
population. In this way, users are enabled to make unbiased estimates of standard errors, conduct
significance tests, and create confidence intervals in consideration of the complex sample design for
each participating country. The survey weights are not the same for all students in a given country,
because they are to provide full representation of every selected school, to balance the participation of
school populations at certain rates, to take school non-responses into consideration, to prevent larger
weights in relatively small groups, and to balance the influence of additional number of students
sampled for surveys in some countries (OECD, 2014). The statistical procedures underlying the survey
weights in tests like TIMSS, and PISA can be found in Cochran (1977), Lohr (2010), Sirndal,
Swensson and Wretman (1992). The survey weights in those tests consist of the school base weight
and the within-school base weight, as well as five adjustment factors. Adjustment factors are used to
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consider non-participation by other schools that are somewhat similar in nature to a particular school,
to balance the age and grade levels of students, to consider non-participating students within the school
according to their gender, grade, and region, and to reduce the unexpected school-based and other
weight factors. The detailed information on how these weight factors were calculated for PISA 2012
can be found in the technical report (OECD, 2014).

Purpose of the Study

Plausible values and weights used in large-scale assessments are grounded on conducting more precise
and inclusionary measurements. Concordantly, this study aims to compare the analysis results of
multiple linear regression and hierarchical linear models in predicting science literacy of students, in
terms of plausible values and weights, using the PISA data in 2015. Within the frame of this general
aim, we first carried out multiple linear regression and hierarchical linear model analyses which one
plausible value regressed on independent variables without weights. Then, the same models repeated
in such a way that whole weighted plausible values regressed on independent variables. Through this
approach we could observe the impact of usage of plausible values with or without weight in both
multiple linear regression and HLM. Accordingly, we investigate four research questions: how do the
results of multiple regression and HLM analyses turn out in case of a) one unweighted plausible value,
b) all plausible values with weights;

1. In fully unconditional model?

2. Regressed on level-1 explanatory variables (students’ epistemological beliefs in science,
test anxiety, motivations, and the index of economic, social, and cultural status)?

3. Regressed on level-2 explanatory variables (classroom sizes at schools, educational
leadership, and shortage of educational material and staff)?

4. Regressed on both level-1 and level-2 explanatory variables?

METHOD

This study is a correlational research (Fraenkel, Wallen & Hyun, 2012) aiming to demonstrate
relationship among plausible values, survey weights and few independent variables in two different
analyses, with reference to the hierarchically structured data obtained from the international large-
scale education research.

Working Group

The PISA 2015 dataset was used in accordance with the aim of the study. PISA is a triennial
international survey conducted by OECD, mainly aiming to measure the mathematics, science, and
reading performance of 15-year-old students. The first and the latest PISA surveys were conducted in
1997 and 2015, respectively. Nearly 520 thousand students from 72 countries were assessed. From
Turkey, 5895 students from 187 schools in total took the PISA test.

This study incorporates two-level hierarchical data (with students being level-1, and schools being
level-2), in line with the nature of hierarchical linear models. The sample of the level-2 consists of 178
schools in Turkey without any missing data. The schools with missing data were excluded from the
dataset, since it is impossible to conduct analysis with missing data in level-2 units in HLM software.
HLM software works with compete level-2 data. It is an obligation either to impute a value for the
missing data or to delete incomplete cases. Ignoring level-2 missing observation will result in listwise
deletion of incomplete level-2 units during the creation of system files (Palardy, 2011). The level-1
sample of the research consists of 5703 students receiving education in the afore-mentioned 178
schools. For hierarchical linear models, level-2 sample size of 50 or more with adequate level-1 sample
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size is expected to provide unbiased estimates (Maas & Hox, 2005). Hence, the sample size of this
research is appropriate enough to perform HLM-related analyses.

Data Collection Instruments

In PISA, students take mathematics, science, and reading comprehension tests. Their cognitive skills
are assessed in these fields. Besides the cognitive skill tests, one of those three fields are designated as
an area of focus in every application, and a student questionnaire is applied to assess affective variables
related to the specified area of focus. The data related to students is gathered through cognitive tests
and questionnaires in which affective variables are examined. In a similar way, a school questionnaire
is applied to school principals in order to gather information in a variety of issues, such as technical
infrastructure and status of educational resources at schools. In this study, the level-1 variables from
the student questionnaire and the science test were used together with the level-2 variables from the
school questionnaire. The variables used in the model selected via Automatic Linear Modeling (Yang,
2013) procedure. This analysis carried out with 14 index or continuous variables. Then, out of 10 most
important variables eight variables (two variables exclude for having equal importance levels) decided
to be used. We tried to provide a clear representation of the finding as much as possible with
parsimonious models based on most important variables. The details about those variables are seen in
Table 1.

Table 1. Variables and Their Properties

Level Variable Abbreviation Type Nature
Student Science Literacy Scores (10 Plausible Values) PV1SCIE (1-10) Dependent Continuous
(Level-1)  Epistemological Beliefs EPIST Independent  Continuous
Test Anxiety ANXTEST Independent  Continuous
Achievement Motivation MOTIVAT Independent  Continuous
Index of Economic, Social and Cultural Status ESCS Independent ~ Continuous
School Average Class Size of School CLSIZE* Independent  Continuous
(Level-2)  Teachers Participation LEADTCH* Independent  Continuous
Shortage of Educational Material in School EDUSHORT* Independent  Continuous
Shortage of Educational Staff in School STAFFSHO* Independent  Continuous
Weights  Final Student Weight W_FSTUWT Continuous
BRR-FAY Replicate Weights (80 in number) W_FSTURWT1-80 Continuous

*Disaggregated to the student level in multiple regression analysis

Data Analysis

The analysis of this research involves multiple regression and hierarchical linear models with the
purpose of investigating the influence of plausible values and survey weights on different statistical
analyses. In the multiple regression analysis, PV1SCIE1 was set as the dependent variable, and four
different models were analyzed. Those models included no explanatory variables, only student-level
variables, only school-level variables, and variables pertaining to both levels. In the multiple
regression analysis, school-level variables were disaggregated to students. The mentioned four models
were repeated while 10 plausible values (PV1SCIE1-10) were made dependent variables, and student-
level weight and replications (W_FSTUWT and W_FSTURWT1-80) were used. In this way, we
examined the effects of plausible values and weight use on multiple regression analysis.

Like the multiple regression analysis, the HLM analyses involved eight models in total, in four of
which only the first plausible value (PV1SCIE1) was dependent variable, and in four of which all
plausible models and weights were employed. For data analysis, the IDB Analyzer (International
Association for the Evaluation of Educational Achievement-IEA, 2016) software was used to create
the syntax that makes it possible to utilize all plausible values and weights in multiple regression. The
main analyses were performed via SPSS 21.0 (International Business Machines-IBM Corp., 2012) and
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HLM 7 Hierarchical Linear and Nonlinear Modelling (Bryk, Raudenbush & Congdon, 2010). .05 is
significance level for all analyses.

Before the carrying out the multiple regression and HLM analyses we tested assumptions of both
analyses. Firstly, we checked multiple regression assumptions in terms of linear relationship between
dependent variable and independent variables, multicollinearity, independence of residuals
(uncorrelated residuals), constant residual variance (homoscedasticity), normal distribution of
residuals and outliers for all models (except intercept only models). By scatter plots drawn with
dependent variable against independent variables for all models, we could observe linear relationship
among outcome and explanatory variables. For all models, multicollinearity tested with tolerance and
VIF statistics. Accordingly, it is found that none of tolerance value is smaller than 0.2 (0.7-0.9) and
none of VIF is greater than 10 (1.3-1.4). The independence of residuals tested via Durbin-Watson
statistics. According to the test, it is indicated that for all models mentioned statistics is in a range from
one to three. For the constant residuals (homoscedasticity) we benefited from a graph of predicted
standard points against standard residuals. Through the P-P graph we could decide residuals are on the
diagonal line and are normally distributed. Finally, outliners tested with Cook’s distance method. We
did not meet any distance greater than one.

Since the first HLM model is fully unconditional model we did not check the assumptions. For all
other models, homogeneity of variances and normality of residuals for each level are strictly
recommended (Snijders & Bosker, 1999). For all models we created scatter plots for level-1 among
level-2 units and we observed that residuals are randomly distributed among level-2 units. Finally, we
drawn P-P plots of predicted standard points against standard residuals and determined that the
residuals are normally distributed.

RESULTS

Findings on the First Sub-Problem

Table 2 demonstrates the details about four different models that are constructed by considering the
absence of any explanatory variable. As seen in the table, the multiple regression model in which all
plausible values and weights are used is the highest predictor of Turkish general science literacy score,
whereas the HLM analysis in which all plausible values and weights are used is the lowest predictor.
The smallest standard error estimation is obtained via multiple regression model (1.02), while the
highest standard error is obtained through the HLM analysis where all plausible values and weights
are used.

Table 2. Fixed Effects Pertaining to The First Model

Analysis Fixed Effect Coefficients Se t
Multiple Regression (PV1SCIE1) Grand Mean of Science Literacy 423.19* 1.02  414.89
Mu_ltlple Regression (PV1SCIE1-10) Grand Mean of Science Literacy 426.22% 406 104.98
Weighted

HLM (PV1SCIEL) Grand Mean of Science Literacy, Yoo 418.48* 435  96.13
HLM (PVlSC|E1-10) Weighted Grand Mean of Science Literacy, Yoo 417.71* 4.90 85.29

x|
p<.05

The random effects from two different random effects ANOVA models are presented in Table 3. The
results of both analyses indicate that the mean of student science achievement differs from a school to
another. While the level-1 error term estimated in both analyses is too close, the level-2 error term
estimated with the HLM analysis using all plausible values and weights is higher as compared to the
first analysis.
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Table 3. Random Effects Pertaining to The First Model

Analysis Random Effect Sd Variance x>
HLM (PV1SCIE]) Level-2 Error Term, 14 55.43 307353 5499.68*
Level-1 Error Term, 7y; 53.61 2873.90
HLM (PV1SCIE1-10) Weighted Level-2 Error Term, 14 59.46 3536.05  6332.42*
Level-1 Error Term, 7y; 53.37 2848.21
*p<.05

The intra-class correlation coefficient was used to determine the percentage of variance in science
literacy explained at school level. Accordingly, the proportions obtained from both analyses are as
follows:

—Too — =
P, /(r00+02) 3073.53/(3073.53+2873.90) = 0.517 @

=Too _ _
) /(T00+02) 3536.05/ (3536.05+2848.21) = 0.554 )

In the first analysis, it was determined that approximately 52% (p, = 0.517) of the variance in
dependent variable can be explained at school level. On the other hand, when all plausible values were
used, approximately 55% (p, = 0.554) of the variance in dependent variable could be explained at
level-2.

Findings on the Second Sub-Problem

Table 4 shows the coefficients pertaining to two different multiple regression analyses, in which four
student-level variables were included in the model, as well as the fixed effects from two different
random coefficients models.

Table 4. Fixed Effects Pertaining to The Second Model

Analysis Fixed Effect Coefficients Se t
Multiple Regression Grand Mean of Science Literacy 452.97* 165 27411
(PV1SCIEL) EPIST 14.74* 0.83 17.80
ANXTEST -6.81* 0.94 -7.29

MOTIVAT 6.05* 0.98 6.16

ESCS 17.84* 0.82 21.66

Multiple Regression Grand Mean of Science Literacy 456.05* 456  100.08
(PV1SCIE1-10) Weighted EPIST 15.23* 13 11.75
ANXTEST -6.27* 14 -4.47

MOTIVAT 6.53* 1.38 4.74

ESCS 18.69* 2.05 9.12

HLM Grand Mean of Science Literacy, Yoq 423.31* 461 9174
(PVISCIEL) EPIST, Y10 7.37% 068 1081
ANXTEST, Y29 -6.35* 0.82 -7.72

MOTIVAT, Y39 3.26* 0.90 3.63

ESCS, Y40 1.91* 0.78 2.46

HLM . Grand Mean of Science Literacy, Yoq 422.10* 518 8149
(PV1SCIE1-10) Weighted EPIST, Y10 7 41% 0.85 8.71
ANXTEST, Y3¢ -6.15* 0.93 -6.61

MOTIVAT, Y39 3.89* 1.05 3.70

ESCS, Y40 1.87* 0.91 2.03

*p <.05
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In line with Table 4, it is possible to say that overall science literacy is over estimated in each analysis.
The coefficients in these analyses reflect the mean science literacy when independent variables are
controlled. In every analysis, all the independent variables significantly predict the dependent variable.
Whereas the variable with the largest coefficient is the index of Economic, Social, and Cultural Status
(ESCS) in the multiple regression analysis, this variable was estimated very lower in the HLM
analyses. Students’ levels of epistemological belief (EPIST) is the variable with the highest coefficient
in the HLM analyses. Furthermore, it can be said that all coefficients in the multiple regression
analyses were estimated higher when compared to the HLM analyses. It was seen that the standard
errors pertaining to the coefficients in the unweighted multiple regression and HLM analyses were
estimated low when compared to the weighted multiple linear regression. The random effects from the
random coefficient models are presented in Table 5.

Table 5. Random Effects Pertaining to The Second Model

Analysis Random Effect Sd Variance v

HLM Level-2 Error Term, uy; 56.50 3192.56 1982.77*

(PV1SCIEL) EPIST Effect, uj; 151 2.28 143.22
ANXTEST Effect, uy; 3.94 1551 159.71
MOTIVAT Effect, us; 5.26 27.69 176.79
ESCS Effect,uy; 1.68 2.82 146.86
Level-1 Error Term, r;; 52.15 2719.55

HLM Level-2 Error Term, uy; 60.19 3622.63 2220.32*

(PV1SCIEL-10) EPIST Effect, uj; 2.47 6.09 144.92

Weighted ANXTEST Effect, uy, 2.72 7.38 146.64
MOTIVAT Effect, uy; 5.16 26.59 163.78
ESCS Effect, uy; 3.02 9.11 149.17
Level-1 Error Term, ry 51.89 2693.07

*p < .05

In random effects, level-1 error variances are expected to become smaller when level-1 independent
variables are included in the model. Equation 3 and 4 were used to determine to what extent the level-
1 variance is explained by the level-1 variables included in the model.

Unweighted HLM p,=(6% ,nova-0°riM)/02aNova: = (2873.90 - 2719.55) / 2873.90 = 0.05 3)

Weighted HLM p,=(c> ~o%rm)/02 AoV = (2848.21 - 2693.07) / 2848.21 = 0.05 (4)

ANOVA

Both HLM models explained the level-1 variance to the equal extent, although the variance of level-1
error was smaller in the HLM analysis in which all plausible values and weights were used. The level-
2 error variance was estimated higher when weights were used.

Findings on the Third Sub-Problem

In Table 6, the coefficients pertaining to two different multiple regression analyses, in which four
school-level variables were disaggregated, as well as the fixed effects from two different HLM
analyses.
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Table 6. Fixed Effects Pertaining to The Third Model

Analysis Fixed Effect Coefficients Se t
Multiple Regression Grand Mean of Science Literacy 411.89* 4.621 89.14
(PV1SCIEL) CLSIZE 0.290* 0.09 3.07
LEADTCH 5.00* 0.90 5.56
EDUSHORT -9.58* 094 -10.25
STAFFSHO -8.43* 1.01 -8.35
Multiple Regression Grand Mean of Science Literacy 416..84* 25.41 16.4
(PV1SCIE1-10) Weighted CLSIZE 0.27* 0.53 0.51
LEADTCH 4.38* 5.2 0.84
EDUSHORT -10.43* 3.75 -2.78
STAFFSHO -11.05* 4.3 -2.57
HLM Grand Mean of Science Literacy, v, 399.33* 16.37 24.40
(PV1SCIEL) CLSIZEy,, 0.52 035 150
LEADTCH, v, 4.05 3.65 111
EDUSHORT, v,, -9.09* 3.02 -3.01
STAFFSHO, y,, -9.85* 4.01 -2.45
HLM Grand Mean of Science Literacy, v, 399.89* 20.49 19.51
(PV1SCIE1-10) Weighted CLSIZE.y,, 0.57 0.42 1.35
LEADTCH, v,, 3.38 4.42 0.77
EDUSHORT, v, -8.44* 3.70 -2.29
STAFFSHO, y,, -15.39* 4.63 -3.32
*p<.05

As seen in Table 6, all the variables in both multiple regression analyses significantly predict the
dependent variable, while only the shortage of educational materials (EDUSHORT) and the shortage
of educational staff (STAFFSHO) remain significant in the HLM analyses. Standard errors increase
with the use of weighted plausible values in both regression and HLM analyses. It is seen that some
of the weighted multiple regression coefficients are slightly greater than those of the unweighted
multiple regression analysis coefficients. The effect of weighting on the coefficients was not found
considerable in the HLM analyses. The random effects related to the HLM analyses are presented in
Table 7.

Table 7. Random Effects Pertaining to The Third Model

Analysis Random Effect Sd Variance X2
HLM (PV1SCIE1) Level-2 Error Term, uy; 51.64 2667.09 4700.68*
Level-1 Error Term, t; 53.61 2873.60
HLM (PV1SCIE1-10) Weighted Level-2 Error Term, uy; 53.46 2857.64 5243.57*
Level-1 Error Term, rj 53.36 2847.75
*p<.05

The variance of level-2 error term was estimated higher in the weighted HLM analysis, as
demonstrated in Table 7. The level-2 variance is expected to decrease with the inclusion of level-2
variables into the completely unconditional model. Equation 5 and Equation6 were utilized to
determine to what extent the level-2 variance is explained by the level-2 variables included in the
model.

Unweighted HLM: p,=(6% ;nova-0°Maor)/02aNova = (3073.53 - 2667.09) /3073.53=0.13  (5)

ANOV.

Weighted HLM: p,=(6” ,xova-0°MAOR)/S* anova = (3536.05 - 2847.75) / 3536.05 = 0.20 (6)

ANOV.

Whereas 13% of the level-2 variance is explained in the unweighted HLM analysis after four level-2
independent variables are included into the model, this percentage rises to 20% in the weighted HLM
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analysis. Hence, it is possible to say that weighting had a certain effect on the variance explained in
the HLM analysis.

Findings on the Fourth Sub-Problem

Table 8 shows the coefficients from two different regression models, in which the level-1 variables
were modelled together with the level-2 variables that were found to be significant. The table also
shows the fixed effects pertaining to the model of intercepts and slopes as two different dependent
variables.

Table 8. Random Effects Pertaining to The Fourth Model

Analysis Fixed Effect Coefficients Se t
Multiple Regression Grand Mean of Science Literacy 453.91* 165 275.59
(PV1SCIEL) EDUSHORT -7.11* 0.884 -8.04
STAFFSHO -7.00* 0.96 -7.26
EPIST 14.00* 0.81 17.23
ANXTEST -6.79* 0.92 -7.42
MOTIVAT 5.76* 0.96 5.98
ESCS 15.04* 0.83 18.17
Multiple Regression Grand Mean of Science Literacy 457.20* 4.79 95.35
(PV1SCIE1-10) Weighted EDUSHORT -7.8* 3.07 -2.54
STAFFSHO -9.07* 3.83 -2.37
EPIST 14.16* 1.22 11.58
ANXTEST -6.32* 1.3 -4.86
MOTIVAT 6.21* 1.35 461
ESCS 15.63* 1.94 8.07
HLM Grand Mean of Science Literacy, v, 429.33* 4.71 91.20
(PV1SCIEL) EDUSHORT, y,, -8.85* 325 272
STAFFSHO, v,, -6.97* 355  -1.96
EPIST, v, 7.43* 0.68 10.85
ANXTEST, v,, -6.32* 082  -7.69
MOTIVAT, v,, 322 089 361
ESCS, v, 1.85* 0.78 2.39
HLM Grand Mean of Science Literacy, v, 431.37* 5.26 81.97
(PV1SCIE1-10) Weighted EDUSHORT, y,, -8.24* 354  -2.33
STAFFSHO, v, -12.35* 3.95 -3.13
EPIST, v, 7.43* 0.83 8.92
ANXTEST, 7, -6.09* 093  -6.52
MOTIVAT, v, 378 105 359
ESCS, v, 1.86* 0.93 2.00
*p <.05

According to Table 8, the significant variables in the multiple regression analyses are the
epistemological beliefs (EPIST) of students and the index of economic, social, and cultural status
(ESCS), both being the student-level variables, while the predictors with highest coefficients in the
HLM analyses are the level of epistemological beliefs and test anxiety (ANXTEST), both being the
student-level variables again. Besides, it is seen that the coefficients of regression analyses are
estimated higher than those of the HLM analyses, whereas the standard errors pertaining to the
coefficients are estimated lower, as it was the case in the previous models. In case of weighting, a
remarkable increase is observed in standard errors of level-2 variables in the multiple regression
analyses. As for the HLM analyses, weighting does not create any considerable change on the
coefficients and standard errors thereof. Table 9 demonstrates the random effects pertaining to the
HLM analyses.
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Table 9. Random Effects Pertaining to The Fourth Model

Analysis Random Effect Sd Variance v

HLM Level-2 Error Term, U 52.97 2805.70 1666.33*

(PV1SCIEL) EPIST Effect,u; 1.63 2.66 143.29
ANXTEST Effect,uy; 3.95 15.59 159.68
MOTIVAT Effect, us; 5.13 26.35 176.69
ESCS Effect, Uy; 1.65 2.72 146.78
Level-1 Error Term, Tjj 52.15 2719.60

HLM Level-2 Error Term, uy; 55.15 3041.55 1786.47*

(PV1SCIE1-10) Weighted EPIST Effect, uj; 2.50 6.24 144.95
ANXTEST Effect, uy; 2.70 7.27 146.54
MOTIVAT Effect, u3; 5.10 26.99 163.38
ESCS Effect, Uy; 2.96 8.79 149.15
Level-1 Error Term, r; 51.89 2692.70

*n <.05

In order to determine the percentages of variance explained for the models of intercepts and slopes as
dependent variables, the variances obtained from these models were compared with those obtained
from the random effects ANOVA model.

Level-1 variance explained:

Unweighted HLM: p,=(c” 0P AOANCOVA)/ G ANovA = (2873.90 - 2719.60) / 2873.90 = 0.05 (7)

ANOVA
Welghted HLM: pZI(GZANOVA-GZMAOANCOVA)/GZANOVA = (284821 - 269270) / 2848.21 = 0.05 (8)

Level-2 variance explained:

UnWEightEd HLM: P1:(GZANOVA'GZMAOANCOVA)/GZANOVA = (307353 - 280570) /3073.53=0.09 (9)
Welghted HLM: pzZ(GZANOVA'GZMAOANCOVA)/GZANOVA = (353605 - 304155) / 353605 = 014 (10)

Accordingly, the level-1 variance explained remained the same when one plausible value was used
and weighting was not applied in the analyses performed via the model of intercepts and slopes as
dependent variables. Per contra, the level-2 variance explained was found higher (14%) when all
plausible values and weights were used together.

DISCUSSION and CONCLUSION

This study aimed to compare the results of multiple linear regression and HLM in cases of using a
plausible value and all plausible values together with survey weights as an indicator of students’
science literacy. Within the scope of this aim, the estimates of those methods were compared regarding
the four cases, i.e., the absence of any explanatory variable, the existence of student-level variables,
school-level variables, and variables from both levels.

In the models without any explanatory variables, the highest average of science literacy was estimated
through the multiple linear regression model using all plausible values and weights. In general, both
multiple linear regression analyses can be said to have estimated science literacy higher than the HLM
analysis did. Weighting was effective in estimating the coefficient-related standard errors in both
analyses of regression and HLM. It was observed that standard errors were greater when weighting
was applied in both analyses. Hence, it can be asserted that weighting has a considerable role in relation
to the significance of coefficients. Students’ science literacy varied from a school to another, according
to the random effects of both random-effects ANOVA models. It was observed that the percentage of
variance explained by schools as level-2 units was higher when weighting was applied. This means
that the difference among schools further increased as a result of weighting. In this study, it was seen
that approximately 55% of the variance in the dependent variable was explained by level-2 units. This
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result manifests the importance of using HLM analyses as emphasized in several studies (Bryk &
Raudenbush, 2002; Goldstein, 2011; Osborne, 2000; Raudenbush, 1988; Raudenbush & Bryk, 1986;
Woltman et al., 2012).

For all the models, science literacy was predicted significantly by students’ epistemological beliefs in
science, test anxiety, motivation, and the index of economic, social, and cultural status. The literature
about large scale studies such as PISA and TIMSS contain many researches that investigate economic,
social and cultural development index (Acar & Ogretmen, 2012; Atar & Atar, 2012). The findings of
current study related this variable is parallel with former ones. Epistemological beliefs and the index
of economic, social, and cultural status were the variables with the biggest coefficients in three out of
four models over which level-1 variables were examined, the coefficients related to these variables
were estimated quite higher in multiple regression analyses as compared to the HLM. The standard
errors estimated in those four models were quite close to each other. However, in case of weighting,
the standard errors estimated were observed to be slightly higher compared to the other models. Even
though all the explanatory variables were significant and the standard errors were close to each other
(except for the unweighted multiple regression), it was concluded that the coefficients obtained from
the HLM and multiple linear regression analyses showed remarkable differences. This result is in
parallel with Roberts’s (2004) observation that research findings differ significantly when the
hierarchical data structure is not taken into consideration. The HLM analysis showed equal percentage
of level-1 variance explained by the model in which only a plausible value was used, as well as the
model in which all plausible values and weights were used together. This result may be in relation to
the student-level explanatory variables versus the school-level weights. Besides, this situation is in
compliance with Wu’s (2005) conclusion in a simulation study that using any of the plausible values
alone is enough to estimate the population parameters highly correctly.

The level-2 explanatory variables of class sizes, educational leadership, shortage of educational
material and staff proved to be significant on both multiple linear regression models. However, for
both HLMs, only the shortage of educational material and the shortage of educational staff were
significant. This result stems from the fact that t values turn out to be higher than they must be, because
the difference of level is ignored in the multiple linear regression analysis, and the level-2 variables in
the nested data tend to be significant. Several other studies have also set forth that HLM is more
effective in prediction and able to estimate the coefficients and related standard errors more accurately
than the traditional analyses are (Gelman, 2006; Goldstein, 2011; Raudenbush, 1988). On both
multiple linear regression and HLM method, using all plausible values in company with weights
augmented the coefficient-related standard errors. In this case, it is possible to assert that the usage of
weighting reduces the risk of type-2 errors for both analysis methods. In the HLM analysis, the use of
all plausible values along with weights increased the percentage of variance explained, though they
did not influence the coefficients much. Accordingly, using multiple plausible values and weights
appears to enhance the performance of HLM analysis.

It was seen that all student- and school-level variables included in the model were significant factors
affecting the students’ overall science performance in each model. On the other hand, the variables
with highest coefficients were the epistemological beliefs of students and the index of economic,
social, and cultural status in the multiple regression analyses, while the level of epistemological beliefs
and the shortage of educational material and staff were in the HLM analyses. The coefficients were
estimated higher and the related standard errors were estimated lower in the multiple linear regression
analyses than they were in the HLM analyses, even when all of the variables were included in the
model. Regarding such hierarchical data, several other studies confirm that the results of HLM and
those of the traditional linear models differ from each other (Bryk & Raudenbush, 2002; Gelman,
2006; Goldstein, 2011; Osborne, 2000; Raudenbush, 1988; Raudenbush & Bryk, 1986; Woltman et
al., 2012). Using all coefficients in company with weights had a considerable effect on the standard
errors of coefficients pertaining to the school-level variables in the multiple linear regression analyses,
whereas it did not generate any remarkable effect on the HLM analyses. The use of all plausible values
together with weights in the HLM analyses produced an effect, similar to that of previous models, on
the percentage of variance explained at student and school levels. The percentage of student-level
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variance explained did not change, while that of school-level variance increased. The inclusion of
school-level variables into the model has a different impact on the results, therefore. These results
support the necessity of considering the differences of level during analyses.

When all plausible values are used in concurrence with weights, model coefficients do not increase to
a considerable extent, though an increase is observed in the related standard errors, in cases that
student- and school-level variables are included into the models separately or together in the multiple
linear regression analysis. Any increase in standard errors has a bearing on t values, from which the
significance of predictor variables is affected in turn. In this study, the variables included into the
model were significant despite the decrease in t values. Thus, it is possible to argue that the usage of
all plausible values in company with weights does not create a remarkable change on the parameters
of multiple linear regression. Although this result is in parallel with the results of a study by Wu (2005)
about the use of plausible values, it shows that the way of using survey weights as proposed by OECD
(2017) does not generate any change on the outcome. This finding supported by the finding of Carle’s
(2009) study. Carle asserts that coefficients of weighted and unweighted models are slightly different
from each other. However, standard errors diverge comparably. The coefficients and the related
standard errors demonstrated a similar tendency in the HLM analysis. Notwithstanding that, the
models in which all plausible values and weights were used in company proved to be more
conservative in terms of significance and increased the percentage of variance explained in the HLM
analysis, which makes it essentially usable in precise studies.

These research results indicate that the outcomes of using HLM for hierarchically structured data are
different from those of the multiple linear regression analysis. Since multiple linear regression is not
appropriate and adequate for nested data, HLM analysis should be preferred for that purpose. In this
way, the separate and collective effects of explanatory variables at different levels will be observed,
and the explanatory variables that predict the dependent variable will be determined accurately and
reliably. In this study we used just student-level weights. Under similar conditions new studies can be
conducted with scholl or higher level weights.
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Abstract

This study aimed to develop valid and reliable measurement tools aiming to obtain information from the child
and family to determine the sexual identity and gender behaviors of children with normal development at 36-72
months. The research was designed in the general screening model of quantitative research methods. The validity
and reliability analyses of three different subscales, namely the Sexual Identity Sub-scale of the Selguk Sexual
Development Scale (SSDS, 36-72 Months), the child form, the Gender-Related Behavior Sub-Scale, the child
form, and the Sexual Identity and Gender-Behavior Sub-Scale were conducted. SPSS 20, LISREL 8.80 and
FACTOR software were used to analyze the data. The target population of the study consists of 36-72 months
of normal development children living in the central districts of Konya between 2017-2018. As a result of the
Exploratory Factor Analysis, the eight-item two-factor structure for the SSDS Sexual Identity Sub-scale child
form, the eight-item single-factor structure for the Child Form of the Gender-Behavior Sub-Scale, the eight-item
two-factor structure for the family form of the Sexual Identity and Gender-Behavior Scale were obtained. The
results of the Confirmatory Factor Analysis of these structures showed the compatibility of the structures to the
model. The reliability coefficients of the scales were calculated as .61 for the Sexual ldentity Sub-Scale child
form, .66 for the Child Behavior Sub-Scale, and .85 for the Sexual Identity and Gender Behavior Sub-Scale
family form.

Key Words: Sexual identity, sexual development, sexual behavior, sexual development scale.

INTRODUCTION

Sexual development encompasses the growth and development of the reproductive organs of the
individual’s own sex and the problems and behavior changes related to this development (Ministry of
National Education [Milli Egitim Bakanligi-MEB], 2013). Sexual development is not only related to
changes in anatomical structures, but also related to emotional and cognitive developments (Tuzcuoglu
& Tuzcuoglu, 2004). In this respect, when determining the sexual development, the situations in which
the child is involved in the emotional and cognitive process should be observed.

Every child comes to the world with the anatomical structure and sexual identity that determines
whether it is biologically male / female. However, the difference between the gender difference of the
child is not with birth, but later in life (Glirsimsek & Giinay, 2005). The acquisition of the skills
required by the gender, the behavioral and self-concept of individual characteristics is defined as the
process of gender discrimination (Basal & Kahraman, 2011). This is possible with the sexual education
that can be given to the child and the right model in life.

The roles of men and women are considered to be defined by biological sex, although they are actually
defined by the societies themselves. This view is the basis for the formation of judgments that women
are different from men, that they should take different roles and that they should continue their lives
in a different world than men. Hence, gender roles emphasize the qualities created by the society
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related to masculinity and femininity, not physical characteristics that cause men or women to be
separated from each other (Altinova & Duyan, 2013).

The Equal Opportunity Commission answers the question about what variables are the determinants
of sexual identity: The word gender refers to the social character rather than the biological character.
And social-cultural differences between men and women are learned over time (Skelton and Hall,
2001). The Equal Opportunity Commission emphasizes that sexual identity is based on social
development and social and social perception rather than biological diversity. The child may clearly
know that the gender is male or female but may feel different or may want to be a member of the
opposite sex group (Zucker et al., 1993). In addition to knowing that the child is a man and a woman,
being aware of the gender differences brought about by social and social perceptions is important in
determining sexual development.

Childhood, which constitutes the first years of life, is gaining importance because all of this
information is a period that must be acquired in a healthy way (Yurdakul, 2012). 3-6 years is one of
the important periods for sexual development. It is a period in which the children’s sexual curiosity is
at the highest level, they acquire their own sexual identity and they acquire their sexual roles by
identifying with their own gender. The social aim of sexual education in this period is to educate
sexually healthy individuals. Through sexual education, children can acquire positive feelings and
behaviors by learning the necessary information about sexuality (Yilmaz, 2011). Questions arise about
sexuality in the age of 3-6 years. Parents cannot be sure what, how much, when and how they will give
(Cole, 1998). If the child does not learn about birth and gender differences from his parents, he will
start to look for answers from other sources. Then the result may not be as desired. If a person does
not meet the curiosity of the child cannot be said that the problems can be solved completely (Yavuzer,
2000). Acquisition of non-age-appropriate sexual information is often claimed to be a proof indicator
of sexual abuse. But very few people can define what their children know (Volbert, 2000). The
questions that children ask us to help us to understand their level of knowledge. When they are not
ready, the information presented is useless to confuse children (Bayrak, Basgiil & Giindiiz, 2011).

Children’s questions about sexuality should be answered in accordance with age and developmental
characteristics. If the child is not informed about sexuality and the curiosity is not resolved, the child
will try to satisfy this curiosity in other ways. Sexual curiosity, which is the most innocent tool to
overcome this curiosity, is likely to be used by children of later ages for their own purposes, although
it is healthy (Bozer, 2009). This information emphasizes the importance of what children know, what
they are curious about and what information to give, but also the necessity of measurement tools to
determine these situations in order to provide healthy sexual education to children.

Purpose of the Study

When the studies examining the sexual development of children are examined, it is seen that there are
many studies but the subject and scales used are generally aimed at examining gender stereotypes (see
Aksoy, 1990; Aydilek-Cift¢i, 2011; Baran, 1995; Barutgu, 2002; Basal & Kahraman, 2011; Edelbrock
& Sugara, 1978; Giindiiz-Sentiirk, 2015; Giiney, 2012; Koseler, 2009; Lamb & Roopnarine, 1979;
Langlois & Downs, 1980; Lobue & DeLoache, 2011; Ozdemir, 2006; Ozkan, 2009; Stvgin, 2015;
Sirvanli-Ozen, 1992). Considering that sexual development is related to cognitive and emotional
domains, it is not sufficient to measure only gender stereotypes. Knowing whether or not the child is
aware of gender roles and perceptions is not sufficient to determine the child’s sexual development.
Ignoring the child’s emotional feelings, curiosity, and whether he / she sees the situation as a taboo
makes sexual abuse possible. In the literature, the fact that the majority of the scales and sexual
development are only intended to measure stereotypes, the lack of measurement tools to measure the
components of sexual development, or the presence of measurement tools that provide information
only from adults, is a scale that aims to obtain information from a child that includes all the components
of sexual development but also provides information from an adult. the need to gain. In addition, in
this study, an assessment tool consisting of child and parent forms was developed to evaluate the sexual
identity and gender behaviors of children with normal development (SSDS Sexual Identity Sub-Scale
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Child Form, SSDS Gender Behavior Sub-Scale Child Form, SSSS Sexual Form). Identity and Gender
Behavior Subscale Family Form).

