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ABSTRACT

COMPARABILITY OF SCORES FROM CAT AND PAPER AND PENCIL
IMPLEMENTATIONS OF STUDENT SELECTION EXAMINATION TO

HIGHER EDUCATION

Ayse Sayman Ayhan

M.A., Program of Curriculum and Instruction

Supervisor: Asst. Prof. Dr. ilker Kalender

May 2015

The purpose of this study was to investigate the possibility of computerized adaptive
testing (CAT) format as an alternative to the paper and pencil (P&P) test of the
student selection examination (SSE) in Turkey. The scores obtained from both P&P
format of the SSE and CAT through post-hoc simulations were compared using
science subtest items. Different test termination rules (fixed length and fixed
standard error) and ability estimation methods (EAP and MLE) were used to operate
the CAT version of the SSE P&P test. 10, 15 and 25 items were used as fixed length
test and standard errors of 0.30, 0.20 and 0.10 were used as fixed standard error
thresholds in terms of test termination rules. Results indicated significant correlations
between scores from SSE and CAT. The comparisons between results obtained from

CAT and P&P tests also revealed that there exists similar ability distributions and



significant reduction in the number of items used through CAT. The findings from
the research showed that CAT could calculate reliability using fewer items than P&P
test. This study suggests that CAT can be an alternative to SSE with comparable
scores to P&P format.

Key words: CAT, computerized adaptive testing, science achievement, student

selection



OZET

YUKSEK OGRENIME GIRIS SINAVININ BILGISAYAR ORTAMINDA
BIREYSELLESTIRILMIS TEST VE KAGIT KALEM TESTI

FORMATLARINDAN ELDE EDiLEN PUANLARININ KARSILASTIRILMASI

Ayse Sayman Ayhan

Yiiksek Lisans, Egitim Programlari ve Ogretim

Tez Yéneticisi: YardimeiDogent Doktor flker Kalender

May1s 2015

Calismanin amaci yiiksek 6grenime giris sinavinda bilgisayar ortaminda
bireysellestirilmis testin (CAT) 6grenci se¢gme sinavi (OSS) klasik kagit ve kalem
testlerine alternatif olabilirligini arastirmaktir. Bu baglamda 6grenci segme sinavina
ait fen alt testi kullanilarak hem kagit ve kalem hem de CAT simiilasyonlarindan elde
edilen puanlar kiyaslanmistir. OSS sinavin1 CAT formatinda yapilandirmak igin sabit
soru sayis1 ve standart hata esik degerleri ile farkli yetenek kestirim metotlar1 (EAP
ve MLE) gibi farkl test sonlandirma kurallar1 kullanilmistir.Farkli yetenek kestirim
metotlar1 altinda sabit soru sayis1 degerleri 10, 15 ve 25; standart hata esik degerleri
0.30, 0.20 ve 0.10 test sonlandirma kural1 olarak kullanilmistir. Bu baglamda OSS ve
CAT simiilasyon sonuglar1 arasinda 6nemli bir korelasyon bulunmustur. Ayrica CAT
ile soru sayisinda 6nemli miktarda azalma ile benzer yetenek diizeyleri tespit

edilmistir. Bu ¢alisma sonucunda bireysellestirilmis testin daha az soruyla daha



giivenilir bir sinav sagladigi tespit edilmistir. Bu sebepten ¢alismaya konu olan
arastirma bireysellestirilmis testi kiyaslanabilir skorlarla OSS kagit kalem testine

alternatif olarak onermektedir.

Anahtar kelimeler: bilgisayarda bireysellestirilmis test, CAT, 6grenci se¢me, fen

basarisi
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CHAPTER 1: INTRODUCTION

Introduction

The purpose of testing in education can be described as determining students’
abilities/skills, providing feedback for instructors and students, school accountability
and measuring pre-determined skills. Paper and pencil (P&P) testing format has been
very common for decades in educational settings, but the wide use of computers may
replace P&P format and provide significant improvement in testing, especially large
scale testing which has been given in P&P format in Turkey. For example, Entrance
Examination for Graduate Studies (ALES) and Student Selection Examination (SSE)
are still done based on P&P format. Recently there have been some changes
observed in testing format. The Foreign Language Examination for Civil Servants
(YDS) test has been delivered via computer after 2014. The test only replaced the
medium of delivery (from paper to computer), not the testing approach. Students still
needed to proceed item by item as in a P&P test but it was the first time that

computers were used for testing in Turkey in a large scale assessment.

Computer-based tests have been used for many years but most of them are linear
tests. Since 1980s, a new testing format, computerized adaptive testing (CAT) has
been proposed to change not only the testing medium, but also the testing
philosophy. Instead of presenting items to all examinees in front of a computer, CAT
dynamically selects and delivers items based on students’ progress in the test. This
study focused on the (i) applicability of CAT format to SSE, probably the most
important large scale test, and (ii) comparability of scores obtained from

conventional testing environment (P&P) and CAT formats.



Background

Student selection examination in Turkey for undergraduate programs

There are many examples for large scale testing implementations in Turkey. SSE is
probably one of the most important ones since the scores from SSE are used for
placement into higher education. SSE consisted of two phases in 2014. The first
phase was Entrance Exam to Higher Education (YGS) which is used for placing
students in some higher education programs and used for selecting students for the
second phase. The first phase testing occasion includes 160 items. The subjects are
Turkish, mathematics, social sciences (history, geography, philosophy and religion)
and science (physics, chemistry, biology). Each subject group contains 40 items. The
second phase is the Placement Exam to Higher Education (LY'S) and used for

placement (OSYM, 2014).

This exam unfortunately generates tremendous pressure on students; may even affect
their psychology in negative ways (Yildirim & Ergene, 2007). An exam administered
once a year surely affects students’ lives since their futures depend on this exam. If a
student has health problems or cannot participate to exam, they have to wait until
next year. There is an important detail here; one year may change everything in a

human's life.

In addition to the following problems, a psychometric problem should also be
discussed in SSE. The results obtained from SSE across the years points to an
important issue. For example, means of SSE 2005 show that the mean of science
subtest is 3.9 out of 45. In the years 2008 and 2009, the mean of the 30-item science
subtest was 3.9 and 4.0 for the students at Grade 12 (at the last year of the high

school), respectively (OSYM, 2005; 2008; 2009). More recent means of the science



subtest from the SSE 2014 (4.5) and 2015 (4.6) indicated that means have been quite
low (the means reported in this paragraph were calculated for all students who take

the SSE in respective years, OSYM, 2014; 2015).

It is obvious that something is wrong with the balance between difficulties of items
and the ability levels of examinees. The results for the last ten years show that these
items did not match with the ability level of the students. The mismatch between
difficulty level and ability level result in too much weight being given to items,
rather than students’ ability. In other words, a correct item in SSE may significantly
change a student’s rank. Another issue regarding the mismatch is that most of the
items were not correctly answered by students. This situation may develop a claim
that there may be no reason to ask many questions if they have a very low mean.
Within these tests, some questions are difficult to solve for individuals having low
ability and by the same way some are very easy for the students who are high

achievers so it is meaningless to assess each individual with the same set of items.

In addition, regarding P&P format of SSE, there are other issues to consider such as
security problems, transportation of booklets into exam centers, and organization of
the exam for more than one million examinees for all over the country on a particular
day. Moreover, the items are prepared for the P&P format which may be quite tiring
or boring to read. Also they are not items designed by multimedia such as videos or
animations which can be creative and may help to measure critical thinking skills of

examinees (Cikrikg1-Demirtasli, 2003; Kalender, 2012).

Based on the problems across years, it can be said that a new test design is needed
urgently which provides suitable items for examinee’s ability level. If the test design

maintains suitable items for each examinee, much more compact exam can be given



without delivering items too far above or below students’ levels (Kalender, 2011).
Also many issues regarding logistics such as time, security and transportation will be

solved.

Computerized adaptive testing (CAT)

The idea of adaptive testing first appeared with the Binet& Simon intelligence test
(Weiss, 1982). But “computerized” adaptive testing idea first appeared in the 1970s
from the U.S. Department of Defense which highlighted the benefits of CAT
(Wainer, 1993). Early studies were done by US Army, Navy and Air Force but they
were not very successful. The Armed Services Vocational Aptitude Battery (CAT-
ASVAB) was administrated in CAT format in the 1980s in the United States. Then
the progress in computer technology led to the development in CAT applications. A
notable example of CAT is the Graduate Record Examinations (GRE) which has
been developed by Education Testing Service (ETS). The GRE was first done as
CAT in 1993 (Schaeffer, Steffen & Durso, 1995) and the Test of English as a
Foreign Language (TOEFL) was first given as CAT in 1998 in the United States.
Today, TOEFL has been using internet-based non-adaptive test format (Kim &
Huynh, 2007). Moreover, the Graduate Management Admission Test (GMAT) and
the National Council Licensure Examination (NCLEX/CAT) developed CAT
formats to get the license in nursing in the United States (Gokce, 2012). MATHCAT
is another computer adaptive testing system developed by the National Institute for

Educational Measurement (Cito) in the Netherlands (Verschoor & Straetmans, 2010).

CAT differs from P&P tests in many ways. First of all, it ensures that each student is

given a test which includes items tailored for his or her ability level. Items are



dynamically selected from a large item pool based on the current ability levels of

students, estimated immediately after each response.

In the background of CAT is Item Response Theory (IRT), a mathematical theory
which relates ability level of students and item parameters. (Lee, Park & Kim, 2012).
IRT based CATSs produce comparable scores for test-takers who took the same test,
giving them different weights. Another major advantage of CAT is the ability of
estimating a reliability level of each student’s score. In conventional testing, a

common reliability is estimated for all examines.

Some advantages of CATSs are given below (Tonidental, 2001; Zickar, 1998):

e Test security is improved since each examinee takes different items,

e Fast scoring can be provided just after the test,

e The possibility of cheating and copying is eliminated,

e Flexibility of administration is increased,

e Testing time is reduced,

e The number of items are reduced,

e Efficiency and measurement success are provided,

e Measurement precision becomes the same for each individual,

e Test is standardized,

e |tems can be interactive such as animations.



On the other hand, there are some disadvantages of CAT, for example the cost of
software programs, psychometric properties of the test, or requirements for a large
item pool. In addition, CAT does not allow skipping the items. P&P tests allow
examinees to go back and review the answers but CAT requires the answers to be
given for an item in order to see the next item. Another disadvantage is that CAT and
P&P tests differ in terms of scoring (Stocking, 1987). Conventional tests, based on
classical test theory, calculate only correct responses while adaptive tests use IRT in
that responses to prior items determine both the ability estimations of individuals and

the selection of new coming items.

Problem

Statistics show that 1,282,512 Turkish middle school students took the Transition
from Middle to Secondary Education (TEOG) exam in Grade 8, in 2015, and more
than one million young people take the SSE each year (MoNE, 2015; OSYM,
2015).Especially SSE has significance since it is a high-stake test, the results of
which are used for placement purposes in higher education institutions. The SSE has

been given in P&P format for years.

The SSE consists of only multiple-choice items aiming to measure students’
knowledge. Although the questions are developed based on the high school
curriculum, they still do not match the ability of test takers (Berberoglu, 2012). Also,
blind guessing is an important issue to consider about SSE. According toKalender
(2012), “Giving a correct response to any item could change examinees’ ordering
significantly. When an examinee gives a correct response to an item by blind
guessing he/she could receive higher scores than he/she deserves due to poor item

parameters” (p.6).



Whether it is P&P or CAT, a test should be able to determine if the true score comes
by blind-guessing or from the examinee’s knowledge. According to Mead &
Drasgow (1993), when the questions fit the ability of the examinee, there will not be
blind-guessing problems. However, CAT may provide efficient solutions for all of
those problems. First, CAT can provide items which fit well with the ability levels of
examinees. Second, there will not be security or transportation of booklets thanks to
the structure of CAT. Third, each examinee is given different items based on their
ability levels which make cheating impossible. Fourth, items can be interactive and
media presented which make the exam friendly. These conditions make the test more
creative and lead to ask critical thinking questions or 3D items. Fifth, scoring will be
easy right after the test. Also the most important thing is CAT could reduce the
pressure on students if it is done more than once a year. To be able to solve all these

problems, this study investigated if CAT can be an alternative to P&P based SSE.

Although the advantages of CAT format in large-scale testing programs are many,
studies in Turkey are very limited (Demirtashi-Cikrikci, 2003; Gokee, 2012; Iseri,
2002; Kalender, 2011and Ozbasi, 2014). These studies mostly focused on
correlations between scores obtained from P&P and CAT formats. If testing medium
may be given as an option to students, then students may select testing format. When
this is the case, another problem arises. Scores from both formats should be

comparable.

Despite the fact that CATs have become popular in other countries, it may not be
easy to put SSE in CAT format immediately in Turkey. If two versions co-exist
together, their scores should be comparable. There are four aspects of comparability

which are reliability, test length, item exposure and content balancing (Wan, Ken,



Davis & McClarty, 2009). This study focused on comparability by using different

text lengths and reliability.

Purpose

This study investigated if (i) CAT could be an alternative to SSE or not and (ii) how
the scores obtained from CAT and P&P versions of SSE are comparable. Different
test termination rules and ability estimation methods were used to operate CAT
versions of the SSEP&P test. The results obtained from both P&P format of the SSE
and CAT through simulations were compared. For this reason, SSE2005 science
items were used to generate new results via post-hoc simulations. Different school
types were also considered in this study. The results of general, Anatolian and private
high schools were examined since these schools represent different ability levels

(Kalender, 2011).

Research questions

The first research question is related to applicability of CAT. The sub-research
questions were stated based on the studies in the literature on comparability issues

between CAT and P&P tests (Wang & Kolen, 2001; Wang & Shin, 2010).

Could student’s scores from P&P and CAT formats be compared?