METHOD

The research was designed in the general screening model of quantitative research methods. In order
to determine the indicators of sexual development during the development of the scale, theories and
theories explaining sexual development were examined. Kohlberg is influenced by Piaget’s views in
Cognitive-Developmental Theory. Measurement tools were formed by grouping them as sexual
identity based on Kohlberg, Bem and Bandura’s views and gender-based behaviors based on Freud’s
views.

Participants

As the research group was formed to develop the Selcuk Sexual Development Scale (36-72 Months),
children and their families who agreed to participate in the study were sampled and non-probability
sampling methods were used. In addition, for multivariate analysis according to Kline (2013), Coskun,
Altunigik and Yildirim (2017), attention should be paid that the number of variables used in the study
is at least 10 times or more. Moreover, according to Capik (2014), 63% of the studies in the Psych
INFO database used this criterion. For sample counts, the distribution of data, the number of items,
the complexity of the model should be taken into consideration criteria such as (Capik, 2014) evaluated
the opinions of 36-48 monthly 102, 49-60 monthly 113, 61-72 Children 101 per month in total 316
Children and parents of these children (the person who spends most of the time with children) were
included in the study Group. In order to determine the criterion-related validity of this group, 90
children and their families whose selected gender were used were applied.

Data Collection Instruments

In the study, the development of the SESG Sexual Identity Sub-Scale Child Form, the SESG Sexual
Behavior Sub-Scale Child Form, and the SESG Sexual Identity and Gender Behavior Sub-Scale
Family Form were developed. In addition, in order to determine the criterion-related validity of these
forms, the Gender Mold Questionnaire developed by Williams, Bennett and Deborah (1975) and
adapted to Turkish by Sirvanli-Ozen (1992) was applied.

SDSS sexual identity subscale development of child form

In order to develop the scale, firstly the national and international literature on the subject was scanned,
and the reference books on sexual development activities prepared for children and the gender
invariance scale developed by Taylor (2004) and adapted to Turkish by Zembat and Keles (2011).
Williams et al. (1975) developed by Sirvanli-Ozen (1992) adapted to Turkish Gender Stereotype Scale,
Gender Roles stereotyping Scale developed by Eren (1986), Bem Gender Role Inventory, which was
developed by Bem (1974) and adapted to Turkish by Kavuncu (1987), Preschool Activity Inventory,
adapted to Turkish by Unlii (2012), developed by Golombok and Rust (1993), The Gender Role
Learning Index developed by Edelbrock and Sugara (1978), the Gender Judicial Scale developed by
Altinova and Duyan (2013), the Sexual Identification Scale developed by Artan (1987), the Gender
Measurement Tool developed by Sivgin (2015) were analyzed.

After forming the items in the light of literature, six experts specialized in preschool, child
development, psychological counseling and assessment in education were presented. After the
necessary corrections were made at the end of the expert opinion, identical cards were created for each
item, and the pictures expressing the situation for the items were drawn by an illustrator specialized in
the field of children’s books illustration. At each stage of the drafting of the drawings and at the final
stage, the opinions of the experts who examined the substances were consulted. After the necessary
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corrections, a pilot study was conducted to determine whether the drawings were understood as
intended by the children. Children were asked what happened in the paintings and what the children
in the paintings did. One male and one female child of each age group (36-48 months, 49-60 months,
61-72 months) answered the questions. The final version of the scale was presented to the opinion of
10 experts who are experts in preschool, child development, psychological counseling and assessment
in education fields, which are experts in the creation of items and pictures.

SDSS gender behavior subscale development of child form

In order to develop the scale, national and international literature was searched, and Child Sexual
Behavior Inventory developed by Friedrich, Fisher, Broughton, Houston and Shafran (1997) was
examined. In addition, eight preschool teachers were asked to list the sexual behaviors of their children
and ten parents. Preschool teachers’ behaviors indicated by their students about sexual behaviors are
as follows; Trying to look at your friend entering the toilet, drawing or making sexual organs while
painting or making figures with dough, addressing each other with the words of my love, darling,
playing a doctor’s game, playing a house game, saying that they will marry a person he knows.

Parents’ sexual behaviors of their children are as follows; liking nudity while changing their tops,
examining themselves naked in front of the mirror, removing dolls, trying to make up like the mother
of daughters, trying to shave like the father of men, jealous of the opposite sex parent and the parent.
These behaviors are accepted as sexual behavior (Friedrich et al., 1997; Kandir, 2004).

In the light of this information, an item pool was created, and two or three sentences were written for
each item. Instead of asking children directly, it was found appropriate to be asked through another
person who is a projective way. The statements in the direct tests allow the person performing the test
to give the expected answers and mislead the test as he wishes, whereas in the indirect tests there is no
possibility of such a mistake. The individual does not know the meaning and importance of his answers
(Giinay & Carike1, 2019). Considering that the subject of sexuality is shown as a taboo to children, the
indirect method is preferred to prevent the child from giving the desired and taught answer and not the
situation he feels, wants and thinks, and to obtain correct results. The heroes of the stories were created
from children’s characters. Separate story characters were selected to facilitate identification with boys
and girls. The story characters of girls are designed as girls and the story characters of boys are
designed as boys. Preschool, child development, psychological counseling and assessment in
education were presented to the expert opinion of six people, necessary arrangements were made in
line with the opinions. Illustrations suitable for the stories were drawn by an illustrator specialized in
the field of children’s books illustration. At each stage of the drafting of the drawings and at the final
stage, the opinion of the experts who examined the substances was sought. A pilot study was conducted
to determine whether the children understood these pictures in the way they wanted to be told, and in
this pilot study, children were asked what was in the pictures and what the children in the pictures
were doing. One male and one female child of each age group answered the questions. The two
children who participated in the study perceived the mirror in the child's picture as a door and window.
The other children perceived the entire picture as intended. After these results, the pictures of children
examining themselves in front of the mirror were reviewed and corrected in a way to eliminate
misunderstanding. The same children were shown the pictures again and it was seen that the children
perceived as they wanted to be told. At the end of these studies, the final version of the scale was
presented to the opinion of 10 experts who were experts in preschool, child development,
psychological counseling and assessment in education.

SDSS sexual identity and gender behavior subscale development of the family form

National and international literature was searched for the development of the scale. The 28-item family
form, which was designed as a likert type including the items of the children’s forms, was presented
to the opinion of 10 experts specialized in preschool, child development, psychological counseling and
assessment in education.
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Data Collection Procedure

Sexual identity subscale of SDSS child form, gender behavior sub-scale for the implementation of the
children’s form was interviewed individually with the families of children of 36-72 months, the scale
was shown to the family and the family was approved after the approval of the family At a time when
he saw a researcher in the home environment and the child was applied to the child by the researcher.
Peer cards were shown to the child, questions were asked, and the child’s answers were recorded. First,
the Sexual ldentity Sub-Scale was administered, and the correct answer was scored as 1 and the wrong
answer as 0. After that, the expected response from 36-72 months old children was scored as 1 and the
other was 0. After the application of the child was completed, the family was asked to fill in the family
form. The Likert-type scale was scored between 1-5 questions about sexual identity and 1-3 questions
about sexual behavior. At the end of the study, 316 children and their families (the mother or father
who spent more time with the child were preferred) were reached.

Data Analysis

While analyzing the collected data; Internal reliability coefficient KR-20 was used for the reliability
analysis of the SSDS Sexual Identity Sub-Scale child form and the SRSG Sex-Related Behavior Sub-
Scale child form. The Lawshe Scope Validity Index was calculated for the scope validity. The
reliability and validity of the SRSG was developed by Williams et al. (1975). In construct validity,
exploratory and confirmatory factor analyzes were performed. The Kaiser-Meyer-Olkin test and
Bartlett’s sphericity test were used to investigate the suitability of the data for factor analysis. As the
scale was scored as 1-0, tetrachoric factor analysis was used and FACTOR software developed by
Rovirai Virgili University was preferred (Aybek, 2017). As a result of the analysis, Chi-square (y?),
y?/sd, RMSEA, RMR, GFI, NNFI, NFI and AGFI goodness of fit indices were examined. The
Cronbach’s Alpha Coefficient was used to calculate the reliability of the family form of the SRSG
Sexual Identity and Gender-Behavior Sub-Scale. Lawshe Scope Validity Index was calculated for
scope validity and exploratory and confirmatory factor analysis was performed for construct validity.
SPSS 20 software was used for exploratory factor analysis and LISREL 8.80 software was used for
confirmatory factor analysis.

RESULTS

In this section, the validity and reliability analyses of SSDS sex identity subscale child form, SSDS
sex behaviour subscale child form, SSDS sexual identity and sex behaviour subscale Family form were
made and the findings were studied to be explained.

Validity Analysis Result

Results on scope validity analysis

Developed SDSS sexual identity subscale child form, SSDS gender-related behavior subscale child
form, SDSS sexual identity and Sexual Behavior subscale for expert evaluation of family form
preschool, child development, counseling, assessment and evaluation in education expert opinion of
10 faculty members has been applied. According to Lawshe (1975) .05 coverage validity rates at the
level of significance the lowest values are examined and the lowest values that the items of the tests
can receive as a result of the ten expert reviews. It was determined that it was 62 and it was appropriate
to eliminate test items with lower value than this. The child form, the child form of the SDSS gender-
related behavior subscale, the family form of the SSDS sexual identity and Sexual Behavior subscale
has been applied to the views of ten experts. SSDS sex identity sub-scale child form article when the
Scope Validity Rate (SVR) of the scope of expert opinions is calculated 5, 6, 11, 12, 13, 17, 18
coverage SVR .8, other substances 1; SSDS gender-related behavior subscale child form item 1, 3, 5,
6, 7, 8, 11, 12 scope validity rate .8 and the other items were calculated as 1. As a result of the analysis,
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the SSDS of no substance for child forms. Since it was not below 62, all substances were in the
substance pool. It also calculated the Scope Validity Index (SVI) for all of the children’s forms. SSDS
sex identity subscale = child form SVI. 86, SSDS gender-related behavior subscale = child form SVI
.92 have been found. The lowest scope of these values is the validity criterion (SVR = .62) was
determined to be greater than the value determined for, and the scope validity of the tests was found
to be statistically significant. (SVI > SVR). SDSS sex identity and gender behaviour sub-scale Family
form, article when the SVR for expert opinions is calculated 5, 6, 11, 12, 13, 14, 17, 18, 19, 20, 21
coverage SVR .8, item nine .2, item ten .4 other items were calculated as 1. As a result of the analyses,
the SVR of articles nine and ten. Since it remains below 62, it has been removed from the substance
pool and all other substances have been placed in the substance pool. The scope validity index was
also calculated for the entire test (SVI = .87). The lowest scope of this value is the validity criterion
(SVR = .62) was determined to be higher than the value determined for, and the validity of the test
was found to be statistically significant (SVI > SVR).

Results on criterion-related validity analyses

SSDS and, Williams et al. (1975) developed by Sirvanli-Ozen (1992) adapted to Turkish gender
stereotyping scale and criteria related validity were examined and the results were explained by Table
1.

Table 1. Results on The Validity of SDSS on The Scale of Sexual Stereotyping and Criteria
Gender Stereotype Scale

36- 48 month 49-60 month 61-72 month

n r n r n r
SDSS sex identity sub-scale child form 30 .61 30 74 30 71
SDSS sex identity sub-scale child form sexual
balance sub-size 30 74 30 71 30 .65
SDSS sex identity subtype child form sexual 30 50 30 63 30 58
role subtype
SDSS child form of sexual behavior subscale 30 .30 30 21 30 .29
SDSS gender identity and Sexual Behavior
subcategory Family form 30 A7 30 52 30 59
SDSS  sex _|dent|ty and_ Sexual Behavior 30 76 30 64 30 60
subscale family Form sex identity subscale
SDSS sex identity and Sexual Behavior
subscale family Form gender-related behavior 30 .20 30 .29 30 31

subtype

Table 1 examined the SSDS sexual behaviour subscale between the child form and the gender
stereotyping scale; SSDS sexual identity and sexual SSDS sexual identity and gender behaviour
subscale family form between the gender behaviour subscale and the gender stereotyping scale of 36-
48, 49-60, 61-72 months, it was determined that the correlations were not significant but there was a
low level of correlation. While it can be said that there are positively significant relationships between
other sub-dimensions and that there is criterion-dependent validity, this sub-scale provides low
criterion-dependent validity as there is a low positive correlation between the child form and the sexual
identity and sex-related behavior sub-scale of the family form and the gender-related behavior sub-
dimension.

Results on construct validity analysis

Analysis of the construct validity of the scales has been made and tried to explain. The KMO value of
the SSDS sex identity subscale .69 and Bartlett’s globality test was p <.05. Hence the value of KMO.
Because there is a relationship between variables greater than .60, the variables are suitable for factor
analysis according to both test results.
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In this study, the elimination of substances that do not measure the same construct and the
determination of the number of important factors in determining Cokluk, Sekercioglu and
Biiytikoztiirk (2016), Kline (2013) with Coskun et al. (2017) is based on the opinions of.

After the first factor analysis, it was seen that there were eight sub-dimensions, i.e. factors with
eigenvalues above 1, and these factors explained 63.67% of the total variance. Varimax vertical
rotation technique is used to explain the sub-dimensions better. Varimax rotation technique is used
mostly because it can be rotated in such a way that factor variances are maximum with fewer variables
(Tavsancil, 2005). After the analysis, items that did not reach a factor load of, .30, received a high load
value (overlapping) at least two factors, or were found to form a subdimension alone were excluded
from the scale. After the exclusion of these items from the scale, exploratory factor analysis was
performed and two sub-dimensions of eight items were obtained. After the second factor analysis, it
was seen that there were two subconstruct with eigenvalues above 1 and these factors explained
43.89% of the total variance.

Table 2. SDSS Sex ldentity Sub-Scale Hungry Factor Analysis Results of Two-Factor Construct
Factor Load Distribution According to Varimax Rotation

Item 1.Load Values For The Factor 2.Load Values For The Factor
Sexual Balance 1 .99

Sexual Balance 2 .68

Sexual Balance 3 .78

Sexual Role 4 .83
Sexual Role 7 51
Sexual Role 8 .63
Sexual Role 9 40
Sexual Role 10 .64
Self-worth 3.03 1.35
Described Variance Ratio %23 %20

As can be seen in Table 2, the load values of the substances in the first construct vary between .99 and
.68, while the load values of the substances in the second construct vary between .83 and .40. The first
construct explains 23.73% of the variance, while the second factor explains 20.15%. All 8 items in the
scale explain 43.89% of the total variance.

In the naming of the two sub-dimensions, the contents of the items in the sub-dimensions were taken
into consideration. When the contents of the factors were examined, it was found that the items in the
first factor (1, 2, 3) were related to the basic sexuality personality and sexual balance of the children
and this factor was called sexual balance. The items in the second factor (4, 7, 8, 9, 10) were identified
as expressing sexual role gains of children and therefore the factor was called sexual role.

The SDSS sex identity sub-scale is based on the results of the Two-Factor Model Verifier Factor
Analysis p = .026, X2/ sd = 3.44, RMSEA = .09, RMR = .02, GFI = .98, AGFI = .96, CFI = .99, NFI
= .92, NNFI = .90 found. RMSEA is not within the generally accepted limits when other parameters
are examined. Schermelleh-Engel and Moosbrugger (2003, p. 36), although the values between .08
and .10 are low, accept that the model is compatible. Based on this, the value of RMSEA (.09) is
thought to adapt to the model even if it is bad. NFI, NNFI values were acceptable while the rest of the
values were found to be at an excellent level. All values submitted for compliance goodness to the
generally accepted criteria in the relevant field summer (Erdem, 2013; Cokluk et al., 2016; Secer,
2015; Simsek, 2007) is perfect and acceptable according to. From this point of view, it can be said that
the alignment of the two-dimensional model to the data is confirmed.

SDSS gender-related behavior subscale predictive factor analysis KMO and Bartlett test results KMO
value .75 and Bartlett’s globality test result is p < determined as .05. The zero hypothesis at the level
of .05 significance is rejected. In other words, there is a relationship between the variables in the main
mass. Because there is a relationship between variables greater than .60, the variables are suitable for
factor analysis according to both test results. The criteria used in the development of the child form of
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the SSDS sex identity sub-scale were taken into consideration when analyzing the factor of explicative
in the development of the scale.

After the first EFA, it was determined that there was a total of five construct with eigenvalues above
1, explaining 57.22% of the total variance of these construct. Factor load after Varimax upright rotation
technique, which is used to better explain the resulting structures. Those who did not reach .30 were
eliminated from the boarding and two-dimensional construct was obtained. Although the construct
with two lower dimensions was obtained, these substances were removed from the scale because two
substances remained in the second factor. Again, the factor analysis was performed and the seven-
point single-factor construct was obtained.

Table 3. SDSS Gender-Related Behavior Sub-Scale Hungry Factor Analysis Factor Load Distribution
Results for Single Factor Construct

Item No 1.Load Values For The Factor
Item 2 71

Item 4 71

Item 5 .66

Item 7 .30

Item 8 .54

Item 9 .34

Item 12 71

Eigenvalue 2.29

Described Variance Ratio %32.79

As shown in Table 3, the load values of the items in the first factor vary between .71 and .30. The
single factor explained 32.79% of the variance. SDSS gender-related behavior subscale according to
single-factor model verifier factor analysis results p = .02, X2/ sd = 1.78, RMSEA = .06, RMR = .05,
GF1 =.94, AGFI = .92, CFI = .98, NFI = .92, NNFI = .98 found. When the parameters are examined,
they also indicate that RMSEA (.06) while expressing that it is within acceptable limits. GFI, NFlI,
AGFI values are acceptable and other values are found to be excellent. From this point of view, it can
be said that the alignment of the one-dimensional model to the data is confirmed.

SDSS sex identity and gender behavior subscale family form explicative factor analysis KMO and
Bartlett test results KMO value .84 and Bartlett’s test was p < .05. Since there is no relation between
variables greater than .60, it is observed that variables are suitable for factor analysis according to both
test results.

After the first factor analysis, it was seen that there were eight infraconstruct with eigenvalues above
1 and these infraconstruct explained 61.51% of the total variance. After the Varimax vertical rotation
technique, which was used to better explain the resulting infraconstruct, the items, which had an
overlapping factor, and whose factor load could not reach .30, were removed from the scale. Re-
exploratory factor analysis was performed, and a two-factor construct of 18 items was obtained. After
the second factor analysis, it was found that there were five factors with an eigenvalue of more than 1
and these factors explained 60.21% of the total variance. However, it was thought that the two-factor
construct would be more appropriate as the five-factor construct had difficulty in naming the factors
and the variables in the factors could not fully adapt to the theoretical construct. The content of the
items included in the sub-dimensions was taken into account in the naming of the two sub-dimensions
obtained as a result of EFA. When the contents of the sub-dimensions were examined, it was seen that
the items in the first factor (2, 4, 5, 6, 7, 12, 14, 16, 20) expressed opinions about the sexual behaviors
of children and this factor was called gender-related behavior. The items in the second factor (17, 19,
22,23, 24, 25, 26, 27, 28) express the child’s sexual identity acquisition and thus the factor is called
sexual identity.
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Table 4. SDSS Sex ldentity and Gender Behavior Subscale Family Form Hungry Factor Analysis
Results of Two-Factor Construct Factor Load Distribution According to Varimax Rotation

1. Load Values for The Factor 2. Load Values for The Factor
Behavior 2 .63
Behavior 4 .48
Behavior 5 A1
Behavior 6 .61
Behavior 7 .54
Behavior 12 40
Behavior 14 .68
Behavior 16 .34
Behavior 20 31
ID 17 .35
ID 19 40
ID 22 71
ID 23 71
ID 24 77
ID 25 .83
ID 26 .85
ID 27 77
ID 28 .82
Self-worth 5.26 2.10
Described Variance Ratio (%) 29.22 11.69

As can be seen in Table 4, the load values of the items in the first factor vary between “.68” and “.31,
and the load values of the items in the second factor vary between .85 and .35. All 18 items in the scale
explain 40.91% of the total variance.

SDSS sex identity and gender behavior subscale family form two-factor model according to verifier
factor analysis results p = .01, X2/ sd= 2.98, RMSEA = .08, RMR = .08, GFI = .87, AGFI = .85, CFI
=.92, NFI =.90, NNFI = .91 found. When the parameters are examined, it is also possible that RMSEA
(.08) while expressing that it is within acceptable limits. All values except GFI values were deemed
acceptable. All values submitted for compliance goodness (except GFI) can be deemed perfect and
acceptable by adhering to generally accepted criteria in the relevant field. From this point of view, it
can be said that the alignment of the two-dimensional model to the data is confirmed.

When the standardized path values were examined in Figure 1, the first factor and the variables
between .56-.31, the second factor and the variables between .30-.90, the standardized path values
were obtained. All t values as a result of CFA .05 it has been determined that it shows values at the
level of significance and is meaningful.

To be able to use the total score of the developed scale, a second level CFA is required (Seger, 2015).
SDSS sexual identity and gender Behaviour Scale family form second level DFA compliance indices
p =.01, X2/sd = 2.58, RMSEA = .08, RMR = .08, GFI = .87, AGFI = .84, CFI = .92, NFI = .89, NNFI
= .91 found. According to the of all of the values (Biiyiikoztiirk, Akgiin, Ozkahveci & Demirel, 2004;
Erkorkmaz, Etikan, Demir, Ozdamar & Sanisoglu, 2013; Cokluk et al, 2016; Korucu & Usta, 2017)
appears to be within acceptable limits. These values indicate that the total points of the two-
dimensional model can be used and adapt to the model.

Results on Reliability Analysis

Cronbach’s alpha coefficient was calculated because the Child Forms were scored between 0-1 and
KR-20 was scored, and the family form was scored between 0-5 and 0-3. When the change in the KR-
20 reliability coefficient was examined, the lowest value was found to be .43 and the highest value
was .53 and the total value was .61. In the Sexual Balance sub-dimension, the KR-20 Reliability
coefficient was .58 and .53 in the Sexual Role sub-dimension. When the change in the reliability
coefficient of the KR-20 was examined, the lowest value was .57 and the highest value was .65 and
the total value was .66. When the Cronbach Alpha reliability coefficient change was examined, the
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lowest value was .82 and the highest value was .85 and the total value was .85. The Cronbach’s alpha
reliability coefficient was .65 in the Gender Related Behavior sub-dimension and .88 in the Sexual
Identity sub-dimension.
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Chi-Square=400.15, df=134, P-value=0.01 , RMSEA=0.080

Figure 1. SDSS Sex ldentity and Gender Behaviour Sub-Scale Family Form Standardized Path
Diagram

DISCUSSION and CONCLUSION

If it is decided to develop a scale, the scale development process starts with the step of creating an item
pool after steps such as determination of the construct to be measured, literature review, and interviews
with experts (Erkus, 2014). In this research, a pool was created, the necessary pictures were drawn, 10
experts who were experts in preschool, child development, psychological counseling, measurement
and evaluation in education were presented to the opinion and then the content validity rates and
content validity indices were calculated. The scale was found to provide validity.

SSDS’s, Williams et al. (1975) developed by Sirvanli-Ozen (1992) Gender stereotyping scale adapted
to Turkish by examined the validity of the criteria, gender stereotyping scale and SDSS sex identity
subscale the child form and its sub-dimensions, sexual identity and gender Behavior Scale the family
form and sexual identity sub-dimension were found to have a positive correlation between the child
form and sexual identity and gender behavior subscale the family form Sexual identity; the acceptance
of the individual to the gender to which he belongs, the perception of himself within this gender, is
that emotions and behaviors are appropriate to it (Barutcu, 2002). Gender stereotyping includes
behaviors, attitudes, values, ways of thinking, talking, sitting or walking, dressing, and decorating
one’s own body (Gander and Gardiner, 2005). This information is thought to parallel sexual identity
and gender stereotyping and explain the meaningful correlation. But it is assumed that gender-related
behavior is not meaningful, although there is a correlation between them, as it is not very closely
related to gender stereotyping. Furthermore, a scale measuring gender-related behavior adapted to
Turkish has not been found in the literature.
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Factor analysis can be applied to reveal the construct of the scale and many more for various purposes
(Cokluk et al., 2016). In this research it has been used to determine the structure of the scale, i.e.
construct validity. If the collected data is categorically scored as 1-0 and it is desired to perform an
explicative factor analysis on this data, then the correlation matrix to which it should refer must be the
tetrachoric correlation matrix. (Aybek, 2017; Cokluk et al., 2016; Sandal, 2015). Tetrachoric factor
analysis method was preferred as SDSS sexual identity sub-scale was scored as 0-1.

Cokluk’s et al. (2016), Kline’s (2013), Coskun’s et al. (2017) based on reviews; If a substance is in
two subconstruct, the difference between the values of these two factors is at least .10 that factors have
a high variance of the common factor they explain in a substance, Kaiser criterion; the eigenvalue of
each factor is at least 1, the ratio of the total variance explained by the substances on the scale .30 and
more, based on the criteria for determining the number of factors according to the number of points
above the point where rapid declines occur, the analysis obtained an eight-item and two-factor
construct for the children’s form of SDSS sex identity sub-scale and the total variance described was
43.89%. SDSS gender Behaviour Scale seven-item single-factor construct was obtained for the child
form, explaining 32.79% of the variance. SDSS sex identity and gender behaviour subscale this 18-
item two-factor construct was obtained for the family form, explaining 40.91% of the variance. For
multi-factor scales in the Social Sciences, this ratio is expected to be between 40-60% (Cokluk et al.,
2016). 30% and more of the variance described in single factor scales can be seen enough (Sekercioglu,
2009). Therefore, it can be said that the contribution of constructs to total variance is sufficient.

With classical methods, the researcher looks at the relationship between only a few variables, and these
relationships may not be sufficient to obtain a complex theory. The analyses CFA uses are advanced
and advanced and can produce not just one but more results (Capik, 2014).

All the values presented on the CFA compliance goodness of the three different sub-scales developed
in the study were examined and described as excellent and acceptable. The GFI value of the family
Form Two-Factor Structure was found to be .87. Biiyiikoztiirk et al. (2004) a study of the value of GFI.
They said that being equal to or greater than .80 showed that the structure was appropriate. The work
of Korucu and Usta (2017), Erkorkmaz et al. (2013) also confirms this knowledge.

Biiyiikoztiirk et al. (2004), of the reliability coefficient for a psychological test. They have stated that
being .70 and over is enough. The SDSS sex identity and gender-related behavior subscale family form
(Crombach alpha = .85) according to Biiyiikoztiirk et al. (2004), it can be concluded that it is a reliable
scale. However, the number of substances and the type of measuring instrument is an important factor
for the coefficient of reliability, and the SSDS sexual identity sub-scale developed (KR-20 = .61) out
of 8 items, the sex-related behavior subscale (KR-20 = .66) consists of 7 articles. Alpar (2014) of the
value of KR-20 in measuring instruments consisting of 10-15 items. He stated that even having a value
as low as 50 indicates that the test is reliable. In the light of this information, it is thought that child
forms of the scales developed in the study are reliable scales.

When the findings of this study are evaluated, the norm studies of SDSS sub-scales can be performed
and the sexual development levels of 36-72 months old children can be determined. When the
accessible literature was examined, it was found that there was no gender-related behavioral scale
directly applied to children. With this scale developed, it can be suggested that research conducted in
the literature with information from families before can be repeated.
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Appendix A. SSDS Sexual Identity Sub-Scale Child Form Sample Item

Biiyiidiigiin zaman hangisi olacaksin? Anne mi, Baba mi1?

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 262



Alptekin, A., Tepeli, K. / Development of Selcuk Sexual Development Scale (36-72 Months)

Appendix B. SDSS Gender Behavior Sub-Scale Child Form Sample Item (Girl)

Seda oyun oynarken banyonun kapisinin agik oldugunu gordii. Annesi banyoda idi. Seda annesinin

viicudunu merak ediyordu. Sence Seda oyununa mi1 devam eder yoksa annesinin nasil yikandigini mi
izler?
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Appendix C. SDSS Gender Behavior Sub-Scale Child Form Sample Item (Boy)

Can oyun oynarken banyonun kapisinin agik oldugunu gordii. Babasi banyoda idi. Can annesinin
viicudunu merak ediyordu. Sence Can oyununa mi1 devam eder yoksa annesinin nasil yikandigini m
izler?
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Appendix D. Sexual Identity and Gender Behavior Sub-Scale Family Form Sample Items

Maddeler

Hicbir
Zaman

Nadiren

Bazen

Cogu
Zaman

Her

Zaman

1. Ciplak kisiye bakmaya caligir.

2. Ayna karsisinda viicudunu inceler.

22. Biiyiidiigii zaman anne ya da baba olacagmi bildigini
davranis ve konusmalari ile gosterir (Evcilik oynarken baba/anne
olma, gelecege yonelik konugmalarinda anne/baba olacag ile
ilgili digiincelerini sdyleme, ilerde babasi ya da annesi gibi
olacagini soyleme.)

23. Biiyiidiigii zaman gelin ya da damat olacagini bildigini
davranislar1 ve konugmalart ile gosterir (oyunlarinda gelin/damat
olma, gelecege yonelik hayallerinde gelin/damat olacagini
sOyleme).

24. Biyik ve sakalin erkege 6zgii oldugunu konusmalarinda ve
oyunlarinda ifade eder.
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Building On-Demand Test Forms in R
Halil ibrahim SARI *
Abstract

Automated Test Assembly (ATA) plays important role in test development, especially in large scale test
administrations. However, there is a lack of tutorials showing how to solve ATA problems. This tutorial aims to
show to how build on-demand test forms easily for researchers and practitioners, and share the R codes for their
use. The study presents the annotated R codes for thirty-nine unique examples. The examples include building
one form, multiple forms and more complex ones under different constraint conditions across equal or different
form lengths. All examples were solved by using “xxIRT” R package. The graphical depictions of the form-level
information functions for all examples were also provided. Some important notes about the codes were also
provided at the end of the paper in case one did not find a solution. The thirty-six examples were provided in the
main body of the paper, the other three complex examples were given in the Supplementary material.

Key Words: On-demand test forms, automated test assembly, xxIRT, R.

INTRODUCTION

The ultimate goal of any test in the educational and psychological measurement is to estimate student’s
cognitive ability more accurately or precisely. However, it is quite difficult to reach this goal without
a good measurement tool. This implies that the instrument or test form has to carry some certain
psychometric characteristics to cover the construct of interest (e.g., math ability). It highlights the
importance of the building the test forms that meet the desired features.

The topic of constructing the desired test forms is one of the most popular topics of all time. This is
because regardless of the test administration type (fixed linear test, linear on the fly test, computerized
multistage test or shadow test); for test security purposes, any test developer wants to build test forms
that meet some certain requirements purposes, especially in large scale tests. Depending on the test
administration type (e.g., linear or adaptive testing), one may want to build a single test form, two or
more parallel forms that are at the same difficulty levels or multiple forms that are at the different
difficulty levels. However, it is not very easy to ensure that the forms meet with both statistical (e.g.,
difficulty level) and non-statistical (e.g., content balancing and word count) specifications, especially
when one wants to create many forms. Thus, instead of manually assembling forms, it is always better
to use software to satisfy all constraints (e.g., test length, content balancing, difficulty level, word
count etc.). This will help one to keep test form quality at the desired level.

Automated Test Assembly (ATA) is an integer programming approach used to solve equations that
have complex constraints. In psychometrics, ATA is used to build test forms, and constraints refer to
the desired test specifications. For instance, content balancing or distribution, difficulty level of form,
number of test items in the form and total word count of items in a form can be thought as the
constraint.

There are several integer programming software that are used to build test forms automatically. The
most widely used ones are ILOG CPLEX ((International Business Machines-IBM, 2006), LINGO 12.0
(LINDO), CASTISEL (Luecht, 1998), LPSolve IDE (Berkelaar, Eikland, & Notebaert, 2004), the
Premium Solver Platform 7.0 add-in for Microsoft Excel, and R packages “IpSolve” (Berkelaar et al.,
2015) and “IpSolveAPI” (Konis, 2016). One can refer to Donoghue (2015) for a long list and detailed
description.
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Furthermore, there are some studies that illustrate building on-demand tests or solving ATA problems.
The book written by Wim J. van der Linden (2006), “Linear Models for Optimum Test Design”, details
all aspects of constructing both criterion-referenced and norm-referenced test forms. It is probably the
most comprehensive book written in this area. Cor, Alves and Gierl (2008, 2009) and Gierl, Daniels
and Zhang (2017), in this journal, showed how to create parallel forms in Microsoft Excel. They
vividly demonstrate all steps, and provided helpful screenshots. Han and Rudner (2014) showed how
to build multiple parallel items with different techniques. Diao and van der Linden (2011) described
how to solve complex ATA problems by using IpSolve R package in version 5.5. They presented three
different ATA problems and showed how to solve them in R. Unfortunately, they provided the code
for one of the problem cases only.

Purpose of the Study

The purpose of this tutorial is to show how to create on-demand test forms under different constraints
for the researchers and practitioners so that they can use the codes according to their own cases. There
is an abundant literature on the automated test assembly, however, a lack of R code tutorials available
for the researchers. | provided the annotated R codes for thirty-nine unique examples. Due to space
limit, | provided thirty-six of them in the manuscript. One can refer to the Appendix A for other three
complex examples. The examples include building one form, multiple forms and more complex forms
across the different conditions. | also provided test information functions for all examples.

METHOD

Item Response Theory (IRT) is integral part of ATA because IRT is used to determine the difficulty
level of a form and to shape form level information function (e.g., test information function). Item
parameter estimates such as difficulty, discrimination and pseudo-guessing are first computed or
generated; then the best items that meet certain criteria are selected for a test form. When selecting the
best items, item information function is used. This is vital because item information function allows
us to see where on the theta scale an item provides the highest information or for whom an item is the
best. The information function for item i (Ii(0)) under the three parameter IRT model (Birnbaum, 1968)
for an item is defined as

P,(O)-c)> Q(0)
e (1)

Ii (e):al l-c:2 P.(0)

where a, b and c are the discrimination, difficulty and pseudo-guessing parameters for item i, P(6) and
0(0) are the probability of getting an item correct and incorrect for a person having @ as the ability
score, respectively.

As shown in Luecht (1998), the test assembly finds a solution to maximize the Item Response Theory
information function at a fixed theta point (i.e., Equation 1). Let denote 6 is the fixed theta point (or
theta interval), and suppose we want a total of 20-item in the test. We first define a binary decision
variable, x;, (e.g., xi = 0 means item i is not selected from the item bank, xi = 1 means item i is selected
from the item bank). The information function needs to be maximized:;

1(0)= X% 1(0 &D)x; (2)

where &;represents the item parameters of item i (e.g., a, b, ¢ parameters). Let’s say one has two content
areas (e.g., items measuring number properties and items measuring algebra denoted as C1 and C2,
respectively), and wants to select ten items from each content area. The automated test assembly is
modeled to maximize

1(0)=XE, 1(8) &)x; 3)
subject to

iec1 X210 @)
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Yheaxi>10 (5)
>N x>20 (6)
x;€(0,1), i=1,...N (7

which put constraints on C1, C2, the total test length, and the range of decision variables, respectively.
When the content balancing is not controlled, the constraints on the contents (Equations 4 and 5) can
be removed from the model. When one wants to control other variables, he or she can add the
additional constraints to the model.