1. Is there any reduction in the number of items required by CAT?

2. Is there a correlation between ability estimates obtained from CAT
and P&P tests?

3. Is there any difference in difficulty between the CAT and P&P tests?

4. Are there any differences in terms of score distributions obtained from

CAT and P&P tests?



5. Are there any differences in terms of the reliability of scores obtained
from CAT and P&P tests?

6. For what percentage of test-takers is MLE not able to produce scores?

Significance

This study focuses on the viability of a reform to SSE with CAT as an alternative to
the P&P of SSE, not only considering applicability of CAT but also comparability of
CAT to P&P format. Transforming a P&P test into CAT format can easily be done.
But if the comparability between different testing formats is not possible, then
different formats cannot be delivered optionally. The results are expected to yield
significant information especially for score comparability which may be used by
Student Selection and Placement Center (OSYM), test developers, and measurement

specialists.

Definition of terms

CAT (Computerized Adaptive Testing): A testing method based on IRT which tailors

abilities of test takers according to their previous responses (Weiss, 1982).

CTT (Classical Test Theory): A measurement framework in which most of the P&P

tests are grounded (Fan, 1998).

EAP (Expected A Posteriori): One of the ability estimation methods which belongs

to Bayes’ theorems (Boyd, 2003).

IRT (Item Response Theory): The theory in which CAT is grounded; it gives

information about the ability of examinee on item level (van der Linden, 2000).



MLE (Maximum Likelihood Estimation): One of the ability estimation methods that

does estimates based on the model parameters (Keller, 2000).

SSE (Student Selection Exam): The national exam for higher education in Turkey. In
2005, there were two phases of the university entrance exam. The first phase of the
exam was called OSS (Student Selection Exam) and the second phase was called
OYS (Student Placement Exam). Now, as of 2015, the first phase of the exam is
called YGS (Entrance Exam to Higher Education) and the second phase is called
LYS (Placement Exam to Higher Education). This study focused the first phase of

the exam in 2005. The abbreviation of SSE is thus used to represent OSS.

SE (Standard Error): Standard error of ability estimation which is mainly used here

as a test termination rule to assess reliability.

TEOG (Transition from Middle to Secondary Education): A test for Grade 8 students

in Turkey. The results are used for placement in secondary education (MoNE, 2015).

YDS (Foreign Language Examination for Civil Servants): The test to measure foreign
language skills of candidates for placement in graduate programs in Turkey (OSYM,

2015).

10



CHAPTER 2: REVIEW OF RELATED LITERATURE

Introduction

Innovations in computers have significant effects on many areas of education, such
as curriculum, measurement and evaluation. Previously, access to computers was
limited to people from different levels of society because of high costs and
capability. Since the early 1990s, it has been reported that this influx of technology
has had an effect on student learning (Christensen, 2002). At the same time, CAT has
been developed and implemented in large-scale testing programs such as licensure,
certification, admissions, and psychological tests, especially in the United States,

China and India (Kim & Huynh, 2007).

The purpose of this chapter is to provide context about large scale testing and
problems. The definition of CAT, its advantages, the theory behind it, ability
estimation methods and test termination rules are given to explain how CAT could be

an alternative to SSE.

Large scale testing

Large scale testing in the world

Bennet (1998) states that large scale educational assessments have multiple purposes
for a sizeable number of people such as placement, course credits, graduation or
school accountability. GRE (Graduate Record Examination), TOEFL (Test of
English as a Foreign Language), IELTS (International English Language Testing
System), SAT (Scholastic Assessment Test), IB-DP (International Baccalaureate

Diploma Program), TIMSS (Trends in International Mathematics and Science

11



Study), and IAEP (International Assessment of Educational Progress) are some of

the examples of these large scale testing from several countries (Eignor, 1993).

Large scale testing in Turkey

Turkey has a population of 76,667,864 people and 12,691,746 of them are between
the ages of 15 and 24 (TUIK, 2013). Thus 16.6 % of the population consists of young
people many of whom take at least one of the national exams, which are Public
Personnel Selection Exam (KPSS), Student Selection Examination (SSE), Entrance
Examination for Graduate Studies (ALES), Foreign Language Examination for Civil
Servants (YDS) and Transition from Middle to Secondary Education (TEOG)
Examination each year. For instance, 1,987,488young people took the SSE in 2015
and people of 1,783,313 took the KPSS in 2014at graduate level (OSYM, 2014;

2015).

Tindal & Haladyna (2002) stated that large scale assessments have many issues to
consider and research which can be listed as follows: educational reforms,
application of learning theories to standardized tests, validity, measurement and
evaluation. Because of the fact that Turkey has many large scale tests, there are many

issues to take into consideration.

Problems of large scale testing in Turkey

Recent results of SSE showed that the means of the science subtests were too low.
Hence the mismatch between ability levels of students and item difficulty is probably
the most important psychometric problem. If this is the case, a test may not be
assessing what it is intended to measure. The security and transportation of questions
are some of the problems about large scale exams. In 1999, one of the booklets of the

exam was stolen and the exam was delayed. It cost the government a large sum of

12



money to repeat the test and prepare new booklets. While CAT may require some

security issues, they are not more than a P&P test’s.

The university entrance exam is very important in Turkey, as demonstrated by
Berberoglu (2012). Millions of young people are trying to pass the exam and go on
to higher education, but the reality is there are not enough places for each student.
This causes a big competition among students, and also their families, who pay a
huge amount of money for tutors or special courses. This puts pressure on students.
According to Yildirim (2004), there is a significant correlation between depression,
test anxiety and daily hassles of students. That means there is a need to reform of

SSE.

Berberoglu (2012) states that a reform in SSE must be based on academic research
and the research must examine two different issues: logistics and psychometrics.
Administering the university entrance system only once in a year is harsh and hard
for students. The exam needs to be rational and well-structured. The students’ needs
and aspirations, as well as their high school scores, must be taken into consideration.
Also, multiple choice testing is a problem because the measurement is based on only
test-taking ability. The multiple-choice-based education system of Turkey had low
PISA scores in 2012 (OECD, 2012). It is clear that this needs to be changed and this
change in education needs experts, reform must be based on scientific research, and

the techniques must be suitable for measuring students’ abilities.

CAT administrations

It was in early 1905s when Binet invented an adaptive test with the aim of asking
questions to children to determine their intelligence level for their age groups (Weiss,

1982). The test was tailored because the difficulty of questions changed according to
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previous answers that came from test takers. Some administrations of CAT are CAT-
ASVAB (Armed Services Vocational Aptitude Battery) to measure academic and
occupational success in military, CAT-GMAT for graduate business schools,
Microsoft© Certified Professional Exams for certification in technology, American
Institute of Certified Public Accountants Exam (AICPA) to become Certified Public
Accountants, and NREMT (Nationally Certified Emergency Medical Technician) to

become medical technician in United States(Fetzer, Dainis & Lamber, 2011).

CAT is a technologic assessment system, developed for computers. CAT involves
change in both the administration mode and the test delivery algorithm, which turns
CAT from linear to adaptive form. This algorithm allows the program to tailor each
test (Wang, Kuo, Tsai & Liao, 2012). Rudner (2012) defines CAT as a test in which
examinees are posed questions that will adjust in accordance to their responses to
easy questions or difficult questions. To do this, CATs need a huge question

databank.

Limitations of CAT

According to some comparability studies (Wang& Shin, 2010; Wang & Kolen,
2001), it has been found that test paradigm may be a factor for incomparability.
Likewise, mode effect, which can affect examinees’ performances, is one of the most
important concerns about CAT. Ayberk (2012), Drasgow & Chuah (2006) and
Schaeffer, Reese, Steffen, McKinley & Mills (1993) found that there is no significant
difference between computer based tests and P&P test results in terms of gender and
computer familiarity. According to Clark (1994), if the tests have the same content
and cognitive activity, the results must be the same for both computer and P&P based

tests. On the other hand, Clark (1994) stated that there is a significant difference
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between student’s computer-based test performances according to attitude towards
computers. The cost of software programs, inability to review the test or skip items,
and the need for many computers to run CAT are some of the disadvantages of CAT.
In addition, item exposure, item selection and requirement for large item pools have

significance to avoid repetition of item usage (Wainer, 1993).

This study focused on the comparability of the scores from P&P of SSE. However,
there is very little research about CAT in Turkey and most of these studies are PhD
dissertations. That is why this master thesis has significance for researchers who

would like to conduct a further research about CAT in Turkey.

Item response theory

There are two widely accepted kinds of measurement frameworks, Classical Test
Theory (CTT) and IRT. CTT does not have a complex theoretical model. As stated in
Fan (1998); “CTT collectively considers a pool of examinees and empirically
examines their success rate on an item” (p.358). On the other hand, IRT has a well
defined theoretical model and it gives information about the ability of examinees on
an item level. This property of IRT is used for adaptive testing. IRT is mentioned by
Lord & Novick (1968) for the first time. As an example for linear test based on IRT,
the Test of English as a Foreign Language (TOEFL) has been done all over the world
for many years. It is a good example of computer-based tests. Many other
standardized achievement and aptitude tests such as the Scholastic Aptitude Test, the
California Achievement Tests, the Stanford Achievement Tests, and the Woodcock-
Johnson Psycho-Educational Battery are developed using item response model

principles and procedures (Hambleton, Zaar & Pieters, 1991).
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IRT is the theory in which CAT is grounded. According to Hambleton, Zaar &
Pieters (1991); “Classical test theory models and methods which have been in wide
use for 60 years or more are being replaced by new test theories and methods, most
notably item response theory” (p.341).IRT is a good theoretical basin for a test and
provides useful information to test developers. In contrast to CTT, IRT gives
information on item basis. It calculates the ability of the examinee on an item level
by calculating the probability of the correct response for each item. It is not easy to
assume examinees’ response on an item basis but IRT makes it known. This is the
main feature of IRT which means IRT calculates the probability of correct response
for next item. For this reason, IRT can be called probabilistic test theory. In addition,
this feature of IRT provides item characteristics independent from the group, ability
estimations independent from the items and reliability estimations on individual
levels. IRT derives item characteristics independent from the group, which means
that item parameters would be same for individuals. This is called invariance of
ability parameters. In addition, ability estimations are independent from the items
which mean if two different sets of items are given to test takers; the same ability
levels are estimated. This is called invariance of item parameters. To be able to
generate item parameters, items are calibrated based on their difficulty levels: the
items are given to test takers to generate item parameters based on their responses.
When the model and item parameters fit, the test can be given to different examinees
with different items to receive comparable estimates of ability. Therefore, the items
in the test match with the ability levels of individuals (Embretson & Reise, 2000;
Hambleton & Jones, 1993; Kingbury & Zara, 1989; Mead & Meade, 2010; Reise &

Waller, 2003; Stocking, Smith & Swanson, 2000; Yen, 1981).
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IRT has several models that aim to calculate the probability of certain responses for a
certain item. The models have functions which are normal ogive or logistic
functions. The models in logistic functions are explained below (Hambleton &

Swaminathan, 1984).

One parameter logistic model (1PL) is interested in item difficulty, b. This is the
simplest dichotomous IRT model since there is only one item parameter. This item
parameter, b, provides information about the person’s ability level since there is an
interaction between the difficulty of item and ability. Therefore, the probability of a

correct response can be predicted.
One Parameter Logistic Model:

eD(6-b;)

P (0) = @5y i=12.n (D=17)

Two Parameters Logistic Model:

eDa(0-by)

PL(H) = 1 eDal-bp i=1,2 ..n (D = 17)

Three Parameters Logistic Model:

eDa(O—bi)

1+eDa(9—bi)

P,(®)=c;+(1—¢) i=1,2.n (D=17)
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Figure 1.Three parameter logistic model item characteristic curve

This item characteristic curve shows the relationship between ability and probability
of a correct response (Py) for an item. c represents the pseudo-guessing factor, b
represents item difficulty and a represents discrimination. As b goes right, items
become harder; and as b goes left, items become easier. As can be seen from the
Figure 1, 0.5 is the changing point for the parameter that makes the graph flatter or

steeper. The item characteristic curve gives information on item level.

Much of what IRT provides comes from item information function. The idea is to
match the item difficulty with the ability level of examinee. Then the information is
received with regards to how close the difficulty of the item is to the ability of
examinee. The amount of information depends on this criterion. When the ability is
known for each item, then the difficulty can be calculated. To be able to have a good
measurement, it is important to have variety of items, which have different difficulty

levels (Bock, 1972; Pashley, 1991; Rizopoulos, 2006).

The two parameters logistic model (2PL) is labeled as Birnbaum model whereas the
one parameter logistic model (1PL) is called as Rasch model in literature. The 2 PL
model uses two parameters which are item difficulty, b, and item discrimination, a.
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These two parameters derive information when the difficulty of an item is too high
for an examinee, who has low ability. Higher ability level is achieved by higher
difficulty of items. Likewise, item discrimination distinguishes between the items
with different ability levels (Kalender, 2009). The three parameter logistic model
(3PL) has the additional influence of guessing parameter, ¢, on item difficulty, b, and

item discrimination, a (De Ayala, 2009; Pashley,1991).

Some IRT studies from Turkey are given below:

Baykul (1979) investigated the results obtained from 3PL model and CTT in terms of
mathematical test ability. In the first place the results stated that 3PL generated more
reliable scores. Berberoglu (1988) studied the contributions of Rasch Model which is
a special case of IRT; to operate measurement and to increase objectivity of test
items of SSE. The results were compared to the results from CTT. The findings
showed that the Rasch Model operated higher scores in terms of both reliability and

validity.