It is important to note that the information function in Equation 1 can be maximized at a desired theta
point (e.g., -1, 0 and 1 for easy, medium and hard test forms, respectively). Moreover, it can be
maximized over a range of theta interval (e.g., -1 to 0 for an easy test form, and 0 to 1 for a hard test
form). It is also possible to demand a user defined absolute amount of information either at a fixed
theta point or over a range of theta interval (e.g., the amount of information is 8 at the theta point of 0
or at the interval of -1 to 1).

xXIRT PACKAGE

In this tutorial, I used “xxIRT” R package version 2.1.0 (Luo, 2018) to solve all given examples. The
“xxIRT” R package is a recently released package, and uses “IpSolveAPI” package as the integer
solver. The version of the package on CRAN has been recently updated. There are some core functions
needed to be used when specifying and solving ATA problems. The most important function is ata
which is used to create ATA problems. One needs to specify the information about item pool (either
simulated or real), the number of test forms needs to be created, the length of form (e.g., 5 items), and
maximum use of an item in the pool. The other two core functions are ata_obj relative and
ata_obj_absolute. The first is used when one wants to maximize the information at a fixed theta point
or over a range of theta interval. When the theta interval is desired, the increments of theta points in
the user defined theta interval can be specified. The latter is used when one wants to have an absolute
amount of information for a test form. Similarly, when the target is to gather absolute information over
a range of interval, the increment points can be specified by the user. The increment points are
important because they may dramatically change the shape of test information function.

As discussed before, constraints are important elements of an ATA problem. The ata_constraint
function adds the constraints to the ATA model. One can specify the number of items from each
content area or total word count for a test form. Finally, ata_solve function solves the specified ATA
problem. It is also possible to see the selected items and plot test information functions. One can refer
to “xxIRT” package for more information about the codes and main functions. The annotated R codes
different examples were given below.

The “xxIRT” package was primarily created to solve ATA problems for multistage testing (e.g.,
designing panels) so, there is no extended illustration of how to create simple or complex and single
or multiple test forms. The current manual shows four simple examples but this provides shows many
complex examples by using the same main functions.

Annonated Examples

| used a simulated item pool that consists of 1000 items and generated three hypothetical constraints
as content area (e.g., algebra, numbers, equations), word count of each item (e.g., ranging from 30 to
150 for each item) and time required to solve the item (e.g., ranging from 100 seconds to 400 seconds
for each item). I presented 12 ATA problems and for each problem, | showed how to solve the ATA
by a) maximizing information function at a fixed theta point, b) maximizing information over a theta
interval, and c) getting absolute amount of information for a form. For all 36 examples listed below, |
always used the same simulated item pool. The number of items, distribution of item parameters, and
hypothetical constraints are subject to change.
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Preparing for the analysis

# Do not run!

#Install the “xxIRT” package first
install.packages("xxIRT",repos = "http://cran.us.r-project.org")
require("xxIRT")

# Let’s generate an item pool

set.seed(10)

items=as.data.frame(cbind(

a=runif(1000, 0.5, 1.5), #a parameters from a uniform distribution. #Chan
ge accordingly!

b=runif(1000, -2, 2), #b parameters from a uniform distribution. Change #
accordingly!

c=runif(1000, ©, 0.20), #c parameters from a uniform distribution. Change
#accordingly!

content=sample(1:3,1000,replace = T), #3 content areas #(e.g., algebra, #
numbers, equations)

word_count=sample(30:150,1000,replace = T), #assigning random word counts
#for each item.

time=sample(100:400,1000,replace = T))) #assigning random time between #f
or each item.

#End

Problem 1: Building single forms without any constraint

Here, | created one single test form that does not have any constraints. There are three problems listed
as Problem 1a, 1b and 1c. The codes for these problems are written for a fixed theta point, over a range
and absolute amount of information cases, respectively.

#Problemla: maximize the information at fixed theta point of -1
Problemla <- ata(items, 1, #must be 1 when single form is built!
len=10, #test length. Change accordingly!
max_use=1) #Each item should be selected one time only!
Problemla <- ata_obj_relative(Problemla,
-1, # fixed theta point where we want to #
maximize the information.
"max"
Problemla <- ata_solve(Problemla, as.list=T) #Now we are ready to solve #
the ATA
plot(Problemla) #plotting information function
#End

#Problemlb: Maximize the information at the theta interval of -1 to 1.
Problemlb <- ata(items, 1, len=10, max_use=1)
Problemlb <- ata_obj_relative(Problemlb, seq(-1, 1, #change when a #diff
erent interval 1is desired

0.10), #increment of the #
theta points.

"max", flatten=0.10) #change accordingly!

Problemlb <- ata_solve(Problemlb, as.list=T) #Now we are ready to solve #
the ATA
plot(Problemlb) # plotting information function
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# End

# Problemlc: absolute information target

theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) # target theta points (from -1 #
to 1)

tif_target= 8 # desired amount of information at the test Level. Change #
accordingly!

Problemlc <- ata(items, 1, len=10, max_use=1)

Problemlc <- ata_obj_absolute(Problemlc, theta_target, tif target) #ATA #
problem

Problemlc <- ata_solve(Problemlc, as.list=T) #Now we are ready to solve #
the ATA.

plot(Problemlc) # plotting information function

# End

Problem 2: Building single form with content constraint only

Here, | created one single test form that has content constraints. There are three problems listed as
Problem 2a, 2b and 2c. The codes for these problems are written for a fixed theta point, over a range
and absolute amount of information cases, respectively. In all Problem 2 examples, | pulled 10 items
as 2, 3, and 5 items from the contentl, content2 and content3, respectively.

# Problem2a: maximize the information at fixed theta point of -1.
Problem2a <- ata(items, 1, #single test form. This must be 1 when single
#form is created!
len=10, #test length of 16. Change accordingly!
max_use=1) #Each item should be selected one time only!
Problem2a <- ata_obj_relative(Problem2a, -1, "max") #specifying ATA #pro
blem
#Now Let’s add content distribution constraints before solving the ATA.
Problem2a <- ata_constraint(Problem2a, "content"”, min=2, max=2, level=1)
# 2 items from Content 1
Problem2a <- ata_constraint(Problem2a,"content”, min=3, max=3, level=2)
# 3 items from Content 2
Problem2a <- ata_constraint(Problem2a, "content", min=5, max=5, level=3)
# 5 items from Content 3
Problem2a <- ata_solve(Problem2a, as.list=T) #Now, ATA is ready to solve!
plot(Problem2a) # plotting information function
# End

# Problem2b: maximize the information at theta interval of -1 to 1.
Problem2b <- ata(items, 1, len=10, max_use=1) # Test Llength of 10. Change
#accordingly!

Problem2b <- ata_obj_relative(Problem2b, seq(-1, 1, 0.10), "max", flatte
n=0.10)

#Now Llet’s add content constraints before solve the ATA.

Problem2b <- ata_constraint(Problem2b, "content", min=2, max=2, level=1)
# 2 items from C 1

Problem2b <- ata_constraint(Problem2b, "content"”, min=3, max=3, level=2)

# 3 items from C 2

Problem2b <- ata_constraint(Problem2b, "content", min=5, max=5, level=3)
# 5 items from C 3

Problem2b <- ata_solve(Problem2b, as.list=T) #Now, ATA is ready to solve!
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plot(Problem2b) # plotting information function
# End

#Problem2c: absolute information target

theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) # target theta points where you

#want to maximize information.

tif_target= 8 # desired amount of information we want. Change #accordingl
y!

Problem2c <- ata(items, 1, len=10, max_use=1) # Test Length of 10. Change
#accordingly!

Problem2c <- ata_obj_absolute(Problem2c, theta_target, tif_target) #speci
fying ATA problem

#Now Llet’s add content constraints before solve the ATA.

Problem2c <- ata_constraint(Problem2c, "content"”, min=2, max=2, level=1)
# 2 items from C 1

Problem2c <- ata_constraint(Problem2c, "content”, min=3, max=3, level=2)

# 3 items from C 2

Problem2c <- ata_constraint(Problem2c, "content", min=5, max=5, level=3)
# 5 items from C 3

Problem2c <- ata_solve(Problem2c, as.list=T) #Now, ATA 1is ready to solve!
Problem2c$items #see selected items

plot(Problem2c) # plotting information function

# End

Problem 3: Building single form with two constraints

Here, | created one single test form that has content and word count constraints. There are three
problems listed as Problem 3a, 3b and 3c. The codes for these problems are written for a fixed theta
point, over a range and absolute amount of information cases, respectively. In all Problem 3 examples,
I pulled 10 items as 2, 3, and 5 items from the contentl, content2 and content3, respectively. The
average word count of the items in the forms is between 60 and 70.

#Problem3a: maximize the information at the fixed theta point of -1.

Problem3a <- ata(items, 1, # Building single form. Change accordingly!
len=10, #Test length of 106. Change accordingly!
max_use=1) # Each item should be selected one time only!

Problem3a <- ata_obj_relative(Problem3a, -1, "max") #specifying ATA #prob

Lem

#Now let’s add content constraints before solve the ATA. Change #accordi

ngly!

Problem3a <- ata_constraint(Problem3a, "content", min=2, max=2, level=1)

# 2 items from C 1

Problem3a <- ata_constraint(Problem3a, "content”, min=3, max=3, level=2) #

3 items from C 2

Problem3a <- ata_constraint(Problem3a, "content", min=5, max=5, level=3)

# 5 items from C 3

#Now Llet’s add word count constraint before solve the ATA. Change #accord

ingly!

Problem3a <- ata_constraint(Problem3a, "word count", min=60*10, max=70*1

0)

Problem3a <- ata_solve(Problem3a, as.list=T) #Now, ATA is ready to solve!

Problem3a$items #see selected items

plot(Problem3a) # plotting information function

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 271
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

# End

# Problem3b: maximize the information at theta interval of -1 to 1.
Problem3b <- ata(items, 1, len=10, max_use=1)

Problem3b <- ata_obj_relative(Problem3b, seq(-1, 1, 0.10), "max", flatt
en=0.10)

#Now Llet’s add content constraints before solve the ATA. Change #accordi
ngly!

Problem3b <- ata_constraint(Problem3b, "content", min=2, max=2, level=1)
# 2 items from Content 1

Problem3b <- ata_constraint(Problem3b, "content”, min=3, max=3, level=2)
# 3 items from Content 2

Problem3b <- ata_constraint(Problem3b, "content”, min=5, max=5, level=3)
# 5 items from Content 3

#Now Llet’s add word count constraint before solve the ATA. Change #accor
dingly!

Problem3b <- ata_constraint(Problem3b, "word count”, min=60*10, max=70%1
0)

Problem3b <- ata_solve(Problem3b, as.list=T) #Now, ATA is ready to solve!
Problem3b$items #see selected items

plot(Problem3b) # plotting information function

# End

# Problem3c: absolute information target

theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) # target theta points where you
#want to maximize

#information. One can also specify fixed theta point! Change accordingly!
tif_target= 8 # desired amount of information. Change accordingly!
Problem3c <- ata(items, 1, len=10, max_use=1)

Problem3c <- ata_obj_absolute(Problem3c, theta_target, tif target) #speci
fying ATA problem

#Now let’s add content constraints before solve the ATA. Change #accordi
ngly!

Problem3c <- ata_constraint(Problem3c, "content", min=2, max=2, level=1)
# 2 items from C 1

Problem3c <- ata_constraint(Problem3c,"content”, min=3, max=3, level=2)
# 3 items from C 2

Problem3c <- ata_constraint(Problem3c, "content", min=5, max=5, level=3)
# 5 items from C 3

#Now Let’s add word count constraint before solve the ATA. Change #accor
dingly!

Problem3c <- ata_constraint(Problem3c, "word count", min=60*10, max=70%*1
0)

Problem3c <- ata_solve(Problem3c, as.list=T) #Now, ATA is ready to solve!
plot(Problem3c) # plotting information function

# End

Problem 4: Building single form with three constraints

Here, | created one single test form that has content, word count and time constraints. There are three
problems listed as Problem 4a, 4b and 4c. The codes for these problems are written for a fixed theta
point, over a range and absolute amount of information cases, respectively. In all Problem 4 examples,
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I pulled 10 items as 2, 3, and 5 items from the contentl, content2 and content3, respectively. The
average word count of the items in the forms is between 60 and 70. The average time to solve an item
is between 200 and 300 seconds.

#Problem4a: maximize the information at the fixed theta point of -1.

Problemd4a <- ata(items, 1, # Building single form. Change accordingly!
len=10, #Test Llength of 16. Change accordingly!
max_use=1) # Each item should be selected one time only!

Problem4a <- ata_obj_relative(Problem4a, -1, "max"

#Now Llet’s add content constraints before solve the ATA. Change #accordi

ngly!

Problem4a <- ata_constraint(Problemd4a, "content”, min=2, max=2, level=1)

# 2 items from C 1

Problem4a <- ata_constraint(Problem4a, "content”, min=3, max=3, level=2)

# 3 items from C 2

Problem4a <- ata_constraint(Problem4a, "content", min=5, max=5, level=3)

# 5 items from C 3

#Now Let’s add word count constraint before solve the ATA. Change #accor

dingly!

Problem4a <- ata_constraint(Problem4a, "word count", min=60*10, max=70*1

0)

#Now let’s add time constraint before solve the ATA. Change accordingly!

Problem4a <- ata_constraint(Problem4a, "time", min=200*%10, max=300%10)

Problem4a <- ata_solve(Problemd4a, as.list=T) #Now, ATA is ready to solve!

Problemd4a$items #see selected items

plot(Problem4a) # plotting information function

# End

# Problem4b: maximize the information at theta interval of -1 to 1.
Problem4b <- ata(items, 1, len=10, max_use=1) #A total of 10 items. #Chan
ge accordingly!

Problem4b <- ata_obj_relative(Problem4b, seq(-1, 1, 0.10), "max", flatte
n=0.10)

#Now Llet’s add content constraints before solve the ATA. Change #accordi
ngly!

Problem4b <- ata_constraint(Problem4b, "content", min=2, max=2, level=1)
# 2 items from C 1

Problem4b <- ata_constraint(Problem4b, "content”, min=3, max=3, level=2)
# 3 items from C 2

Problem4b <- ata_constraint(Problem4b, "content", min=5, max=5, level=3)
# 5 items from C 3

#Now let’s add word count constraints before solve the ATA. Change #acco
rdingly!

Problem4b <- ata_constraint(Problem4b, "word count", min=60*10, max=70%*1
0)

#Now Llet’s add time constraint before solve the ATA. Change accordingly!
Problem4b <- ata_constraint(Problemd4b, "time", min=200*10, max=300%*10)
Problem4b <- ata_solve(Problemdb, as.list=T) #Now, ATA is ready to solve!
Problem4b$items #see selected items

plot(Problemdb) # plotting information function

# End

# Problemdc: absolute information target
theta_target=c(-1.0, -0.5 ,0, 0.5, 1.9) # target theta points where you
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#to maximize #information. One can also specify fixed theta point! Change
#accordingly!

tif_target= 8 # desired amount of information. Change accordingly!
Problemd4c <- ata(items, 1, len=10, max_use=1) #A total of 10 items. #Chan
ge accordingly!

Problem4c <- ata_obj_absolute(Problem4c, theta_target, tif_target) #speci
fying ATA problem

#Now Llet’s add content constraints before solve the ATA. Change #accordi
ngly!

Problem4c <- ata_constraint(Problemd4c, "content”, min=2, max=2, level=1)
#2 items from C 1

Problem4c <- ata_constraint(Problem4c, "content”, min=3, max=3, level=2)
#3 items from C 2

Problem4c <- ata_constraint(Problemd4c, "content”, min=5, max=5, level=3)
#5 items from C 3

#Now Llet’s add word count constraints before solve the ATA. Change #acco
rdingly!

Problem4c <- ata_constraint(Problemd4c, "word count", min=60*10, max=70%*1
0)

#Now Let’s add time constraints before solve the ATA. Change #accordingl
y!

Problem4c <- ata_constraint(Problem4c, "time", min=200*10, max=300%10)
Problem4c <- ata_solve(Problemdc, as.list=T) #Now, ATA is ready to solve!
Problem4c$items #see selected items

plot(Problem4c) # plotting information function

#End

Problem 5: Building two equal-length forms with no constraints

Here, | created two test forms that have any constraints. There are three problems listed as Problem
5a, 5b and 5¢. The codes for these problems are written for a fixed theta point, over a range and absolute
amount of information cases, respectively. In all Problem 5 examples, | pulled equal test lengths (10
items) and content was not controlled.

# Problem5a: maximize the information at the fixed theta point of © for #
all forms
Problem5a <- ata(items, 2, #Building 2 forms. Change accordingly!

len=10, # Test length of 10. Change accordingly!

max_use=1) #We don’t want item overlapping. Change #acco
rdingly!
Problem5a <- ata_obj_relative(Problem5a, ©, # change when a different #f
ixed theta point 1is desired

"max"

Problem5a <- ata_solve(Problem5a, as.list=T) # “as.list=F” gives all #sel
ected items together
Problem5Sa$items #see selected items
plot(Problem5a) # plotting information function
#End

# Problem5b: maximize the information at theta interval of -1 to 1.
Problem5b <- ata(items, 2, len=10, max_use=1)

Problem5b <- ata_obj_relative(Problem5b, seq(-1, 1, ©.50), # change #acc
ordingly!
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"max", flatten=0.10) # change accordingly!
Problem5b <- ata_solve(Problem5b,as.list=T) #Now Let’s solve the ATA!
Problem5Sb$items #see selected items
plot(Problem5b) # plotting information function
#End

# Problem5c: absolute information target

theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) # target theta points. Change #a
ccordingly!

tif_target= 8 # desired amount of information. Change accordingly!
Problem5c <- ata(items, 2, len=10, max_use=1)

Problem5c <- ata_obj_absolute(Problem5c, theta_target, tif target) # #Spe
cifying the ATA.

Problem5c <- ata_solve(Problem5c, as.list=T) # Let’s solve the ATA #probl
em.

Problem5c$items #see selected items

plot(Problem5c) # plotting information function

# End

Problem 6: Building unequal-length two forms with no constraints

Here, I created two test forms that have any constraints same in problem 5a, 5b and 5c. However, in
problem 6 examples, the test lengths are not equal. There are three problems listed as Problem 6a, 6b
and 6¢. The codes for these problems are written for a fixed theta point, over a range and absolute
amount of information cases, respectively. In all Problem 6 examples, | pulled 5 items for form 1 and
8 items for form 2 but content distribution was not controlled for both forms.

# Problem6a: maximize the information at the fixed theta point of 6 for
#all forms
Problem6a <- ata(items, 2, # don't specify form length "len=10" because #
of unequal test lengths
max_use=1) #we do not want overlapping items.

Problem6a <- ata_obj_relative(Problem6a, @, #fixed theta point for both
#forms. Change accordingly!

"max"
Problem6a <- ata_constraint(Problem6a,1, min=5, max=5, forms=1) #5 items
#in form 1
Probleméa <- ata_constraint(Probleméa,1l, min=8, max=8, forms=2) #8 items
#in form 2
Problem6a <- ata_solve(Problem6a, as.list=T) # Let’s solve the ATA #probl
em.
Problem6a$items #see selected items
plot(Problem6a) # plotting information function
#End

# Problem6b: maximize the information at theta interval of -1 to 1.
Probleméb <- ata(items, 2, # two forms

max_use=1) #we do not want overlapping items. Change #ac
cordingly!
Probleméb <- ata_obj_relative(Probleméb, seq(-1, 1, ©.50), #Change the
interval accordingly!

"max", flatten=0.10)

Probleméb <- ata_constraint(Probleméb,1, min=5, max=5, forms=1) #5 items
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#in form 1

Probleméb <- ata_constraint(Probleméb,1, min=8, max=8, forms=2) #8 items
#in form 2

Problem6b <- ata_solve(Problemé6b,as.list=T) #Now Let’s solve the ATA
Probleméeb$items #see selected items

plot(Probleméb) # plotting information function

#End

# Problem6c: absolute information target

theta_target=0 #the theta point where we want to maximize the #informatio
n. Change accordingly!

tif_target= 5 # desired amount of information. Change accordingly!
Problem6c <- ata(items, 2, max_use=1)

Problem6c <- ata_constraint(Problemé6c,1, min=5, max=5, forms=1) #5 items
#in form 1

Problem6c <- ata_constraint(Problem6c,1l, min=6, max=6, forms=2) #8 items
#in form 2

Problemé6c <- ata_obj_absolute(Probleméc, theta_ target, tif target, forms
= 1) # ATA for form 1

Problem6c <- ata_obj_absolute(Problemé6c, theta_target, tif target, forms
= 2) # ATA for form 2

Problem6c <- ata_solve(Problem6c, as.list=T) #Now Let’s solve the ATA
plot(Probleméc) # plotting information function

#End

Problem 7: Building equal-length two forms with content constraint

Here, | created two test forms with controlling content distribution. There are three problems listed as
Problem 7a, 7b and 7c. The codes for these problems are written for a fixed theta point, over a range
and absolute amount of information cases, respectively. In all problem 7 examples, for both forms, the
test length is 10, and | pulled 2, 3 and 5 items content2 and content3, respectively.

# Problem7a: Maximize the 1information at the fixed theta point of © for #
all forms.
Problem7a <- ata(items, 2, len=10, #Equal test Length of © for both #form
s. Change accordingly!

max_use=1) #I want non-overlapping forms.
Problem7a <- ata_obj_relative(Problem7a, @, # fixed theta point. Change #
accordingly!

"max"

Problem7a <- ata_constraint(Problem7a, "content", min=2, max=2, level=1)
#2 items from C 1
Problem7a <- ata_constraint(Problem7a, "content”, min=3, max=3, level=2) #
3 items from C 2
Problem7a <- ata_constraint(Problem7a, "content", min=5, max=5, level=3)
#5 items from C 3
Problem7a <- ata_solve(Problem7a, as.list=T) #Now Let’s solve the ATA
plot(Problem7a) # plotting information function
#End

# Problem7b: Maximize the 1information at theta interval of -1 to 1.
Problem7b <- ata(items, 2, len=10, max_use=1)
Problem7b <- ata_obj_relative(Problem7b, seq(-1, 1, 0.50), #Change the #

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 276



Sar, H. 1. / Building On-Demand Test Forms in R

interval accordingly!

"max", flatten=0.50)
Problem7b <- ata_constraint(Problem7b, "content”, min=2, max=2, level=1)
#2 items from content 1
Problem7b <- ata_constraint(Problem7b, "content"”, min=3, max=3, level=2) #
3 items from content 2
Problem7b <- ata_constraint(Problem7b, "content"”, min=5, max=5, level=3)
#5 items from content 3
Problem7b <- ata_solve(Problem7b,as.list=T) #Now Let’s solve the ATA
Problem7b$items #see selected items
plot(Problem7b) # plotting information function
#End

# Problem7c: absolute information target

theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0)

tif_target= 8 # desired amount of information

Problem7c <- ata(items, 2, len=10, max_use=1)

Problem7c <- ata_constraint(Problem7c, "content", min=2, max=2, level=1)
#2 items from C 1

Problem7c <- ata_constraint(Problem7c, "content”, min=3, max=3, level=2) #
3 items from C 2

Problem7c <- ata_constraint(Problem7c, "content"”, min=5, max=5, level=3)
#5 items from C 3

Problem7c <- ata_obj_absolute(Problem7c, theta_ target, tif target) # ATA
#for both forms

Problem7c <- ata_solve(Problem7c, as.list=T) #Now Let’s solve the ATA
Problem7c$items #see selected items

plot(Problem7c) # plotting information function

#End

Problem 8: Building unequal-length two forms with content constraint

Here, | created two unequal-length test forms with controlling content distribution. There are three
problems listed as Problem 8a, 8b and 8c. The codes for these problems are written for a fixed theta
point, over a range and absolute amount of information cases, respectively. In all Problem 8 examples
in below, for form 1, I pulled 5 items as 1, 2 and 2 from content 1, 2 and 3, respectively. For form 2, |
pulled 8 items as 2, 3 and 3 from content 1, 2 and 3, respectively.

# Problem8a: Maximize the information at the fixed theta point
Problem8a <- ata(items, 2, #two test forms

max_use=1) #I don’t want item overlapping across the #fo
rms
Problem8a <- ata_obj_relative(Problem8a, @0, "max"
#Now Llet’s specify total test lLengths for both forms.
Problem8a <- ata_constraint(Problem8a,1, min=5, max=5, forms=1) #5 items
#in form 1
Problem8a <- ata_constraint(Problem8a,1l, min=8, max=8, forms=2) #8 items
#1in form 2
#Now let’s add content constraints for form 1. Change accordingly!
Problem8a <- ata_constraint(Problem8a, "content", min=1, max=1, level=1,f
orms = 1)
Problem8a <- ata_constraint(Problem8a, "content”, min=2, max=2, level=2, f
orms = 1)
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Problem8a <- ata_constraint(Problem8a, "content", min=2, max=2, level=3,f
orms = 1)

#Now Llet’s add content constraints for form 2. Change accordingly!
Problem8a <- ata_constraint(Problem8a, "content", min=2, max=2, level=1,f
orms = 2)

Problem8a <- ata_constraint(Problem8a, "content”, min=3, max=3, level=2, f
orms = 2)

Problem8a <- ata_constraint(Problem8a, "content”, min=3, max=3, level=3,f
orms = 2)

Problem8a <- ata_solve(Problem8a, as.list=T) # ATA is ready to solve
Problem8a$items #see selected items

plot(Problem8a) # plotting information function

#End

# Problem8b: maximize the information at theta interval of -1 to 1.
Problem8b <- ata(items, 2, max_use=1)
Problem8b <- ata_obj_relative(Problem8b, seq(-1, 1, ©.50), #theta #inter
val. Change accordingly!

"max", flatten=0.10)
Problem8b <- ata_constraint(Problem8b,1, min=5, max=5, forms=1) #5 items
#in form 1
Problem8b <- ata_constraint(Problem8b,1, min=8, max=8, forms=2) #8 items
#in form 2
#Now Llet’s add content constraints for form 1. Change accordingly!
Problem8b <- ata_constraint(Problem8b, "content”, min=1, max=1, level=1,f
orms = 1)
Problem8b <- ata_constraint(Problem8b, "content”, min=2, max=2, level=2, f
orms = 1)
Problem8b <- ata_constraint(Problem8b, "content", min=2, max=2, level=3,f
orms = 1)
#Now Let’s add content constraints for form 2. Change accordingly!
Problem8b <- ata_constraint(Problem8b, "content", min=2, max=2, level=1,f
orms = 2)
Problem8b <- ata_constraint(Problem8b, "content”, min=3, max=3, level=2, f
orms = 2)
Problem8b <- ata_constraint(Problem8b, "content", min=3, max=3, level=3,f
orms = 2)
Problem8b <- ata_solve(Problem8b,as.list=T) # ATA is ready to solve
Problem8b$items #see selected items
plot(Problem8b) # plotting information function
#End

# Problem8c: absolute information target

theta_target=c(-1.0, -0.5 ,0, 0.5, 1.0) #theta interval I want to #maxim
ize the information

tif_target= 5 # desired amount of information. Change accordingly!
Problem8c <- ata(items, 2, max_use=1)

Problem8c <- ata_constraint(Problem8c,1, min=5, max=5, forms=1) #5 items
#in form 1

Problem8c <- ata_constraint(Problem8c,1, min=8, max=8, forms=2) #8 items
#in form 2

#Now let’s add content constraints for form 1. Change accordingly!
Problem8c <- ata_constraint(Problem8c, "content", min=1, max=1, level=1,f
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orms = 1)

Problem8c <- ata_constraint(Problem8c, "content”, min=2, max=2, level=2, f
orms = 1)

Problem8c <- ata_constraint(Problem8c, "content", min=2, max=2, level=3,f
orms = 1)

#Now Llet’s add content constraints for form 2. Change accordingly!
Problem8c <- ata_constraint(Problem8c, "content", min=2, max=2, level=1,f
orms = 2)

Problem8c <- ata_constraint(Problem8c, "content”, min=3, max=3, level=2, f
orms = 2)

Problem8c <- ata_constraint(Problem8c, "content”, min=3, max=3, level=3,f
orms = 2)

Problem8c <- ata_obj_absolute(Problem8c, theta_target, tif_target, forms
= 1) #ATA for form 1

Problem8c <- ata_obj_absolute(Problem8c, theta_ target, tif target, forms
= 2) #ATA for form 2

Problem8c <- ata_solve(Problem8c, as.list=T) #Now ATA is ready to solve
Problem8c$items #see selected items

plot(Problem8c) # plotting information function

#End

Problem 9: Building equal-length two forms with two constraints

Here, | create two equal-length test forms with controlling content distribution and word count. There
are three problems listed as Problem 9a, 9b and 9c. The codes for these problems are written for a
fixed theta point, over a range and absolute amount of information cases, respectively. In all Problem
9 examples, | pulled 10 items for both forms, and in both forms, there are 2, 3, and 5 items from the
contentl, content2 and content3, respectively. The average word count of the items in both forms is
between 60 and 70.

# Problem9a: maximize the information at the fixed theta point of © for #
both forms.
Problem9a <- ata(items, 2, # number of forms

len=10, # Equal test length of 16 for both forms. Change #accordi
ngly!
max_use=1) #I don’t want item overlapping across the forms.
Problem9a <- ata_obj_relative(Problem9a, @, # fixed theta point. Change #
accordingly!

"max"

#Now let’s add content constraints for the forms. Change accordingly!
Problem9a <- ata_constraint(Problem9a, "content", min=2, max=2, level=1)
#2 items from content 1
Problem9a <- ata_constraint(Problem9a, "content”, min=3, max=3, level=2) #
3 items from content 2
Problem9a <- ata_constraint(Problem9a, "content", min=5, max=5, level=3)
#5 items from content 3
#Now Llet’s add word count constraints before solve the ATA. Change #acco
rdingly!
Problem9a <- ata_constraint(Problem9a, "word count", min=60*10, max=70%*1
0)
Problem9a <- ata_solve(Problem9a, as.list=T) #Let’s solve the ATA
Problem9a$items #see selected items
plot(Problem9a) # plotting information function
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#End

# Problem9b: maximize the information at theta interval of -1 to 1.
Problem9b <- ata(items, 2, len=10, max_use=1)
Problem9b <- ata_obj_relative(Problem9b, seq(-1, 1, 0.50), #theta #inter
val. Change accordingly!

"max", flatten=0.50)
#Now Llet’s add content constraints for the forms. Change accordingly!
Problem9b <- ata_constraint(Problem9b, "content", min=2, max=2, level=1)
#2 items from content 1
Problem9b <- ata_constraint(Problem9b, "content"”, min=3, max=3, level=2) #
3 items from content 2
Problem9b <- ata_constraint(Problem9b, "content", min=5, max=5, level=3)
#5 items from content 3
#Now Llet’s add word count constraints before solve the ATA. Change #acco
rdingly!
Problem9b <- ata_constraint(Problem9b, "word count", min=60*10, max=70*1
0)
Problem9b <- ata_solve(Problem9b,as.list=T) #Let’s solve the ATA
Problem9b$items #see selected items
plot(Problem9b) # plotting information function
#End

# Problem9c: Absolute information target.

theta_target=0 #the point where we want the absolute information. One can
#specify interval as well!

tif_target= 8 # desired amount of information. Change accordingly!
Problem9c <- ata(items, 2, len=10, max_use=1)

#Now lLet’s add content constraints for the forms. Change accordingly!
Problem9c <- ata_constraint(Problem9c, "content", min=2, max=2, level=1)
#2 items from content 1

Problem9c <- ata_constraint(Problem9c, "content", min=3, max=3, level=2) #
3 items from content 2

Problem9c <- ata_constraint(Problem9c, "content", min=5, max=5, level=3)
#5 items from content 3

#Now Llet’s add word count constraints before solve the ATA. Change #acco
rdingly!

Problem9c <- ata_constraint(Problem9c, "word count", min=60*10, max=70*1
0)

Problem9c <- ata_obj_absolute(Problem9c, theta_target, tif_target) #Speci
fy the ATA

Problem9c <- ata_solve(Problem9c, as.list=T) #Let’s solve the ATA
Problem9c$items #see selected items

plot(Problem9c) # plotting information function

#End
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Figure 1. Plots for The Solutions in Examples from 1a to 4c.
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Figure 3. Plots for The Solutions in Examples from 9a to 12c.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi

Journal of Measurement and Evaluation in Education and Psychology

283



Journal of Measurement and Evaluation in Education and Psychology

Problem 10: Building unequal-length two forms with two constraints

Here, | create two unequal-length test forms with controlling content distribution and word count.
There are three problems listed as Problem 10a, 10b and 10c. The codes for these problems are written
for a fixed theta point, over a range and absolute amount of information cases, respectively. In all
Problem 10 examples, I pulled 5 items for form 1 and 8 items for form 2. In form 1, there are 1, 2, and
2 items from the contentl, content2 and content3, respectively. In form 2, there are 2, 3, and 3 items
from the contentl, content2 and content3, respectively. The average word count of the items in both
forms is between 30 and 80.

# Probleml@a: maximize the information at the fixed theta point
Probleml@a <- ata(items, 2, #Two test forms. Change accordingly!
max_use=1) #we don’t want item-overlapping

Probleml@a <- ata_obj_relative(Probleml@a, 0, #fixed theta point. Change
#accordingly!

"max"

Probleml@a <- ata_constraint(Probleml@a,l, min=5, max=5, forms=1) #5 #ite
ms in form 1

Probleml@a <- ata_constraint(Probleml@a,1l, min=8, max=8, forms=2) #8 #it
ems in form 2

#Now Llet’s add content constraints for form 1. Change accordingly!
Probleml@a <- ata_constraint(Probleml@a, "content", min=1, max=1, level=1
,forms = 1)

Probleml@a <- ata_constraint(Probleml@a, "content"”, min=2, max=2, level=2,
forms = 1)

Probleml@a <- ata_constraint(Probleml@a, "content", min=2, max=2, level=3
,forms = 1)

#Now Let’s add content constraints for form 2. Change accordingly!
Probleml@a <- ata_constraint(Probleml@a, "content", min=2, max=2, level=1
,forms = 2)

Probleml@a <- ata_constraint(Probleml@a, "content”, min=3, max=3, level=2,
forms = 2)

Probleml@a <- ata_constraint(Probleml®@a, "content", min=3, max=3, level=3
,forms = 2)

#Now Let’s add word count constraints before solve the ATA. Change #accor
dingly!

Probleml@a <- ata_constraint(Probleml@a, "word count"”, min=30%10, max=80@
*10)

Probleml@a <- ata_solve(Probleml@a, as.list=T) # Now Let’s solve the ATA
Probleml@a$items #see selected items

plot(Probleml@a) # plotting information function

#End

# Probleml6b: maximize the information at theta interval of -1 to 1.
Problemlob <- ata(items, 2, max_use=1)

Probleml®b <- ata_obj_relative(Probleml@b, seq(-1, 1, ©.50), #theta #int
erval. Change accordingly!