The study which was done by Demirtasli-Cikrikei (2003) examined the comparison
of Raven Standard Progressive Matrices (RSPM) Test under CTT with IRT models.
The results revealed that item difficulty indices for both CTT and IRT were highly
invariant, and IRT based CAT were suggested as a test application. In addition,
Kalender (2011) investigated the effects of different CAT strategies on the recovery
of ability. The results obtained from IRT and CTT were compared. SSE 2005, 2006
and 2007 science sub-test items were used to generate scores by CAT. The findings
underlined high correlations between the scores from conventional P&P test and
CAT. Lastly Iseri (2002), Kaptan (1993), and Ozbasi1 (2014) did research about IRT

in their dissertations and explained many advantages of IRT over CTT.
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Fan (1998), Samejima (1969), Van der Linden & Glass (2000) and Zickar (1998) did
an empirical study to identify differences between IRT and CTT since they are very
different measurement frameworks. The findings supported the idea that IRT has

many advantages over CTT.

Ability estimation methods

There are four ability estimation methods in literature (Beguin & Glas, 2001; Keller,
2000). As it is stated in van der Linden (2010), the most popular one was maximum
likelihood estimator, MLE. The others are weighted likelihood estimation (WLE),
expected a posteriori estimation (EAP) and maximum a posteriori estimation (MAP).
The last two are called Bayesian ability estimation methods. According to Beguin &
Glas (2001) “Bayesian approach gives the possibility to rigorously model all
dependencies among variables and sources of uncertainty (p.541). Moreover,
Bayesian techniques provide flexibility and calculate ability for complex data (Fox,
2010). WLE can be an alternative to MLE since it uses likelihood estimations while

the other two use posterior based estimations.

MLE focuses on maximizing likelihood to estimate ability. Lord (1986) discussed
the advantages and disadvantages of MLE in IRT. Lord stated that MLE produces
non-convergence results, which can be a disadvantage, whereas it has consistency
and efficiency, which can be stated as advantages. Wang (1997) examined MLE and
EAP ability estimates in CAT. It is concluded that MLE produces unbiased ability
estimates and low standard error values whereas EAP produces biased results but
high standard error values. The most important characteristics of EAP can be counted
as there are not any non-estimated scores whereas non-convergence is a big issue for

MLE. MLE requires at least one correct and one incorrect answer for scoring. If all
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the answers are correct or incorrect for the set of items, MLE does not work,

according to Hambleton & Swaminathan (1984).

The current literature on ability estimates abounds with examples of ability
estimation methods. Yi, Wang & Ban (2000) did comparison of four ability
estimation methods and WLE was found to be the best ability estimation method for
ACT Mathematical Test. Likewise, Riley and Carle (2012) and Veldkamp &
Matteucci (2013) examined the advantages and limitations of Bayesian CAT.
McBride (1977) discussed some properties of Bayesian methods in adaptive testing.
The results stated that Bayesian techniques highly correlated with ability levels.
Chen & Choi (2009) discussed the difference between MLE and EAP. The findings
reported that MLE produced non-convergence scores whereas EAP did not. In
addition, MLE did not work for small sample sizes whereas EAP worked well. It is
stated that “EAP estimators with more informative prior distribution could result in
stronger bias towards the mean of the prior distribution, and provide less variation of
estimates in terms of standard deviation” ( p. 352). Lastly, Wang et al. (2012)
investigated adaptive systems for Chinese proficiency. Results supported the key

argument that EAP had many advantages over MLE and MAP.

Strategies for test termination

To end a CAT there are several methods. Fixed length CAT, variable-length CAT,
passing scores, cut points, and standard error thresholds are the most common test
termination rules in the literature (Wan et al., 2009; Wang & Kolen, 2001). A fixed
set of items are given to test takers in fixed length CAT whereas different sets of
items are used for variable-length CAT. Minimum standard error or a time limit is

determined to stop variable-length CAT which fits with the minimum standard of
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reliability. Passing scores or cut points can also be established as a test termination

strategy for CAT (Wall &Waltz, 2004).

According to Weiss & Kingsbury (1984), there are important components to consider
for CAT administrations. These are response mechanism, item pools, starting rule,
item selection procedure, scoring models and test termination rules. The study that
belongs to Weiss & Kingsbury (1984) has significance since different termination
rules were applied with many item banks. Termination rule is important to catch
efficiency in measurement. Otherwise, CAT cannot fit into good measurement tools.
Babcock & Weiss (2012) used MLE as ability estimate method and reliability of
0.85, 0.90 and 0.95 for standard error thresholds together with other stopping
conditions. Babcock & Weiss ‘s results showed that fixed length and variable-length
CATSs performed similarly whereas Boyd’s (2003) investigation showed that fixed

length tests were more useful to calculate item exposure rate.

Summary

In this chapter, the discussion pointed out many articles and research papers to
answer research questions of this study properly. In the first place, the concept of
large scale testing was identified. The situation of large scale testing all over the
world and in Turkey was detailed with many examples. Nearly all of the large scale
testing was P&P based whereas there were only several tests that were computer
based. Then, SSE of Turkey was highlighted since it was one of the most important
exams in Turkey. The problems with large scale testing were examined.
Transportation, security issues, and anxiety of once a year exams were the main
topics to discuss regarding the problems of large scale testing in Turkey. After all,

the idea of adaptive test was explained.
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Next, the definition of CAT was given to express information about it. Advantages of
CAT were explained to underline the comparability of CAT with P&P of SSE.
Moreover, the theory behind it was detailed. The comparisons between IRT and CTT
were given and on the basis of currently available evidences from the literature, IRT
were highlighted with many advantages. In this study, EAP and MLE were used to
examine different results and to find the optimum CAT strategy. For this reason,
different ability estimation methods were detailed under the light of literature.
Different test termination rules were given from the literature and the main

theoretical premises behind test termination rules were detailed.

To conclude, in this chapter, the situation of P&P based large scale exams and CAT
as an alternative to P&P tests was emphasized. CAT was presented as a good
alternative to P&P tests. Since there is little research in Turkey about CAT, this study

fills an important gap for future test developments.
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CHAPTER 3: METHOD

Introduction

This chapter explains the methodology of the thesis. This study aims to investigate
the applicability of CAT as an alternative to P&P testing with regard to the SSE in
Turkey. In this section, there are six main parts. In the first section, research design
was described. Then in the second section information context and in the third
section sampling of the study were given. After that in the fourth section
instrumentation of the study was provided. In the fifth section method of data

collection and lastly in the sixth section the method of data analysis were detailed.

Research design

This study utilized quantitative methodology based on simulations. Descriptive
research design was used to investigate results obtained from real data and
simulations. Results were presented in a descriptive manner rather than conducting
statistical comparison analyses since this is one of the earliest attempts regarding

CAT implementations.

Context

In this study, students’ responses to the science subtest of SSE were used.SSE2005
science items were obtained via official permission of the OSYM in 2005 without
any ID or information that can be used to identify students. The present study
includes different methods of comparability for SSE between CAT and the P&P
versions. According to the literature, there are many methods to analyze
comparability of CAT and P&P tests (Wan et al., 2009; Wang & Kolen, 2001). In

this study, fixed length and fixed standard error methods were used together with
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different ability estimation methods. Post-hoc simulation was used for applying these
methods and new data was generated based on 2244randomly chosen real examinee
responses. Responses belong to the students who took the SSE 2005 at Grade 12 (the
last year of high school). The SSE 2005 had two phases but this study focuses on
only the first phase of the national exam. Science items were used for generating
post-hoc simulation results. Based on the results from the simulation, the

comparability of CAT and SSE P&P version would be investigated.

Sampling
The data used in this research is obtained from OSYM. The data set belongs to year
2005 and it contains student responses to 45 science items. The sample size was 2244
students. The sample included only students who took the SSE2005 at Grade 12 (the
last year of the high school) and those who gave at least one response to the science
items. Beyond all, three school types are included: general, Anatolian and private
high schools. These schools were included to represent different ability levels based
on the mean scores obtained from SSE 2005 science sub-test (Table 2). General high
schools had the highest percentage in terms of number of students for the sample of
the study. These three school types followed the same national curriculum.
Vocational and technical high schools were not considered for this study because
these schools have extremely low means. But the school types in this study have

relatively higher means.

As can be seen from Table 1, the mean of the total scores out of 45 science items is
18.31 for the sample of this study. In chapter 1, the mean scores were given
including all students who took SSE 2005.In this study, only general, Anatolian and

private schools were included.
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Table 1
Descriptive statistics of total science scores of SSE 2005 (N=2244)

Standard
Mean  Deviation Skewness Kurtosis

Total_scores  18.31 14.41 .05 -1.41

Figure 2 shows the distribution of total scores of SSE 2005. As can be seen from the
figure, there are many students who had total scores that equal to 0. Table 2 shows
that the median values of total scores for the 2005 science subtest are 7, 34.5 and 26
for general, Anatolian and private high schools, respectively. Anatolian schools have

the highest total scores whereas general high schools have the lowest total scores.
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Figure 2. Distribution of total scoresof SSE 2005 (N=2244)

Table 2
Statistics of total scores of general, Anatolian and private high schools of SSE 2005

(N=2244)

General Anatolian Private

Mean 9.95 31.41 23.96
Median 7.00 34.50 26.00
Mode 1.00 39.00 37.00
Std. Deviation 9.83 10.74 13.45
Variance 96.70 115.50 180.94
Skewness 1.10 -1.44 -0.34
Kurtosis 0.50 1.47 -1.12
Range 44.00 45.00 45.00
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In Figure 3, it can be seen that general high schools have many students who have 0

out of 45 items. On the other hand, Anatolian school students have total scores

around 30to 45. Evidently they represent the highest achievers.
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Figure 3. Distribution of total scores of general (a), Anatolian (b) and private (c)

schools(N=2244)

In Table 3, it can be seen that the percentages of true responses for each item level

are 63.4 maximum and 15.7 minimum. Missing items are the ones that were left

blank by the examinees. The maximum percentage of missing items equals 52.5,

which is very close to maximum value for the percentages of true responses on item
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level. On these grounds, it can be argued that science items are very difficult to
answer. This leads to an important discussion regarding the mismatch of the ability
levels of students and difficulty of items. Most of the students do not prefer blind-
guessing since four wrong answers erase one of the correct responses. Students
prefer not to answer and leave the items blank. This situation creates a high
percentage of missing values and low percentage of total scores. To summarize there
are notable differences between the difficulty of the science items and the ability of

test takers.

Table 3
Percentages of true, false and missing of 45 science items

Question True False Missing Question True  False Missing

numbers numbers

1 57.0 16.2 26.8 23 30.7 16.8 52.5
2 15.7 51.4 32.9 24 445 11.9 43.6
3 54.7 17.1 28.2 25 29.2 28.9 41.9
4 62.1 14.3 23.6 26 26.0 41.7 32.3
5 39.0 35.3 25.7 27 39.3 16.0 44.7
6 27.1 30.8 42.1 28 22.0 36.5 41.5
7 47.5 23.2 29.3 29 30.5 23.8 45.7
8 44.6 20.2 35.2 30 455 16.4 38.1
9 48.1 25.3 26.6 31 48.6 18.4 33.0
10 22.3 46.6 31.1 32 46.3 20.6 33.1
11 40.9 37.7 21.4 33 42.8 19.6 37.6
12 54.7 18.8 26.5 34 494 17.3 33.3
13 46.6 24.1 29.3 35 47.8 20.6 31.6
14 56.3 15.2 28.5 36 40.5 15.2 44.3
15 43.2 25.9 30.7 37 22.3 35.4 42.3
16 31.1 24.8 441 38 36.8 30.5 32.7
17 38.2 30.4 31.4 39 41.5 13.8 44.7
18 63.4 15.0 21.6 40 25.9 29.8 44.3
19 36.1 26.3 37.6 41 24.0 36.8 39.2
20 52.4 21.7 25.9 42 44.8 18.2 37.0
21 56.5 16.0 27.5 43 24.5 32.5 43.0
22 44.3 28.9 26.8 44 40.9 19.5 39.6

45 45.6 16.4  38.0
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Instrumentation

The instrument of this study is the science sub-test items, which belongs to the first
phase of SSE 2005. There were 45 science items in the SSE 2005. It consisted of 19
Physics, 14 Chemistry and 12 Biology items. This study focused on only the first
phase of the SSE 2005 which is used for selection. It is stated in the SSE booklets
that the aim of the test is to measure basic comprehension and thinking skills of

students in science (OSYM, 2005).

Method of data collection

No data were collected for this study. Data sets including students’ responses to

science subtest were provided by the OSYM.

Method of data analysis

Since the CAT format requires item parameters defined in IRT, first, data sets were
calibrated to obtain parameters for each item with respect to the three-parameter
model (3PL): pseudo guessing, item difficulty and item discrimination. BILOG-MG
(Zimowski, Muraki, Mislevy, & Bock, 1996) program was used for calibration of the
items. But before that data were converted to dichotomous format: correct scores
were coded as 1, while the wrong ones 0. After defining item parameters, a series of
post-hoc simulations were conducted. In these simulations, a testing environment
was simulated as if students were given a CAT test, using their responses they gave

earlier for the P&P test.

Post-hoc or real data simulations consider real examinees responses that have been
administered conventionally. The aim is to reduce the number of items given by SSE

2005 P&P exam. In this case the item pool was generated by the same items with
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SSE 2005 science sub-test and the data which was the responses of real examinees
were analyzed. The software for post-hoc simulation was developed by Kalender

(2011).

The working principle of post-hoc simulation is as follows:

e When the simulation starts, the computer picks the item for the examinee and
then checks the response of the item for the same examinee from the P&P
data since the items were used before in a conventional P&P test.

e Then the computer picks another item based on pre-determined item selection
rules and checks the response of the examinee for that item.

e |Items are chosen according to Maximum Information which means selected
items have to gather the highest information.

e The computer does the same thing until it obtains pre-determined test
termination rules. In this case it is fix length and fixed standard errors.

e After the simulation phase, several analyses were conducted to investigate the
results.