"max", flatten=0.10)

Probleml1@b <- ata_constraint(Probleml®@b,1, min=5, max=5, forms=1) #5 #ite
ms in form 1

Probleml@b <- ata_constraint(Probleml@b,1l, min=8, max=8, forms=2) #8 #it
ems in form 2

#Now let’s add content constraints for form 1. Change accordingly!
Probleml@b <- ata_constraint(Probleml@b, "content", min=1, max=1, level=1
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,forms = 1)

Probleml@b <- ata_constraint(Probleml@b, "content”, min=2, max=2, level=2,
forms = 1)

Problemlob <- ata_constraint(Probleml@b, "content", min=2, max=2, level=3
,forms = 1)

#Now Llet’s add content constraints for form 2. Change accordingly!
Problemlob <- ata_constraint(Probleml@b, "content", min=2, max=2, level=1
,forms = 2)

Probleml®b <- ata_constraint(Probleml@b, "content"”, min=3, max=3, level=2,
forms = 2)

Problemlob <- ata_constraint(Probleml@b, "content", min=3, max=3, level=3
,forms = 2)

#Now Llet’s add word count constraints before solve the ATA. Change #accor
dingly!

Probleml®b <- ata_constraint(Problem1@b, "word count"”, min=30%10, max=80@
*10)

Probleml1@b <- ata_solve(Probleml@b,as.list=T) #Solve the ATA
Probleml@b$items #see selected items

plot(Probleml@b) # plotting information function

#End

# Problemloc: absolute information target

theta_target=0 #0One can specify theta interval as well. Change #according
Ly!

tif target= 5 # desired amount of information

Problemloc <- ata(items, 2, max_use=1)

Probleml@c <- ata_constraint(Probleml@c,1, min=5, max=5, forms=1) #5 #ite
ms in form 1

Probleml@c <- ata_constraint(Probleml@c,1, min=8, max=8, forms=2) #8 #it
ems in form 2

#Now Llet’s add content constraints for form 1. Change accordingly!
Probleml@c <- ata_constraint(Probleml@c, "content", min=1, max=1, level=1
,forms = 1)

Probleml@c <- ata_constraint(Probleml@c, "content"”, min=2, max=2, level=2,
forms = 1)

Probleml@c <- ata_constraint(Probleml@c, "content", min=2, max=2, level=3
,forms = 1)

#Now let’s add content constraints for form 2. Change accordingly!
Probleml@c <- ata_constraint(Probleml@c, "content", min=2, max=2, level=1
,forms = 2)

Probleml@c <- ata_constraint(Probleml@c, "content"”, min=3, max=3, level=2,
forms = 2)

Probleml@c <- ata_constraint(Probleml@c, "content", min=3, max=3, level=3
,forms = 2)

#Now Llet’s add word count constraints before solve the ATA. Change #acco
rdingly!

Probleml@c <- ata_constraint(Probleml@c, "word count"”, min=30%10, max=80@
#10)

Probleml@c <- ata_obj_absolute(Probleml@c, theta_target, tif target, form
s = 1) # ATA for form 1

Probleml@c <- ata_obj_absolute(Probleml@c, theta_target, tif target, form
s = 2) # ATA for form 2

Probleml@c <- ata_solve(Probleml@c, as.list=T) #Solve the ATA
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Problemloc$items #see selected items
plot(Probleml@c) # plotting information function
#End

Problem 11: Building equal-length two forms with three constraints

Here, | create two equal-length test forms with controlling content distribution, word count and time.
There are three problems listed as Problem 11a, 11b and 11c. The codes for these problems are written
for a fixed theta point, over a range and absolute amount of information cases, respectively. In all
Problem 11 examples, | pulled 10 items for both forms, and in both forms, there are 2, 3, and 5 items
from the contentl, content2 and content3, respectively. The average word count of the items in both
forms is between 60 and 70. The average time to solve the item is between 200 and 300 seconds.

#Problemlla: maximize the information at the fixed theta point

Problemlla

<- ata(items, 2, #we are building two forms

len=10, #total test length for a form. Change accordingly!

max_use=1)

#Each item can be selected for a form only. Change #accordingl

y!
Problemlla <- ata_obj_relative(Problemlla, O, # fixed theta point.

llmaXlI
#Now Llet’s add content constraints for the forms. Change accordingly!
Problemlla <- ata_constraint(Problemlla, "content", min=2, max=2, level=1
)
Problemlla <- ata_constraint(Problemlla, "content”, min=3, max=3, level=2)
Problemlla <- ata_constraint(Problemlla, "content", min=5, max=5, level=3
)
#Now Let’s add word count constraints before solve the ATA. Change #accor
dingly!
Problemlla <- ata_constraint(Problemlla, "word count"”, min=60%*10, max=70@
*10)
#Now Let’s add time constraints before solve the ATA. Change #accordingly
!
Problemlla <- ata_constraint(Problemlla, "time", min=200*10, max=300*10)
Problemlla <- ata_solve(Problemlla, as.list=T) #Let’s solve the ATA

Problemlla$items #see selected items
plot(Problemlla) # plotting information function

#End

# Problemllb: Maximize the information at theta interval of -1 to 1.

Problemllb <- ata(items, 2, len=10, max_use=1)
Problemllb <- ata_obj_relative(Problemllb, seq(-1, 1, 0.50), #Change #ac
cordingly!

"max", flatten=0.50)
#Let’s add content distribution constraints. Change accordingly!
Problemllb <- ata_constraint(Problemllb, "content", min=2, max=2, level=1
)
Problemllb <- ata_constraint(Problemllb, "content”, min=3, max=3, level=2)
Problemllb <- ata_constraint(Problemllb, "content", min=5, max=5, level=3
)
#Let’s add word count constraints. Change accordingly!
Problemllb <- ata_constraint(Problemllb, "word count"”, min=60%*10, max=70@
*10)
#Let’s add time constraints. Change accordingly!
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Problemllb <- ata_constraint(Problemllb, "time", min=200*10, max=300*10)
Problemllb <- ata_solve(Problemllb,as.list=T) #Now Llet’s solve the ATA
Problemllb$items #see selected items

plot(Problemllb) # plotting information function

#End

# Problemllc: Absolute information target

theta_target=c(0, 0.5) # either specify fixed theta point or theta #inter
val

tif_target= 8 # desired amount of information. Change accordingly!
Problemllc <- ata(items, 2, len=10, max_use=1)

#Let’s add content distribution constraints. Change accordingly!
Problemllc <- ata_constraint(Problemllc, "content", min=2, max=2, level=1
)

Problemllc <- ata_constraint(Problemllc, "content"”, min=3, max=3, level=2)
Problemllc <- ata_constraint(Problemllc, "content", min=5, max=5, level=3
)

#Let’s add word count constraints. Change accordingly!

Problemllc <- ata_constraint(Problemllc, "word count"”, min=60*10, max=70
*10)

#Let’s add time constraints. Change accordingly!

Problemllc <- ata_constraint(Problemllc, "time", min=200*10, max=300*10)
Problemllc <- ata_obj_absolute(Problemllc, theta_target, tif_ target) #Spe
cify the ATA problem

Problemllc <- ata_solve(Problemllc, as.list=T) #Let’s solve the ATA
Problemllc$items #see selected items

plot(Problemllc) # plotting information function

#End

Problem 12: Building unequal-length two forms with three constraints

Here, | create two unequal-length test forms with controlling content distribution, word count and time.
There are three problems listed as Problem 12a, 12b and 12c. The codes for these problems are written
for a fixed theta point, over a range and absolute amount of information cases, respectively. In all
Problem 12 examples, I pulled 5 items for form 1 and 8 items for form 2. In form 1, there are 1, 2, and
2 items from the contentl, content2 and content3, respectively. In form 2, there are 2, 3, and 3 items
from the contentl, content2 and content3, respectively. The average word count of the items in both
forms is between 30 and 80. The average time to solve the item is between 100 and 400 seconds.

#Problem12a : Maximize the 1information at the fixed theta point of @.
Probleml2a <- ata(items, 2, #Building two forms

max_use=1) #we don’t want item overlapping. Change accordingly!
Probleml2a <- ata_obj_relative(Probleml2a, @, # Change accordingly!
"max"

#let’s specify test lengths for the two forms. Change accordingly!
Probleml2a <- ata_constraint(Probleml2a,1, min=5, max=5, forms=1) #5 #ite
ms in form 1

Probleml2a <- ata_constraint(Probleml2a,1, min=8, max=8, forms=2) #8 #it
ems in form 2

#Let’s add content distribution constraints for form 1. Change #according
Ly!

Probleml2a <- ata_constraint(Probleml2a, "content", min=1, max=1, level=1
,forms = 1)

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 287
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

Probleml2a <- ata_constraint(Probleml2a, "content”, min=2, max=2, level=2,
forms = 1)

Probleml2a <- ata_constraint(Probleml2a, "content", min=2, max=2, level=3
,forms = 1)

#lLet’s add content distribution constraints for form 2. Change #according
Ly!

Probleml2a <- ata_constraint(Probleml2a, "content", min=2, max=2, level=1
,forms = 2)

Probleml2a <- ata_constraint(Probleml2a, "content"”, min=3, max=3, level=2,
forms = 2)

Probleml2a <- ata_constraint(Probleml2a, "content", min=3, max=3, level=3
,forms = 2)

#Let’s add word count constraints. Change accordingly!

Probleml2a <- ata_constraint(Probleml2a, "word count"”, min=30*10, max=80
#10)

#lLet’s add time constraints. Change accordingly!

Probleml2a <- ata_constraint(Probleml2a, "time", min=100*10, max=400*10)
Probleml2a <- ata_solve(Probleml2a, as.list=T) #Now, Let’s solve the ATA

Probleml2a$items #see selected items

plot(Probleml2a) # plotting information function

#End

#Problem12b: maximize the information at theta interval of -1 to 1.
Probleml2b <- ata(items, 2, max_use=1)

Probleml2b <- ata_obj_relative(Probleml2b, seq(-1, 1, ©.50), # theta #1i
nterval. Change accordingly!

"max", flatten=0.10)

Probleml2b <- ata_constraint(Probleml2b,1, min=5, max=5, forms=1) #5 #ite
ms in form 1

Probleml2b <- ata_constraint(Probleml2b,1, min=8, max=8, forms=2) #8 #it
ems in form 2

Probleml12b <- ata_constraint(Probleml12b, "content", min=1, max=1, level=1
,forms = 1) #FormiC1

Probleml2b <- ata_constraint(Probleml2b, "content"”, min=2, max=2, level=2,
forms = 1) #FormiC2

Probleml2b <- ata_constraint(Probleml2b, "content", min=2, max=2, level=3
,forms = 1) #FormiC3

Probleml2b <- ata_constraint(Probleml2b, "content", min=2, max=2, level=1
,forms = 2) #Form2C1

Probleml2b <- ata_constraint(Problemil2b, "content"”, min=3, max=3, level=2,
forms = 2) #Form2C2

Probleml2b <- ata_constraint(Probleml2b, "content", min=3, max=3, level=3
,forms = 2) #Form2C3

Probleml2b <- ata_constraint(Probleml12b, "word count"”, min=30%10, max=80@
*10) #word counts

Probleml2b <- ata_constraint(Probleml2b, "time", min=100*10, max=400*10)
#time constraints

Probleml2b <- ata_solve(Probleml2b,as.list=T) #Now, Llet’s solve the ATA
Probleml2b$items #see selected items

plot(Probleml2b) # plotting information function

#End
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#Probleml12c: Absolute information target

theta target=0 #the theta point where you want the absolute amount of #in
formation

tif_target= 5 # desired amount of information. Change accordingly!
Probleml2c <- ata(items, 2, max_use=1)

Probleml2c <- ata_constraint(Probleml2c,1, min=5, max=5, forms=1) #5 #ite
ms in form 1

Probleml2c <- ata_constraint(Probleml2c,1l, min=8, max=8, forms=2) #8 #it
ems in form 2

Probleml2c <- ata_constraint(Probleml2c, "content", min=1, max=1, level=1
,forms = 1) #Forml C1

Probleml2c <- ata_constraint(Probleml2c, "content"”, min=2, max=2, level=2,
forms = 1) #Forml C2

Probleml2c <- ata_constraint(Probleml2c, "content", min=2, max=2, level=3
,forms = 1) #Forml C3

Probleml2c <- ata_constraint(Probleml2c, "content", min=2, max=2, level=1
,forms = 2) #Form2 C1

Probleml2c <- ata_constraint(Probleml2c, "content"”, min=3, max=3, level=2,
forms = 2) #Form2 C2

Probleml2c <- ata_constraint(Probleml2c, "content", min=3, max=3, level=3
,forms = 2) #Form2 C3

Probleml2c <- ata_constraint(Probleml2c, "word count"”, min=30*10, max=80
*10) #word counts

Probleml2c <- ata_constraint(Probleml2c, "time", min=100*10, max=400%*10)
#time constraints

Probleml2c <- ata_obj_absolute(Probleml2c, theta_target, tif_ target, form
s = 1) # ATA for form 1

Probleml2c <- ata_obj_absolute(Probleml2c, theta_target, tif_ target, form
s = 2) # ATA for form 2

Probleml2c <- ata_solve(Probleml2c, as.list=T) #Now, ATA is ready to #sol
ve!

Probleml2c$items #see selected items

plot(Probleml2c) # plotting information function

#End of the tutorial

Important Notes

1. Itis important to note that finding a solution in any example depends on the psychometric
characteristics of the items in the pool.

2. In this paper, | used a simulated item pool. Thus, when you replicate the item pool, you
may or may not find the same solutions.

3. The item pool was generated based on the 3PL Item Response Theory Model. In case you
use different model than the 3PL, you should change the item parameters accordingly. For
example, when you use Rasch model, you should fix all discrimination parameters at 1 and
all pseudo-guessing parameters at 0.

4. All of the codes were carefully written, and their functionality was checked again and again
by the author. In case you have problems to run any example, you can try the following
steps first. If you still cannot find a solution, please do not hesitate contacting the author.

a. If you use simulated item pool, you may want to re-generate the item pool, and try
again.
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b. In case you do not find a solution for your own cases, you can try relaxing the
constraints. For example, you can specify lower amount of absolute information
(see Problems 1c, 2c, 3c and 4c) or maximize the information in a narrower theta
interval (see Problems 1b, 2b, 3b and 4b).

c. Insame cases, you may want to allow item overlapping, especially when you have
limited number of total items.

5. Finding a solution also depends on the constraints you specify. The likelihood of finding a
solution becomes difficult as you use strict restrictions.

6. For the demonstration purposes, the constraints used in this study are the hypothetical
constraints (e.g., content area, word count and time). You can use your own constraints or
more logical ones.
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Test Formlar1 Olusturma Uzerine Ogretici R Calismasi

Girig
Egitimde ve psikolojide 6lgmenin temel amaclarindan biri 6grenci yetenegini veya bilgisini en dogru
veya en az hata ile 6lgmektir. Ancak iyi bir 6l¢me araci olmadan bunu basarabilmek oldukga zordur.

Gelistirdigimiz test formu veya 6lgme aracinin zorluk derecesi, igerik alani, maddelerin kelime say1s1
gibi psikometrik 6zelliklerinin 6nceden belirlenmesi gerekir.

Istenilen &zelliklerde test formu olusturmak dzellikle bilgisayar ortaminda bireye uyarlanmis testler,
bireye uyarlanmis ¢ok asamali testler, kagit-kalem testleri i¢in biiylik Oneme sahiptir. Bireye
uyarlanmus testlerde ayn1 maddeleri ¢ok fazla kisinin almasini engellemek i¢in, birden fazla test formu
olusturmak bir gerekliliktir. Ancak olusturulan test formlarinin birbirine bir¢ok agidan benzer olmasi
bir zorunluluktur. Ornegin birbirine paralel formlar olusturulmak istendiginde test formalarin zorluk
derecesi (kolay, zor form gibi), maddelerin konu alani (dogal sayilar, kiimeler, fonksiyonlar gibi),
formlardaki maddelerin uzunluklar1 (kelime sayisi) birbiriyle ayni veya benzer olmalidir. Bunu
saglama iglemine otomatik test derleme adi verilmektedir.

Otomatik Test Derleme (OTD) ¢ok bilinmeyenli karmasik denklemleri veya kisitlamalar1 ¢6zmek i¢in
kullanilan tamsayi (integer) programlama metodudur. OTD psikometride istenilen kriterlere sahip test
formu olusturmada kullamlmaktadir. Istenilen 6zellik veya kisitlama ile kastedilen drnedin test
formunun zorluk derecesi, maddelerin igerik veya konu alanlari, maddelerin uzunlular olabilir.

Literatiirde otomatik test derleme ile alakali bircok faydali kaynak bulunmaktadir. Wim J. Van der
Linden (2005) tarafindan yazilan kitap bu alandaki en faydali kaynaklarin baginda gelmektedir. Yazar
kitabinda esik-dayanakli ve norm dayanakli test formlarinin nasil olusturuldugunu detaylica
anlatmaktadir. Cor, Alves ve Gierl (2008, 2009) ve Gierl, Daniels ve Zhang (2017) Microsoft Excel’de
istege bagli testlerin nasil hazirlanabilecegini gostermislerdir. Diao ve van der Linden (2011) karmasik
otomatik test derlemenin R’da nasil yapilabilecegini anlatmiglardir. Ancak yazarlar yanlizca {i¢ farkli
problem iizerinde durmus ve sadece bir problem durumuna ait R kodunu okuyucuyla paylasmislardir.

Otomatik test derleme yapmak i¢in kullanilabilecek ¢ok sayida bilgisayar programi bulunmaktadir.
Bunlardan bazilar1 ILOG CPLEX, LINGO 12.0, LPSolve IDE, “IpSolve ve “IpSolveAPI” R paketleri.

Calismanin amact

Bu calismanin amaci, arastirmacilar ve uygulayicilar i¢in farkli kisitlamalar altinda istege bagli test
formlarint nasil olusturabileceklerini gostermektir. Otomatik test derleme hakkinda literatiirde bol
miktarda ¢caligma olmasina ragmen arastirmacilarin kullanabilecegi licretsiz R kodlar1 sinirli miktarda
bulunmaktadir. Calismada birbirinden farkli otuz dokuz farkli problem ic¢in agiklamali R kodu
verilmistir. Kelime sinir1 nedeniyle otuz alti tanesi bu belgede verilmistir. Geriye kalan ti¢ problem
daha karmagik durumlar altinda otomatik test derlemenin nasil ¢oziilebilecegini gostermekte olup, Ek
A’da verilmistir. Ornekler, istenilen kosullar altinda tek bir test formu, coklu test formlar1 ve daha
karmagik test formlart olusturmayi igermektedir. Agiklamali R kodlarinin yani sira her bir problem
icin form bilgi fonksiyonu da verilmistir.

“xxIRT” R Paketi

Bu ¢aligmada, verilen tiim oOrnekleri ¢dozmek igin “xxIRT” R paketi versiyon 2.1.0 (Luo, 2018)
kullanilmistir. Bu paket yeni yayimlanmig olup, OTD problemlerini ¢dzmek icin “lpSolveAPI” R
paketini kullanmaktadir. Paket igerisinde bulunan ve kullanici tarafindan bilinmesi gereken 6nemli
fonksiyonlardan bazilar1 ata, ata_obj relative, ata_obj absolute, ata_constraint, ata_ solve
fonksiyonlaridir.
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Fonksiyon ata kag tane test formu olusturulacagi (6rnegin iki), formun uzunlugu (6rnegin 5 madde)
ve madde havuzu olarak neyi kullanacag bilgilerini kullanarak OTD igin problemi tanimlar. Diger iki
temel fonksiyondan ata_obj_relative fonksiyonu test bilgi fonksiyonunu sabit bir yetenek seviyesi
noktasinda maksimum hale getirirken, ata_obj_absolute ise test bilgi fonksiyonunu bir yetenek
seviyesi araliginda maksimum hale getirir. Test bilgi fonksiyonunun verilen bir yetenek seviyesi
araliginda maksimum hale getirilmesi istendiginde, kullanici tarafindan tanimlanan yetenek araliginin
yant sira, yetenek seviyesi artis miktarlar1 da belirlenebilir. Herhangi bir yetenek seviyesinde veya
yetenek araliginda mutlak test bilgi fonksiyonuna sahip bir test formu olusturulmak istendiginde de
istendiginde ata_obj_absolute fonksiyonu kullanilir. Bu durumda da artis noktalar1 kullanici
tarafindan belirlenebilir. Yetenek seviyesi i¢in sabit bir nokta degil de aralik belirlenmesi durumunda
artis noktalar1 6nemlidir, ¢iinkii bu test bilgisi fonksiyonunun seklini 6nemli dl¢iide degistirebilir.

Daha once tartisildigi gibi, kisitlamalar bir OTD probleminin 6nemli unsurlaridir. Kisitlamalari
olusturmak icin kullanilacak fonksiyon ata_constraint fonksiyonudur. Bu fonksiyon belirtilen
kisitlamayr OTD probleminin modeline ekler. Formdaki konu alanlarindan kacar tane madde
secilecegi, formdaki maddelerin toplam sayilarinin hangi aralikta olacagi gibi bircok kisitlama bu
fonksiyon kullanilarak modele eklenebilir. Tiim kisitlamalar da girildikten sonra OTD modeli ¢6zmek
icin ata_solve fonksiyonu kullanilir. Bu fonksiyon kullanilip, test formlar1 i¢in uygun maddeler
secildikten sonra hangi maddelerin se¢ildigi ve olusturulan formlarin bilgi fonksiyonlarinin grafikleri
de ¢izilebilir. Temel fonksiyonlar veya komutlar hakkinda daha fazla bilgi i¢in “XXIRT” paketine
bagvurabilir. Bu fonksiyonlarinin kullanimi gdsteren agiklamali R kodlar1 asagida vermistir.

Ornek R Kodlart

Caligmada verilen problem durumlarimi ¢6zmek igin Oncelikli olarak 1000 maddeden olusan 3
parametreli madde tepki kuramina gére madde havuzu olusturulmustur. Bununla birlikte her bir madde
icin rastgele a) icerik alani (6rnegin cebirsel ifadeler, sayilar, denklemler gibi), b) kelime sayisi
(6rnegin, her bir madde i¢in 30 ile 150 arasinda degisen) ve c) maddeyi ¢ozmek i¢in gerekli zaman
(6rnegin, her bir madde i¢in 100 saniye ile 400 saniye arasinda) atanmistir. Rastgele atanan bu degerler
problem durumuna bagl olarak ¢éziilmesi istenen otomatik test derleme isleminde kullanilmak i¢indir.

Calismanin ana metninde 12 farkli OTD problemi sunulmus olup, her bir problem 3 farkli durum
altinda ¢6ziilmiistiir. Her bir problemin a sikki sabit bir yetenek seviyesi noktasinda bilgi fonksiyonu
maksimum hale ¢ikarilmak istendiginde, b sikki test bilgi fonksiyonu yetenek seviyesi istenilen
yetenek seviyesi araliginda maksimum hale getirilmek istendiginde, c sikki ise istenilen miktarda test
bilgisi elde edilmek istendiginde OTD’nin nasil ¢6ziilecegini gostermektedir. Caligmada listelenen
toplamda 36 ornek i¢in, simiilasyonla iiretilmis aynt madde havuzu kullanilmistir. Madde sayisi,
madde parametrelerinin dagilimi ve varsayimsal kisitlamalar kullanici tarafindan degistirilebilir.
Asagida her bir problem durumunda ¢oziilen OTD problemindeki test formlarinin ozellikleri
verilmistir.

Problem 1: Herhangi bir kisitlama olmaksizin tek bir test formunun nasil olusturulacagini
gostermektedir. Formda 10 madde yer almaktadir.

Problem 2: Igerik agirliklandirilmasi géz oniinde bulundurularak tek bir test formunun nasil
olusturulacagimi gostermektedir. Test formu i¢in 3 farkli icerikten sirasiyla 2, 3 ve 5 madde olmak
iizere 10 madde se¢ilmistir.

Problem 3: Igerik agirliklandirma ve kelime sayis1 géz &niinde bulundurularak iki farkli kisitlamayla
tek bir test formunun nasil olusturulabilecegini gostermektedir. Test formu igin 3 farkli icerikten
sirasiyla 2, 3 ve 5 madde olmak iizere 10 madde secilmistir. Formdaki maddelerin ortalama kelime
sayisinin 60 ile 70 arasinda olmasi istenmistir.

Problem 4: Icerik agirliklandirma, kelime sayis1 ve zaman goz oniinde bulundurularak ii¢ farkli
kisitlamayla tek bir test formunun nasil olusturulabilecegini gostermektedir. Test formu igin 3 farkli
icerikten sirasiyla 2, 3 ve 5 madde olmak {izere 10 madde segilmistir. Formdaki maddelerin ortalama
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kelime sayisinin 60 ile 70 arasinda olmasi istenmistir. Maddeleri ¢ozmek i¢in gereken ortalama zaman
200 saniye ile 300 saniye arasinda olacak sekilde ayarlanmistir.

Problem 5: Herhangi bir kisitlama olmaksizin esit test uzunluguna sahip iki test formunun nasil
olusturulacagimi gostermektedir. Her iki formda da 10 madde yer almaktadir.

Problem 6: Herhangi bir kisitlama olmaksizin farkli test uzunluguna sahip iki test formunun nasil
olusturulacagini gostermektedir. Birinci form i¢in 5, ikinci form i¢in 8 madde seg¢ilmistir.

Problem 7: Icerik agirliklandirilmas: géz 6niinde bulundurularak esit test uzunluguna sahip iki test
formunun nasil olusturulacagini gdstermektedir. Her iki test formu i¢in 3 farkli igerikten sirasiyla 2, 3
ve 5 madde olmak tizere 10 madde secilmistir.

Problem 8: Igerik agirliklandirilmasi g6z niinde bulundurularak farkli test uzunluguna sahip iki test
formunun nasil olusturulacagini gdstermektedir. Birinci test formu icin {i¢ farkli igerik alanindan
strastyla 1, 2 ve 2 olmak iizere toplam 5 madde, ikinci test formu i¢in ii¢ farkli igerik alanindan sirasiyla
2, 3 ve 3 olmak lizere toplam 8 madde se¢ilmistir.

Problem 9: Igerik agirliklandirma ve kelime sayis1 goz oniinde bulundurularak iki farkli kisitlamayla
esit test uzunluguna sahip iki test formunun nasil olusturulabilecegini gostermektedir. Her iki test
formu i¢in 3 farkli icerikten sirasiyla 2, 3 ve 5 madde olmak iizere 10 madde segilmistir. Formlardaki
maddelerin ortalama kelime sayisinin 60 ile 70 arasinda olmasi istenmistir.

Problem 10: Igerik agirhiklandirma ve kelime sayis1 goz niinde bulundurularak iki farkli kisitlamayla
farkli test uzunluguna sahip iki test formunun nasil olusturulabilecegini gdstermektedir. Birinci test
formu igin {i¢ farkli igerik alanindan sirasiyla 1, 2 ve 2 olmak tizere toplam 5 madde, ikinci test formu
icin Ui¢ farkli i¢erik alanindan sirasiyla 2, 3 ve 3 olmak iizere toplam 8 madde se¢ilmistir. Formlardaki
maddelerin ortalama kelime sayisinin 30 ile 80 arasinda olmas1 istenmistir.

Problem 11: Igerik agirliklandirma, kelime sayis1 ve zaman goz oniinde bulundurularak ii¢ farkli
kisitlamayla esit test uzunluguna sahip iki test formunun nasil olusturulabilecegini gostermektedir. Her
iki test formu i¢in 3 farkli icerikten sirasiyla 2, 3 ve 5 madde olmak iizere 10 madde segilmistir.
Formlardaki maddelerin ortalama kelime sayisinin 60 ile 70 arasinda olmasi istenmistir. Maddeleri
¢ozmek icin gereken ortalama zaman 200 saniye ile 300 saniye arasinda olacak sekilde ayarlanmustir.

Problem 12: Icerik agirliklandirma, kelime sayis1 ve zaman gdz oniinde bulundurularak ii¢ farkl
kisitlamayla farkli test uzunluguna sahip iki test formunun nasil olusturulabilecegini gostermektedir.
Birinci form igin 3 farkli i¢erikten sirasiyla 1, 2 ve 2 olmak tizere toplam 5 madde, ikinci form igin 3
farkli igerikten sirasiyla 2, 3 ve 3 olmak iizere toplam 8 madde segilmistir. Formlardaki maddelerin
ortalama kelime sayisinin 30 ile 80 arasinda olmasi istenmistir. Maddeleri ¢ézmek icin gereken
ortalama zaman 100 saniye ile 400 saniye arasinda olacak sekilde ayarlanmustir.

Onemli Notlar

1. Herhangi bir Otomatik Test derleme probleminin ¢6ziimii madde havuzundaki maddelerin
kalitesine baglidir.

2. Bu calismada simiilasyonla iiretilmis madde havuzu kullanilmistir. Dolayisiyla bir bagkasi
kodlar ¢alistirdiginda ayni sonuglara ulasamayabilir veya daha iyi sonuglar elde edebilir.

3. Bu galigmada test bilgi fonksiyonlarinin hesaplanmasi i¢in 3 parametreli Madde Tepki
Kurami Modeli kullanilmstir. Bir bagkasi istege gore farkli modeller kullanabilir.

4. Calisgmada herhangi bir problemin c¢oziilememesi durumunda asagidaki yontemler
denenebilir. Hala problem yasanmasi durumunda yazar ile irtibata gegmekten
cekinmeyiniz.

a. Simiilasyonla iiretilmis madde havuzu kullanilmissa, madde havuzu tekrardan
iiretilebilir.
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b. Bazi kisitlamalar gevsetilebilir. Oregin yetenek seviyesi araligi daraltilabilir veya
mutlak bir bilgi seviyesi miktari istenildiginde, istenilen bilgi miktar1 azaltilabilir.

€. Bazi durumlarda formlardaki ortak madde olmasina izin verilebilir.

5. Unutulmamalidir ki herhangi bir OTD problemini ¢6zmek belirtilen kisitlamalara baglidir.
Kisitlamalarin zorlugu veya miktari arttikga OTD probleminin ¢oziilme imkani azalir.

6. Bu caligmada gosterim amaciyla igerik agirliklandirma, kelime sayist ve zaman olmak
ltizere varsayimsal kisitlamalar kullanilmigtir. Kullanicilar kendi durumlarma gore farkli
kisitlamalar kullanabilirler.
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Appendix A. Three Complex Examples

Preparing for the analysis

# Do not run!

#Install the “xxIRT” package first
install.packages("xxIRT",repos = "http://cran.us.r-project.org")
require("xxIRT")

# Let’s generate an item pool

set.seed(10)

items=as.data.frame(cbind(

a=runif(1000, 0.5, 1.5), #a parameters from a uniform distribution. #Chan
ge

#accordingly!

b=runif(1000, -2, 2), #b parameters from a uniform distribution. Change
#accordingly!

c=runif(1000, @, 0.20), #c parameters from a uniform distribution. Change
#accordingly!

content=sample(1:3,1000,replace = T), #3 content areas (e.g., algebra,num
bers#equations)

word_count=sample(30:150,1000,replace = T), #assigning random word counts
for #each item.

time=sample(100:400,1000,replace = T))) #assigning random time between fo
r #e#ach item.

#End

# DO NOT RUN
#BUILDING MORE COMPLEX TEST FORMS

#Example 1: maximize the information at the different fixed theta points

#Pulling five sets of item (5 test forms)

#For Form 1 and 2 maximize the information at the fixed theta point of -1
(two easy forms)

#For Form 3 maximize the 1information at the fixed theta point of @ (1 med
ium #form)

#For Form 4 and 5 maximize the information at the fixed theta point of 1
(two #hard forms)

#Test Llength for form 1 and 2 is 10 (2, 3, 5 items from Contents 1, 2 and
3, #respectively)

#Test Length for form 3 is 15 (5, 6, 4 items from Contents 1, 2 and 3,res
pect#ively)

#Test Length for form 4 and 5 is 20 (4, 7, 9 items from Contents 1, 2 and
3, #respectively)

#For Forms 1 and 2, average word count across the items in the forms 1is
#between 30 and 86

#For Form3, average word count across the items in the forms 1is between

# 50 and 96

#For Forms 4 and 5, average word count across the items in the forms 1is
#between 20 and 100

#For Form 1 and 2, the average time to solve the item is between 200 and
250 #seconds

#For Form 3, average time to solve the item is between 200 and 300 second
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s
#For Form 4 and 5, the average time to solve the item is between 200 and
400 #seconds
Ex1l <- ata(items, 5, #building 5 test forms at the same time!
#Change accordingly!
max_use=1) #we don’t want item overlapping!
Exl <- ata_obj_relative(Exl, -1, #fixed theta point for forms 1 and 2.
# Change accordingly!

"max",

forms=c(1,2) #the specified theta point of -1 wa
s
#for both forms 1 and 2 only!
)

Exl <- ata_obj_relative(Exl, 0, #fixed theta point for form 3.
#Change accordingly!

"max",

forms=3 #the specified theta point of 6 was for
both #form 3 only!
)
Ex1l <- ata_obj_relative(Exl, 1, #fixed theta point for forms 4 and 5. Ch
ange #accordingly!

"max",

forms=c(4,5) #the specified theta point of 1 was
for #both forms 4 and 5 only!
)
Ex1l <- ata_constraint(Ex1,1, min=10, max=10@, forms=c(1,2)) #Test LlLength f
or
#forms 1 & 2
Exl <- ata_constraint(Ex1,1, min=15, max=15, forms=3) #Test length for f
orm #3
Ex1l <- ata_constraint(Ex1,1, min=20, max=20, forms=c(4,5)) #Test Length
for #forms 4 & 5
#For forms 1 and 2, specify content distributions for content 1, 2, and 3
J
#respectively.
Ex1l <- ata_constraint(Ex1l, "content", min=2, max=2, level=1,forms=c(1,2))
Ex1l <- ata_constraint(Ex1, "content", min=3, max=3, level=2, forms=c(1,2))
Ex1l <- ata_constraint(Ex1l, "content", min=5, max=5, level=3,forms=c(1,2))
#For form 3, specify content distributions for content 1, 2, and 3,
# respectively.

Ex1l <- ata_constraint(Ex1, "content", min=5, max=5, level=1,forms = 3)
Ex1l <- ata_constraint(Ex1, "content”, min=6, max=6, level=2, forms = 3)
Ex1l <- ata_constraint(Ex1, "content", min=4, max=4, level=3,forms = 3)

#For forms 4 and 5, specify content distributions for content 1, 2, and 3
#respectively.

Ex1l <- ata_constraint(Ex1l, "content", min=4, max=4, level=1,forms=c(4,5))
Ex1l <- ata_constraint(Ex1, "content", min=7, max=7, level=2, forms=c(4,5))
Ex1l <- ata_constraint(Ex1l, "content", min=9, max=9, level=3,forms=c(4,5))
#For forms 1 and 2, specify word counts.

Ex1l <- ata_constraint(Ex1l, "word count", min=30*10, max=80*10,forms=c(1,
2))

#For form 3, specify word counts.
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Ex1l <- ata_constraint(Ex1l, "word_count", min=50*10, max=90*1@,forms=3)
#For forms 4 and 5, specify word counts.

Exl <- ata_constraint(Ex1l, "word count", min=40*10, max=100*10,forms=c(4
»5))

#For forms 1 and 2, specify time as seconds.

Exl <- ata_constraint(Ex1l, "time", min=250*10, max=400*10,forms=c(1,2))
#For form 3, specify time as seconds.