First, numbers of items given to examinees under different post-hoc simulation were
presented then the findings were interpreted. Next, correlations were calculated
between the results obtained from CAT and P&P test based on different ability
estimation methods and test stopping conditions. Ability levels for general, Anatolian
and private schools were compared under fix length and fixed standard error test
termination conditions. In addition, distributional features of all school types’ ability
estimates from CAT simulations and P&P test by MLE and EAP were presented.
Then, distribution of standard error values for fixed items under the two ability
estimation methods were given to compare results based on the school types. Last,

the number of examinees whose scores were not calculated by MLE provided.
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In this study, different school types (general, Anatolian and private) were
investigated since they represent different ability groups. Two ability estimation
methods were used for this study. They are MLE and EAP.

Different standard errors and different text lengths were used as test termination
rules. By using scores from different administrations of CAT simulations, the
comparability of SSE with CAT was identified. Recent studies showed that
comparability of scores from different testing formats should be considered and
checked by using appropriate methods (Vispoel, Rocklin, & Wang, 1994; Wang,
1997; Wang et al., 2007, 2008).

Test termination rules were used to end the test when enough information is gathered
to estimate ability. Two different test termination rules were used to conduct this
study. Fix length and fixed standard error (SE) were used as test termination rules;
MLE and EAP were used as ability estimation methods. In fixed length tests, a fixed
number of items is given to examinees. In this case, 10, 15 and 25 items were used to
create the CAT format of SSE. In this way, different SEs were obtained. SE
measures accuracy in a test. SE is the mean of the standard deviation of the sampling
distribution. When SE increases, reliability decreases. For this purpose, SE 0.30, 0.20
and 0.10were used as fixed SE test termination rule. In CTT, these values correspond
to 0.91, 0.96 and 0.99 reliability values. As a result, simulations were conducted by
changing ability estimation methods (MLE and EAP) and test termination rules
(SE=0.30, 0.20, 0.10 and fixed number of items: 23%, 33% and 55% of the P&P

test) for each of the three school types.

Summary

This chapter consisted of six main parts, namely research design, context, sample,

instrumentation, data collection and data analysis procedures. The first part provided
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information about the type of research design used in the study and to find the
possible answers to the research questions. The second part provided information
about the context information of the study. The third part focused on the sampling
strategy of this study; also gave detailed information about the school types, and
students’ scores. The fourth part, instrumentation, explained the tool used for the
study. The fifth part focused on data collection methods. The sixth part examined

how data were analyzed and reported for each research question.
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CHAPTER 4: RESULTS

Introduction

This chapter gives information about the results of the current study. The results
from different post-hoc CAT simulations and their comparisons to P&P tests are
detailed here. Thus, research questions were analyzed sequentially. This chapter
consists of six main sections. In the first section, important findings about reduction
in the number of items by CAT were detailed compared in order to find the optimum
strategy. The results under different test termination rules were given in order to find
the optimum strategy (see Table 4). In the second section, ability estimations
obtained from two different methods, EAP and MLE, by CAT were compared with
the ability estimations obtained from SSE P&P2005 and investigated to see if there
was a correlation between CAT and P&P of SSE in terms of ability estimations. In
the third section, ability estimations obtained from CAT and SSE P&P 2005 test
were compared to see the difficulty levels of the tests. In the fourth section,
distribution of scores was presented according to the school types. In the fifth
section, the fixed length test termination rule was applied to examine which one
produced less SEs. Finally, the issue of non-convergence was analyzed by MLE and

the findings were presented.

In this chapter, the results were given in the order of the research questions stated in

Chapter 1.

Is there any reduction in the number of items required by CAT?

For standard error threshold-based post-hoc simulations, number of items was

investigated to assess if there was any reduction, which was provided in test length
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by CAT. The numbers of items given to examinees in post-hoc simulations under

different CAT strategies can be seen in Table 4.

Table 4
The numbers of items given to examinees under different CAT strategies

Ability Estimation Method

MLE EAP
SE Threshold SE Threshold
School Type 030 020 0.0 0.30 0.20 0.10
General 5 7 45 13 26 45
Anatolian 8 23 45 15 29 45
Private 8 22 45 25 45 45

SE is important since it gives information about the reliability of a test. If SE
decreases, the reliability of the test increases. As expected, number of items required
to finish CAT increased with required level of SE decreased. For instance, SE 0.10 is
equal to 0.99 in CTT. 0.99 represents the maximum reliability but it required 45
items in simulations. Evidently SE 0.10 is not working for tailored test simulations
since it required the full length in P&P test, 45 items. For this reason, SE 0.10 was

not used for further analysis.

Table 4 presented that SE threshold with 0.30 and 0.20 required 5 and 7 items
administrated for general high schools. This means that general high schools by MLE
estimates required fewer items than the others, but the number of items fewer than 10
may not be enough for a test due to the validity issues. On the other hand, EAP
required more items than MLE for all SE thresholds hence SE with 0.30 and 0.20
results by EAP required 13 and 26 items for general high schools, respectively. SE
0.30 by MLE used 8 items whereas SE 0.20 by MLE used 23 items for Anatolian
schools. Anatolian schools required more items in contrast to general high schools in

all tested conditions. In fact, Anatolian schools contain successful students so those
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schools were expected to have more reliable results than general or private high

schools.

As seen in Table 4, SE 0.30 by EAP used 15 items for private schools whereas SE
0.20 administrated 29 items. SE 0.20 by MLE used 22 items whereas SE 0.30
required 8 items. Unfortunately SE 0.20 by EAP did not work for private schools
since it required 45 items. SE 0.30 by EAP used 24 items which can be acceptable
for CAT applications. At last, SE thresholds showed that for EAP and MLE ability
estimations of SE 0.30 required fewer items than SE 0.10. In general Table 4
presented that EAP required more items than MLE and general high schools had the

lowest mean across all tested conditions.

Is there a correlation between ability estimates obtained from CAT and P&P

tests?

Table 5 shows the correlations between ability estimates obtained from CAT
simulations and P&P test for all the different conditions based on different ability
estimation methods and test termination rules. Simulation results of different

conditions are MLE/EAP and SE thresholds /fixed item are given in Table 5.

A closer look at the data indicated that general high schools demonstrated lower
correlation whereas private schools had the highest correlation for both ability
estimation methods and test termination rules. The table yielded by this study
provided convincing evidence that correlation between ability estimates by EAP
method are much larger than MLE. In fact, MLE had the lowest correlation for
general high schools. On the other hand, EAP had more stable results and showed
higher correlation for both general high schools and other school types. According to

the results given in Table 5, EAP, regardless of test termination rules, seemed to
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work better in ability estimation. In addition, correlations between estimates for EAP

were invariant for all conditions such as different school types and test terminations

Table 5
Correlations of ability estimates between CAT and P&P
MLE EAP
SE i SE .
Threshold Fixed ltem Threshold Fixed Item

030 020 10 15 25 030 020 10 15 25

General g1 74 75 73 80 93 95 91 94 97
Anatolian .88 97 91 96 98 97 98 95 96 .98

Private 96 99 93 96 99 98 98 96 .97 .98

The data generated by MLE was also reported in the Table 5. This table showed that
MLE produced a variety of correlations for all tested conditions. Differences were
visible especially for Anatolian schools under different SE thresholds. As seen in
Table 5, when the number of items increased, correlations between estimates for both
MLE and EAP also increased. These results developed the claim that EAP estimation
method showed higher correlations which were more than 0.90 in all tested
conditions. Therefore, EAP can be a better choice for ability estimation method in

using the adaptive version of SSE.

Is there any difference in difficulty between the CAT and P&P tests?

Table 6 presents medians of ability distributions obtained under different post-hoc
simulations (since the ability distributions were skewed, median was preferred). The
data from post-hoc simulations showed that ability estimations for pre-determined
SEs were invariant for both ability estimation methods. Fixed length test results
presented that the EAP ability estimations may slightly differ from each other. Also

MLE estimates were lower as compared to EAP estimates. It seems that Anatolian
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and general high schools were provided slightly harder test by MLE than it was by

the conventional P&P test.

Table 6
Median of ability estimates based on different post-hoc simulations
Ability :
S_I(E;ggl Estimation  P&P SE Threshold Fixed Number of Items
Method
0.30 0.20 10 15 25
General .63 .65 57 57 .56 .61
Anatolian MLE .08 -.18 -12 -.19 -14 -11
Private 13 .04 .08 10 11 .10
General .69 .38 42 .28 .34 42
Anatolian EAP A7 .35 40 22 25 34
Private .38 .36 41 .26 24 .35

Table 6 showed that there was a difference between CAT and P&P ability
estimations. Results indicated that CAT-based ability estimates were lower than
those from P&P, indicating CAT delivered more difficult test to examinees.
However, it should be noted that OSYM uses a different calculation method for the
P&P format of SSE. Ability estimates are calculated based on correct and incorrect
responses. The OSYM erases one true answer for four false answers in order to
obtain more reliable scores but CAT uses different methods to calculate ability

estimations.

Are there any differences in terms of score distributions obtained from CAT
and P&P test?

Distribution of both CAT and P&P ability estimations by MLE obtained from
general high schools

Table 7shows the distribution of both CAT and P&P ability estimations by MLE
obtained from general high schools. The findings of the CAT simulations were

relatively different from P&P ability estimations. On the other hand, both SE
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thresholds and fixed number of items had stable results in CAT, which meant the
findings obtained from CAT were similar internally. SE 0.20, fixed numbers of 15,
and fixed numbers of 25 items had the same value for the mode which was, -3.00. SE
with 0.30 by MLE seems to have produced the closest result to the P&P test (0.65,
0.63).

Table 7

Distribution of both CAT and P&P ability estimations by MLE obtained from
general high schools

SE thresholds Fixed Number of Items

P&P 0.30 0.20 10 15 25
Mean .02 73 .55 .64 52 .57
Median .63 .65 57 .57 .56 .61
Mode -1.08 40 -3.00 37  -3.00 -3.00
Std. Deviation 1.04 45 8l .53 .86 .78
Skewness .30 A1 -2.90 -1.26 -269 -291
Kurtosis -.09 6.13 11.20 12.61 9.52 11.92

In Figure 4, the distribution of MLE P&P ability estimates for general high schools
was given. The normal curve of the histogram was in leptokurtic form. It seemed
from the Figure 4 that there were two mode values for general high schools by MLE
P&P ability estimates. Approximately half of the ability estimates were above the
mean, 0.02, and half of them were below 0.02, close to -3.00. This meant that general
high schools had a distribution which was not normal in terms of ability estimates by
MLE P&P. It could be read from the histogram that the mean value was 0.02 for
MLE P&P ability estimates. Since the median was equal to 0.63, it was higher than

the mean value for general high schools by MLE.
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Figure 4. Distribution of MLE P&P ability estimates for general high schools

Figure 5 shows that the mean of SEs were equal to 0.41. SE scores of the simulees
differed between 0.20 and 1.00 and there were only a few simulees who had SE
scores more than 1.00 up to 2.50. Most of the simulees had SE value below 0.40
right-skewing the SE values. While SE 0.40 indicates a high reliability, it was
expected that SE scores would be under 0.30 in this study. As seen from the Figure 5,
MLE produced a higher range in terms of SE values, which at some parts decreased
reliability.
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Figure 5. Distribution of standard errors by MLE P&P test for general high schools
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Distribution of both CAT and P&P test ability estimations by EAP obtained from

general high schools

A closer look at the data shown in Table 8 indicated that CAT produced lower ability
estimates for general high schools. SE thresholds 0.30 and 0.20 had the same mode
value, which was -1.30. The median of the ability estimations was higher than the
mean value for P&P test. The mean of ability estimations was 0.02 for EAP P&P test
whereas it was 0.23 by MLE P&P test. The median of ability estimations was 0.69
by EAP P&P test, whereas it was 0.63 by MLE P&P test for general high schools.
Evidently, MLE produced lower ability estimations than EAP for general high

schools.

Table 8

Distribution of both CAT and P&P test ability estimations by EAP obtained from
general high schools

P&P SE Thresholds Fixed number of items
0.30 0.20 10 15 25

Mean .02 A3 A2 .09 .08 .09
Median .69 .38 42 .28 34 A2
Mode -1.39 -1.30 -1.30 -.98 -1.08 A4
Std. Deviation 1.01 .87 .87 .86 .88 91
Skewness -.03 .08 10 .30 .26 A7
Kurtosis -1.08 -.46 -.45 -.79 -.69 -71

The histogram in Figure 6 shows a different ability distribution with two mode
values. There were a high number of simulees who had ability estimations by EAP
P&P between -1.10 to -1.50 and there were a high number of simulees who had
ability estimations by EAP P&P between 0.10 and 1.40. As shown in the Figure 6,
most of the simulees had ability estimates between 0.00 and 1.50. Therefore, it can
be said that the results of EAP P&P ability estimations have a larger range than MLE

P&P test.
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Figure 6.Distribution of EAP P&P ability estimates for general high schools

Figure 7 shows the distribution of SEs by EAP P&P test for general high schools.
The mean of SE was 0.28. Most of the SE values were under 0.40, which makes the
results reliable, and there were some simulees who had SE scores up to 0.80 for
whom ability estimates may not be reliable. However, the histogram was right-
skewed, just like MLE P&P test results, and the range of SE values was higher than
MLE P&P test. There were a high number of simulees who had SE 0.10; a

significant number of the simulees had SE above 0.40.
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Figure 7. Distribution of standard errors by EAP P&P test for general high schools
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Distribution of both CAT and P&P ability estimations by MLE obtained from
Anatolian schools

Table 9 demonstrates the distributional features of Anatolian schools ability
estimates from CAT simulations and P&P test by MLE. The findings showed that the
median was higher than the mean by MLE P&P test for Anatolian schools. The
findings of the simulation were stable in between different test termination
conditions and CAT produced lower ability estimates than the conventional P&P

test.