Ex1l <- ata_constraint(Ex1l, "time", min=200%*10, max=300*10,forms=3)

#For forms 4 and 5, specify time as seconds.

Ex1l <- ata_constraint(Ex1, "time", min=200*10, max=400*10,forms=c(4,5))
Ex1l <- ata_solve(Ex1l, as.list=T) # Now, solve the ATA

Exl$items #see selected items

plot(Ex1) # plotting information function

#End

#Example 2: maximize the information at the different theta intervals

#Pulling five sets of item (5 test forms)
#For forms 1 and 2 maximize the information at theta interval of -1.5 to
-0.5
#For form 3 maximize the information at theta interval of @ to 0.5
#For forms 4 and 5 maximize the information at theta interval of 0.5 to 1
0D
#Test Llength for forms 1 and 2 is 10 (2, 3, 5 items from Contents 1, 2 an
d 3, #respectively)
#Test Llength for form 3 is 15 (5, 6, 4 items from Contents 1, 2 and 3,
#respectively)
#Test Llength for forms 4 and 5 is 20 (4, 7, 9 items from Contents 1, 2 an
d 3, #respectively)
#For forms 1 and 2, average word count across the items in the forms 1is
# between 36 and 80
#For form 3, average word count across the items in the forms 1is between
#50 and 90
#For forms 4 and 5, average word count across the items in the forms 1is
#between 20 and 100
#For forms 1 and 2 average time to solve the item is between 200 and 2560
#seconds
#For form 3 average time to solve the item is between 200 and 300 seconds
#For forms 4 and 5 average time to solve the item is between 200 and 460
#seconds
Ex2 <- ata(items, 5, max_use=1)
Ex2 <- ata_obj_relative(Ex2, seq(-1.5, -0.5, 0.10), #theta interval of -
1.5 #to -0.5

"max", flatten=0.50,

forms=c(1,2) #the specified interval 1is for Form
s 1 #and 2. Change accordingly!
)
Ex2 <- ata_obj_relative(Ex2, seq(@, 0.5, 0.10), #theta interval of 0 to
0.5

"max", flatten=0.50,

forms=3) #the specified interval 1is for Form 3.
#Change accordingly!
Ex2 <- ata_obj_relative(Ex2, seq(0.5, 1.5, 0.10), # interval of @ to 1.5
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"max", flatten=0.50,
forms=c(4,5) #the specified interval 1is for Forms 4&5. Change accordingly
!
)
Ex2 <- ata_constraint(Ex2,1, min=10, max=10, forms=c(1,2)) #Test Length f
or
#forms 1 & 2
Ex2 <- ata_constraint(Ex2,1, min=15, max=15, forms=3) #Test length for f
orm 3
Ex2 <- ata_constraint(Ex2,1, min=20, max=20, forms=c(4,5)) #Test Length
for #forms 4 & 5
#For forms 1 and 2, specify content distributions for content 1, 2, and 3
Pl
#respectively.
Ex2 <- ata_constraint(Ex2, "content", min=2, max=2, level=1,forms=c(1,2))
Ex2 <- ata_constraint(Ex2, "content"”, min=3, max=3, level=2, forms=c(1,2))
Ex2 <- ata_constraint(Ex2, "content", min=5, max=5, level=3,forms=c(1,2))
#For form 3, specify content distributions for content 1, 2, and 3,
#respectively.

Ex2 <- ata_constraint(Ex2, "content", min=5, max=5, level=1,forms = 3)
Ex2 <- ata_constraint(Ex2, "content”, min=6, max=6, level=2, forms = 3)
Ex2 <- ata_constraint(Ex2, "content", min=4, max=4, level=3,forms = 3)

#For forms 4 and 5, specify content distributions for content 1, 2, and 3
#respectively.

Ex2 <- ata_constraint(Ex2, "content", min=4, max=4, level=1,forms=c(4,5))
Ex2 <- ata_constraint(Ex2, "content", min=7, max=7, level=2, forms=c(4,5))
Ex2 <- ata_constraint(Ex2, "content", min=9, max=9, level=3,forms=c(4,5))
#For forms 1 and 2, specify word counts.

Ex2 <- ata_constraint(Ex2, "word count", min=30*10, max=80*10,forms=c(1,
2))

#For form 3, specify word counts.

Ex2 <- ata_constraint(Ex2, "word count", min=50%10, max=90*10,forms=3)
#For forms 4 and 5, specify word counts.

Ex2 <- ata_constraint(Ex2, "word count", min=40*10, max=100*10,forms=c(4
»5))

#For forms 1 and 2, specify time as seconds.

Ex2 <- ata_constraint(Ex2, "time", min=250*10, max=400*10,forms=c(1,2))
#For form 3, specify time as seconds.

Ex2 <- ata_constraint(Ex2, "time", min=200*10, max=300*10,forms=3)

#For forms 4 and 5, specify time as seconds.

Ex2 <- ata_constraint(Ex2, "time", min=200%*10, max=400*10,forms=c(4,5))
Ex2 <- ata_solve(Ex2, as.list=T) # Now, solve the ATA

Ex2$items #see selected items

plot(Ex2) # plotting information function

#End

#Example 3: Specifying different absolute amount of information for diffe
rent forms
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# pulling five sets of item (5 test forms)
# for forms 1 and 2 target theta is -1 and target information is 5
# for form 3 target theta is @ and target information is 16
# for forms 4 and 5 target theta is 1 and target information 1is 15
# Test Length for forms 1 and 2 is 10 (2, 3, 5 items from Contents 1, 2 a
nd 3#respectively)
#Test Length for form 3 is 15 (5, 6, 4 items from Contents 1, 2 and 3,
#respectively)
#Test Llength for forms 4 and 5 is 20 (4, 7, 9 items from Contents 1, 2 an
d 3, #respectively)
#For forms 1 and 2, average word count across the items in the forms 1is
#between 30 and 86
#For form 3, average word count across the items in the forms 1is between
50
#and 96
#For forms 4 and 5, average word count across the items in the forms 1is
#between 20 and 100
#For forms 1 and 2 average time to solve the item is between 200 and 250
#seconds
#For form 3 average time to solve the item is between 200 and 300 seconds
#For forms 4 and 5 average time to solve the item is between 200 and 400
theta_targetl=-1 #theta point (or it can be interval) where you want the
#absolute information.
theta_target2=0 #theta point (or it can be interval) where you want the
# absolute information.
theta_target3=1 #theta point (or it can be interval) where you want the a
bsolute information.
tif_targetl= 5 #The amount of information for forms 1 and 2. Change
#accordingly!
tif_target2= 10 #The amount of information for form 3. Change accordingly
!
tif_target3= 15 #The amount of information for forms 4 and 5. Change
#accordingly!
Ex3 <- ata(items, 5, #we are building 5 forms at the same time. Change
#accordingly!

max_use=1) #we don’t want item overlapping. Change accordingly
!

#Specify ATA for forms 1&2

Ex3 <- ata_obj_absolute(Ex3, theta targetl, tif targetl, forms = c(1,2))
#Specify ATA for forms 3
Ex3 <- ata_obj_absolute(Ex3, theta_target2, tif target2, forms = 3)

#Specify ATA for forms 4&5

Ex3 <- ata_obj_absolute(Ex3, theta_target3, tif target3, forms = c(4,5))
Ex3 <- ata_constraint(Ex3,1, min=10, max=10, forms=c(1,2)) #Test length f
orms #1&2

Ex3 <- ata_constraint(Ex3,1, min=15, max=15, forms=3) #Test lLength forms
3

Ex3 <- ata_constraint(Ex3,1, min=20, max=20, forms=c(4,5)) #Test Length
#forms 485

#For forms 1 and 2, specify content distributions for content 1, 2, and 3
J

# respectively.

Ex3 <- ata_constraint(Ex3, "content", min=2, max=2, level=1,forms=c(1,2))
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Ex3 <- ata_constraint(Ex3, "content"”, min=3, max=3, level=2, forms=c(1,2))
Ex3 <- ata_constraint(Ex3, "content", min=5, max=5, level=3,forms=c(1,2))
#For form 3, specify content distributions for content 1, 2, and 3,
#respectively.

Ex3 <- ata_constraint(Ex3, "content", min=5, max=5, level=1,forms = 3)
Ex3 <- ata_constraint(Ex3, "content”, min=6, max=6, level=2, forms = 3)
Ex3 <- ata_constraint(Ex3, "content", min=4, max=4, level=3,forms = 3)

#For forms 4 and 5, specify content distributions for content 1, 2, and 3
)

#respectively.

Ex3 <- ata_constraint(Ex3, "content", min=4, max=4, level=1,forms=c(4,5))
Ex3 <- ata_constraint(Ex3, "content", min=7, max=7, level=2, forms=c(4,5))
Ex3 <- ata_constraint(Ex3, "content", min=9, max=9, level=3,forms=c(4,5))
#For forms 1 and 2, specify word counts.

Ex3 <- ata_constraint(Ex3, "word count", min=30*10, max=80*10,forms=c(1,
2))

#For form 3, specify word counts.

Ex3 <- ata_constraint(Ex3, "word count", min=50*%10, max=90*10,forms=3)
#For forms 4 and 5, specify word counts.

Ex3 <- ata_constraint(Ex3, "word_count", min=40*10, max=100*10,forms=c(4
»5))

#For forms 1 and 2, specify time as seconds.

Ex3 <- ata_constraint(Ex3, "time", min=250*10, max=400*10,forms=c(1,2))
#For form 3, specify time as seconds.

Ex3 <- ata_constraint(Ex3, "time", min=200%*10, max=300*10,forms=3)

#For forms 4 and 5, specify time as seconds.

Ex3 <- ata_constraint(Ex3, "time", min=200*10, max=400*10,forms=c(4,5))
Ex3 <- ata_solve(Ex3, as.list=T) #Now, Llet’s solve the ATA!

Ex3$items #see selected items

plot(Ex3) # plotting information function

# END OF THE CODE #
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Figure A. 1. Plots for the solutions in Examples from 1 to 3.
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Abstract

ANOVA and MANOVA address different research questions and decision on conducting one or the other of
these tests relies on the research purpose. One prominent illegitimate analysis of multivariate data is developed
out of conducting multiple ANOVAs rather than conducting a MANOVA. Another common mistake about
MANOVA applications is the use of improper post hoc procedure. Post hoc procedures are needed to determine
why the null hypothesis was rejected. Although the correct post hoc procedure for MANOVA is descriptive
discriminant analysis (DDA), many researchers fail to conduct DDA to interpret their MANOVA results. The
purpose of this study is two-fold; (1) we aim to emphasize the theory behind the MANOVA and its appropriate
post hoc procedure and make clear distinction between surrogate statistical procedures such as ANOVA; and (2)
this study also investigates the extent of incorrect analysis of multivariate dependent variables in educational
research in Turkey. First, we provided a small simulation study to demonstrate the extent to which multiple
ANOVAs yields contradictory results when they are inadvertently used to test group mean differences on
multiple dependent variables. Results of the simulations indicated that MANOVA and multiple ANOVAs had
severe disagreements under many conditions. Disagreement rate is elevated under the conditions where
MANOVA retains the null hypothesis. Then, we systematically reviewed the archives of three education
journals, which are classified as higher-, medium, and lower quality journals. Results indicated that correct use
of MANOVA with its proper post hoc procedure is not common practice across educational researchers who
publish in Turkish education journals.

Key Words: Multivariate data analysis, multivariate dependent variable, ANOVA, MANOVA.

INTRODUCTION

Univariate and multivariate data analysis are the two distinct statistical approaches. Univariate analysis
involves only one variable at a time while two or more variables are involved in multivariate analysis.
The analysis on group mean differences on a single outcome variable is referred to as Analysis of
Variance (ANOVA); yet when multiple outcome variables are involved, we speak of Multivariate
Analysis of Variance (MANOVA) (Fish, 1988; Stevens, 2002). Primary purpose of conducting both
analyses is to determine treatment variable effect. MANOVA can be considered as a more general
procedure of ANOVA. Although MANOVA is the most commonly used multivariate data analysis
procedure (Kieffer, Reese & Thompson, 2001; Zientek & Thompson, 2009); literature indicates that
MANOVA and its accompanying post hoc procedures are not properly understood by a considerable
amount of social science researchers (Tonidandel & LeBreton, 2013; Warne, 2014; Warne, Lazo,
Ramos & Ritter, 2012).

* Preliminary results of this work were presented at the 27t International Conference on Educational Sciences, Antalya,
Turkey 2016.

** Assist. Prof., Burdur Mehmet Akif Ersoy University, Faculty of Education, Burdur-Turkey, lokmanakbay@gmail.com,
ORCID ID: 0000-0003-4026-5241

*** PhD., Burdur Mehmet Akif Ersoy University, Faculty of Education, Burdur-Turkey, tuncerakbay@mehmetakif.edu.tr,
ORCID ID: 0000-0003-3938-1026

**xx Assist. Prof. Burdur Mehmet Akif Ersoy University, Faculty of Education, Burdur-Turkey, oerol@mehmetakif.edu.tr,
ORCID ID: 0000-0002-9920-5211

**xxk  Assist.  Prof., Burdur Mehmet Akif Ersoy University, Faculty of Education, Burdur-Turkey,
mkilinc@mehmetakif.edu.tr, ORCID ID: 0000-0002-2759-4916

To cite this article:
Akbay, L., Akbay, T, Ero], O., & Kiling, M. (2019). Inadvertent use of ANOVA in educational research: ANOVA is not a
surrogate for MANOVA. Journal of Measurement and Evaluation in Education and Psychology, 10(3), 302-314. doi:
10.21031/epod.524511
Received: 08.02.2019
Accepted: 30.05.2019



Akbay, L., Akbay, T., Erol, O., Kilin¢, M. / Inadvertent Use of ANOVA in Educational Research: ANOVA is not A
Surrogate for MANOVA

ANOVA and MANOVA address different research questions so that decision on conducting one or
the other of these analyses must be determined by the purpose of the research. One prominent
inadvertent analysis of multivariate data is derived from conducting multiple ANOVAs rather than
conducting a MANOVA. Conducting multiple ANOVAs fundamentally differs from MANOVA in
two ways: (1) Multiple ANOVAS yield increase in the likelihood of committing Type | error. In a
series of ANOVA, experiment-wise error can be as high as 1-(1-a)!, where o is the Type I error rate
and t is the number of ANOVAs conducted. For instance, the experiment-wise error will be .185 (i.e.,
1-(1-.05)%) for o = .05 and t = 4. Of course, this is the extreme case where dependent variables are
uncorrelated. It should be noted that Type I error rate inflation depends on the correlation between the
dependent variables (Hummel & Sligo, 1971). Therefore, Bonferroni correction (i.e., o/t) cannot
overcome this problem unless dependent variables are truly uncorrelated.

Second fundamental difference (2) relies on the fact that ANOVA and MANOVA tend to answer to
distinct empirical questions. Former statistical procedure is used to test the group mean differences on
an observed variable, whereas the latter is used to test the group mean differences on underlying latent
variables (Zientek & Thompson, 2009). Multiple ANOVAs fail to determine relationship between the
independent variable(s) and combination of dependent variables (Warne, 2014). Notice that we are not
interested in the possible group mean differenced on indicators (i.e., observed variables) of a latent
dependent variable; yet we would like to detect the group mean difference on the latent variable that
may be determined by a linear combination of the indicator variables. For example, from the statistical
point of view, there might be no statistically significant difference in each of the dependent variables,
yet a significant difference might be suggested by combination of them.

Another common mistake that is made in conducting MANOVA is related to use of improper post hoc
procedure. Post hoc procedures are generally needed when the null hypothesis (Ho) is rejected in
MANOVA (Stevens, 2002) to determine why the Ho was rejected. Although the proper post hoc
procedure for MANOVA is descriptive discriminant analysis (DDA) (Warne, 2014), most researchers
do not conduct DDA to interpret their MANOVA results (Huberty & Morris, 1989; Warne et al.,
2012). This is mainly because many researchers use SPSS for MANOVA and it automatically conducts
an ANOVA for each dependent variable. However, some researchers claim that because ANOVA is
only concerned with observed variable, use of ANOVA as a follow-up procedure to significant
MANOVA result is against the nature of MANOVA (Kieffer et al., 2001; Zientek & Thompson, 2009).
Underlying rationale to this claim relies on the difference in the empirical questions ANOVA and
MANOVA are exposed to (i.e., ANOVA tests the mean differences on the observed variable whereas
MANOVA tests the mean differences on the underlying latent variables).

Purpose of the Study

The purpose of this study is two-fold. (1) We aim to emphasize the theory behind the MANOVA and
its appropriate post hoc procedure (i.e., DDA) and make clear distinction between surrogate statistical
procedures such as ANOVA. (2) This study also investigates the extent of inadvertent analysis of
multivariate dependent variables in educational research in Turkey. In other words, this study aims to
determine to the extent to which educational researchers conduct MANOVA when it is the most
appropriate way of analyzing the data to answer their empirical question.

Univariate and Multivariate Hypothesis Testing

To find out whether the mean score on a dependent variable is equal across two or more groups,
ANOVA test is conducted and an F-statistic is computed. To test the null hypothesis (i.e., group means
are equal) observed F-statistic compared against the sampling distribution. The null hypothesis is
rejected when observed statistic fall beyond a predetermined critical value; otherwise the null
hypothesis is retained. When multiple dependent variables are employed in the analysis, each of them
may or may not fall in the rejection region. Furthermore, linear combinations of the dependent
variables may or may not fall in the rejection region. Imagine a case where two perfectly uncorrelated
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dependent variables are tested; as can be seen in Figure 1, rejection region becomes the outside of the
circle. Further assume that these two uncorrelated observed dependent variables equally contribute to
the underlying latent variable. Then one of the four possible cases may be observed.

Figure 1. Possible Hypothesis Testing Results for Two Perfectly Uncorrelated Dependent Variables

In the first case, both of the observed variables (i.e., x and y) and the latent variable (i.e., A) do not fall
outside the circle so that all of the hypotheses testing the group mean differences in the observed and
latent variables are retained. In other words, neither the ANOVAs nor the MANOVA suggest any
significant difference. In the second case (i.e., latent variable B), although both ANOV As fail to reject
the null hypotheses, MANOVA rejects the null hypothesis. In case of latent variable C, MANOVA
and ANOVA testing the difference on observed variable x yield significant difference; whereas
ANOVA for the observed variable y suggests no significant difference. In the last case, all tests reject
the null hypotheses. As shown in the Figure 1, MANOVA and multiple ANOVASs may result in
contradicting results.

When a MANOVA test result rejects the null hypothesis of equality of group means we need to go
ahead and identify how one or more groups of observations differ by interrelated multiple dependent
variables. Difference can be in anywhere: in one variable or in a combination of multiple variables.
DDA should be run to find the source of the difference. Although we have no intention to explain
DDA in details, several reminders might be noted here. DDA provides us with discriminant functions,
which are created by the linear combination of the dependent variables to maximize group differences
(Sherry, 2006). DDA treats outcome variables as the linear combination of the dependent variables
that maximizes group differences. DDA, in general, help us determine how much each of the
dependent variable contribute to group difference on the outcome variable.

METHOD

This study can be regarded a documentary survey, which is a type of survey research under the
descriptive research method. Documentary surveys are akin to content analysis or document analysis.
The term content analysis is used to define the process of summarizing and reporting written data
(Cohen, Manion & Morrison, 2002). Document analysis is defined as a systematic procedure for
evaluating or reviewing printed and/or electronic materials (Bowen, 2009). With this documentary
survey, we aim to ascertain whether use of MANOVA with its proper post hoc procedure is common
practice across educational researchers who publish in Turkish education journals.
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Data Collection Procedure

We have obtained our data through screening the archives of three education journals. We specifically
reviewed all issues published in these journals in the last four years (i.e., 2015-2018). These three
journals may represent the higher, medium, and lower quality journals based on where they are
indexed. Based on our classification, Thompson Reuters Social Sciences Citation Index indexes the
higher quality journal. The medium and lower quality journals are indexed by the Thompson Reuters
Emerging Sources Citation index and ULAKBIM Social and Human Sciences Database (Sosyal ve
Beseri Bilimler Veri Tabani), respectively. Detailed information on the journals may be provided upon
request.

Researchers reviewed the articles published in these three Turkish education journals and reported the
counts as well as the type of analyses used to test intervention effect or group mean differences in
multiple outcome variables. Furthermore, counts and the types of post-hoc procedures are also
reported. We considered the following types of multivariate dependent variable analyses:

1. Use of MANOVA to test group mean differences in multivariate data

» followed by DDA

» followed by ANOVA

« followed by other procedures or no post hoc
2. Use of ANOVA with sum scores to test group mean difference in multivariate data
3. Use of multiple ANOVAsS to test group mean difference in multivariate data

Moreover, we provided a small simulation study to demonstrate the extent to which multiple ANOVAs
yields incorrect results when they are inadvertently used to test group mean differences on multiple
dependent variables. This simulation is also designed to determine to what extent the results of multiple
ANOVAs agree to the results obtained from MANOVA. For the simulation conditions, data were
generated from a standard multivariate normal distribution. Sample size is fixed to 100 for each group.
Number of groups and number of dependent variables are fixed to two, and three, respectively.
Correlation between the dependent variables, difference in the population means, and distribution
variance are the three variables considered to create the simulation conditions. Correlation had two
levels, which specifies lower- and higher-correlation conditions. More specifically, in lower
correlation condition, the correlations between the dependent variables are drawn from a uniform
distribution with minimum of .2 and maximum of .4. Likewise, correlations for the higher correlation
condition are drawn from a uniform distribution with minimum value of .6 and maximum value of .8.
Note that the mean of these distributions (i.e, .3 and .7) are the cutoff scores for describing the
magnitude of a relationship in social sciences. As argued by Koklii, Biiyiikoztiirk and Cokluk (2007),
a correlation coefficient smaller than .3 represent a low relationship and one larger than .7 represents
a high relationship.

Table 1. Variables Used in Simulation

Corr Ap )

Lower = U(.2, .4) Small = 0.2 standard deviation Lower = .5

Higher = U(.6, .8) Medium = 0.4 standard deviation Medium =1.0
Large = 0.6 standard deviation Higher = 1.5

Note: Corr is the correlations between the dependent variables; Ap is the population mean differences; 672 is the distribution
variance.

Population mean difference had three levels, which are labeled as small-, medium-, and large-
difference conditions. These three levels were fixed to 0.2, 0.4, and 0.6 standard deviations. Here we
have no intention to define what is a small or a large difference is; rather, we are just using these
arbitrary differences to demonstrate the impact of the size of mean differences. More specifically, one
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group is generated from a multivariate normal distribution MVN(0,X), where X is the variance-
covariance matrix determined by the variance of and correlations specified for each conditions. Then,
0.2, 0.4, or 0.6 is added to the mean vector of the second group for the small, medium, and large mean
difference conditions, respectively. Last variable is the distribution variance for which 0.5, 1.0, and
1.5 were used to represent lower-, medium-, and higher-variance conditions. These three variables and
their levels are summarized in Table 1. Combination of two correlation levels, three mean difference
levels, and three variance levels yield 18 conditions. Number of replication for each condition is fixed
to 500.

Table 2. The Extent to which Multiple ANOVAs are in Conformity with MANOVA

MANOVA ANOVAs MANOVA ANOVAS
Corr Ap c> p=>.05 p>.05 p<.05 p<.05 p<.05 p=>.05
Lower Small Lower .368 174 194 .632 .632 .000
Medium 676 .456 220 324 322 .002
Higher 796 .558 .238 204 .202 .002
Medium Lower .004 .002 .002 .996 .996 .000
Medium .108 .026 .082 .892 .892 .000
Higher .258 116 142 742 142 .000
Large Lower .000 .000 .000 1.000 1.000 .000
Medium .000 .000 .000 1.000 1.000 .000
Higher .024 .000 .024 .976 .976 .000
Higher Small Lower .566 .322 244 434 432 .002
Medium .798 .564 234 .202 196 .006
Higher .828 .626 .202 172 .166 .006
Medium Lower .032 .006 .026 .968 .968 .000
Medium .236 .056 .180 764 764 .000
Higher 446 .188 .258 .554 .554 .000
Large Lower .000 .000 .000 1.000 1.000 .000
Medium .016 .002 .014 .984 .984 .000
Higher .096 .026 .070 .904 .904 .000

Note: Corr is the correlations between the dependent variables; Ap is the population mean differences; 6?2 is the distribution
variance; and p is the type | error rate of the test.

RESULTS

Simulation Results

Data generation and the analyses of the generated data are conducted in R language and statistical
computing environment (R core team) using R-package “MASS” (Venables & Ripley, 2002). R code
used for data generation and analyses is given in the Appendix A. Simulation results are summarized
in Tables 2 and 3. These tables present the conformity on test results of MANOVA and multiple
ANOVAs without and with Bonferroni correction, respectively. It should be noted here that, under the
(multiple) ANOVAs condition, retain refers to the conditions where all three tests corresponding to
three dependent variables are retained; whereas, reject refers to the conditions where at least one
hypothesis out of the three is rejected. In the MANOVA tests, we used the Pillai’s trace as rejection
criterion because it is more robust to MANOVA violation of test assumptions (Olson, 1974).

First of all, result tables present two expected results: (1) Increase in the sample variance yields
increase in the number of retained null hypotheses when the mean difference is tested by either
multiple ANOVAs or by a MANOVA. For example, under the lower correlation and small mean
difference cases, MANOVA retains about 37% to 80% of the null hypothesis as the variance increases
from 0.5 to 1.5. Similarly, when we conduct multiple ANOVAs without Bonferroni correction,
approximately 17% to 56% of the null hypotheses are retained as the sample variance increases from
0.5 to 1.5. Under the same conditions, when we conduct multiple ANOVAs with Bonforreni
correction, these percentages become 34% (i.e., .318+.022) to 77% (i.e., .750+.016).
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Table 3. The Extent to which Multiple Bonferroni Corrected ANOVAs Agree with MANOVA

MANOVA ANOVAs MANOVA ANOVAs
Corr Ap o? p=>.05 p=>.0167 p<.0167 p <.05 p<.0167 p=>.0167
Lower Small Lower .368 .318 .050 .632 .610 .022
Medium .676 .634 .042 .324 .290 .034
Higher .796 .750 .046 .204 .188 .016
Medium Lower .004 .002 .002 .996 .996 .000
Medium .108 .088 .020 .892 .876 .016
Higher .258 .228 .030 742 710 .032
Large Lower .000 .000 .000 1.000 1.000 .000
Medium .024 .000 .000 1.000 1.000 .000
Higher .024 .020 .004 .976 .976 .000
Higher  Small Lower .566 458 .108 434 424 .010
Medium .798 724 .074 .202 .180 .022
Higher .828 .766 .062 172 .154 .018
Medium Lower .032 .020 .012 .968 .966 .002
Medium .236 152 .084 764 758 .006
Higher 446 .340 .106 .554 .548 .006
Large Lower .000 .000 .000 1.000 1.000 .000
Medium .016 .008 .008 .984 .982 .002
Higher .096 .060 .036 .904 .902 .002

Note: Corr is the correlations between the dependent variables; Ap is the population mean differences;o? is the distribution
variance; and p is the type | error rate of the test.

Another expected result is (2) the increase in the rejection rates of the tests along with the increase in
the sample mean differences. For example, under the lower correlation and higher variance conditions,
rejection rates of MANOVA varied from .204 to .976 as the sample mean differences increases from
0.2 standard deviation to 0.6 standard deviation. Rejection rates of multiple ANOVAs without
Bonferroni correction vary between .440 (i.e., .238+.202) to 1.000 (i.e., .024+.976) for the same
conditions. When ANOVAs are conducted with Bonferroni correction, rejection rates of multiple
ANOVAs vary between .234 (i.e., .046+.188) t0.980 (i.e., .004+.976). Although these are the expected
results, we are more interested in the agreement between the MANOVA and multiple ANOVAS in
terms of hypothesis test results. Remember that this simulation study only considers the similarity of
the test results from a statistical point of view. We do not have any intention to downgrade the
importance of theoretical considerations on choosing one or the other analysis.

When we look at the results obtained under lower and higher correlation conditions, MANOVA tend
to fail to reject the null hypothesis as the correlation between the dependent variables increases. For
example, when sample variance is higher and correlation between the dependent variables is lower,
MANOVA retains the null hypothesis .796, .258, and .024 of the time for the small-, medium-, and
large mean difference cases; whereas these rates rise up to .828, .446, and .096 under the higher
correlation cases. As long as the simulation results concerned, we are mainly interested in the
agreement rates of the two types of dependent variable analysis results. Looking at the retain rates, we
observed a great quantity of disagreement under certain conditions. For instance, MANOVA retains
the null hypotheses with a rate of .368 (i.e., 184 out of 500) under the lower correlation, small mean
difference, and lower sample variance case. Multiple ANOVAs, however, only retain 87 out of the
184 null hypotheses, which are already retained by MANOVA (i.e., agreement on retaining the null
hypotheses is .174). When Bonferroni correction is applied to ANOVA tests, this agreement rate is
reported to be 159 out of 184 times (i.e., .318).

Tables 2 and 3 suggest that multiple ANOVAs procedure rejects a great deal of the null hypotheses
that are already rejected by MANOVA. The highest disagreement rates for the ANOVAs are observed
under small mean difference cases when Bonferroni correction is applied to ANOVAs (i.e., up to .034
and .022 under the lower and higher correlation conditions, respectively). In general, these results
indicate that application of multiple ANOVAs rather than a single MANOVA vyields higher rejection
rates.
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Results on Document Analysis
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Figure 2. Flow Chart Used to Categorize the Reviewed Research.

We have gathered our archival data by screening the archives of three education journals (e.g., higher,
medium, and lower quality). We have found 144 studies investigating the mean difference of
multivariate dependent variables as we have viewed a total of 767 articles. We looked at the data
analysis technique used for testing the group mean differences. To categorize reviewed works, we
have used the flow chart given in Figure 2. In our archival survey, we have come across multiple t-
tests applied to test the mean differences across two groups on multiple dependent variables. These
studies were counted toward multiple ANOVAs category.

Table 4. Results on The Archival Survey

Journal Number  Multivariate Sum Multiole
Quality Years of Mean MANOVA Score AN 0\5) As
Articles Difference ANOVA
No No Post
post hoc ANOVA DDA post hoc hoc
HQ-J 2015 88 15 1 3 0 5 6 0
2016 62 11 1 1 0 1 7 1
2017 80 14 2 2 0 6 4 0
2018 60 11 0 0 0 2 9 0
MQ-J 2015 61 13 0 2 0 4 7 0
2016 50 12 1 2 0 2 7 0
2017 60 3 0 0 0 0 3 0
2018 45 10 0 2 0 4 4 0
LQ-J 2015 38 12 0 1 0 3 10 0
2016 65 11 0 0 0 5 5 0
2017 76 18 0 0 0 6 10 0
2018 82 14 0 1 0 4 9 0
All-3-J 15-18 767 144 5 14 0 42 81 1

Note: HQ-J = higher quality journal; MQ-J = medium quality journal; LQ-J = lower quality journal; All-3-J = all three
journals.
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Results on the archival survey are summarized in Table 4. Rate of articles investigating treatment
variable effect on the multivariate variables are about 18% (i.e., 51/290 and 38/216) for the higher and
medium quality journals, while this rate is slightly higher for the lower quality journal (i.e., 21% or
55/261). Rate of MANOVA test use for detecting treatment effect is quite low: 10/51; 7/38; and 2/55
for the higher, medium, and lower quality journal publications, respectively. Although the maximum
number of studies investigating mean differences on multivariate data is reported to be published in
the lower quality journal, use of MANOVA to test the mean difference is only about 4% (i.e., 2 out of
55). Within the rare use of MANOVA, employment of ANOVA as post hoc tests is quite common
(i.e., 14 out of 19). This may be mainly due to the fact that ANOVA tests are readily available when
MANOVA test is run by the statistical package for the social sciences (SPSS). Moreover, although the
most accurate inferences can be made when DDA is run as a follow up test for MANOVA, we have
not come across any study that used DDA to interpret MANOVA results.

It is obvious from the results summarized in Table 4 that many researchers do not use MANOVA
when it is the most appropriate way to test effect of independent variable(s) on the multivariate
dependent variables. Rather than using MANOVA, many educational researchers who published in
Turkish educational journals run a single ANOVA on the sum score obtained from multivariate
dependent variables or they run multiple ANOVAs to test the effect on each of the dependent variables
separately. Figure 3 displays these results based on the three types of journals as well as the results
obtained from all three journals altogether. This figure shows that employment of MANOVA is quite
rare across all, especially for the lower, quality journal publications. At least more than half of the
studies run multiple ANOVAs rather than running a single MANOVA to test group mean differences
on the multivariate dependent variables. Furthermore, approximately 30% of the studies used a single
ANOVA test on a dependent variable, which is obtained by summing all the scores on multiple
dependent variables.

Testing Practice of Multivariate Mean Difference

80%
70%
60%
50%
40%
30%
20%
10%

0%

OHQ-J
MQ-J
@LQ-J
BAII-J

MANOVA Sum Score Multiple ANOVAS
ANOVA

Figure 3. Rate of Analyses Used to Test Multivariate Mean Differences.

DISCUSSION and CONCLUSION

Primary purpose of conducting univariate or multivariate analysis of variance is to determine treatment
variable effects. Although MANOVA can be considered as a more general procedure of ANOVA, it
is not just a statistical extension of ANOVA because they address different research questions.
ANOVA is used to test the group mean differences on an observed variable whereas MANOVA is
used to test the group difference on an underlying latent variables. By conducting a MANOVA we
basically test the group mean differences on a linear combination of the dependent variables. Because
we are not interested in the mean difference of any single dependent variable when we conduct
MANOVA, conducting multiple ANOVAs (i.e., an ANOVA for each dependent variable) would not
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be the same as conducting a single MANOVA. To do so would not address the empirical questions
researchers begins with and yield different statistical test results.

With this study, we aimed to emphasize the theory behind the MANOVA and to make clear distinction
between surrogate statistical procedures such as ANOVA. We not only focused on the theoretical
difference between the two; through a small simulation study, we also demonstrated the discrepancy
between obtained statistical test results. Then, we further investigated the extent of incorrect analysis
of multivariate data in educational studies that are published in Turkish education journals. We
specifically focused on the analysis of multivariate data for treatment variable effects and the post hoc
procedures used for follow up. Results indicated that correct use of MANOVA with its proper post
hoc procedure is not common practice across educational researchers who publish in Turkish education
journals.

Although the courses given in the graduate level include the analysis of multivariate data, it is observed
that, at least in case of MANOVA, the areas of application are not properly understood. The underlying
reason for this may be the presentation of practical information on how to analyze data at hand with
specific statistical package programs (eg., SPSS) rather than presentation of the theoretical background
of these statistical data analysis technigques. In order to eliminate such deficiencies and
misunderstandings of individuals who are conducting research in education, it is useful to take steps
to gain theoretical knowledge on the basis of statistical analysis in the graduate education programs.
We also suggest researchers to co-operate with the experts of the related fields if they deem necessary.
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ANOVA’nin Egitim Arastirmalarinda Dikkatsizce Kullanima:
ANOVA, MANOVA i¢in Yer Tutucu Degildir

Girig

Tek degiskenli varyans analizi (ANOVA) ve cok degiskenli varyans analizi (MANOVA) farkli
arastirma sorularina cevap arayan iki farkli istatistiksel yontemdir. Bu ikisi arasindaki se¢im
aragtirmanin amacina bagl olarak yapilir; tek bir bagimli degisken i¢in gruplar arasi fark bakilirken
ANOVA, birden fazla bagimli degisken icin gruplar arasi fark bakilirken MANOVA’dan
bahsediyoruzdur (Fish, 1988; Stevens, 2002). MANOVA istatistiksel olarak ANOVA’nin daha genel
bir prosediirii olarak diistiniilebilir,. MANOVA en sik kullanilan ¢ok degiskenli data analiz
prosediirlerinden biri olsa da (Kieffer, Reese & Thompson, 2001; Zientek & Thompson, 2009); alan
yazin incelendiginde bu prosediir ve analize eslik etmesi gereken dogru post hoc prosediiriiniin

azimsanmayacak sayida sosyal bilimler aragtirmacisi tarafindan dogru anlasilmadig goriilmektedir
(Tonidandel & LeBreton, 2013; Warne, 2014; Warne, Lazo, Ramos & Ritter, 2012).

MANOVA testinin kullanilmas1 gereken yerlerde en sik karsimiza ¢ikan yanlis kullanim her bir
bagimli degiskeni ayr1 ayri test eden ANOVA testleri serisinin tercih edilmesidir. Ancak, birden fazla
ANOVA testinin uygulanmasi bir tetk MANOVA testinin uygulanmasindan iki sekilde farklilik arz
eder: (1) birden fazla ANOVA uygulamasi birinci tip hatasinin yapilma olasiligini artirir. Bu hatanin
artis oran1 bagiml degiskenler arasindaki korelasyonun biiyiikliigli ile degismekte olup kolayca
kontrol altina alinamaz. Tamamen bagimsiz yani korelasyonun sifir oldugu durumlar i¢in Bonferroni
diizeltmesi uygulamak bu hata oraninin ancak kontrol altina alinmasini saglayabilir (Hummel & Sligo,
1971) ki sosyal bilimlerdeki ¢coklu bagimsiz degiskenler arasindaki korelasyonun sifir oldugu durum
(eger varsa) siirlidir.

Coklu ANOVA ve MANOVA arasindaki ikinci temel fark ise (2) bu testlerin farkli ampirik sorulara
cevap verebilir olmasiyla ilgilidir. ANOVA gozlenen degiskenlerden elde edilen veriler igin uygun bir
test iken; MANOVA gozlenmeyen (gizil) degiskenler lizerinden gruplar arasi farklilik olup olmadigini
anlamak icin yapilabilecek uygun bir testtir (Zientek & Thompson, 2009). Birden fazla ANOVA
testinden elde edilen sonuglar bagimsiz degisken(ler) ile bagimli degiskenlerin kombinasyonu arasinda
anlaml bir iliski olup olmadigmi test etmede yetersiz kalir (Warne, 2014). MANOVA testinin
kullaniminda arastirmacilar gézlenmeyen degiskenlerin gdzlenen gosterge (indicator) degiskenleri
acisindan gruplar arasinda fark olup olmadigimmi degil, bu gosterge degiskenlerin lineer bir
kombinasyonundan olusan gbzlenemeyen degisken agisindan gruplar arasinda anlamli bir farklilik
olup olmadigin1 arastirmaktadir.

MANOVA yerine yanlislikla ANOVA kullaniminin bir diger sekli ise bagimli degiskenlerden elde
edilen skorlarin toplam {izerinden bir tek ANOVA testinin yapilmasidir. Bu ¢alismanin iki temel
amaci vardir. (1) MANOVA’nin ve devaminda uygulanmasi gereken post hoc testinin alt yapisini
olusturan teoriyi vurgulayarak ANOV A ve MANOV A arasindaki farkliliklarin anlagilmasina yardimci
olmak; (2) Tiirkiye’de yayimlanan egitim dergilerinde basilmis makalelerde MANOVA testinin ve
dogru post hoc testinin kullanilmasi gerektigi durumlarda bunlarin kullanilmig olma oranini ortaya
koymaktir.

Yontem

Caligmanin yontemi betimsel arastirma yontemlerinden dokiiman analizidir. Dokiiman analizi igerik
analizine yakin bir veri analizi yontemidir. Bu yontem basili ya da elektronik materyallerin sistematik
bir sekilde incelenmesinin ve degerlendirilmesinin yapilmasi seklinde tanimlanabilir (Bowen, 2009).
Bu dokiiman analiziyle arastirmacilar, Tiirkiye’de yayin yapan egitim dergilerinde basilmis
makalelerde, MANOV A testinin ne dl¢iide dogru kullanildiginin tespitini yapmay1 amaglamaktadirlar.
Ug egitim dergisinin arsivlerinden son dért yilda (2015-2018) yaymnlanan tiim sayilar1 incelemek
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kaydiyla veriler elde edilmistir. Bu {i¢ dergi, endekslendikleri yerlere gore yiiksek, orta ve diisiik
kaliteli dergileri temsil edecek sekilde segilmistir. Bu siniflandirma dergilerin tarandiklar1 veri
tabanlar1 géz tintinde bulundurularak yapilmistir (6r. Thompson Reuters Sosyal Bilimler Atif Dizini
yiiksek kaliteli dergiyi endekslemektedir). Arastirmacilar bu li¢ Tiirk egitim dergisinde yayinlanan
makaleleri incelemis ¢ok degiskenli bagimli degisken ile bagimsiz degisken(ler) arasindaki iliskiye
bagh olarak gruplar arasi anlamli farkliliklari test etmek i¢in kullanilan analiz tiirlerini
raporlagtirmiglardir.

Tablo 1. Similasyonda Manipiile Edilen Degiskenler

Corr Ap o?

Disiik = U(.2, .4) Kiigiik = 0.2 standart sapma Diisiik =.5

Yiiksek = U(.6, .8) Orta = 0.4 standart sapma Orta=1.0
Biiyiik = 0.6 standart sapma Yiiksek = 1.5

Not: Corr, bagiml1 degiskenler arasindaki Korelasyon; Ap, popiilasyon ortalamalarindaki fark; o2, dagilimlarin varyanst.

Ayrica, coklu ANOVA’larmm yanliglikla ¢ok degiskenli bagimli degiskenler tizerindeki grup ortalama
farklarini test etmek i¢in kullanildiginda istatistiksel olarak ne 6l¢iide tutarli sonuglar verdigini
gosteren kiigiik bir simiilasyon caligmasi yaptik. Simiilasyon kosullar1 i¢in, standart ¢ok degiskenli
normal dagilimdan veriler iiretilmistir. Orneklem biiyiikliigii her grup icin 100’e sabitlenmistir. Grup
sayist ve bagimli degisken sayisi sirastyla iki ve iice sabitlenmistir. Bagimli degiskenler arasindaki
korelasyon, popiilasyon ortalamalar1 arasindaki fark ve dagilim varyansi, simiilasyon kosullarim
olusturmak i¢in manipiile edilen degiskenlerdir. Bu ii¢ degisken ve degiskenlerin diizeyleri Tablo 1°de
ozetlenmistir. Iki korelasyon diizeyi, ii¢ ortalama fark diizeyi ve {i¢ varyans diizeyinin
caprazlanmasiyla toplam 18 simiilasyon durumu olusturulmustur. Her durum i¢in replikasyon sayisi
500 olarak belirlenmistir.

Sonuc ve Tartisma

Diisiik ve yiiksek korelasyon kosullar1 altinda elde edilen simiilasyon sonuglarina baktigimizda,
MANOVA bagimli degiskenler arasindaki korelasyon arttikca yokluk hipotezini daha siklikla
reddetme egilimindedir. Bu simiilasyon sonugclari i¢inden biz bagimli degisken analizinde kullanilan
iki tiir testin (MANOV A ve Coklu ANOVA) sonucunun mutabakat oranlartyla daha ¢ok ilgileniyoruz.
Mutabakat oranlarina bakildiginda, belirli kosullar altinda biiyiilk miktarda anlagsmazlik oldugunu
gdzlemleyebiliriz. Ornegin, MANOVA yokluk hipotezini diisiik korelasyon, kiigiik popiilasyon
ortalama farki ve diisiik dagilim varyansi durumunda .368 oraninda reddedemektedir. Bununla birlikte,
coklu ANOVA’lar, reddedilemeyen yokluk hipotezlerinin en az yarisini reddetmektedir. Bonferroni
diizeltmesi ANOVA testlerine uygulandiginda, MANOVA ve ¢oklu ANOVA arasindaki yokluk
hipotezlerini reddedememe mutabakatlariin oldukga yiikseldigi gézlenmistir. Simiilasyon sonuglar
coklu ANOVA ve MANOVA’nin yokluk hipotezini reddetme mutabakatlarmin oldukca yiiksek
oldugu sonucunu ortaya koymaktadir. Birkag istisna disinda, iic ANOVA’dan en az biri, MANOVA
tarafindan zaten reddedilmis yokluk hipotezlerini reddetmektedir. Genel olarak, bu sonuglar tek bir
MANOVA yerine birden fazla ANOVA uygulamasinin daha yiiksek oranda yokluk hipotezi reddetme
egilimi gosterdigini ortaya koymaktadir.

Ug egitim dergisinin arsivleri taranarak ¢ok degiskenli bagimli degiskenlerin grup ortalama farkini
arastiran 144 c¢alisma bulunmustur. Cok degiskenli bagimli degiskenler iizerinde bagimsiz
degiskeninin etkisini arastiran makalelerin orani, yiiksek ve orta kaliteli dergiler i¢in yaklasik %18
(yani, 51/290 ve 38/216) iken, diisiik kaliteli dergi i¢in %21 (55/261) olarak bulunmustur. Bagimsiz
degisken etkisinin saptanmasinda MANOVA testi kullanim orammin oldukga diisiik oldugu
goriilmiistlir: 10/51; 7/38; ve 2/55 sirasiyla yiiksek, orta ve diisiik kaliteli dergiler icin. MANOV A ’nin
nadir kullanimi i¢inde, ANOVA’nin post hoc testi olarak kullaniminin olduk¢a yaygin oldugu
goriilmistir (14/19). Bu durum MANOVA testinin sosyal bilimler icin istatistiksel paket (SPSS)
program tarafindan gergeklestirildiginde, ANOVA testlerinin otomatik olarak uygulaniyor
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olmasindan kaynaklaniyor olabilir. Bununla birlikte, DDA MANOVA i¢in en dogru post hoc
prosediirii olmasina ragmen, MANOVA sonuglarini yorumlayabilmek i¢in post hoc olarak DDA
kullanilan herhangi bir ¢alismaya rastlanmamustir.

MANOVA’y1 kullanmak yerine, Tiirk egitim dergilerinde yayinlanan bir¢ok egitim arastirmacisi, ¢ok
degiskenli bagimli degiskenlerden elde edilen toplam puan iizerinde tek bir ANOVA testini
uygulamakta veya bagimli degiskenlerin her biri tizerindeki bagimsiz degisken etkisini ayr1 ayr1 test
etmek icin birden fazla ANOVA testi kullanmaktadir. Sonuglar, MANOV A’nin uygulamasinin biitiin
dergi tiirlerinde olduk¢a nadir oldugunu gostermektedir. Calismalarin yarisindan fazlasi, c¢ok
degiskenli bagimli degiskenlerdeki grup ortalama farklarini test etmek icin tek bir MANOVA
calistirmak yerine birden fazla ANOVA kullaniyor. Ayrica, ¢alismalarin yaklasik %30’u, ¢oklu
bagimli degiskenlerden elde edilen toplam puanlar {izerinden tek bir ANOVA testi yaparak bagimsiz
degiskenlerin etkisini ortaya ¢ikarmaya caligsmaktadir. Biitiin bu sonuclar bize MANOVA’nin
teorisinin ve uygulamasinin tilkemizdeki egitim dergilerinde yaym yapan egitim arastirmacilarinca
yeterince anlagilmadigini gostermektedir.

Lisanstistii egitim donemlerinde her ne kadar ¢ok degiskenli verilerin analizini i¢eren dersler veriliyor
olsada MANOVA acisindan bakildiginda, en azindan uygulama alanlarinin yeterince iyi anlagilmadig1
goriilmektedir. Bunun altinda yatan temel sebep, istatistiksel veri analizi yontemlerinin teorik alt
yapisindan ziyade, belirli istatistiksel paket programlar (6r. SPSS) ile nasil analiz yapilacagina iliskin
pratik bilgilerin sunuluyor olmasi olabilir. Egitimde arastirma yapan bireylerin bu tiir eksik ve
yanliglarinin giderilmesi i¢in lisansiistii egitim programlarinin istatistiksel analizlerin dayandig: teorik
bilgileri kazandirmaya yonelik adimlar atmasi ve egitim arastirmacilarinin da gerekli gordiikleri
durumlarda ilgili alanlarin uzmanlaryla is birligine yonelmeleri faydali olabilir.
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Appendix A. R Code Used for Data Generation and Analyses

Library(MASS)

d=3 #& dunensions... fixed

HN=100 ##5 sample size.. fixed

M_fark=2 ﬁa‘##groupma.nd:ﬂu‘mus varable
vanance=5 ##¥F distribution variance. .. variable
mincorr=2 #%% minimum correlation . variable
maxcorr=.4 #% mammum corelation....vanable
var—mainx{vanance d)

std=sqrti{var)

E=500 +### oumber of replication.. fixed

Prales<-matrix(NA R d+1)
for (rim 1:E){

cor=matro({mmiid mincorr maxcor))

corMat=matrix(e(]l conx[l,],con[2.].confl.],l.con[3,],con{2,].con{3.].1 l.ocel=d)

coviat=std¥e*Yatistd)*corhlat

Mean]=matrx((} d)

Mean?=Meanl+M_fark

datal=mvmorm(™ Meanl covMat)

data?=mvmorm(™ Mean? covMat)

data=rbind{datal datal)

md=rbmd(ma1:nx{l Mimatnx(2 N1

#HHEE MANOV

fit =rsmmary(manma{dah ~1nd) , test="Pilla1")

pe-fitSstats[1:1, "Pr(=F)"]

- matrnix(unlistip), mrow=lengthip))

e ANOVAS

valuesl=data[,1]

values2=data[,2]

values3=data[,3]

aov_sum l=summary{acwv{values l~mnd})

pl=lapply(aov_sum] functon(aov_suml){aov_suml$Pr(=F)" })
1=- ma unhst(pl), nrow=len 1

I;DI‘I.- sumﬁummar?{gnv{uhesiﬁﬁ j”

p2=lapply(aov_sum? functon(aov_sum?){aov_sum2$Pr(=F)" })

p2=- matrix u.nllstl.’pf!j nrow=length{p2) }

aov_sum3=summary{acvivalues 3~mnd})

pi=lapply(aov_sum3, funeton(aor sum3){aov_sum3$Pri=F} 1)

pl=- matmx{ unhstipd), nrow=length{p3}) )

pval=rownd{cbind(p[,1].p1[.1].p2[.1].p3[.1]), digit==3) &5 manova + 3 anovas

Pvalues[r,]=-pval

!
ret=-ifelse(Pvalues==0510) #=% Retamed hypotheses rates of MANOVA and ANOVAs
manret=-ifelse(ret].1}==1,3.9)
anoret=-ifelse{row Sums(ret], 2:4])==3.3.5%)
agree<-as.mumenc{sumiifelse(manret==anoret, 1 07})
disagree<-as. pumeric{{sum(ret], 1 [}-agree)}
mateh=-as matnx(chind{agree disagrae))
rej=-ifelse{Pvalues= 051,
annmjw-lfelse{ruwﬂums(rej[ 2:4]=0,1.9)
agresment=-as. numm:(mm{:fdse{annmj:e;[ 11,1070 ## Not manova but at least one anova is significant
dizagresment=-as. mum enc((zum(re)[.1]))-agreement)
matchmg=-as mainx{cbind(agreement disagreement }) #5## retained manova whle rejected anova
resuliz<-chbind(match matching)

#Bonfarrom comected

retB=-felse(Pvalues==0167 1,0} #% Retamned hypotheses rates of MANOVA and ANOV A=
anoret=-1felse(rowSums(retB[,2:4])==3,3,99}

agres<-as. mumenc{sumiifelse(manret==anoret, 1 0})

disagree=-as mumernic{{sum(ret], 1 [}-agree})

match=-as matrx{chind(agree, disagres))

rejB=-felse(Pvalues=.0167,1,0)

anorejB-= -1f|ﬂ5e(mw5um5{re;|3[ 240019

agresment=-as numericl sumiifelse{anore)B==rej[,1],1,00)) ### Not manova but at least one anova 13 sigmficant
disagreement=-as. mum enc{(zum(re)[.1]))-agreement)

matchmg=-as matmx(cbind(agreement disagreement }) #5# retained manova while rejected anova
resultzsB<-chind{match matching)

chind{results result=B)
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Termination Rules in CAT Applications *
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Abstract

In this research, computerized adaptive testing item selection methods were investigated in regard to ability
estimation methods and test termination rules. For this purpose, an item pool including 250 items and 2000
people were simulated (M =0, SD = 1). A total of thirty computerized adaptive testing (CAT) conditions were
created according to item selection methods (Maximum Fisher Information, a-stratification, Likelihood Weight
Information Criterion, Gradual Information Ratio, and Kullback-Leibler), ability estimation methods (Maximum
Likelihood Estimation, Expected a Posteriori Distribution), and test termination rules (40 items, SE < .20 and
SE < .40). According to the fixed test-length stopping rule, the SE values that were obtained by using the
Maximum Likelihood Estimation method were found to be higher than the SE values that were obtained by using
the Expected a Posteriori Distribution ability estimation method. When ability estimation was Maximum
Likelihood, the highest SE value was obtained from a-stratification item selection method when the test length
is smaller then 30. Whereas, Kullback-Leibler item selection method yielded the highest SE value when the test
length is larger then 30. According to Expected a Posteriori ability estimation method, the highest SE value was
obtained from a-stratification item selection method in all test lengths. In the conditions where test termination
rule was SE <.20, and Maximum Likelihood Ability Estimation method was used, the lowest and highest average
number of items were obtained from the Gradual Information Ratio and Maximum Fisher Information item
selection method, respectively. Furthermore, when the SE is lower than .20 and Expected a Posteriori ability
estimation method was utilized, the lowest average number of items was obtained through Kullback-Leibler, and
the highest was obtained through Likelihood Weight Information Criterion item selection method. In the
conditions where the test termination rule was SE < .40, and ability estimation method was Maximum Likelihood
Estimation, the maximum and minimum number of items were obtained by using Maximum Fisher Information
and Kullback-Leibler item selection methods respectively. Additionally, when Expected a Posteriori ability
estimation was used, the maximum and minimum number of items were obtained via Maximum Fisher
Information and a-stratification item selection methods. For the cases where the stopping rule was SE < .20 and
SE < .40 and Maximum Likelihood Estimation method was used, the average number of items were found to be
highest in all item selection methods.

Key Words: Computerized adaptive testing, maximum fisher information, a-stratification, likelihood weight
information criterion, gradual information ratio, kullback-leibler.

INTRODUCTION

Computerized Adaptive Test (CAT) algorithm consists of applying selected items to the examinee in
computer environment, estimating examinee ability level through given responses, selecting new items
according to the most recent estimated ability, and administrating test until the specified test
termination rule is conducted (Orcutt, 2002; Thissen & Mislevy, 2000; Wainer, 2000; Weiss, 1983).

The key questions for CAT are (Wainer, 2000);
- How is the first item selected to start the test?
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- How are the subsequent items selected from the item pool based on examinee responses,
and how is the examinee ability predicted based on given responses?

- How is the test terminated?

There are different methods for selecting the first item to start testing. Either relevant information
about examinees (i.e., previous test scores, grades, etc.) are used or a set of items, which do not impact
examinees’ final scores, are applied to all examinees to determine the first item. (Slater, 2001; Sireci,
2003). The most commonly used ability estimation methods in CAT applications are Maximum
Likelihood and Bayesian Based Estimation. The major item selection methods used in CAT
applications are Maximum Fisher Information (MFI), a-stratification, Likelihood Weight Information
Criterion (LWIC), Gradual Information Ratio (GIR) and Kullback-Leibler (KL). The methods used in
this study are explained below.

Maximum Fisher Information

The MFI item selection method aims to find the maximal interim ability to estimate regarding every
previously administered item. MFI item selection investigate the i item that results in the largest value
of,

I [ém-l ]: (Da)?(1-¢) )

[ci+eDai (Orn-1 'bi)] [1+e"Dai (Brn-1 ‘bi)]2

In the Equation 1, a;, b;, and c¢;; represent the discrimination, difficulty, and pseudo-guessing
parameters in 3PLM respectively, and D stands for the scaling constant, 1.702. (Han, 2010).

Kullback-Leibler

The KL information selection method was developed by Chang and Ying (1996) based on the global
knowledge approach. KL information for an item is defined as Equation 2.

P.(0 1-P; (6
Ki0100)= Py O0)tog [5] +[1-Pioliog [ 5] @

KL information is a function of two variables (6 and 6,) and is a surface in three-dimensional space.
As a function of these two 0 levels, KL information characterizes the change capacity of an item
between two 6 levels.

Likelihood Weight Information Criterion

LWIC item selection method was developed by Veerkamp and Berger (1997). In this method, the
information function is collected along the 6 scale and weighted by the likelihood function after the
administration of the item.

The item to be selected in the LWIC criterion is determined by selecting the item that will maximize
the value of the Equation 3.

Sy (0%, 1 [0]d0 3)

a-Stratification

The method of a-stratification item selection is constituted with the suggestion of layering according
to the a parameter values in the item pool by Chang and Ying (1999). In this method, items are stratified
into K strata based on their a values. Accordingly, the item selection process is divided into K stages.
In the first stage, items are selected from the first stratum, which corresponds to the items with the
lowest a values. In the second stage, items are selected from the second stratum. In the K™ stage, items
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are selected within the K™ level (Chang, Qian, & Ying, 2001). This method utilizes low a-items at
early stages of the test. By doing so, the test precision and efficiency are maintained (Chang & Ying,
1996).

Gradual Information Ratio

The GIR item selection method was developed by Han (2009). Han proposed an alternative method
based on the expected item effectiveness to improve the use of item pool instead of MFI method.

Han (2009) proposed to take the item efficacy (expected item information) into account on the item
adequacy. Thus, this method looks for the item that makes the following criteria maximum,

I [ém—l] m ~ m
T (1-5) #00na5 @

In Equation 4, M shows the length of the test, and m denotes the number of administered items +1.

There are two test stopping methods in CAT applications; fixed-length tests and standard error
termination (Sireci, 2003; Wainer, 2000; Weiss & Kingsbury, 1984). Fixed-length termination rules
continue until an examinee takes a predetermined number of items. According to the standard error
(SE) termination rule, the exam continues until the estimate of the 0 reaches a certain level.

CAT applications have numerous advantages. The most important advantage provided by CAT
applications is that the test can be tailored to the examinees’ ability level. In order to obtain valid
results from CAT applications, it is critical to select the item that maximizes the test information about
the examinee. MFI is widely used in CAT applications; however, this method tends to use items with
a high a parameter and is insufficient in the ability estimation at the beginning of the test (Van der
Linden & Glas, 2010; Wainer, 2000; Weiss, 1983). Veldkamp (2012) stated that it is important to
investigate different item selection methods in order to eliminate the aforementioned (proposed)
limitations of MFI item selection method. There are researches indicating a-stratification item
selection method is preferred to MFI due to selecting high a parameter items (Chang & Ying, 1999;
Deng, Ansley, & Chang, 2010; Deng & Chang, 2001). Additionaly, Eggen (1999) found that KL item
selection method provides more accurate ability estimation in comparison to MFI. Weissman (2003)
stated in his study that ability estimation methods affect item selection methods. Bock and Mislevy
(1982) indicated that Expected a Posteriori (EAP) ability estimation method was better than Maximum
Likelihood Estimation (MLE) methods; while Wang and Visposel (1998) proposed that EAP ability
estimation method was more biased. There are additional researches regarding the relationship
between the test termination rules and item selection methods (Han, 2009; Weissman, 2003).

Purpose of the Study

The key point of the item selection process in the CAT applications is to match the ability of the
respondent with the difficulty of the item. Namely, in CAT, ability estimation is reperformed after
each item is answered, and the most recent ability estimation is used in the selection of subsequent
items. MLE and EAP which are among the ability estimation methods were included in the research,
and it was attempted to determine how ability estimation methods affect the item selection methods.
There are studies suggesting that item selection methods are inadequate (especially when the test
length is smaller than five items) at the beginning of CAT applications (Han, 2009; Linda, 1996; Van
der Linden & Glas, 2010). According to the literature when the CAT has more than 20 items, the
difference in the performance of a newly proposed method and MFI turns out to be trivial (Passos,
Berger & Tan, 2007; as cited in Sahin & Ozbasi, 2017). Chen, Ankenmann and Chang (2000)
conducted a simulation study to compare item selection methods, and they found that for CATs with
more than 10 items, there is no difference between item selection methods. VVeerkamp and Berger
(1997) conducted a simulation study according to 60 items termination rule and found that item
selection performances vary over 20 items. One of the advantages of CAT applications is to shorten
the test. An item pool of 60 items was not selected, and an item pool of more than 20 items was used.
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Thus, different test lengths (5, 10, 20, 30, and 40 items) were also taken as a variable to determine how
the item selection methods differ depending on the test length. In order to compare the item selection
methods in CAT applications where the test stopping rule was determined based on a fixed standard
error, conditions were established in which the standard error was .20 and .40.

This study aims to answer the following questions:

1) How do standard errors in relation to the methods used in item selection (Maximum Fisher
Information, a-stratification, Likelihood Weight Information Criterion, Gradual
Information Ratio, and Kullback-Leibler) differ in terms of

a) test length (5, 10, 20, 30 and 40 items)
b) ability estimation (Maximum Likelihood and Expected a Posteriori) methods?

2) How do the average number of items utilized in item selection methods (Maximum Fisher
Information, a-stratification, Likelihood Weight Information Criterion, Gradual
Information Ratio, and Kullback-Leibler) differ in terms of

a) test termination rules (SE < .20 and SE < .40)
b) ability estimation methods (Maximum Likelihood and Expected a Posteriori)?
When the literature regarding the current study is reviewed, the following results are found:

In their study, Veerkamp and Berger (1997) compared the Interval Information Criteria and LWIC
methods with MFI method, and the authors concluded that these methods did not have a substantial
superiority to MFI. Eggen (1999) have compared KL and MFI item selection methods. According to
the results of this study, KL item selection method performed better than the MFI. In a simulation
study, Wen, Chang and Hau (2001) compared a-stratification item selection method and MFI item
selection method. They concluded that MFI item selection method yielded more effective results than
a-stratification item selection method. Weissman (2003) investigated the effectiveness of item
selection methods in CAT applications. According to the findings, the ability estimation method
impacted the effectiveness of item selection more than item selection method. Han (2009) explored
random selective MFI, fade-away selective MFI, GIR, and fade-away selective GIR item selection
methods in CAT application. It was concluded that MFI and GIR item selection methods exhibited
lowest SE through theta criteria. Costa, Karino, Moura and Andrade (2009) evaluated the performance
of MFI, KL, and Maximum Expected Information item selection methods. They concluded that all
methods performed similarly to estimate examinees’ 6s by means of bias and mean square error.

Deng et al. (2010) compared MFI, a-stratification, and refined a-stratification item selection methods.
The study findings yielded that MFI was more effective in predicting ability in comparison to other
methods. Han (2010) compared five different item selection methods, which are a-stratification,
Interval Information Criteria, Likelihood Weighted Information Criterion (LWIC), Kullback-Leibler
Information, and Gradual Information Ratio (GIR). The study results showed that SE values decreased
in all item selection methods due to test length. Low SE values were calculated under MFI, KL and
GIR item selection methods, whereas high SE values were calculated under a-stratification item
selection methods.

Research findings related to different item selection methods in the literature indicated that item
selection methods have strengths as well as weaknesses in different conditions (Deng et al., 2010;
Eggen, 2009; Wen, et al., 2001; Yi & Chang, 2003) and two-item selection method were compared.
In the studies investigating more than two item selection methods (Han, 2010; Weissman, 2003),
stopping rules and ability estimation methods were not elaborated together.
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METHOD

The data of the study were simulated by SimulCAT computer program, which was developed by Han
(2012). In data collection stages, first, the group where the research was to be carried out, then the
item pool and CAT conditions were formed.

Participants

2000 hypothetical examinee were simulated. Examinee ability parameters (N = 2000) were randomly
drawn from a normal distribution ~N(0, 1). Dichotomous item responses for the entire item bank were
generated using the SimulCAT program (Han, 2012).

Data Collection Instruments

Item pool

An item pool with 250 dichotomously-scored items was created using the three-parameter logistic
(3PL) item response model. In his research, Urry (1977) found that an item pool of at least 100 items
is adequate to estimate ability. Kingsbury and Zara (1989) indicated that item pool size for adaptive
tests should always be -more is better-. Stocking (1992) determined that an item pool size should be 6
to 12 times more than the item number.

Item discrimination parameters were randomly drawn from a uniform distribution ~U(0.8, 1.5); item
difficulty parameters were randomly drawn a uniform distribution ~U(-3, 3); guessing parameters
were randomly drawn from a uniform distribution ~U(.05, .15). Following the suggestions from
previous studies regarding data simulation for the 3PL model, the simulation was conducted. Feinberg
and Rubright (2016) indicated 3PL IRT model parameters are often simulated as uniform. Ree and
Jensen (1983) said that “a values below 0.5 are insufficiently discriminating for most testing purposes,
and a values above 2.0 are infrequently found ... most test items have ¢ parameters less than or equal
to .30” (pp. 135-146).

Process

The data collection process was simulated using the SimulCAT computer program. As the first step,
examinee and item pool files were created and uploaded to the computer program. In the second step,
item selection and stopping rules were specified, and in the final step, ability estimation methods, test
initiation rule, number of replications and output files were selected. The test initiation rule was
determined as 6 = 0.5, and 100 replications were performed for all simulation conditions. A crossed-
factorial design resulted in a total of 30 simulation conditions; 5 item selection methods * 2 ability
estimation methods * 3 stopping rules. For each crossed condition, 100 replications were conducted.
The number of replications depends on the research question. However, with too many replications
simulation may be more complex and might take a long time to complete (Bulut & Onder, 2017;
Feinberg & Rubright, 2016). Because of the 30 conditions, the researcher decided to make 100
replications. Harwell, Stone, Hsu and Kirisci (1996) suggested a minimum of 25 replications and
indicated that “aggregating results over replications produces more stable and reliable results” (p. 110).
Thus, the simulation study was ended after 100 replications and interim, and final 6 values were
aggregated over the 100 replications.

Data Analysis

In order to determine how item selection methods differ according to the test length in the CAT
conditions, where the stopping rule was specified as 40 items, interim 6 and standard error (SE) of the

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

estimation were calculated for 5, 10, 20, 30 and 40 items. The standard error of the estimation is
calculated via the Equation 5.
A 1
SE(0)= — 5
O (5)
In the conditions with test stopping rule of SE < .20 and SE < .40, item selection methods were
evaluated according to the average number of items. Since CAT administration would terminate at a

specific standard error value, the average number of items used until reaching this standard error value
was investigated.

RESULTS

To determine how standard error associated with different item selection methods (MFI, GIR, LWIC,
a-stratification, KL), the test length (5, 10, 20, 30 and 40 items) and ability estimation methods (MLE
and EAP), mean of the interim ability estimations (8) were used in the analysis of the results. ltem
selection methods were compared according to SE values, and the results are presented Table 1.

Table 1. Statistics Regarding the Item Selection Methods According to the Test Length (For a 40-ltem
Fixed-Length CAT Administration Where MLE Ability Estimation is Used)
Test Length

ltem Selection 5 10 20 30 40

Methods 0 SE 0 SE 0 SE 0 SE 0 SE
MFI 0.12 .55 0.05 .36 0.03 .25 0.02 .20 0.02 .18
a-stratification -1.55 .78 -1.57 52 -1.39 31 -1.29 .23 -1.19 .19
LWIC -0.60 74 -0.28 .38 -0.11 .25 -0.62 21 -0.04 .18
GIR -1.52 .50 -1.28 .35 -1.26 .25 -1.06 21 -0.68 .19
KL -1.6 .67 -1.20 37 -1.10 .25 -0.57 22 -0.21 22

When Table 1 is examined, it is observed that the method of a-stratification item selection shows high
SE value in cases where the test length is less than 30 items (n < 30), while the method of KL item
selection shows high SE value in cases where the test length is greater than thirty items (n > 30). While
the highest SE value that was obtained from the a-stratification item selection method is similar to the
results of Han’s (2009) research, it differs from Linda’s (1996) study which shows that KL item
selection method is better than the MFI item selection method.

Considering all item selection methods according to test lengths, it was determined that there was a
great difference between the SE values of the item selection methods after administering five items.
However, the difference between SE values was decreased after administering ten items. When the
inadequacy of MFI item selection method in the predictive estimation at the beginning of the CAT
applications (n < 5) was examined, it was found that only the GIR item selection method showed a
lower SE value than MFI. These two findings indicated that all of the item selection methods included
in this study were limited in their ability estimation at the beginning of CAT applications and that they
did not have a significant advantage over MFI item selection method.

Table 2. Statistics on the Methods of Item Selection According to the Test Length in the CAT
Conditions Where the Test Stopping Rule is Determined as 40 Items and the EAP Ability Estimation
is Used

Test Length

Item Selection 5 10 20 30 40
Method 0 SE 0 SE 0 SE 0 SE 0 SE
MFI 0.01 A7 0.02 .33 0.02 .23 0.02 .20 0.02 .18
a-stratification 0.01 .70 0.01 49 0.02 31 0.02 .23 0.02 .18
LwiIC 0.01 .55 0.02 .35 0.02 .24 0.02 .20 0.02 .18
GIR 0.01 49 0.01 .33 0.02 .24 0.02 .20 0.02 .18
KL 0.01 0.47 0.02 0.33 0.02 0.24 0.02 0.20 0.02 0.18
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As shown in Table 2, a-stratification item selection method had the highest SE value among all test
lengths. When the findings were examined, it was found that there was a substantial difference between
the SE values of the item selection methods while the test length was 5 items, but the difference
between the SE values was decreased in the CAT conditions where the test length was specified as 10
items and higher. The differences decreased as test length increased, and the results were close to each
other. In addition, when the test length reached 40 items, the SE values of the item selection methods
were found equal to each other. This significant decrease in all item selection methods at the beginning
of the CAT applications (n < 5) was interpreted as the absence of a significant superiority of other item
selection methods except for the KL item selection method in the problem of MFI item selection
method in terms of ability estimation.

When MLE and EAP ability estimation methods were examined, the highest SE value was obtained
from the a-stratification item selection method in both MLE and EAP ability estimation methods. In
general, the SE values obtained when the MLE ability estimation was used were found higher than the
SE values obtained when EAP ability estimation was used.

The most important difference was detected when the test length was 5 items. For example, the SE
value of the KL item selection method was .67 for MLE ability estimation, whereas the SE value was
calculated as .47 for EAP ability estimation. Wang and Visposel (1998) found that EAP ability
estimation showed a lower SE value compared to MLE ability estimation method.

The findings obtained in the present study align with these results. This finding may indicate that EAP
ability estimation method should be primarily preferred especially at the beginning of the test in the
application of CAT. In both cases where MLE and EAP ability estimation were used, a sharp decrease
in SE values was observed when the test length reached to 10 items from 5 items.