Table 9
Distribution of both CAT and P&P ability estimations by MLE obtained from

Anatolian schools

SE Thresholds Fixed number of items

P&P 0.30 0.20 10 15 25

Mean -.07 -.28 -.28 -.28 -.23 -.25

Median .08 -.18 -.13 -.19 -.14 -.10

Mode -3.45 37 A7 19 .16 -.00

Std. Deviation 1.08 74 .67 .76 73 .70

Skewness 116  -94 -110 -1.08 -105 -1.19

Kurtosis 2.50 .97 1.62 1.42 1.44 1.98
Mean=1 SD=0
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Figure 8.Distribution of MLE P&P ability estimates for Anatolian schools
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Figure 8 represents the distribution of MLE P&P ability estimates for Anatolian
schools. It can be clearly seen that most of the simulees had ability estimates around
1.00 to 2.00. This histogram had one peak point. The mean was - 0.07 whereas the
median was 0.08 for Anatolian schools by MLE P&P test. The mean of the ability
estimates was 0.23 and the median was 0.63 by MLE P&P test for general high
schools. When the results obtained from general high schools were compared to
results obtained from Anatolian schools, it can be said that the mean value of

Anatolian schools’ ability estimates were lower.
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Figure 9. Distribution of standard errors by MLE P&P test for Anatolian schools

Figure 9 shows the distribution of SEs by MLE P&P test for Anatolian schools. The
mean of the SE by MLE P&P test for Anatolian schools was 0.28. SE values were
mostly between 0.20 and 0.40 which made the results highly reliable. As mentioned
before, Anatolian schools have successful students. For this reason, SE results were
very close to each other, mostly 0.20, when compared to general high schools.
Clearly, SE 0.20 works well for simulees belonging to Anatolian schools. The

histogram was again right-skewed since it had a tail on the left. Most of the simulees
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had SE scores less than 0.40 so the simulation created more reliable results for

Anatolian schools than for general high schools.

Distribution of both CAT and P&P ability estimations by EAP obtained from

Anatolian schools

Table 10 shows that the median of ability estimations of the simulation were lower
than the P&P test but the results obtained from simulation were similar to each other.
The mean of the ability estimations was -0.03 and the median of the ability
estimations were 0.47 for Anatolian schools by EAP P&P test. On the other hand, the
mean of the ability estimations was 0.22 and the median of the ability estimations
were 0.69 for general high schools by EAP P&P test. As seen, EAP produced lower

ability estimations for Anatolian schools than it produced for general high schools.

Table 10
Distribution of both CAT and P&P ability estimates by EAP obtained from
Anatolian schools

P&P SE Thresholds Fixed number of items

0.30 0.20 10 15 25

Mean -.03 .01 .01 .00 .00 .01

Median A7 .35 40 .22 .25 .34
Mode -3.25 -3.01 -3.01 A7 -2.70 -2.91
Std. Deviation 1.02 1.01 1.03 .96 .98 1.01
Skewness -1.56 -1.11 -1.12 -91 -1.02 -1.12
Kurtosis 2.56 1.64 1.50 91 1.26 1.44

The histogram given in Figure 10 demonstrates the distribution of EAP P&P ability
estimations for Anatolian schools. Figure 10 was slightly left-skewed since there was
a tail on the right. Most of the simulees were seemed between ability estimations of

0.70 to 1.50 so most of them were above the mean value of P&P test.
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Figure 10. Distribution of EAP P&P ability estimates for Anatolian schools

Figure 11 shows the distribution of SEs by EAP P&P test for Anatolian schools. The
mean of SE was 0.24. As can be seen from the Figure, most of the simulees had SE
values less than 0.30 which made the test perfectly reliable. The histogram indicated
that SE results were between 0.10 and 0.30 for EAP P&P test. Hence, most of the
results were around SE 0.30. There were only a few simulees who had SE results
more than 0.30 up to 0.50. For general high schools, there were some results up to
SE with 0.80 by EAP but it can be aptly said that SE with 0.30 by EAP works perfect

for Anatolian schools.
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Figure 11. Distribution of standard errors by EAP P&P test for Anatolian schools
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Distribution of both CAT and P&P ability estimations by MLE obtained from private

schools

Table 11 demonstrated that MLE ability estimates had a distribution which was close
to normal. The results were stable but CAT produced slightly lower medians than the
conventional P&P test under different test termination rules. The mean and median
values for MLE P&P test ability estimates of private schools were higher than both
general high schools’ and Anatolian schools’. Moreover, CAT produced lower
ability estimations than the conventional P&P test for private schools by MLE. Also

simulation results were similar to each other.

Table 11

Distribution of both CAT and P&P ability estimates by MLE obtained from private
schools

pgp SE Thresholds Fixed number of items
030 020 10 15 25

Mean .01 .01 -.00 .06 .04 .01
Median 13 .04 08 .10 11 .10
Mode 258 -10 -3.00° .01° -93° -3.00
Std. Deviation 1.02 .81 .83 A7 .79 .82
Skewness -.67 -9 -101 -37 -50 -.93
Kurtosis 44 2.37 206 -33 .39 2.07

b. Multiple modes exist. The smallest value is shown.

Figure 12 showed that private schools had a distribution of ability estimates by MLE
P&P test that were close to symmetrical. The mean of the ability estimations were
0.01. Most of the simulees had ability estimates between 0.30 and 1.00. The range
was between -3.00 and +3.00 as expected. The mean by MLE P&P ability
estimations for Anatolian schools were - 0.07. On the other hand the mean of MLE
P&P ability estimates for general high schools was 0.23, which led to conclude that
the mean of private schools’ ability estimations were between general high schools

and Anatolian schools.
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Figure 12. Distribution of MLE P&P ability estimates for private schools

Figure 13 demonstrates the distribution of SEs by MLE P&P test for private schools.
The mean of SE was 0.27. The histogram was right-skewed hence the results were
between 0.00 and 0.50. SE findings by MLE P&P test for private schools were not
reliable enough since a handful of them were above SE 0.40. The results obtained
from CAT simulations showed that MLE P&P test did not work properly for private
schools. As it was up to SE with 2.50 for general high schools and it was up to SE

with 0.80 for Anatolian schools, MLE may not be preferable for these schools types.
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Figure 13.Distribution of standard errors by MLE P&P test for private schools
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Distribution of both CAT and P&P ability estimates by EAP obtained from private
schools

Table 12 indicated that, in general private schools produced lower ability estimates
by simulation than conventional P&P test by EAP. The median value was higher
than the mean but the results were stable in between different termination rules. For
Anatolian schools, the mean and median of the ability estimations were -.03 and
0.47. As seen, these values were very close to private schools’. Since Anatolian and
private schools had higher total scores from SSE 2005, they had more successful
students than the general high schools’. For this reason, their results could be similar

to each other. Also, SE 0.30 by EAP produced the closest result to the P&P test.

Table 12
Distribution of both CAT and P&P ability estimates by EAP obtained from private
schools

P&P SE Thresholds Fixed number of items
0.30 0.20 10 15 25

Mean -.01 .07 .08 .08 .04 .06
Median .38 .36 40 .26 24 34
Mode -2.34 -2.58 -2.58 -2.04 -2.24 -2.44
Std. Deviation 1.03 1.23 1.26 1.04 1.08 1.17
Skewness =72 -.34 -.35 -.26 -.33 -.36
Kurtosis -12 -44 -.58 -.60 -.52 -.49

Figure 14 shows the distribution of EAP P&P ability estimates for private schools.
The mean of ability estimations was -.01 for private schools whereas it was 0.02 for
general high schools. Also the median of ability estimations was 0.07 for general
high schools whereas it was 0.38 for private schools. As seen, ability estimates for
private schools were lower than the general high schools’ by EAP. Last, the
histogram was left-skewed for EAP P&P ability estimates of Anatolian schools

whereas it was right-skewed for EAP P&P ability estimates of general high schools.
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Figure 14. Distribution of EAP P&P ability estimates for private schools

Figure 15 represents the distribution of SEs by EAP P&P test for private schools.
The mean of SE was 0.21 by EAP. Most of the simulees had SE scores between 0.10
and 0.30 which represents a high reliability. On the other hand, a handful of simulees
had SE scores more than 0.40. The mean of SE was 0.24 by EAP P&P test for
Anatolian schools whereas the mean value of SE was 0.28 and by EAP P&P test for
general high schools. It seemed EAP produced SE values which were close to each

other for all school types.
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Figure 15. Distribution of standard errors by EAP P&P test for private schools
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As it is assumed that three different school types have different ability levels, ability
estimate methods may also differ. To be able to decide which one works better, it is
important to check SE values for fixed items under MLE and EAP ability estimation

methods.

Are there any differences in terms of the reliability of scores obtained from

CAT and P&P test?

Table 13 shows post-hoc simulation results under fixed item termination rule by
MLE and EAP ability estimation methods. As can be seen from the table, MLE
ability estimates had somehow lower SE values than EAP estimates under fixed item
termination rule. Hence, SE values of the fixed length tests decreased when the

numbers of items increased for both MLE and EAP estimates.

Table 13
Median of SE values obtained from P&P and CAT under fixed items
MLE EAP
School Type  P&P —5——r— e 15 15
General 0.24 .57 13 A2 43 37 .25
Anatolian 0.24 .26 .23 19 .39 .34 .29
Private 0.16 .28 .23 A9 44 41 .35

A closer look at the data indicated that the P&P test produced lower SE values than
CAT, indicating the P&P version produced more reliable ability estimations. Table
13 shows that the median of SE value for 10 items was above 0.30 for general high
schools by MLE. In addition, it was the maximum SE value seen in the Table 13. 15
and 25 fixed items for general high schools under MLE seemed as the minimum
standard error value in the table. General high schools did not show stable results by
MLE. Similarly 10 and 15 items did not produce SE values below 0.30 for EAP-

based simulations. Clearly 15 and 25 fixed items simulations worked well for MLE.
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Moreover, 25 fixed items produced SE values below 0.30 under EAP-based
simulations, except for private schools. Fixed length tests showed that the one with
25 items by MLE for general high schools had the smallest SE, and the one with 10
items by MLE for general high schools had the largest SE value. For this reason,
MLE may not be preferred for further applications since there is inconsistency

between the results obtained from simulations.

For what percentage of test-takers is MLE not able to produce scores?
Although promising results were obtained from MLE, its usage may constitute a
problem. Table 14 presents the percentage of examinees with non-converging ability

estimates under different testing conditions.

Table 14
Percentages of examinees with non-converging ability estimates based on MLE

Test Termination Rules

School Type Fixed SE Fixed item test
0.30 0.20 10 15 25
General 33.7 335 341 340 346
Anatolian 23.0 23.0 242 239 237
Private 21.8 21.1 199 199 211

On the basis of the data currently available, non-converging seemed to be an
important issue for both test takers and administrators. Table 14 demonstrated that
general high schools had the highest rate of non-estimated examinees which was
more than 34% due to the working principle of MLE. This situation may not be
tolerated by the OSYM because 34 % is a huge number that means nearly half of the
general high school students may not administer this adaptive test. On the other hand,
other school types had also higher non-estimated examinees by MLE. For instance,
Anatolian schools had a non-estimated examinee percentage of 24.2% whereas

private schools had 21.8% . All values are too high to be accepted by the OSYM.
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In contrast to MLE, EAP has no missing scores thanks to its working principle. MLE
is disadvantaged in this situation. EAP works well in all tested conditions whether all
the questions in a test are answered correctly or left blank. For this reason, diverging
ability estimation can be handled by EAP. Although EAP looks favorable in all
conditions, in order to improve CAT strategies, it would be better to examine other

ability estimation methods.

Summary

In this chapter, analysis and results were explained in accordance with research
questions in six sections. The first section (p.33) provided detailed information about
the number of items given to examinees in post-hoc simulation under different CAT
algorithms. In the second section (p.34), correlations between ability estimations
from P&P and CAT simulations were explained. Then in the third section (p.35), the
difficulty of CAT and P&P formats of the SSE was discussed. In the fourth section
(p-36), different ability estimations obtained from different CAT simulations were
categorized depending on the school types and ability estimation methods used. For
each school type first MLE then EAP was analyzed and the results were presented. In
the fifth section (p.49), the median of SE values for fixed items were investigated
and details were provided. Lastly, in the sixth section (p.50), the issue of non-
converging was presented and the percentages of examinees with non-converging

ability estimates based on MLE were explained.

The results and interpretations are discussed in Chapter 5 with further implications

and practices.
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CHAPTER 5: DISCUSSION

Introduction

Overview of the study
The main purpose of the study was to explore if CAT could be an alternative to
SSEP&P test. To do that, this study offered one main and six sub-research questions
as written below:

Could student’s scores from P&P and CAT formats be compared?

1. Is there any reduction in the number of items required by CAT?

2. Is there a correlation between ability estimates obtained from CAT
and P&P tests?

3. Is there any difference in difficulty between the CAT and P&P tests?

4. Are there any differences in terms of score distributions obtained from
CAT and P&P tests?

5. Are there any differences in terms of the reliability of scores obtained
from CAT and P&P tests?

6. For what percentage of test-takers is MLE not able to produce scores?

The findings of the study were compared to the linkings in the literature components
in the section of major findings. In addition, implications for practice, implications

for further research and limitations were provided at the end of the chapter.

53



Major findings

Is there any reduction in the number of items required by CAT?

The strongest point of CAT prominent in the literature is that it provides reduction in
the number of items required (Davey 2011; Kaptan, 1993; Zickar et al., 1998). The
findings from the research showed that the number of items decreased significantly
in CAT. SE threshold-based post-hoc simulations were investigated to assess if there
was any reduction in the number of items used by CAT, and it was found that all
tested SE values provided reduction in the number of items except SE of 0.10. In
fact, SE with 0.30 and 0.20 by simulation required fewer items than SE with 0.10 in

all tested conditions.