To be able to determine how the average number of items related to item selection methods (MFB,
GIR, LWIC, a-stratification, KL) changes according to test stopping rule (SE < .20 and SE < .40) and
ability estimation methods (MLE and EAP), the mean number of items was calculated. The findings
were presented in Table 3.

Table 3. Statistics of Ability Estimation and Item Selection Methods in CAT Conditions Where the

Test Stopping Rule is Based on Fixed Standard Error
Stopping rule

Ability SE<.20 SE < .40
Estimation Item Selection g £ o £ E o
Method Method g £ = E I5 =
SE 35 £5 SE 35 25
= = = = = < E
MLE MFI 26 95 40.71 7 9 8.72
a-stratification - - - 13 16 14.65
LwIC 27 88 32.85 8 13 9.54
GIR 12 41 31.75 7 10 8.96
KL 13 38 32.63 8 12 9.72
EAP MFI 18 124 30.07 6 11 7.07
a-stratification - - - 12 17 12.54
LwIC 26 78 31.18 8 9 8.41
GIR 18 43 30.23 7 12 7.46
KL 27 48 30.13 6 11 7.16

According to the results on Table 3, the lowest and highest number of items were obtained from GIR
and MFI item selection methods respectively in the CAT conditions where the standard error was less
than .20 and the MLE ability estimation was used. In the CAT applications where EAP ability
estimation was used, the average of the lowest and highest number of items was obtained from KL
and LWIC item selection methods. The a-stratification item selection method did not function as
expected in both MLE and EAP ability estimates. The computer program could not complete the
simulation because no suitable item was found in the item pool. This situation was interpreted as the
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insufficiency of the item pool or the small size of the a-parameter range. In the method of a-
stratification item selection, the item pool is stratified according to the a parameters, and in the present
research, the item pool is divided into three layers. In the literature, studies have been carried out for
the various size of item pools.

Wen et al. (2001) determined four layers for an item pool of 360 items and a-stratification item
selection method in their research where the parameter value ranges from 0.40 to 2. On the other hand,
Costa et al. (2009) were able to use the a-stratification item selection method for a standard error value
of .20 using a pool of 246 items. When the existing research was examined, it was considered that
keeping a parameter value between 0.80 and 1.5 could be the reason why a-stratification method has
not been realized under the condition that the standard error is less than .20 as well as the effect of
item pool size.

The average number of items was examined for each ability estimation methods. The mean number of
items obtained from CAT conditions using MLE ability estimation was found to be higher than the
mean number of items from CAT conditions using EAP ability estimation.

This was interpreted as the ability to estimate EAP ability to obtain shorter tests in CAT applications.
In CAT conditions test stopping rule, where standard error is defined as less than .40 and MLE ability
estimation is used, the lowest and highest number of items were obtained from MFI and a-stratification
item selection methods, respectively regarding the mean number of items. In CAT conditions using
EAP ability estimation, MFI and KL item selection method had the lowest value while the method of
a-stratification item selection was found to be the highest in terms of the average number of items.

The lowest test length was obtained from MFI, and the highest test length was obtained from a-
stratification item selection method in cases where both of the ability estimation methods were used.
The a-stratification item selection method requires the highest number of items to achieve the standard
error value of .40 may be related that this method selects items by stratification of the item pool.

DISCUSSION and CONCLUSION

In the beginning of CAT conditions, where MLE ability estimation method used, the lowest SE value
was obtained from the GIR item selection method after five items administered (n < 5). a-stratification
item selection method showed the highest SE value while the test length is shorter than 30 items (n <
30), and KL showed the highest SE value while the test length is longer than 30 items (n > 30). In the
beginning of CAT conditions, where MLE ability estimation method used and the number of items
was less than 10 (n < 10), it was seen that there was a great difference between the SE values of the
item selection methods investigated, but this difference decreased as the test length increased.

When using EAP ability estimation, the highest SE values were obtained from a-stratification item
selection method for all different test lengths included in the study. At the beginning of CAT conditions
where EAP ability estimation method used and the number of items was less than 10 (n < 10), it was
seen that there was a great difference between the SE values of the item selection methods investigated,
but this difference decreased as the test length increased. When the test length was set to 40 items, the
SE values of all the item selection methods yielded equal results. The SE values observed when MLE
ability estimation was used were found to be higher than the SE values obtained when EAP ability
estimation was used.

The lowest item number was obtained from GIR item selection method, and the highest item number
was obtained from MFI item selection method when MLE ability estimation was used in the CAT
conditions where SE was accepted as SE < .20. When EAP ability estimation is used, the lowest mean
of the item number is obtained from KL item selection method, and the highest mean of the item
number is obtained from the item selection method. In both cases where MLE and EAP ability
estimations were used, a-stratification item selection method did not yield meaningful results. It was
concluded that this finding was due to insufficient pool size and low level of the parameter value.
When the average of the number of items was examined in terms of ability estimation method, it was
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concluded that the conditions in which MLE ability estimation was used were higher than those in
which EAP ability estimation is used.

When MLE ability estimation was used in the CAT conditions where SE < .40 was used, the lowest
average of item number was obtained from MFI item selection method, and the highest average of
item number was obtained from KL item selection method. When EAP ability estimation was used,
the lowest average of item number was obtained from MFI and KL item selection methods, and the
highest average of item number was obtained from a-stratification item selection method. For all of
the item selection methods included in the study, the average test length obtained from MLE ability
estimation was higher than the average test length obtained from EAP ability estimation. It was
concluded that EAP ability estimation shorten the test length. SE values for item selection methods
were lower when EAP ability estimation was used. EAP ability estimation is recommended for
operational CAT applications. One of the most important advantages of CAT applications is that it
produces a shorter test length than paper-based tests. When the results are investigated, it is
recommended that EAP ability estimation method can be preferred in CAT applications.

The method of a-stratification item selection did not yield meaningful result in the condition that the
test stop rule was SE < .20. This finding shows that further research is needed. It is recommended that
future studies may be conducted by determining different item pool sizes and a-parameter values. In
addition, the relationship between the number of layers used in the method of a-stratification item
selection method may be studied.

Future studies should be carried out to investigate what would happen if there were more constraints
placed on the items in the pool, such as, content constraints which may differ how the item pool is
conducted. Also, the effect of b parameter value (b-blocking, etc.) on item selection methods can be
investigated. In this research, a parameter value range is narrow, and this research can be repeated
according to different a parameter range. Different item pool sizes and ability estimation methods can
be examined for the same simulative conditions of research. How different item selection methods
work in an item pool weighted according to content can be examined. In this study, one-dimensional
item response theory is used, in the future studies multi-dimensional item response theory can be used.
The present study has been done on the simulation data, and the operational CAT applications can be
investigated in future studies.
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Bireysellestirilmis Bilgisayarh Test Uygulamalarinda Madde
Se¢cme Yontemlerinin Test Durdurma Kurallarina Gore
Incelenmesi

Girig

Bireysellestirilmis Bilgisayarli Test (BBT) algoritmasi, secgilen maddelerin bilgisayar ortaminda
cevaplayictya sunulmasi, verilen cevaplar yoluyla yetenek diizeyinin kestirilmesi, hesaplanan yetenek
diizeyine gdre yeni maddelerin segilmesi ve testin durdurma kurali yerine gelinceye kadar test etme
stirecine devam edilmesine gore gerceklesir (Orcutt, 2002; Thissen & Mislevy, 2000; Wainer, 2000;
Weiss, 1983).

Teste baslamak icin ilk maddenin secilmesinde farkli yontemler vardir. Cevaplayici hakkinda 6nceden
sahip olunan bilgi (6nceki testlerden aldigi puanlar, karne notu vb.) veya BBT uygulamalarina
baglamadan oOnce cevaplayicilarin nihai test puanlarina etki etmeyecek madde setleri, tiim
cevaplayicilara uygulanir ve elde edilen yetenek diizeyi ilk maddenin secilmesinde kullanilabilir
(Sireci, 2003; Slater, 2001). BBT uygulamalarinda yaygin olarak kullanilan yetenek kestirim
yontemleri, En Cok Olabilirlik ve Bayes kestirimine dayali olan yontemlerdir. BBT uygulamalarinda
kullanilan belli bagli madde segme yontemleri ise, Maksimum Fisher Bilgisi (MFB), Kullback-Leibler
Bilgisi (KL), Aralik Bilgisi Olgiitii (ABO), Olabilirlik Agirlikli Bilgi Olgiitii (OAB), a-tabakalama,
Asamal1 Maksimum Bilgi Oranidir (AMBO). BBT uygulamalarinda testi durdurmak igin; sabit test
uzunlugu ve degisken test uzunlugu olmak tizere iki yontem vardir (Sireci, 2003; Wainer, 2000; Weiss
& Kingsbury, 1984). BBT uygulamalarinda MFB yaygin olarak kullanilir; ancak, bu yontem yiiksek
a parametresine sahip maddeleri kullanmaya meyillidir ve 6zellikle testin baslangicinda yetenek
kestiriminde yetersiz kalmaktadir (Van der Linden & Glas,2010; Wainer,2000; Weiss, 1984). Bu
arastirmada, MFB madde se¢me yoOnteminin yiiksek a parametresine sahip maddeleri segme
0zelliginin farkli madde se¢me yontemleri ile karsilastirilmasi yapilmstir.

BBT uygulamalarinda madde se¢me siirecinin anahtar noktasi, cevaplayicinin yetenegi ile madde
giicliiglinii eslestirmektir. Soyle ki; BBT uygulamalarinda her madde cevaplandiktan sonra yetenek
kestirimi yapilmaktadir ve bu yetenek kestiriminin sonucu madde se¢iminde kullanilmaktadir.
Yetenek kestirim yontemlerinden En Cok Olabilirlik Tahmini (EOT) ve Beklenen Sonsal Dagilim
(BSD) aragtirmaya dahil edilerek madde se¢me yontemlerini nasil etkiledigi belirlenmeye galigilmustir.
BBT uygulamalarinin basinda (6zellikle test uzunlugu bes maddeden kii¢iik oldugunda) madde segme
yontemlerinin yetersiz kaldigi yoniinde arastirmalar mevcuttur. Test uzunluguna bagli olarak madde
se¢cme yontemlerinin nasil farklilagtigini belirlemek i¢in farkli test uzunluklan (5, 10, 20, 30 ve 40
madde) da bir degisken olarak alinmistir. Testi durdurma kuralinin sabit standart hataya bagl olarak
belirlendigi BBT uygulamalarinda madde se¢me yontemlerini karsilagtirmak igin ise, standart hatanin
.20 ve .40 oldugu kosullar olusturulmustur. Eldeki arastirmanin amaci yetenek kestirim yontemi, sabit
madde sayisi ve standart hataya dayali durdurma kuralinin madde segme yontemlerini nasil
etkiledigini belirlemektir.

Yontem

Bu aragtirma simiilatif olarak gergeklestirilmistir. 250 maddelik bir madde havuzu, ortalamasi 0 ve
standart sapmas1 1 olacak sekilde normal dagilim gdsteren 2000 kisi simiilatif olarak olusturulmustur.
BBT kosullari, madde segme yontemleri (MFB, KL, OAB, a-tabakalama, AMBO), yetenek kestirim
yontemleri (EOT, BSD) test durdurma kurallar1 (40 madde, SH < .20 ve SH < .40) olmak {izere toplam
otuz kosuldan olusturulmustur. Test durdurma kural1 40 madde olarak belirlenen BBT kosullarinda,
test uzunluguna gére madde se¢me yontemlerinin nasil farklilagtigini bulmak amaciyla interim 6 ve
tahminin standart hatas1 (SH) hesaplanmustir. Test durdurma kurali SH < .20 ve SH < .40 olan BBT
kosullarinda, madde se¢gme yontemleri, madde sayisina gore degerlendirilmistir.
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Sonuc ve Tartisma

Test uzunlugu 5, 10, 20, 30 ve 40 madde olarak belirlendigi ve EOT yetenek kestiriminin kullanildig:
BBT kosullarinda; ilk bes madde kullanildiktan sonra (n < 5) en diisiik SH degeri AMBO madde segme
yonteminden elde edilmistir. Test uzunlugu n < 30 iken, a-tabakalama; n > 30 iken KL madde se¢me
yontemi en yiiksek SH degerini gostermistir. BBT kosullarinin basinda (n < 10), arastirmaya alinan
madde segme yontemlerinin SH degerleri arasinda biiyiik farklar oldugu, ancak test uzunlugu arttikca
bu farkin azaldig goriilmiistiir. BSD yetenek kestirimi kullanildiginda ise; arastirmaya alinan biitlin
farkli test uzunluklarinda en yiiksek SH degeri a-tabakalama madde se¢me yonteminden elde
edilmistir.

Test uzunlugu 40 madde oldugunda biitiin madde segme yontemlerinin SH degerleri birbirine esit
sonuclar vermistir. EOT yetenek kestirimi kullanildiginda elde edilen SH degerleri, BSD yetenek
kestirimi kullanildiginda elde edilen SH degerlerinden daha yiiksek bulunmustur.

SH < .20 oldugu BBT kosullarinda EOT yetenek kestirimi kullanildiginda en diisiik madde sayist
ortalamas1t AMBO madde segme yonteminden, en yiiksek madde sayisi ortalamasi MFB madde se¢gme
yonteminden elde edilmistir. EOT ve BSD yetenek kestirimlerinin kullanildig1 her iki durumda da a-
tabakalama madde se¢cme yontemi sonu¢ vermemistir. Bu durumun madde havuzu biiytikliigiiniin
yetersiz kalmasindan ve arastirmaya alman a parametre degeri ranjinin diisiik olmasindan
kaynaklandigi sonucuna varilmigtir. Madde sayisi ortalamalari, yetenek kestirim yontemleri
bakimindan incelendiginde; EOT yetenek kestiriminin kullanildigi kosullarin, BSD yetenek
kestiriminin kullanildig1 kosullardan daha yiiksek oldugu sonucuna varilmustir.

SH < .40 oldugu BBT kosullarinda EOT yetenek kestirimi kullanildiginda en diisiik madde sayisi
ortalamas1t MFB madde se¢cme yonteminden, en yiiksek madde sayis1 ortalamasi KL madde segme
yonteminden elde edilmistir. BSD yetenek kestirimi kullanildiginda en diisiik madde sayisi ortalamasi
MFB ve KL madde segme yontemlerinden, en yiiksek madde sayisi ortalamasi a-tabakalama madde
secme yonteminden elde edilmistir. Arastirmaya alinan biitiin madde se¢me ydntemleri i¢cin, EOT
yetenek kestiriminden elde edilen ortalama test uzunlugu, BSD yetenek kestiriminden elde edilen
ortalama test uzunlugundan yiiksek bulunmustur. BSD yetenek kestiriminin kullanildigi BBT
uygulamalarinda daha kisa testler elde edilecegi sonucuna varilmistir. Madde se¢me yontemlerine ait
SH degerleri, BSD yetenek kestirimi kullanildiginda daha diisiik sonug vermistir.
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Abstract

The aim of the study is to examine the reliability estimations of written expression skills analytical rubric based
on the Classical Test Theory (CTT), Generalizability Theory (GT) and Item Response Theory (IRT) which differ
in their field of study. In this descriptive study, the stories of the 523 students in the study group were scored by
seven raters. CTT results showed that Eta coefficient revealed that there was no difference between the scoring
of'the raters (n =.926); Cronbach Alpha coefficients were over .88. GT results showed that G and Phi coefficients
were over .97. The students’ expected differentiation emerged, the difficulty levels of the criteria did not change
from one student to another, and the consistency between the scores among raters was excellent. In the Item
Response Theory, parameters were estimated according to Samejima’s (1969) Graded Response Model and item
discrimination differed according to the different raters. According to b parameters, for all the raters; individuals
are expected to be at least -2.35, -0.80, 0.41 ability level in order to be scored higher than 0, 1 or 2 categories
respectively with .50 probability. Marginal reliability coefficients were quite high (around .93). The Fisher Z*
statistic was calculated for the significance of the difference between all reliability estimates. GT revealed more
detailed information than CTT in the explanation of error variance sources and determination of reliability; while
IRT provided more detailed information than CTT in determining the item-level error estimations and the ability
level. There was a significant difference between the estimated parameters of CTT and GT in interrater reliability
(p < .05); there was no significant difference between the parameters predicted according to CTT and IRT (p >
.05).

Key Words: Classical test theory, generalizability theory, item response theory, interrater reliability, reliability,
rubric.

INTRODUCTION

Nowadays, the aim of education is to educate individuals as producers of knowledge in line with the
needs of society. Individuals who produce knowledge are, at the same time, critical thinkers, problem-
solvers, and researchers. In this respect, changing education policies require a change in the
measurement and evaluation methods as well. These changes increased the use of evaluation materials
and studies related to the higher level of thinking skills (Kutlu, Dogan & Karakaya, 2014).

There are many ways that enable individuals to demonstrate their high-level skills. However, the most
important means of transforming abstract thoughts into concrete form is writing or writing skills.
Writing is defined as thinking on thinking. It also allows individuals to expand their thoughts by
organizing information (Karatay, 2015).
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While studies are carried out to measure written expression skills in developed countries in detail, a
common study is not carried out on determining the deficiencies of students in this field in our country.
Moreover, the lack of a common writing approach in the teaching process also makes it difficult to
follow the development of the students’ written expression skills. Therefore, it is not possible to
identify learning deficiencies and provide constructive feedback regarding these deficiencies (Karatay,
2015). Therefore, the present study investigates the evaluation of the storytelling, which is one of the
written expression skills.

It is necessary to obtain a valid and reliable measurement as well as the suitability of the criterion to
make a correct decision about the students. As the errors involved in the measurement process
decrease, the reliability of the measurement process increases, and therefore, the accuracy of the
decision we make about the individual trait measured increases (Kdse, 2014). Therefore, measurement
theories somehow differ depending on the purpose of use, limits, and how to use the results of
measurement, just as Classical Test Theory (CTT), Generalizability Theory (GT) and Item Response
Theory (IRT) differ from one another.

According to the CTT, the score a person receives from any test is the observed score, and this score
indicates the degree of presence of the property measured by the test. In addition, when some
assumptions are met, the observed score is estimated by the sum of a person’s true score and the error
score. In CTT, this error score is only one score, which is the sum of random errors that are caused by
the individual, measurement expert, the environment, the rater, etc. In the GT, which is an extension
of CTT and variance analysis, these error sources are included in the measurement processes in order
to control them. The greatest advantage of the GT is that it can partition the variances into different
error sources. While CTT is concerned with the reliability of measurements obtained from a group of
individuals; GT is concerned with generalizing measurements beyond the measurements, materials,
and raters obtained from a group of individuals. Thus, with a single analysis, a single reliability
estimation can be made in CTT, and the data can be interpreted under reliability and generalizability.
The results obtained by the generalizability study in GT prepare the basis for decision studies so that
the effect of the changes in raters, number of items, etc. on reliability estimations can be determined.
The accurate estimation of the population where all observation conditions and sources of variability
take place provides a new perspective on the difference between reliability and validity. However,
validity and reliability studies in CTT require different analyzes. While CTT gives us the variability
from all error sources as a single estimate, GT provides the opportunity to examine the error sources
such as students, items, and raters together and if there is a variation between students they are called
measurement object. Measurement object may change depending on the purpose of the study, and it
can be item or rater. The way that variation sources (fixed or random facet) are chosen determines the
generalizability of the source. The source of a fixed variable is limited to the measurement situation.
Therefore, it will be difficult to comment on the generalization of the measurement results even if the
source of error decreases, and the measurement accuracy increases. In addition, a single reliability
coefficient can be estimated in CTT when relative and absolute assessments are to be taken, while two
different reliability coefficients can be estimated in GT according to the fact that individuals are
compared to other individuals or treated free from the group. Different patterns can be used depending
on whether a source of variability is observed in all conditions of the other source of variability in GT.
It is possible to make estimations for all sources of variability when using the crossed design only
(Brennan, 2000; Cardinet, Johnson & Pini, 2010; Gulliksen, 1950; Giiler, Kaya-Uyanik & Tasdelen-
Teker, 2012; Shavelson & Webb, 1991).

In the IRT whole-test and item-level analyses are performed with the relationship between ability
estimations and response patterns. In IRT the degree of the latent trait in individuals can be calculated
with ability estimations independent from items and with item parameters independent from the
sample (Atilgan, 2005; Baykul, 2010; Erkus, Siinbiil, Omiir-Siinbiil, Asiret & Yormaz, 2017). IRT
estimates item-based error using the response patterns given to each item. For reliability and validity
of three parameter model, the parameters of a, b, ¢, and 0 are examined, and the marginal reliability
coefficients are estimated (Baker, 2016; DeMars, 2016). IRT, which is based on fixed variability
source, has no purpose of generalizing differently from GT. The difficulty of providing IRT with the
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assumptions of unidimensionality and local independence also makes it difficult to use this theory
(Ayala, 2009; Hambleton & Jones, 1993; Hambleton, Swaminathan & Rogers, 1991; Ostini & Nering,
2006).

Purpose of the Study

The purpose of the present study is to compare the reliability estimation methods based on CTT, GT,
and IRT by using written expression skill scores which are one of the high-level thinking skills of the
students and to provide a theoretical contribution to the field by determining their superiorities and
differences, limitations and assumptions.

This study is also important in terms of providing the assumptions for the three theories and revealing
the findings and interpretations about the difficulties and solutions that the researchers may face
concerning the applicability of these theories.

The literature shows that the studies comparing the two theories are more in number than the studies
comparing the three theories (Brennan, 2011; Giiler, 2008). In the studies which CTT and GT have
compared the reliability in terms of internal consistency scores that were obtained from the scales,
Kendall’s concordance coefficient for non-parametric tests in the occurrence of more than two
measures, and G and Phi coefficients obtained by using crossed design in GT were calculated. In
general, the results showed that the GT has more detailed results than CTT, and when the number of
items and raters increased, the generalizability and reliability coefficients increased as well. For future
studies, it is suggested that different items, raters or designs may be used for the same analyses and
that the results may be compared by doing analyses in IRT (Bagci, 2015; Biyiikkidik, 2012;
Deliceoglu, 2009; Giiler, 2011; Oztiirk, 2011; Salgam, 2016; Yelboga & Tavsancil, 2010).

In studies that compare CTT with IRT, it is generally aimed to compare the item parameters, and it
has been observed that large-scale study groups were used with the tests with two-category items.
Although they are generally similar in item parameters, it is concluded that IRT provides more detailed
results than CTT; CTT is useful in pass-fail decisions; IRT is superior in item invariance or
individualized test. Although there is not much research based on reliability comparison, the a and b
parameters have been examined on the basis of the item, and it has been seen that reliability
interpretations are made only on the item and test functions (Celen & Aybek, 2013; Dogan &
Tezbasaran, 2003; Gelbal, 1994; ilhan, 2016; Kan, 2006; Kelecioglu, 2001; Kim & Feldt, 2010; Koch,
1983; Kose, 2015; Lee, Torre & Park, 2012; Morales, 2009; Nartgiin, 2002; Ozdemir, 2004; Ozer-
Ozkan, 2012; Sebille et al., 2010; Siinbiil, 2011).

In the studies comparing the GT and IRT, many facet Rasch measurement model (MFRMM) is
generally used. While GT is used to obtain the group and general information, MFRMM is used to
obtain information about the sources of variability of items. Apart from examining the sources of
variability, the estimation of the reliability coefficients for IRT was not mentioned (Arsan, 2012; Kim
& Wilson, 2009; Ure, 2011).

The theories to be used vary depending on the purpose of the researchers, the measurement tool, the
data collection method, the measurements obtained, the distribution of measurements, the sampling,
the purpose for which the measurements are used and the limitations of the theories. However, a
common point of view is that using at least two theories together yields more reliable results. This
study compares the CTT, GT, and IRT in the reliability estimation of the scores obtained from a scale
which is scored polytomously in line with the suggestions of the studies in the literature.

METHOD

In this study, the techniques used in estimations of reliability in CTT, GT, and IRT methods will be
compared by using the story writing skill rubric. This study is a descriptive study, as it just presents
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the results as it is without questioning causality or making comparisons and without the effort of
determining the relationship or the difference (Erkus, 2017).

Study Group

The study group consisted of 523 primary and secondary school students. The data were collected in
the spring of 2017. One school was in Karabiik and the other was in Gaziantep. The distribution of
students across province and class levels is as follows:

Table 1. Distribution of Students in the Study Group Across Province and Class
39Grade 4" Grade 5" Grade 6 Grade 7" Grade Total

Karabiik 50 28 18 36 26 158
Gaziantep 52 58 98 74 83 365
Total 102 86 116 110 109 523

Two teachers from Bursa, three from Karabiik, one from Gaziantep and one from Ankara volunteered
for scoring the data. Work experience of teachers varies between two and ten years. One of them is
Turkish teacher, five of them are elementary school teachers, and the last one is an assessment expert.

Data Collection Instruments and Procedure

In this study, the students were asked to write a story according to the criteria given in the determined
subjects. Since this practice was done within the class hour, the students and the teachers were chosen
voluntarily. The themes of the forms were unanimously voted by three academicians who work in the
fields of Elementary School Teaching, Turkish Education and Curriculum Development in Education.
The theme for 3" grade is forest, for 4" grade is colors, for 5" grade is books, for the 6" grade is
teacher, and for 7" grade is discrimination.

Written stories were scored by seven raters according to the written expression skill (analytical) rubric.
Each of the raters is provided with the necessary training on how to use the rubric. Scoring range is 0-
3, and the highest score that can be obtained from the rubric for 11 criteria is 33, and the lowest score
is 0.

Data Analysis

IBM SPSS 22 was used for Eta correlation and Cronbach’s Alpha (a) coefficients for CTT, Edu-G
6.1e were used for G and Phi (¢) coefficients for GT, and Multilog 7.03 was used for a, b1, b2, bs (b:
parameters of step functions) parameters, and information functions for IRT analysis. In order to
compare the reliability coefficients, t-test was performed for the significance of the difference between
the two correlation coefficients using Fisher’s Z transformation in Microsoft Office Excel 2016
program. For normality assumptions, graphs in IBM SPSS 22, skewness and kurtosis coefficients in
Microsoft Office Excel 2016 program were examined. The principal components analysis in SPSS 22
for the assumptions of unidimensionality and local independence were calculated. For model-data fit,
the differences between observed and expected ratios in Multilog 7.03 program were investigated.

RESULTS

The skewness and kurtosis coefficients were calculated with Microsoft Excel 2016 before starting
analysis under CTT. The skewness coefficients of all grade levels are between -0.612 and 0.873. The
kurtosis coefficients are between -1.491 and 0.735. In this case, it can be said that the distribution of
data is not skewed and that the kurtosis is acceptable. The results reveal a normal distribution.
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Before moving on to the sub-problems of the research, descriptive statistics of the total scores which
were scored by seven raters are given below.

Table 2. Descriptive Statistics of the Total Scores Across Grade Levels which were Scored by Seven
Raters

Grade Raters Min Max Mean Std. Deviation Grade Raters Min Max Mean Std. Deviation
Levels Levels
3 1 2 32 1151 6.456 6 1 0 33 17.84 9.059
N =102 2 2 32 1151 6.565 N =110 2 0 33 17.60 9.201
3 1 32 11.80 6.236 3 0 33 17.70 9.095
4 2 32 11.83 6.456 4 0 33 17.95 8.931
5 2 33 12.28 6.692 5 0 33 18.16 9.064
6 5 31 16.45 5.538 6 4 32 21.01 6.905
7 4 32 1411 6.038 7 4 33 19.89 8.275
4 1 1 33 12.70 8.889 7 1 4 33 23.28 7.277
N =86 2 1 33 1242 8.982 N =109 2 4 33 22.89 7.288
3 1 33 12.19 9.145 3 4 33 22.89 6.915
4 1 33 12.83 9.131 4 4 33 23.05 7.099
5 1 33 1251 9.176 5 4 33 22.96 6.987
6 1 31 17.06 6.886 6 3 33 23.22 7.186
7 3 33 15.04 6.364 7 3 33 21.31 7.267
5 1 1 32 14.26 8.012 Total 1 0 33 16.10 9.018
N =116 2 1 33 14.24 8.285 N =523 2 0 33 15.92 9.080
3 1 33 13.90 8.092 3 0 33 15.88 8.948
4 1 33 14.05 8.325 4 0 33 16.11 9.002
5 1 33 13.92 8.305 5 0 33 16.15 9.032
6 6 31 19.80 6.264 6 1 33 19.66 7.007
7 4 32 18.37 7.198 7 3 33 1792 7.601

Table 2 shows that the scores given to the students range between 1.00 and 33.00 in the 39, 4", 5% and
7"-grade levels; however, for the 6™ grade, it is between .00 and 33.00. In all levels, the 6™ rater scored
with a higher mean than the other raters, and as the grade levels increased, the means of the scores
given by each rater increased as expected. The most homogeneous scoring was done by 6" rater for
the 3'9, 5™, 6™ grades and all students (total); by 7" rater for the 4"" grade; by 3" rater for the 7" grade.

Results of Classical Test Theory

The Eta correlation coefficient was calculated using the random block ANOVA results for the
consistency of the scores of the seven raters. As a result, it was observed the degree of agreement
between the raters who scored the story writing skill of each student was = .926 for 11 items, which
shows us that the fit among the raters is high. However, this correlation coefficient does not provide
us whether each rater scored correctly. For this reason, Cronbach’s Alpha (o) internal consistency
coefficient was calculated for the reliability of the scores given by the seven raters to the writings of
523 students.

Table 3. Cronbach a Internal Consistency Coefficients for Each Rater

Raters
1 2 3 4 5 6 7
.936 .936 .934 937 .938 .880 .901

Table 3 reveals that the scores of each rater are quite high (over .88). In particular, the reliability
coefficients of the scores of the first five raters and the seventh rater are considerably high (.90 and
above).

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 331
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

Results of Generalizability Theory

In order to calculate the variance and percentages obtained by the G study, seven raters (p) were asked
to rate the writings of 523 students (b) using 11 criteria (0), and a completely crossed pattern (bxoxp)
was applied. The main effects of b, 0 and p in this pattern and the effects of bo, bp, op, bop are
presented in the table below.

Table 4. Estimated Variances in G study and their Percentages in Total Variance

Source of Variance  df Sum of Squares Mean Square Variance Percentage
b 522 21401.956 41.000 .525 445

0 10 1028.432 102.843 .015 1.3

p 6 72.255 12.043 -.006 .0

bo 5220 4715.283 .903 .059 5.0

bp 3132 565.278 181 -.028 .0

op 60 2808.594 46.810 .089 7.5

bop 31320 15447.874 493 493 41.8

Total 100

It was found that the variance value (.525) estimated for the main effect of the student variable (b)
explained 44.5% of the total variance. This variance component for the population score shows how
the students differ from each other in a systematic way. The highest (the first rank) value of the
variance component is the desired outcome.

The percentage of the estimated error variance (.015) for the main effect of the criterion variable (0)
is 1.3%. The low value indicates that there is not much variation among item difficulties.

The percentage of total variance estimation of the predicted error variance value for the main effect of
the rater (p) was 0% (-.006, negative values are rounded to zero since the variance cannot be negative).
This value gives the degree of variation among the scores of the raters. Because this value is zero, it is
an indication of the excellent consistency between the scores of the raters.

The error variance component resulting from the student-criterion (bo) interaction is the difference in
students’ responses from one criterion to another. The estimated variance value (.059) for this
interaction accounted for 5% of the total variance. Accordingly, the difficulty levels of the criteria do
not differ much from one student to another.

The error variance component (-.028) resulting from the interaction of the student-rater (bp) explains
0% of the total variance. This value indicates that if a rater gave a high score to a student, other raters
gave a high score to that student as well.

The error variance value (.089) resulting from the criterion-scoring (op) interaction accounts for 7.5%
of the total variance. This value implies the extent to which a rater is strict when scoring a criterion
and flexible when scoring another.

The student-criterion-rater (bop) (residual) variability source is the variability caused by the interaction
of the student, the criterion, and the raters and by the random errors. This error variance value (.493),
which is the second highest, accounts for 41.8% of the total variance. This value is an indicator of the
existence of systematic or random variability sources that cannot be measured in this study by the
interaction between students, criteria, and raters.

G and Phi coefficients which are estimated as a result of the decision studies performed by doubling
the number of criteria and decreasing it by 2, 6; decreasing the number of raters by 2, 4, 5 and
increasing it by 1 are given in the table below.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 332



Yildirim-Seheryeli, M., Tan, S. / Examination of the Reliability of the Measurements Regarding the Written
Expression Skills According to Different Test Theories

Table 5. G and Phi (¢) Coefficients Obtained from the D Study on Measurement of Written Expression
Skills of Students

Number of the Raters

2 3 5 7 8
Number Phi G Phi G Phi G Phi G Phi
of criteria

5 89 878 922 907 943 932 953 o4 9% 047
9 939 928 955 946 968 961 973 968 975 970
11 950 941 963 956 973 968 978 974 980 975
22 974 969 981 977 987 984 989 987 990 987

Table 5 shows the result of the real application where 11 criteria were scored by seven raters in which
the G coefficient is .978, and ¢ coefficient is .974. The table also reveals that ¢ coefficient is smaller
than the G coefficient under similar conditions. Due to the high value of the obtained results, instead
of examining the increase in the criteria and raters in D studies, it was tried to obtain values closer to
.80 to ensure practicality.

While the smallest G and ¢ coefficients were .896 and .878 respectively when there were five criteria
and two raters. The biggest G and ¢ coefficients were .990 and .987, respectively when there were 22
criteria and eight raters. G and ¢ coefficients decreased when the number of raters was decreased, and
the number of criteria was fixed. G and ¢ coefficients increased when the number of raters was
increased. However, G and ¢ coefficients decreasingly increased after a certain number of items and
the raters.

Results of Item Response Theory

One of the polychotomous IRT models: Samejima’s graded response model (GRM)

First of all, it is necessary to check the assumptions of IRT. The normality distribution of the data was
shown in the CTT analyses. In IRT, the assumptions of unidimensionality and local independence
were examined.

In order to check the unidimensionality assumption, Principal Components Analysis (PCA) was
performed for each of the seven raters. Eigenvalues, lowest factor loads, and explained variance rates
are given in the table below.

Table 6. PCA Results for Unidimensionality Assumption regarding the data of Seven Raters

Rater The The Proportions of Assumption of The lowest The variance explained
eigenvalue of eigenvalue of eigenvalues unidimensionality factorload by a unidimensional
factor 1 factor 2 model (%)

1 6.726 1.525 4.41 Provided. .627 61.144

2 6.726 1.502 4.48 Provided. .605 61.144

3 6.651 1.588 4.19 Provided. .615 60.466

4 6.757 1.498 451 Provided. .608 61.426

5 6.792 1.462 4.65 Provided. .605 61.750

6 5.148 2.293 2.25 Not provided.

7 5.627 2.028 2.77 Not provided.

Table 6 indicates that the structure has a dominant dimension for the first five raters since the first
eigenvalues are more than four times the second eigenvalues (Cokluk, Sekercioglu & Biiyiikoztiirk,
2014). Data for 6™ and 7'" raters could not be included in GRM analysis because they did not meet the
assumption of unidimensionality.
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If the scale shows the unidimensionality, the assumption of local independence is met as well (Crocker
& Algina, 2006), which means that the assumption of local independence is met for the first five raters.