Indeed, SE 0.10 did not show any reduction for number of items required since the
items required for that SE value were 45 (total number of items in original SSE
science subtest) for both ability estimation methods. Although SE 0.10 has the
maximum reliability (0.99 in CTT), it is not logical to use it in CAT.As these results
have showed in line with Gokce (2012), Kalender (2011) and Tonidental (2001), the
number of items increased when SE decreased since the computer needed to ask

more items to estimate ability levels of test takers.

Different ability estimation methods, MLE and EAP, generated a wide variety of
results. On the basis of the evidence currently available, it seems that MLE requires
fewer items than EAP but it may not be enough because of validity issues. Moreover,
the findings of the study revealed that SE 0.30 by EAP provided reliable results
hence SE 0.30 was equal to 0.91 in CTT. The current literature on test termination
abounds with the examples of SE 0.30 (Babcock & Weiss, 2012; Gokce, 2012;

Kalender, 2011; Wall &Waltz, 2004; Weiss & Kingsbury, 1984) whereas other
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researchers have used SE of 0.32 or 0.38 (Babcock & Weiss, 2009; iseri, 2002). The
findings provided support for the key argument of the study that CAT calculated
reliability using fewer items. That was the strongest point of CAT over the

conventional P&P tests.

Is there a correlation between ability estimates obtained from CAT and P&P

tests?

The correlations between the results obtained from CAT and P&P test of SSE in
general high schools was the lowest in MLE whereas private schools had the highest
correlations for both ability estimation methods (MLE and EAP) and test termination
rules. Of all the three school types, general high schools were the most represented
among the test takers; 54% of test takers were from general high schools. Low level
of ability, as evidenced by the median of total scores was very low, it can be said that
general high schools mostly represent lower achievement levels. These students may
be expected to show inconsistent test response pattern, which could be reasons for

the lowest correlations of general high schools by MLE.

Private schools had the highest correlation for all ability estimates as they were
higher achieving test takers. Private schools are paid schools, and families of the
students are generally at high socio-economic status. Epple & Romano (1998) states
that “in private schools, high-ability, low-income students receive tuition discounts,
while low-ability, high-income students pay tuition premia” (p.33). For this reason,
private schools have a larger range in terms of total scores. In the analyses, the
median of total scores of SSE was higher for private schools than general high
schools, which meant test items were more suitable for private school students than it

was for general high school students.
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Anatolian schools showed higher correlation than general high schools, close to
private schools, because Anatolian school students are tested for acceptance. The
median of total scores of SSE was higher for Anatolian schools than private schools.
The evidence obtained from the SSE 2005 shows that Anatolian school students
represent higher cognitive level than the other test takers. Thus CAT may be an

efficient format for Anatolian schools, too.

The findings from the study illustrated parallel results to the literature regarding
ability estimations, which show that EAP method has correlations larger than MLE.
Correlations between estimates for EAP were invariant for all conditions under
different school types and test terminations. Therefore, correlations between EAP
estimates were higher than 0.90, which was very strong in terms of ability
estimation, supported by Chen & Choi (2009) and Choi, Kim& Chen (2011). In a
converse manner, correlations between estimates for MLE were showed large
variations, across all conditions, which were in parallel to the results reported by Iseri

(2002), Gokce (2012) and Kalender (2011).

Is there any difference in difficulty between the CAT and P&P tests?

The findings supported the model that CAT produced lower ability estimates than the
P&P test. In other words, CAT provided difficult tests since CAT format gives only
the tailored items to examinees, it is reasonable to expect that CAT would be more
difficult. For instance, Anatolian schools had the lowest ability levels, produced by
the simulations because Anatolian schools were provided items which met with their
ability levels, which meant Anatolian high schools were given harder test than the
other schools types. But the difference between ability estimates between CAT and

P&P may be explained by grading approaches. P&P ability estimations are
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calculated based on raw scores (OSYM, 2014). OSYM erases one correct answer for
four false answers and has been using CTT analysis. On the other hand, CAT is
grounded in IRT models so the method to calculate ability estimates is completely

different.

Are there any differences in terms of score distributions obtained from CAT

and P&P test?

It was seen that the mean values were lower than the median values for all school
types under the conventional P&P test and different CAT simulations. Distributions
of the scores were skewed for all school types in the histograms. The mean of SE
obtained from general high schools by both MLE and EAP were above 0.40 which
was too high to be considered reliable. Evidently CAT produced values which were
invariant for all tested conditions. Also CAT produced lower ability estimations than

the conventional P&P test by both MLE and EAP.

Are there any differences in terms of the reliability of scores obtained from

CAT and P&P test?

Test termination strategies are important to provide efficiency in measurement
(Weiss & Kingsbury, 1984). Termination criteria must be accurate to assess the
ability estimations of the examinees. Three different reliability values were used as
test termination rule to conduct this research. It was seen that SE values decreased
when the numbers of items increased for both MLE and EAP ability estimation
methods. For most of the simulees, the P&P test provided higher reliability. Here it is
important to note that P&P test used 45 items to calculate SE values. On the other

hand CAT produced SE values using fewer items than the P&P test.
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In previous pages, it was stated that SE with0.10 was not working due to the
requirement of having 45 items on the test. Although SE with 0.10 represents the
highest reliability, it cannot be used. For this reason, SE values of 0.30 and 0.20 were
used to conduct further analysis. For instance, results obtained from CAT for
Anatolian schools showed higher variety in SEs under MLE. A handful of simulees
had results higher than SE of 0.40. Although Anatolian schools had the highest true
scores, they also had the highest SE values under MLE. This means that scores
estimated for Anatolian high school students were not reliable by MLE.

The findings showed that EAP required more items than MLE for all SE thresholds
whereas MLE used fewer items in all tested conditions. According to Thissen &
Mislevy (2000), fixed length tests were easier to understand for all examinee groups
and they were seemed to be fairer than variable-length tests. By this way, each
examine have the chance to obtain a reliable ability estimate. It seems hard to obtain
reliable ability estimates under fixed length test since there are different groups,
which represent different ability levels. Also it is hard to interpret results above SE
with 0.30 under the fixed length test termination rule. For these reasons, SE of 0.30

by EAP seems to be the optimum algorithm for the CAT applications of this data set.

For what percentage of test-takers is MLE not able to produce scores?

The results showed that MLE produced a high number of examinees whose ability
levels were non-estimated, due to the condition dictated by MLE. To be able to start
ability estimation, MLE requires 1 correct and 1 incorrect response. However for
some of the students the CAT software did not find a response pattern to satisfy this
condition. Hambleton & Swaminathan (1984) addressed this issue and underlined
working principle of MLE. MLE did not work if the responses were provided full (all

items correct) or blank (all items incorrect) by test takers. The results showed that
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general high schools had the highest percentage of missing scores which was 34% by

MLE. Due to this non-converging issue, MLE could not be preferable for CAT.

To summarize, this study introduced the concept of CAT as an alternative to SSE in
Turkey. On the basis of currently available evidences of this study, it can be
concluded that there is a significant reduction in the number of items required to
produce an accurate score. Moreover, the findings indicated that there is
comparability between CAT and P&P formats of SSE since the results showed
higher correlations. Lastly, SE with 0.30 was suggested as a test termination rule
together with EAP ability estimation method to provide optimum algorithm for CAT

implementations.

Implications for practice

This study investigated (i) if CAT could be an alternative to SSE or not and (ii) how
the scores obtained from CAT and P&P versions of SSE are comparable. For this
purpose, a set of post hoc simulations were conducted by changing the method of
ability estimations and test termination rules, using real students’ responses.
Different SEs and different text lengths were used as test termination rules. By using
scores obtained from different administrations of CAT, the comparability of SSE

with CAT was identified.

One of the disadvantages of P&P format of SSE is that it puts tremendous pressure
on students since it is administered only once a year. CAT can be done many (three
or four) times in a year to make people familiar with the system. Moreover, it helps
to lessen students’ anxiety about SSE. Participants’ highest scores can be used for
placement purposes. Then each subject area can be tested many times in different

days so that examinees do not lose a whole year if they need to take the SSE again.
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Also quick feedback can be provided right after the exam so that it does not take time
to wait for the results of SSE. It is known that transportation of booklets and ensuring
the security of them is important for SSE but this can be overcomed by CAT
administration since it is a computer-based and adaptive test. Blind-guessing and
cheating can also be prevented in this way. Lastly, CAT can provide interactive and
innovative items which SSEP&P tests cannot provide. It may help to ask critical

thinking questions more in a creative way.

In addition, Turkey has aimed to increase technology usage in classrooms through
curriculum reforms. It is believed that technology would improve the success of
education system and better conditions would be provided both in teaching and
learning processes (Aksit, 2007). In like manner, technology can be used in
assessments to provide better and friendly exams which better fits students’ ability

levels.

Implications for further research

In this study, items were used in dichotomous format which means there was only
one correct response out of five. The other four were false. However, it would be
better to use a polytomous format for practical applications. In a polytomous format,
responses are categorized depending on the degree of correctness. Incorrect
responses are given different weights and examinees who answer the same items but
mark different incorrect responses may have different ability estimates. Based on
these varieties, in the polytomous format, responses can be graded according to how
close they are to the right answer. Also different algorithms can be designed. For

instance, multidimensional patterns can be used instead of unidimensional patterns.
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This lets the examinee change his/her answer, go back to the previous items and

review those (Zheng et al., 2012).

The revealed study underlined EAP as favored over MLE for the tested conditions
but it is important to highlight that there is a need for further investigations. In
addition, the security of software programs, item bank, mode effect and the number

of computers are important areas to be considered for further analysis.

In this study, SSE 2005 science items were used for simulations which are all
multiple choice items. If CAT is used as an alternative to SSE in practice, clearly
there is a need for larger item bank. Moreover, each item has to be classified based
on its difficulty level. Otherwise, item exposure may happen which means examinees
may be given the same items. In addition, if the item pool is not large enough,

examines may be given the items that do not match with their ability levels.

Percentages of true, false and missing scores of SSE 2005 science items are given in
Table 3 (p.28). The results obtained from this table show that the test items do not
match with the ability levels of the test takers. However, it does not mean that the
items are not well-qualified. This study did not focus on a detailed item analysis but
it is important to note that the findings in Table 3 underline an important issue. A
number of students gave incorrect answers and some of them left the responses
blank, which suggests that sufficient learning may not have happened as a results of
teaching. Teachers may need to implement curriculum more efficiently and school

environments may need to be improved, especially in general high schools.

For the sake of discussion, it is important to scrutinize the issue of population. If SSE
is changed into CAT application, firstly all stake-holders need to be informed. CAT

has different administration procedures and algorithms. Depending on the test
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termination strategies, test takers may be given different numbers of items or fixed
length items in a limited time. It means some of the examinees may be given fewer
items whereas some of them may be given more items. Test takers are also asked to
answer items in front of the computers in centers. Consequently, test takers or their
families may complain about this situation. For this reasons, explanation of CAT to
the public is very important for practical applications. YDS (Foreign Language
Testing) was done by computer for the first time in 2014. It was a classical
computer-based test. Likewise, if more of the national exams are done by CAT,

people become more familiar with CAT.

Limitations

Post-hoc simulations were used to identify comparability but simulations may not
reflect the real situations. Although the scores obtained from SSE 2005 were used to
conduct analysis, it was still a simulation which could provide limited information.
In addition, to be able to develop CAT, large item bank is needed. Moreover, a well-
qualified software program is also indispensable and it may cost large amount of

money at the beginning.

It can be hard to suggest the optimum conditions for CAT administrations but the
optimum condition can be decided depending on the purpose, item pool, and

efficiency or test termination rules under different ability estimation methods.

Implications for educational decision makers and future researchers were explained
in previous pages. Hopefully, the findings offer insights to future studies and CAT is

investigated more to implement it efficiently.
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APPENDIX: SSE 2005 Science items

46)
o s 0 Esit kollu bir terazinin kefelerinde Sekil I deki
" cisimler varken binici 3. Bolmeye getirilerek
% yatay denge saglaniyor. Binicinin bir bélme
—1 yerdegistirmesi 0,1 g a denk geldigine gore,
. terazinin kefelerinde Sekil II deki cisimler
. o varken yatay dengenin saglanmasi i¢in binicinin
kaginci bolmeye getirilmesi gerekir?
o A)4. B)5.C)6.D)7.E)8.
ekl
47)
K, L, M, N parcalannin kiitleleri sirasyla m ., m ,
2a a @ m,,, my, olduguna gore,
i : ol m | N L my =m,
2a
a L Il my, =my
2a a a lll. my +m =my,+my

esitliklerinden hangileri kesinlikle dogrudur?

Sekildeki levha, farkll metallerden yapilmis dikdért-

gen bicimli, ince, dlizgiin ve tirdes K, L, M, N par- A) Yalniz| B) Yalniz I C)lvell
¢alarindan olugmustur. Bu levhanin kitle merkezi
O noktasidir. D) lvelll E)llvelll
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48)

<
IL 0
L
K m |ipi
ipi
m
3am

Sekildeki diizenekte X cisminin kitlesi 3m, makarala-
rin her birinin kiitlesi de m dir.

K, L iplerindeki gerilme kuvvetlerinin blyukltkleri

I
sirasiyla T,, T, olduguna gore, T—K orani kactir?

L
1 1 2 3 4
Al— B — C= D= E—
)2 )5 )3 ) 2 )3

49)
Sekildeki dogrusal yolda X, Y, Z otomobhilleri degis-
ﬁ X i meyen hizlarla KL ydénlinde gitmektedir. K cizgisin-
@ den 6nce X, sonra da Y ile Z ayni anda; L cizgisin-
den de dnce Y, sonra da X ile Z ayni anda geciyor.
Y X, Y, Z otomobillerinin hizlarinin biiytkliikleri

% sirasiyla v,,v,,v, olduguna gére, bunlar ara-
Z ------------------------------------------------ sindaki iliski nedir?
% A) vy =v,<v, B) vy =v, <vy

K L Clvy<vy =vy D) vy <vy <vy

E) vy <v, <vy
50)
K nin hizinin biydklddd L nin hizinin byaklogi
K —=%
atay dazlem A) Azallr Degismez

Sekildeki gibi iple birbirine bagli K, L cisimleri sirtiin- B A Artar
mesiz yatay diizlemde, diizleme paralel sabit I_; kuv- C) De§i§mez Decjigmez
vetinin etkisinde hareket ederken ip kopuyor.
: > D) Degismez Artar
Ip koptuktan sonraki siirecte, F kuvveti degis-
medigine gdre, K ve L nin hizlanmn biiytikliikleri E) Artar Artar

icin ne sdylenebilir?

(Havanin etkisi 5Snemsenmeyecektir.)
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51)

Sabit F kuvveti, kiltlesi 2 kg olan durgun bir cismi,
diisey dogrultuda 15 m yikseltiyor ve bu cisme

-
Bu olayda, F kuvvetinin yaptidi is kag J dir?

(g=10 m/s? olarak alinacak, havadaki strtinme

dnemsenmeyecektir.
10 m/s hiz kazandinyor. Y )

A)100 B)200 C)300 D)400 E)500

52)

Esit hacimli tirdes K, L kipleri sekildeki gibi dst Uste
konuldugunda, yere gére potansiyel enerjileri birbiri-
ne esit oluyor.

K nin &zkiitlesi d, , L ninki de d, olduguna gore,

dg

L L

oranm kactir?

Al g 1

- t -
yer (yatay) 2 3 > 3

53)

Karisimin 6zKiitlesi d olduguna gére, K sivisinin

Her birinin hacmi V olan K, L svilannin kitieleri sira- -~ ) >0 .
. ozkiitlesi kag d dir?
stylam, 2m dir. Bu sivilarin tamami karistinlarak 2V

hacimli tiirdes kanisim olugturuluyor. 1 2 THH
7 U3 9%

3

D)% B~

54)

Dusey kesiti sekildeki gibi olan kabin M muslugu

kapaliyken icindeki havanin basinci P, , K noktasin-

R da olugan toplam basinc da P, dir.
hava T T B
e M muslugu acilinca disariya su aktigina gore,
Il - suyun aktigi sdre icinde P, ve Py i¢in ne soy-
- | - lenebilir?
- - - Pn P

A) Azalir Azalir
A St B) Azalir Artar

---yatay
K C) Artar Azalir
D) Artar Degismez
E) Degismez Degismez
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55)

M

Y s1viIsI %\l
R

Y sivisi

Esit bélmeli K dik silindiri, bir kaptaki X sivisi icinde
sekildeki konumda dengede kaliyor. M muslugu aci-
larak, kaba 6zkitlesi X inkinden kiiciik olan Y sivisi —
yavas yavas ekleniyor. FEERY ;

Y sivisi|

Y sivisinin eklenme siireci icinde, K silindirinin
sivilar icindeki goriinimii asagidakilerden han-
gisi gibi olabilir?

(X, Y sivilan kansmiyor. Sicaklik degisimi yoktur.)

56)

Noktasal bir 1sik kaynad ile iki top bir perde onlne
yerlestirilmistir.

Perdedeki gdlge sekildeki gibi olduguna gore,
I. Toplarin yaricaplan birbirine esittir.

Il. Toplarin merkezleri 1sik kaynagina esit uzaklik-
tadir.

1. Toplarin merkezleri ile 1sik kaynag ayni dogru
Gzerindedir.

yargilarindan hangileri kesinlikle yanhstur?

perde A) Yalniz | B) Yalruz Il C) Yalmz Il
D) I vell E) Il ve llI

Birbirine paralel X ve Y dizlem aynalari arasina bir
P cismi sekildeki gibi konuluyor.

Sekilde K, L, M, N ile belirtilenlerden hangi 2 si,
P cisminin Y aynasindaki goriintiisiidir?

A)Mve N B)Kvel C)KveM
D)LveM E)LveN
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s o I 1sik 1sin, disey kesitleri sekildeki gibi olan K, L, M
saydam ortamlarindan gecerek P noktasina ulasiyor.

K ortaminin 1s1g1 kirma indisi M ninkine esit oldu-
T I R dguna gore, bu 1sinin L ortaminda izledigi yol asa-
L , ; —

e RN gidakilerden hangisidir?

et AJOR B)OS C)OT  D)OV E)OZ

VA
------------------------------ FP
59)
Bu cubuklara asagidaki islemlerden hangisi uy-
) il gulanirsa, cubuklann gorianimi sekildeki gibi
X 2 i olabilir?

] ; ] 1

J A ZyiT kliginda tutarken, X i ve Y yi sogut
A Y Lo ) yi T sicakhginda tutarken, X i ve Y yi sogutma
i L S B) Zyi T sicakhiginda tutarken, X i 1sitma, Y yi
NN z NN sogutma
; b C) Y yi T sicakliginda tutarken, X i sogutma, Z yi

Isitma

Uzama katsayilari birbirinden farkli olan X, Y, Zmetal  p) x i T sicakiiginda tutarken, Y yi ve Z yi sogutma

cubuklarinin, T sicakligindaki boylari birbirine esittir.
E) XiT sicakliginda tutarken, Y yi ve Z yi isitma

60)

. Bu surec¢ sonunda

lsica yghﬂlmwg kapall l.)lr.ka.b.a’ sicakliklar farlk!|, kati ercaKiigh artmis, L nink degismennistr
haldeki K, L maddeleri birbirine dokunacak bicimde Il K nin sicakhig azalmis, L ninki degismemistir.
konuluyor. Baslangicta erime sicakliginda olan L nin,
1Il denge kurulduktan sonra timilyle eridigi gozleni- ~ yargranndan hangileri dogru olabilir?

(Kaptaki havanin kitlesi &nemsenmeyecektir.)
yor.

Il. K nin sicakhig azalmig, L ninki artmistir.

A) Yalniz | B) Yalniz Il Cilyadall
D)l yadalll E) Il yadalll

61)

Sekil | deki iletken K, L kirelerinin yaricaplan sirasiy-

F
,, ,,,,,,,,,,,,,,, @_;‘,, la 2R, R; elektrik yiiklerinin blytkligia de q dur. Kiire-
K L

ler Sekil | deki konumda tutulurken, L ye uygulanan

s
elektriksel kuvvet F, dir. Kiureler birbirine dokundurul-

‘N
1]
z

duktan sonra Sekil Il deki konuma getirildiginde ise

N
L ye uygulanan elektriksel kuvvet F, oluyor.

-
E
P Buna gdre, bu kuvvetlerin biiyiikliiklerinin F—1
,,,<_€ ) ,,, A
L7 K :

orani kactir?

' 1 9 4 3
Sekil 11 A) = B) 1 C) = D) = E) =
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62)

K Sekildeki elektrik devresi dzdes K, L, M, N, P direnc-
W.- lerinden olusmustur. Bu devrede K, L, M direnclerin-

63)
(i)
-
= L
u Kk ] w
(-@ N P
64)
Z s

VVUVVY

+

B

65)

wfund - CUDUK MIKTEDS D

g M g

\yumugak /

demitden
(i

A) iy =

den sirasiyla i, i , i, siddetinde elektrik akimlari ge-
ciyor.

._NV\,_h__/\A,\,__.. Buna gore, iy, i, iy, arasindaki iligski nedir?
M
‘NEJ\,

(Uretecin i¢ direnci 8nemsenmeyecektir.)

g < i B) iy =i < iy

C) i, < iy < iy D) i < iy = iy

E) iy < i = i,

Ozdes lambalardan olusan sekildeki devrede agik
olan K, L, M, N, P anahtarlarindan hangisi kapati-
lirsa lambalarin tim 151k verebilir?

AK B)L C)M D)N E)P

iplerle asili M gubuk miknatisi, hareketsiz tutulan K, L
elektromiknatislarinin etkisinde, sekildeki konumda
dengede kaliyor.

Buna gdre, S anahtar: acilarak K den gecen akim
kesildigi anda M cubuk miknatisi

I. Hareket etmez.
Il. K ye dogru harekete baslar.
1. L ye dogru harekete baslar.

yargilarindan hangileri dogru olabilir?

A) Yalniz | B) Yalniz Il C)lyadall
D) | yadalll E) Il yva da lll

Asagidaki olaylardan hangisi molekdl ya da atom-
lanin hareketiyle aciklanamaz?

A) Benzin dolu bidonun kapagi acilinca, benzin ko-
kusunun odanin her tarafina yayilmasi

B) Bardaktaki suya damlatilan mirekkebin dagila-

rak

suya renk vermesi

C) Bacalardan cikan gazlarin havaya yaylmasi

D) Sise mantarinin suyun ylzeyinde kalmasi

E) Ruzgarh havalarda rlizgéar gulinin dénmesi
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66) 67)

Asagidaki deneylerden hangisinin sonucunda

Bir madde, asagidaki 6zelliklerden hangisine sa- gozlenen degisim, kesinlikle, karsisinda belirtilen
hipse art madde degildir? tirden dedgildir?

A)  Belirli bir molekil formaltniin olmasi Deney Degisimin tard

A) Bir cozelti sogutuldugunda,

B) Tek cins atomlardan clusmasi iginde ¢éziinmis olan kati- Kimyasal
) . nin kristallenmesi
C) Ayni cins atomlardan olusan tek cins molekuller- )
den meydana gelmesi B) Iki farkh an sivi oda kosulla-
rinda karistirildhginda iki ayrn Fiziksel
D) Farkl cins atomlardan olusan tek cins molek(il- faz olusmasi
lerden meydana gelmesi C) ki farkli iyonik katinin sulu
. u . . X . cozeltileri karnistinldiginda Kimyasal
E) Farkli cins molekillerden, molekiller ézelliklerini cékelme olusmasi
kaybetmeden ve aralarinda belirli bir oran olma- . .
dan olusmasi D) ki farkh sivi kanistinldiginda Kimyasal
gaz ¢cikisi olmasi
E) Bir kati madde isitildiginda Kimyasal

gaz cikis| olmasi

68)

Cu ve Ag nin H,S0, ile tepkimelerinin denklesti-
rilmis denklemleri,

bir miktar 6rmek 0,1 mol Cu icermektedir. Bu drmek 2Ag + 2H,S0, — > Ag,SO, + 2H,0 + SO,
Cu + 2H,S0, — > CuSO, + 2H,0 + SO,

olduguna gére alinan érnekteki Ag nin mol sayisi
girdiginde kapta 0,2 mel SO, clusmaktad. kactir?

Cu ve Ag metallerinden olusan bir alagimdan alinan

kapall bir kapta yeterli miktarda H,S0, ile tepkimeye

A) 0,05 B) 0,10 C)0,20
D) 0,25 E) 0,50

69)

X5 gaziyla dolu ézdes cam balonlar birbirine ve ma-
nometrelere gekildeki gibi baglanmistir.

th: 76 em Hg

|

Sabit sicakliktaki bu sistemde M muslugu acildik-
tan bir siire sonra, manometrelerdeki h; ve hy
degerleri kac cm olur?

hq ha
A) 29 58
hl' 38cem

hy=20cm B) 67 67

C) 32 47

Hg cambalon  cam balon Hy

manometre manometre D) 47 29

E) 58 29
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70)

Bir X katisiyla hazirlanan ve asagida hacmi ile de-
risimi verilen doymamis sulu ¢ozeltilerden hangi-
si, ayni kosullarda, en az miktarda X katisi ilave-
siyle doymus hale gelir?

Cozelti hacmi Cozelti derisimi
(mL) (mol/L)
A) 5 1
B) 5 0.1
C) 5 0.5
D) 10 0.1
E) 10 1

72)

a b
R WA
g Y cazeltisi
1.cambalon  manometre 2. cam balon

Xar
SIvISI

Ayni sicaklikta icinde ayni hacimde sivi bulunan éz-
des 1. ve 2. cam balonlar, manometreye sekildeki gi-
bi baglanmigtir. 1. cam balonda X ar1 sivisi, 2. cam
balonda ise Y ¢dzeltisi vardir, Y ¢ézeltisi, ugucu ol-

71)

Asagidaki tabloda yapisi ve sudaki cézUnurlGgu ve-
rilen maddelerden esit mol sayisinda alinmig ve ali-
nan maddelerin her biri, esit hacimdeki suyla ayn
birer kapta karistiriimistir.

Madde Yapisi gézs;‘:ji%i:ﬂgu
Tyot Molekiiler Az
Uziim sekeri Molekiler Cok
Gumuig klorlr Tyonik Cok az
Sodyum kloriir Tyonik Cok
Magnezyum kloriir Tyonik Cok

Bu maddelerin hangisiyle olusturulan karisimin
elektrik iletkenligi en yiuksektir?

A) lyot B) Uzim sekeri
C) Gumis klorar D) Sodyum klorur
E) Magnezyum klortr

Bu sistemle ilgili,

|. Cam balonlar ayni anda dzdes Isiticilarla esit ve
kisa bir sUre Isitilirsa manometrenin a ve b kol-
larindaki civa seviyeleri esit olur.

Il. 1. cam balona, X ile tepkime vermeyen kizgin
bir metal parcasi atilirsa manometrenin b kolun-
da civa seviyesi yikselir.

[ll. 2. cam balona, ayni sicaklikta ve ¢dzeltiyle tep-
kime vermeyen bir gaz eklenirse manometrenin
a kolunda civa seviyesi ylikselir.

yargilarindan hangileri dogrudur?