When the observed and expected ratios of each item scored by five raters for model data fit were
examined, it was found that the maximum residual value was .0321. Uyar, Oztiirk-Giibes and
Kelecioglu (2013) state that the differences between observed rates and expected rates are named as
residual. Also, they mention that when the residues approach zero the model — data fit is achieved.
Table 7 presents the estimated item parameters and their standard errors according to GRM in
measuring the written expression skills.

Table 7. Step-Function Parameters and Standard Errors with the Discrimination of the Items of Written
Expressions Rubric

Raters
1 2 3 4 5

Items

a b1 b2 bs a b1 b2 bs a b1 b2 bs a b1 b2 bz a b: b2 bs

1 1.45-1.15 0.40 1.36 1.40-0.97 0.29 1.44 1.30-1.29 0.17 1.45 1.41-1.15 0.25 1.48 1.52-1.11 0.29 1.42
SE 0.16 0.14 0.11 0.15 0.15 0.13 0.11 0.16 0.14 0.15 0.11 0.18 0.15 0.14 0.11 0.16 0.16 0.14 0.10 0.14
2 1.54-1.32 0.06 1.21 1.55-1.28-0.02 1.18 1.53-1.25-0.05 1.06 1.73-1.31 0.02 1.05 1.67 -1.23 0.00 1.20
SE 0.16 0.15 0.10 0.13 0.17 0.14 0.10 0.13 0.15 0.13 0.09 0.13 0.17 0.13 0.09 0.12 0.16 0.13 0.09 0.12
3 1.71-1.33-0.28 0.68 1.60-1.42 0.24 0.79 1.74-1.50-0.41 0.59 1.88-1.39-0.30 0.66 1.88-1.34-0.28 0.62
SE 0.18 0.14 0.09 0.11 0.16 0.15 0.09 0.11 0.17 0.14 0.09 0.10 0.18 0.13 0.08 0.09 0.18 0.13 0.08 0.09
4 1.57-2.17-0.61 0.44 1.36-2.04-0.65 0.52 1.37-2.35-0.80 0.41 1.41-2.22-0.79 0.45 1.53-2.15-0.72 0.46
SE 0.18 0.25 0.10 0.10 0.16 0.24 0.12 0.12 0.16 0.25 0.12 0.11 0.16 0.25 0.12 0.11 0.16 0.23 0.11 0.10
5 1.67-1.47-0.14 0.71 1.58-1.47-0.20 0.77 1.67-1.44-0.35 0.63 1.83-1.43-0.31 0.70 1.80-1.41-0.27 0.70
SE 0.18 0.16 0.09 0.11 0.17 0.16 0.09 0.11 0.17 0.14 0.09 0.11 0.19 0.14 0.08 0.10 0.18 0.14 0.08 0.10
6 3.05-0.44 0.44 1.33 2.81-0.46 0.56 1.51 3.05-0.56 0.32 1.31 3.17-0.48 0.35 1.24 2.96-0.47 0.42 1.28
SE 0.25 0.06 0.06 0.08 0.24 0.07 0.07 0.09 0.25 0.06 0.06 0.09 0.28 0.06 0.06 0.07 0.24 0.07 0.06 0.08
7 4.14-0.46 0.35 1.11 3.81-0.47 0.31 1.17 3.74-0.58 0.20 1.05 4.04-0.50 0.28 1.04 3.85-0.50 0.32 1.15
SE 0.34 0.05 0.05 0.06 0.31 0.05 0.06 0.06 0.30 0.05 0.05 0.06 0.31 0.05 0.05 0.06 0.31 0.05 0.05 0.06
8 5.98-0.44 0.39 0.95 5.89-0.41 0.34 0.98 5.48-0.52 0.29 0.94 5.30-0.43 0.38 0.93 5.52-0.41 0.36 0.97
SE  0.54 0.04 0.05 0.04 0.50 0.04 0.04 0.04 0.48 0.04 0.05 0.05 0.46 0.04 0.05 0.05 0.49 0.04 0.05 0.04
9 573-0.44 0.32 0.92 6.44-0.39 0.33 0.97 4.94-0.50 0.20 0.94 6.20-0.45 0.22 0.90 6.14-0.42 0.29 0.93
SE  0.47 0.04 0.05 0.04 0.57 0.04 0.05 0.05 0.44 0.05 0.04 0.05 0.57 0.04 0.04 0.04 0.56 0.04 0.04 0.04
10 5.05-0.44 0.39 0.95 5.17-0.46 0.37 0.98 4.81-0.64 0.26 0.90 4.33-0.59 0.29 0.95 4.91-0.54 0.33 0.91
SE 0.42 0.04 0.05 0.05 0.46 0.04 0.05 0.05 0.38 0.04 0.05 0.05 0.35 0.05 0.05 0.05 0.41 0.05 0.05 0.05
11  1.38-1.74 0.70 1.60 1.26-1.90 0.72 1.82 1.28-2.00 0.57 1.87 1.33-1.88 0.64 1.90 1.24-1.93 0.74 1.87
SE 0.15 0.22 0.12 0.17 0.15 0.25 0.13 0.19 0.14 0.23 0.12 0.21 0.15 0.23 0.12 0.20 0.15 0.25 0.13 0.20

Table 7 demonstrates that a parameters of the 11 items ranged from 1.24 to 6.44 in all raters. Baker
(2016) classified the discrimination parameters as very low (0.01-0.34), low (0.35-0.64), moderate
(0.65-1.34), high (1.35-1.69), and very high (1.70 and above). As it is given in Table 7, a parameters
in all items are high and very high with regard to the five raters. a parameters show the the slope of
item characteristic curve in dichotomous IRT. In polychotomous IRT it additionally shows the item
information (DeMars, 2010). According to the 1t and 3™ raters, the most informative item is the 8%
one. According to the 2", 4™ and 5™ raters, the 9™ criterion is the most informative one. The least
informative item was the 11" criterion according to all the raters.

Table 7 shows the parameters of location related to the step functions (the threshold values for the
categories). The b parameters indicate the ability levels of individuals who have been scored into the
relevant category by the raters with the probability of .50. Individuals need a lower ability level to be
scored into a lower category, while a higher level of skills requires higher categories. For all raters,
individuals must have a minimum score of -2.35 ability level to score higher than 0 with .50
probability, and a minimum of -0.80 ability level to score higher than category 1, and a minimum of
0.41 ability level to score higher than category 2.
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Characteristic curves and information functions are also used to examine the statistical analysis of
items. Item characteristic curves and information functions of the 1% rater are given in appendix A as
an example.

Appendix A shows the graphs of items 3 and 8. Since the curves of item 8 are higher (5.98) than the
curves of item 3, the discrimination for item 8 is higher; the curves of item 3 are more skewed;
therefore, the discrimination for item 3 is lower (1.71).

b parameters of item 8 show that individuals are expected to be at the ability levels of (-co, about -
0.60), [-0.60, about 0.40), [0.40, about 1.20) or [1.20, + o) in order to be scored into 0, 1, 2 or 3
categories respectively with .50 probability. Item information function of item 8 revealed that the
ability levels in which the item gives the most information are approximately between -0.60 and 1.20.

b parameters of item 3 show that individuals are expected to be at the ability levels of (-co, about -
1.30), [-1.30, about -0.30), [-0.30, about 0.50) or [0.50, + <) in order to be scored into 0, 1, 2 or 3
categories respectively with .50 probability. Item information function of item 3 revealed that the
ability levels in which the item gives the most information are approximately between -1.50 and 1.00.

In addition to the parameters, the test information function, which is the sum of the contribution of
each item to the test, and the marginal reliability coefficient are calculated under IRT. The test
information functions of the five raters are given in appendix B.

In appendix B, the figures indicate that even though the test information functions for each rater
changes depending on the ability levels, they are relatively higher for individuals with varying ability
levels between -1.00 and 1.50. As the amount of information in test information functions increases,
the standard error decreases. Then, for individuals who have the ability between -1.00 and 1.50, the
measurement results are estimated with fewer errors. As the test information increases, the error level
decrease and vice versa.

The marginal reliability coefficient is the coefficient of reliability that is estimated for the whole scale.
It takes a value between 0-1; as you get closer to 1, the reliability of the scores obtained from the scale
increases. The marginal reliability coefficients of the five raters are given below.

Table 8. Marginal Reliability Coefficients of Five Raters

Raters
1 2 3 4 5
9313 .9304 .9313 .9330 .9330

Table 8 shows that all coefficients are around .93 and the reliability is quite high. The Cronbach’s
Alpha coefficients in CTT for each rater were compared with the marginal reliability coefficients in
IRT. In order to compare the Cronbach’s Alpha coefficients in the CTT with the coefficients in the
GT, the median of the Cronbach Alpha (o) coefficients of the seven scores was calculated.

Table 9. o (median), Eta, G and Phi Coefficients for All Students
o, (median) Eta G Phi
936 926 978 974

The four coefficients in Table 9 are compared in pairs with Fisher’s Z test, with .95 probability (.05
significance level). The Z test statistic results for Fisher’s Z values and their significance (p) levels are
given in the table below:

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 335
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

Table 10. Z Test Results for Fisher’s Z Values for Four Coefficients

Fisher Z Coefficients a (median) Eta G
1.705 1.35 2.249

Eta 1.35 1.20

G 2.25 -8.78* -9.98*

Phi 2.17 -7.42* -8.62* 1.36

*p < .05

Table 10 shows that there is no significant difference between the G and Phi coefficients (Z = 1.36, p
> .05), and a and Eta correlation coefficients (Z = 1.20, p > .05), while there were significant
differences at .05 level between o and G, a and Phi, G and Eta, and finally Phi and Eta correlation
coefficients.

According to Table 3 and 8, when the two coefficients were compared with the Z test statistic
performed by Fisher's Z conversion, the results obtained with .95 confidence (.05 significance level)
are given in the table below:

Table 11. The Results of the Stability Test of the Fisher Z Values of Two Coefficients

- Raters
Coefficients 1 ) 3 4 5
Fisher Z () 1.7047 1.7047 1.6888 1.713 1.721
Fisher Z (Marginal reliability) 1.6681 1.6614 1.6681 1.681 1.681
Z test statistics .5909 .6996 .3345 513 .646
p values .55 48 74 61 .52

Table 11 shows that there is no significant difference between the stability coefficients at .05 level. In
this case, the same results were obtained for inter-rater reliability in both CTT and IRT.

DISCUSSION and CONCLUSION

According to the CTT, the Eta correlation coefficient was estimated for the seven raters, and it was
seen that the raters” scoring consistency were high. Cronbach a reliability coefficients were high in the
internal consistency of the test scores of seven raters. These findings yielded similar results with
Cronbach’s internal consistency coefficients calculated over .77 in the studies of Bagci (2015),
Biiyiikkidik (2012), Deliceoglu (2009), Giiler (2008), Oztiirk (2011) and Yelboga (2007). However,
in Giiler’s (2011) study, the coefficient was very low. Giiler (2011) stated that the reason for this result
was the purpose of the study and that random data with low validity and reliability were used.

The estimated parameter values in the measurement of written expression skill under GT are explained
below.

The error variances and the percentage of total variance estimations that were estimated as a result of
the G study of the bxoxp design, in which student (b), criterion (0) and rater (p) variability sources
were crossed, were examined.

e Itis possible to say that the scoring revealed the variability between the students.
e The criteria do not differ too much from each other as easy, medium, and difficult.
e The consistency between the scoring of the raters is excellent.

e |t can be said that the difficulty levels of the criteria do not differ very much from one
student to another.

o Students who got high scores from one rater got high scores from others as well.
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o Raters can be very strict when scoring a criterion and can be very generous when scoring
another. In this study, it was revealed that there are unexplained systematic or random
variability sources by design.

These results comply with the results of the studies of Arsan (2012), Brennan (2011), Biiyiikkidik
(2012), Giiler (2008), Deliceoglu (2009), Salgam (2016) and Yelboga (2007). These studies were
conducted with a completely crossed design; the number of participants ranged from 72 to 397 and the
number of raters ranged from 2 to 9, and data were obtained using likert scales, holistic and analytical
rubrics.

G and Phi coefficients obtained as a result of the decision study (D) by increasing and decreasing the
number of scoring and criterion in the bxoxp design were examined.

As a result of the real implementation of 11 criteria scored by seven raters, the coefficients G are over
.96, and the ¢ coefficients are estimated to be over .95. At the same time, ¢ coefficient was found to
be smaller than the G coefficient under similar circumstances as it should be theoretically. Due to the
high value of the obtained results, instead of examining the increase in the criteria and raters in D
studies, it was tried to obtain values closer to .80 to ensure practicality. These results differ with the
studies of Giiler (2011) and Oztiirk (2011), which had low values of G and Phi coefficients. The
reasons for this difference are the fact that Oztiirk (2011) used observation form and Giiler (2011) used
the random data which had low level of reliability and validity.

In this case, GT yields more detailed results than CTT by separating the sources of variability and
providing both separate (main) and interactive results including students, criteria, and raters. The
literature shows that Celen and Aybek (2013), Dogan and Tezbasaran (2003), Gelbal (1994), Kan
(2006), Kelecioglu (2001), Lee et al. (2012), Morales (2009), Nartgiin (2002), Ozdemir (2004)
estimated parameters using dichotomous IRT models with achievement tests or simulated data. Arsan
(2012), Ilhan (2016), Kim and Wilson (2009), Ozer-Ozkan (2012), Siinbiil (2011), Ure (2011)
estimated parameters using polychotomous-based Rasch model.

According to GRM, a parameters of 11 items ranged from 1.24 to 6.44 in all raters and discriminations
of items for each rater and information that items provide are high. According to the 1% and 3" raters,
the item that gives the most information is the 8" criterion, and according to the 2", 4" and 5" raters,
it is 9™ criterion that gives the most information. The least informative item was the 11" criterion in
all the raters. Of Koch’s (1983), Kése (2015), Nartgiin’s (2002) and Ozdemir’s (2004) studies, which
are based on polychotomous IRT model, the highest value of item discrimination is 3.34, estimated
for the first item of the sample consisted of all males in Nartgiin’s (2002) study. In this study, the
reason for the fact that discrimination value is 6.44 can be because of the academic achievement levels
of the schools in the sample, the familiarity of the students to the written expression studies and the
inclusion of all students between the 3™ and 7" grades.

Although the difficulty levels of the items do not differ much according to the GT, b parameters
according to IRT vary between -2.35 and 1.90 and 6 levels vary from -0.50 to 1.20.

It was revealed that marginal reliability coefficients were quite high (around .93). This finding is very
close to the marginal reliability coefficients obtained by Kdse (2015) and Nartgiin (2002) (.97 and
.93), whereas it differs from the coefficients (between .65 to .73) obtained by Ozdemir (2004). Apart
from the marginal reliability coefficient, a single coefficient for reliability in IRT was calculated in
Morales (2009) (Person reliability .95) and Celen and Aybek (2013) (Empirical reliability .80).

Similar to CTT and GT, the reliability of the scores of the five raters in the IRT was high. As a result,
the reliability estimates obtained from the three reliability theories used for our measurements were all
very high.

The reliability estimates of the three measurement theories used in this study were examined in two
ways. There was a significant difference between o and G, o and Phi, G and Eta, Phi and Eta
coefficients (p < .05) at each grade level and all students in favor of GT. In this case, CTT and GT
coefficients differed in reliability estimation. The literature in this field shows that there has been no
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analysis for the significance of the difference between the correlation coefficients in the studies
comparing CTT to GT.

In the second part, Cronbach Alpha coefficients in CTT and marginal reliability coefficients in IRT
were compared. There was no significant difference between the coefficients (p < .05). Similar results
were obtained for inter-rater reliability in CTT and IRT. Nartgiin (2002) examined the difference
between Cronbach’s Alpha internal consistency coefficient and the marginal reliability coefficient
with Fisher Z transformation and found no significant difference. In contrast to this study, Dogan and
Tezbagaran (2003) examined the significance of the difference between item discriminations and
difficulties in CTT and IRT with Fisher’s Z transformation and concluded that there was no significant
difference.

As a result of the present study which aimed to estimate the reliability of the measurements, it was
revealed that when the number of samples is at least 500 and the unidimensionality-local independence
assumptions are met, making item-level error estimations with Samejima’s (1969) Graded Response
model and making reliability estimates through item and test information functions in IRT provide
more detailed information than those provided by CTT. Unlike CTT, when the number of samples is
less than 500 and the variability sources are more than two, it is possible to calculate the
generalizability and reliability coefficients, which differ based on the absolute and relative decisions,
by examining the error variances separately and together using GT. In studies in which there is a single
source of variability, the use of CTT is more useful if there are pass-fail decisions or when the
researcher has a purpose of ranking.
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Yazih Anlatim Becerisine iliskin Ol¢iimlerin Giivenirliginin
Farkh Test Kuramlarina Gore incelenmesi

Girig

Gilinlimiizde egitimin amaci kisileri, toplumun ihtiyac¢lar1 dogrultusunda, tiiketen degil bilgiyi iireten
bireyler olarak yetistirmektir. Bilgi {iretebilen nitelikteki kisilerin sorunlar ¢6zebilen, sorgulayan, ist
diizey ve elestirel disiinebilen, arastirma-gelistirme becerisine sahip ve yaratic1 bireyler olmasi
gerekmektedir. Bireylerin iist diizey becerilerini ortaya koymalar1 saglayan bir¢ok ara¢ vardir. Fakat
soyut durumdaki diisiinceleri somutlastirarak incelenebilir hale doniistiiren en 6nemli ara¢ yazma ya
da yazili anlatim becerisidir. Yazma, diisiinme {izerine diisiinme olarak tanimlanmaktadir. Ayrica
bireylerin bilgiyi diizenleyerek diisiincelerini genisletmelerini saglamaktadir (Karatay, 2015).

Gelismis {ilkelerde yazili anlatim becerilerinin detayli olarak olgiilmesi i¢in calismalar yapilirken
tilkemizde heniiz 6grencilerin bu yondeki eksikliklerinin belirlenmesi {izerine ortak bir caligma
yapilmamaktadir. Olgmenin yaninda &gretim siirecinde de ortak bir yazma yaklasiminin olmamasi,
Ogrencilerinin yazili anlatim becerilerinin gelisimlerinin takip edilmesini de giliglestirmektedir.
(Karatay, 2015). Bu nedenle, bu ¢alismada da yazili anlatim becerilerinden biri olan hikdye yazma
becerilerinin degerlendirilmesi konu edinilmistir.

Ogrenciler hakkinda dogru karar verebilmek (degerlendirme yapmak) i i¢in dl¢utiin uygunlugunun yan
sira gecerli ve giivenilir bir dl¢iim de elde etmek gerekmektedir. Olgme islemine karisan hatalar
azaldik¢a 6lgme isleminin giivenirligi dolayisiyla da bireyde olgiilen 6zellik hakkinda verdigimiz
kararin dogrulugu artmaktadir (Kose, 2014). Bu nedenle hata teorileri (kuramlar); kullanim amacina,
sinirliklarina, 6lgme sonuglarmin ne sekilde kullanilacagina gore Klasik Test Kurami (KTK),
Genellenebilirlik Kurami (GK) ve Madde Tepki Kurami (MTK) gibi farklilagmistir.

Arastirmacilarin, arastirmanin amacina, kullanilan 6l¢gme aracina, veri toplama yontemine, elde edilen
Olciimlere, Olglimlerin dagilimina, 6rnekleme, Ol¢iimlerin hangi amagla kullanilacagina, kuramlarin
simirliklarina bagli olarak kullanilmasi 6nerilen kuramlar da degismektedir. Ortak bir bakis acisi, en
az iki kuramin birlikte kullanilmasinin daha giivenilir sonuglar ortaya koydugu yoniindedir. Bu
arastirma ile 6grencilerin iist diizey diislinme becerilerinden biri olan yazili anlatim becerisi puanlari
kullanilarak KTK, GK ve MTK’ye dayali giivenirlik kestirme yontemlerinin karsilastirilmasi,
birbirlerine gore tistlinliikleri ve farklari, sinirliklar ve sayiltilari belirlenerek alana kuramsal bir katki
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saglanmasi hedeflenmektedir. Bu calisma, incelenen ii¢ kuram i¢in sayiltilarin saglanmasi ve bu
kuramlarin uygulanabilirligine yonelik olarak arastirmacilarin karsilasabilecegi giigliikler ve ¢oziim
yollarina yonelik bulgu ve yorumlarin yapilmasi bakimindan da 6nem tagimaktadir.

Yontem

Aragtirmanin ¢aligma grubunu 2017 yili bahar doneminde Karabiik ve Gaziantep’te bulunan birer
okulda 6grenim goren toplam 523 ilkokul ve ortaokul 6grencisi olusturmaktadir. Bu 6grencilerin
102°si 3. smifta, 86’s1 4. sift, 116’s1 5. smufta, 110°u 6. Smifta ve 109’u 7. sinifta 6grenim
gormektedir.

Caligma grubunda verileri puanlamak i¢in Bursa’dan 2, Karabiik’ten 1, Gaziantep’ten 1 ve Ankara’dan
1 kisi olmak iizere toplam 7 dgretmen géniillii olmustur. Ogretmenlerin is tecriibesi 2 ile 10 y1l arasinda
farklilagmaktadir. Ogretmenlerimizden biri Tiirkce, besi sinif dgretmeni ve biri 6lgme degerlendirme
uzmani olarak gorev yapmaktadir.

Veri toplama araglart

Bu caligsmada oncelikle 6grencilerden belirlenen konularda verilen olgiitlere gore hikdye yazmalari
istenmistir. Bu uygulama ders saati i¢inde yapildigindan, 6grencilerin ve 6gretmenlerin segilmesinde
goniilliiliik esas almmustir. Formlarin temalar1 Siif Ogretmenligi, Tiirkce Egitimi ve Egitimde
Program Gelistirme alanlarinda ¢alismalar yapan {i¢ akademisyen tarafindan oy birligi ile 3. siif i¢in
orman, 4. sinif i¢in renkler, 5. sinif igin Kitaplar, 6. sinif i¢in dgretmen, 7. sif i¢in ayrimcilik olarak
belirlenmistir.

Yazilan hikayeler, yazili anlatim becerisi (analitik) puanlama anahtarina gore yedi puanlayici
tarafindan puanlanmistir. Puanlayicilarin her birine puanlama anahtarinin nasil kullanilacagr ile ilgili
gerekli egitimler verilmistir. 0-3 arasinda yapilan puanlamada 11 6lgiit i¢in puanlama anahtarindan
almabilecek en yiiksek puan 33 en diisiik puan 0 olarak belirlenmistir.

Veri analizi

Giivenirlik belirlemede KTK’de Eta korelasyon ve Cronbach Alfa (o) katsayilari igin SPSS 22; GK’de
G ve Phi (¢) katsayilar1 i¢in Edu-G 6.le ve MTK’de a, b1, bz, bs (b: adim fonksiyonlarinin
parametreleri) ve 0 parametreleri ile bilgi fonksiyonlar1 i¢in Multilog 7.03 programlari kullanilmugtir.
Elde edilen giivenirlik katsayilarinin karsilagtirilmasi i¢in ise Microsoft Ofis Excel 2016 programinda
Fisher’in Z doniistiirmesi kullanilarak iki korelasyon katsayisi arasindaki farkin manidarligi igin t testi
yapilmustir. Normallik sayiltist igin SPSS 22°de grafikler, Microsoft Ofis Excel 2016 programinda
carpiklik ve basiklik katsayilari; tek boyutluluk ve yerel bagimsizlik sayiltilar i¢in yine SPSS 22°de
temel bilesenler analizi; model-veri uyumu i¢in ise Multilog 7.03 programinda gézlenen ve beklenen
oranlar arasindaki farklar incelenmistir.

Sonug ve Tartisma

KTK’ye gore, yedi puanlayici i¢in puanlayicilar arasindaki Eta korelasyon katsayisi hesaplanmistir ve
puanlayicilarin 6grencileri puanlamadaki uyumlarinin yiiksek oldugu goriilmiistiir. Yedi puanlayicinin
da test puanlarinin i¢ tutarlilik olarak Cronbach a giivenirlik katsayilar1 yiiksek bulunmustur. Bu
bulgular Bage1 (2015), Biiyiikkidik (2012), Deliceoglu (2009), Giiler (2008), Oztiirk (2011) ve
Yelboga’ nin (2007) ¢alismalarinda .77’ nin lizerinde hesapladiklar1 Cronbach a i¢ tutarlilik katsayilari
ile benzer sonuglar vermis, farkli olarak Giiler’in (2011) rastgele veriler iireterek yaptigi calismada
cok diisiik diizeyde bulunmustur. Giiler (2011) bu durumun sebebinin ¢aligmanin amacindan
kaynaklandigini, diisiik gecerlik ve giivenirlige sahip rastgele verilerin kullanildigini belirtmistir.
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GK’ye gore yazili anlatim becerisinin Ol¢iilmesinde kestirilen parametre degerleri asagida
aciklanmustir.

Ogrenci (b), 6lgiit (8) ve puanlayict (p) degiskenlik kaynaklarinm tiimiiyle gaprazlandigi bxoxp
deseninin G ¢aligmas1 sonucunda kestirilen hata varyanslar1 ve toplam varyansi agiklama yiizdeleri
incelenmistir.

e Yapilan puanlamalarin 6grenciler arasindaki farklilagmayi ortaya ¢ikardigini séylemek

miimkiindiir.
e Olgiitler kolay, orta ve zor gibi birbirinden giiclik bakimindan ¢ok fazla
farklilagsmamaktadir.

e Puanlayicilarin puanlamalari arasindaki tutarlilik mitkemmel diizeydedir.
Olgiitlerin giigliik diizeylerinin bir grenciden digerine ¢ok biiyiik farkliliklar gdstermedigi
sOylenebilir.

e Bir puanlayicinin yiiksek puan verdigi 6grenciler diger puanlayicilardan da yiiksek puan
almustir.

e Puanlayicilarin bir 6l¢iitl puanlarken c¢ok kati, diger oOlgiitte ise comert olabildikleri
goriilmektedir. Bu calismada oOlcililemeyen sistematik ya da tesadiifi degiskenlik
kaynaklarinin bulundugu saptanmistir.

Bu sonuglar Arsan (2012), Brennan (2011), Biiyiikkidik (2012), Giiler (2008), Deliceoglu (2009),
Salgam (2016) ve Yelboga’nin (2007) tiimilyle ¢aprazlanmis desende 72 ile 397 arasinda birey, 2 ile
9 arasinda puanlayici, likert 6lgekler, biitiinciil ve analitik rubrik kullanarak elde ettikleri veriler ile
ortiismektedir.

bxoxp deseninde puanlayici ve 6lgiit sayilariin arttirilip azaltilmasiyla yapilan karar ¢aligmasi (K)
sonucunda elde edilen G ve Phi katsayilar incelenmistir.

11 olgiitiin yedi puanlayici tarafindan puanlandig asil uygulama sonucunda G katsayilarinin .96 nin
iizerinde, ¢ katsayilarinin .95’in iizerinde kestirildigi goriilmektedir. Ayn1 zamanda teorik olarak
olmas1 gerektigi gibi benzer durumlar altinda her ¢ katsayisi, G katsayisindan kiigiik bulunmustur.
Elde edilen sonuglarin yiiksek degerlerde olmasi sebebi ile K calismalarinda 6lgiit ve puanlayici
sayilarinin artiglarin1 incelemek yerine kullanishilik (ekonomiklik) saglanmasi adina daha az
puanlayici ve Olgiit ile .80°e yakin degerler elde edilmeye g¢alisilmigtir. Bu sonuglar ise G ve Phi
katsayilari diisiik diizeyde elde edilen Giiler (2011), Oztiirk’iin (2011) ¢alismalari ile farkli durumlar
ortaya koymustur. Bu durumun sebebi ise Oztiirk’iin (2011) calismasinda gdzlem formu, Giiler’in
(2011) calismasinda gecerlik ve giivenirligi diisiik olmasi istenen rastgele veriler olarak belirtilmistir.

Bu durumda GK, degiskenlik kaynaklarimi ayristirarak 6grenciler, dlciitler ve puanlayicilart ayri ayr
ve etkilesimlerini i¢eren sonuglarla KTK’ye gore daha ayrintili sonuglar vermistir.

Alanyazin incelendiginde Ozdemir (2002), Nartgiin (2002), Dogan ve Tezbasaran (2003), Kan (2006),
Morales (2009), Gelbal (1994), Kelecioglu (2001), Lee, Torre ve Park. (2012), Celen ve Aybek’in
(2013) arastirmalarinda basari testleri ya da simiilasyon ile tiretilmis veri kullanarak iki kategorili
MTK modelleri; Ozer-Ozkan (2012), Siinbiil’iin (2011) ¢ok boyutlu MTK modelleri; Arsan (2012),
[lhan (2016), Kim ve Wilson (2009), Ure’nin (2011) ¢ok degiskenlik kaynakli Rasch modeli
kullanarak parametre kestirimleri yaptiklari goriilmiistiir.

Derecelendirilmis (Asamali) Tepki Modeli’'ne (DTM) gore, 11 maddenin a parametrelerinin tiim
puanlayicilarda 1.24 ile 6.44 arasinda degistiginden her puanlayici icin maddelerin ayirt ediciliklerinin
ve verdikleri bilgilerin yiliksek diizeyde oldugu goriilmiistiir. 1 ve 3. puanlayicilara gére en fazla bilgiyi
veren madde 8. olgiit iken 2, 4 ve 5. puanlayicilara gore en fazla bilgiyi 9. dl¢iit vermektedir. En az
bilgi veren madde ise tiim puanlayicilara gore 11. 6lgiit olarak bulunmustur. Cok kategorili MTK
modellerinin kullanildigi Koch (1983), Kése (2015), Nartgiin (2002) ve Ozdemir (2002)’nin
caligmalarinda madde ayirt edicilik degerleri en yiiksek Nartgiin’iin (2002) caligmasinda erkek
ornekleminden birinci madde igin kestirilen 3.34 degeridir. Bu ¢alismada ise ayirt edicilik degerinin
6.44 bulunmasi drneklemdeki okullarin egitim diizeyleri, dgrencilerin yazili anlatim ¢aligmalarina
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asinaligl, 3 ile 7. simflar arasindaki tiim Ogrencilerin 6rnekleme dahil edilmesinin olabilecegi
diistiniilmektedir.

GK’ye gore maddelerin gligliik diizeyleri ¢cok fazla farklilagmiyor olarak bulunmasina ragmen
MTK ye gore b parametreleri -2.35 ile 1.90 ve 0 diizeyleri -0.50 ile 1.20 arasinda farklilasmaktadir.

Marjinal giivenirlik katsayilari incelendiginde ise giivenirligin oldukea yiiksek (.93 civarinda) oldugu
goriilmistiir. Bu bulgu Kose (2015) ve Nartgiin’iin (2002) elde ettikleri marjinal giivenirlik katsayilar
ile cok yakinken (.97 ve .93) Ozdemir’in (2002) elde ettigi katsayilardan (.65 ile .73 arasinda)
farklilasmaktadir. Marjinal giivenirlik katsayisi diginda MTK’de giivenirlik i¢in tek bir katsayiya
Morales (2009) -Person reliability (kisi giivenirligi) .95- ve Celen ve Aybek’in (2013) -Empirical
reliability (Gorgiil glivenirlik) .80- caligmalarinda rastlanmistir.

KTK ve GK ile benzer sekilde MTK’de da bes puanlayicinin 6grencilerin yazili anlatim becerilerini
puanlamalar1 sonucu elde edilen puanlarin giivenirligi yiiksek diizeyde bulunmustur. Sonucta
Ol¢timlerimiz i¢in kullanilan i¢ giivenirlik kuramlarindan elde edilen giivenirlik kestirimlerinin hepsi
oldukga yiiksek bulunmustur.

Bu calismada kullanilan ii¢ 6l¢me teorisinden elde edilen giivenirlik kestirimleri arasinda manidar bir
farklilik olup olmadig: iki sekilde incelenmistir. flk kisimda tiim 6grencilere ve tek uyum puania gore
elde edilen KTK’deki Cronbach Alpha katsayilari, Eta korelasyon katsayilari ile GK’deki G ve Phi
katsayilar1 karsilastirilmistir. Bu islem icin yedi puanlayiciya ait Cronbach Alfa (o) katsayilarinin
ortancast alinmustir. Her sinif diizeyinde ve tiim 6grencilerde o ile G, a ile Phi, G ve Eta, Phi ve Eta
katsayilar1 arasinda .05 diizeyinde Genellenebilirlik Kurami katsayilari lehine anlamli bir fark
bulunmustur. Bu durumda giivenirlik kestirimi igin KTK ile GK katsayilarmin farklilagtig
goriilmistiir. Alanyazin incelendiginde KTK ile GK’yi Karsilagtiran caligmalarda korelasyon
katsayilarinin arasindaki farkin manidarligi i¢in yapilan bir analizle karsilagilmamustir.

Ikinci kisimda ise puanlayicilara gére elde edilen KTK’deki Cronbach Alpha katsayilari ile MTKdeki
marjinal giivenirlik katsayilar1 karsilastirilmistir. .05 anlamlilik diizeyinde katsayilar arasinda anlamli
bir fark olmadig: tespit edilmistir. Bu durumda KTK ve MTK’ye gbre puanlayicilar arast giivenirlik
icin benzer sonuglar elde edilmistir. Alanyazin incelendiginde KTK ile MTK’yi karsilagtiran
caligmalarda Nartgiin (2002) bu ¢alisma ile benzer olarak Cronbach Alfa i¢ tutarlilik katsayisi ile
marjinal giivenirlik katsayis1 arasindaki farki Fisher’in Z doniisiimii ile inceleyerek manidar bir fark
olmadigi sonucuna ulagsmistir. Dogan ve Tezbasaran (2003) ise bu ¢alismadan farkli olarak KTK ve
MTK’deki madde ay1rt edicilikleri ve gii¢liikleri arasindaki farkin manidarligini Fisher’in Z doniistimii
ile incelemis, manidar bir fark olmadigi sonucuna ulagmustir.

Sonug olarak dlgtimlerin giivenirligini kestirmeye yonelik olan bu ¢alismaya gore, 6rneklem sayis1 en
az 500 oldugunda ve tek boyutluluk-yerel bagimsizlik varsayimlart karsilandiginda MTK’de
Samejima’nin (1969) Derecelendirilmis Tepki modeli ile madde diizeyinde hata kestirimleri yapmak
madde ve test bilgi fonksiyonlar1 aracihigiyla giivenirlik kestirimleri yapmak KTK’ye gore daha
ayrmntili bilgiler sunmaktadir. Orneklem sayisi 500°den az, degiskenlik kaynaklari ikiden fazla
oldugunda, GK kullanilarak hata varyanslarinin ayr1 ayr1 ve birlikte ele alinmasi ile mutlak ve bagil
kararlara gore farklilasan genellenebilirlik ve giivenirlik katsayilar1 hesaplamak KTK’den farkl olarak
miimkiin olmaktadir. Degiskenlik kaynaginin tek oldugu ¢aligmalarda, gecti-kald1 kararlar1 ya da
aragtirmacinin siralama yapma amaci oldugunda ise KTK nin kullanilmas1 daha kullanighdir.
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Appendix A. Characteristic Curves and Information Functions of Items-1°%t Rater
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Appendix B. Test Information Functions of Five Raters

Test Information and Measurement Eror Test Information and Measurement Eror

Test information function of the first rater Test information function of the second rater

Test Information and Measurement Ermor Test Information and Measurement Ermor

Test information function of the third rater Test information function of the fourth rater

Test information function of the fifth rater
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