(I, 1. ve lll. iglemlerin birbirinden bagimsiz olarak
yapildig kabul edilecektir.)

mayan bir katinin X ari sivisinda ¢éziinmesiyle clug- A) Yalniz | B) Yalmiz Il C) Yalniz Ill
mustur.
D)lvell E)llve lll
73)
Buna gore, X maddesi asagidakilerden hangisi
X olabilir?
kiflesi
A)  Ucucu bir sivinin suyla olusturdudu bir cozelti
B) Havanin oksijeniyle birleserek bilesik olusturan
bir metal
C) Birbiriyle tepkime vermeyen sublimlesen bir ka-
- tiyla stiblimlesmeyen iyonik bir katinin karisimi
Zaman D) Birbiriyle tepkime vermeyen siblimlesen bir kati-
) ‘ ) ) nin ugucu bir siviyla olusturdugu bir ¢ézelti
Agazi acik bir kapta yeterli siire 1sitilan bir X maddesi- ] - o .
nin kiitlesinin zamanla degisimi grafikteki gibidir. E) Isitma ile tamami iki farkl gaza déniisen bir kat
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77)

A)
B)
_7 o
10 [HT] (mel/ L) C)
. T D)
Sulu ¢ozeltilerdeki OH ~ derigiminin, H * derisimiyle
iligkisi grafikteki gibidiir. E)

75)

X, Y, Z, Q elementlerinin periyodik cetveldeki yerleri

asagida gosterilmistir.

Bu grafige gore, sulu ¢ozeltilerle ilgili asagidaki
ifadelerden hangisi yanhstir?

S noktasinda Mg metali ile tepkimesinde H,
gazi ¢ikar.

S noktasinda kirmizi turnusol k&gidini maviye
cevirir.

R noktasinda nétrdir.

P noktasinda HCI ile tepkime verir.

P noktasinda elektrik akimini iletir.

Bu element atomlar birbiriyle, agagida formdili
verilen bilegiklerden hangisini olugturur?

76)

Asagida bazi element atomlarinin son orbitalinin cinsi
ve bu orbitaldeki elektron sayisiyla ilgili bilgiler ve bu
elementlerle ilgili yargilar verilmistir.

Verilen bilgilerden hangisinin karsisinda belirtilen
yargl yanhistir?

Tek atomlu olan X ve Y tanecikleri, asagidaki ko-
sullarin hangisinde birbirinin hem izotopu hem de
iyonudur?

A)

Yalniz proton sayilan esit, nétron sayilar ve
elektron sayilari farkl ise

Yalniz nétron sayilan esit, proton sayilar ve
elektron sayilari farkll ise

Yalniz elektron sayilan esit, nétron sayilar ve
proton sayilan farkl ise

Hem proton hem de nétron sayilan esit, elektron
sayilari farkl ise

Hem nétron hem de elektron sayilari esit, proton
sayilari farkl ise

AXQ,  B)XZ 0) Y,2,
D) Y,Z, E) 2,0,

Element atomunun son

orbitalinin cinsi ve bu Elementle

orbitaldeki elektron sayisi ilgili vargi

A)
B)

<)
D)

E)

d;:6 Gecis elementidir.
p;:2 Bilesiklerinde yalniz
+2 degerlikli olur.
p:5 Halojendir.
2p;: B Atom numarasi
10 dur.
s; 1 IA grubundadir.

X+a——>Y+p

Yukaridaki cekirdek tepkimesiyle ilgili asagidaki
ifadelerden hangisi dogrudur?

81

Xin proton sayisi Y ninkinden 2 fazladir.
Y nin nétron sayisi X inkinden 4 fazladir.
Xile Y nin molekil kitleleri esittir.

Y nin atom numarasi X inkinden 1 fazladir.

Xile Y nin kimyasal dzellikleri aynidir.



79)

Asadidaki tabloda |, Il, lll, IV olarak numaralandirilan
bakteri, mantar, bitki ve hayvan hiicrelerinin bazi ya-
pisal ézellikleriyle ilgili bilgiler verilmistir.

” H:‘;:stel Koroplast Cekirdek an;g c(j:lau\rarl
Hiicreler Zan hilcre ceperi
| Yok Var Var
1l Var \ar Var
11 Yok War Yok
I Yok Yok Var

80)

Buna gore, I, Il, lll, IV numaral hiicrelerin ait oldu-
gu canlilar asagidakilerin hangisinde dogru ola-
rak verilmistir?

Bakteri Mantar _Bitki Hayvan
A) | 1] v Il
B) I m 1] IV
c) IV I Il
D) v I 1 Il
E) IV 1] [} \

Hiicrede gerceklesen asagidaki olaylardan han-

gisi, enerji kullanilan bir metabolizma olayi

degildir?
A) Karbondioksit diftizyonu
B) Glikozdan glikojenin olusturulmasi
C) ADP nin ATP ye dénlUstirdlmesi
D) Klorofil tasiyan bir hGicrede glikoz oclusturulmasi
E) Hulcre zarinda yipranmis bdlimlerin molektler
yapilarinin yenilenmesi
81)

Bitkilerde tepe tomurcugunda Uretilen oksin (blyime
hormonu), bitkinin alt bélimlerine, tepe tomurcugu-
nun hemen altindaki tasima bélgesiyle iletilir. Diizen-
lenen bir deneyde ayni bitkiden dért tagima bolgesi
kesilerek ¢ikariimistir. Deneydeki 1. ve 3. uygulama-
larda kullanilan tasima bélgeleri, bitkideki konumun-
da; 2. ve 4. uygulamalarda kullanilanlar ise ters ko-
numda olacak sekilde, asagidaki semada gosterildigi
gibi, oksin iceren ve oksin igcermeyen iki agar blogu
arasina yerlestirilmis ve belirtilen sonuclar alinmistir.

- :Oksin ice- g :Oksin icer-

ren agar meyen agar

blogu blogu
1. uygulama 2 uygulama
/7
Tasima '-=
bélgesinin B
deneydeki | g |
konumu £
Sonug: Sonug:

Ustteki agar bloguna

Alttaki agar bloguna i
oksin tasinmistir

oksin tasimistir.

3. uygulama 4. uygulama

Sonug: B Sonug:
Ustteki agar bloguna  Alttaki agar bloguna
oksin tasinmamistir.  oksin taginmamistir.
Bu uygulamalardan elde edilen sonuclara gore,

|. Tasima bélgesinde, oksin hormonunun iletimi
tek yoénluddr.

Il.  Yercekimi kuvveti, oksin hormonunun tagsinma-
sini saglar.

Ill. Tasima y&nuni belilemede tasima bélgesinde-
ki hiicrelerin 6zelliklerinin roll vardir.

IV. Oksin hormonu bitkinin her bdlgesine esit olarak
dagilir.

yargilarindan hangilerine varlir?
A)lvell B) | ve Il

D) llvelll

C)lvelV
E) lll ve IV
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82)

Su

N

e
S

Kilcal boru Hava kabarcig |

(‘

Musluk

Bir bitkiyle sekildeki gibi bir deney dizenegi hazirlan-
mis ve diizenege su dolduktan sonra deponun mus-
lugu kapatiimistir. Deneyin baslangicinda kilcal bo- IR
rudaki hava kabarciginin bulundugu K, noktasi isa-

noktasina gelmesine neden olan su kaybi, bitkide
‘Kapak (kapal durumda) gergeklesen,

deposu @% Buna gore hava kabarciginin K, noktasindan K,

K, — K, arasinda terleme,
K, - K; arasinda solunum,

K, = K, arasinda fotosentez

retlenmistir. Deneye, karanlik bir ortamda baglanmis o|ay|a|'|ndan hangi[eriy|e aciklanir?
ve bir stre sonra 1siklandirilarak devam edilmistir.

Deneyde, hava kabarciginin ortamin karanlik oldugu A) Yalniz | B) Yalniz Il C) Ivelll
slre sonunda K, noktasina kadar; ortamin isiklandi-

riimasindan sonraki siire sonunda ise K; noktasina D) IFve il E) I, Il ve Il
kadar hareket ettigi gorliimustar.
83)

Bir hayvan hiicresinde, enzim sentezi sonucunda

asagidaki molekillerden hangisinin miktar: artar?

A) ATP B) tRNA C) Aminoasit

D) mRNA E) Su

84)

Normal olarak hiicrelerde H,O, , katalaz enzimiyle Bu deneyin bu|gu|ar|na dayanarak,

su ve oksijene parcalanir:

Katalaz |
H O, 3322

H20 + 1/2 O,

Bu clayla ilgili bir deneyde, karaciger ve havuctan ali-

nan doku &rneklerine asagidaki tabloda verilen islem- ”
ler uygulandiktan sonra bu &rnekler, icinde esit mik-

tarda H,O, bulunan 12 &dzdes tupe ayri ayr konul-

mus ve tabloda belirtilen sicakliklarda tutulmustur. ”l

Belirli bir stire boyunca tuplerdeki oksijen cikisi gbz-
lenmis ve tabloda belirtilen bulgular elde edilmistir.

Enzimin belirli sicakliklarda iglev gérmesi igin
bozulmamig (kaynatiimamis) olmasi gerekir.

Enzim, hiicre disinda da etkisini gosterir.

Enzimin bulunmasi olayin baslamasi icin yeter-
lidir.

[V. Enzim, belirli sicakliklarin tstiinde geri déni-
slmi olmayan degisime ugrar.
Karaciger Havug

Parea m— Parca —— yargilarindan hangilerine varilabilir?
Uygulanan islem |parca hiicreleri parca hiicreleri

dogranmis | parcalanmis | dogranmis | pargalanmis
Kaymtiaicansonal o, sis | Oy¢ias | Oyciks | 0, s A)lvelll B) Il ve lll C) 1, 1vell
rilmis doku + H, O, yok yok yok yok
Oda sicakligindaki O cikisi O cikis O, CIKISI O clkig! D) |, H ve IV E) ”! HI ve |V
doku + H202 var var var var
0°C deki Qg cIkISI O2 iK1 O, cikIS! O2 cIKISI
doku + HpOo yok yok yok yok
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85)

. Asagidaki sema, insan kulaginda, ses dalgalarinin
beyne uyari olarak iletimini saglayan yapilari goster-
mektedir.

“—— Sinirler

Orta kulak
kemikleri

igi siviyla dolu

Kulak yolu
salyangoz

Kulak zari

Salyangoz iginde
Oval pencere

korti organi
Yuvarlak

pencere

Ostaki borusu

86)

insanda, karacigerin bazi besin maddelerinin depo-
lanmasi, kanin zehirli maddelerden arindirilmasi,
homeostasisin sadglanmasi gibi gérevleri vardir. Asa-
didaki semada, karacidere kan getiren ve karaciger-
den kan géturen damarlar numaralanarak gésteril-
mistir.

Karaciger

Mide

incebagirsak

87)

| |
0 O O O Ou

birey

1.birey  2.birey 3.birey 4. birey
I [] :Erkek
birey
5. birey 6. birey

Yukaridaki soyadacinda, 1. ve 2. bireyler ayni yumur-
taikizi, 3. ve 4. bireyler ayn yumurta ikizicir.

88)

Asagidakilerin hangisinde, semadaki yapilardan
biri, gergeklestirdigi islevle birlikte verilmistir?

A) Ostaki borusu — Ses dalgalarinin siddetini artir-
ma

B) Salyangoz — Orta kulak ile dis ortam arasinda
hava basincini dengede tutma

C) Kulak zarn — Havada yayilan ses dalgalarini sivi-
da yayilan dalgalara cevirme

D) Orta kulak kemikleri — Ses dalgalarinin siddetinin
ayni kalmasini saglama

E) Korti organi — Farkli frekanslardaki ses dalgalar-
ni impulsa cevirme

Buna gore, karacigere kan getiren ve karaciger-
den kan goéturen damarlar asagidakilerin hangi-
sinde dogru olarak gruplanmistir?

Karacigere kan
getiren damarlar

Karacigerden kan

gétiren damarlar

A) 1,3 2.4
B) 1, 4 2,3
C) 1,2,3 4

D) 2.3,4 1

E) 4 1,23

Bu soyagacina gore,
[. 1. ve 2. bireylerin doku gruplari aymdir.
Il. 3. ve 4. bireylerin kan gruplarn aynidir.
Ill. 5. ve 6. bireylerin cinsiyetleri aynidir.

IV. 1. bireydeki homozigot baskin dzellikler 6. bire-
yin fenotipinde gériltr.

yargilarindan hangileri kesin olarak dogrudur?
A)lvell
D)1, velV

B)lvelV C) 1l ve lll

E)Il, I ve IV
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Dogadaki azot donglistunin bazi basamaklarn asagi-
da verilmistir:

. Saprofit bakterilerin amonyak olusturmasi
Il. Denitrifikasyon bakterilerinin faaliyeti

11l. Baklagil kék yumrucuklarindaki simbiyotik bak-
terilerin faaliyeti

Bu olaylarin hangi sirayla gerceklesmesi, hava-
daki azotun canh yapisina katihp tekrar havaya
ddénmesini saglar?

Ayl =111 =11 Byll—1—=11 Cylt—=1—1
Dy —=1—=1 E)yl—=1r—1

89)

P . ) ] Buna gére, bir tiiriin indikatdr (gosterge) tiir ol-
Indikator (gBsterge) tiir, cevresindeki yararli ya da mas! icin asagidaki dzelliklerden hangisine sahip

zararll maddelerden birine karsi cok duyarl olan can- ~ ©'Mas! gerekir?
Ii tlirll olarak tanimlanir. Ornegin, kizbdceklerininbazi  A)  Ekolojik toleransinin (hosgbriisiinin) az olmasi
turlerl, SUdakI QE|I§IFT'I donanlermde, Ol'tamdakl OkSI- B) Mutasyona ugrama 5|k||g|n|r| YUKSEK olmasi
jenin azalmasina ok duyarli oldugundan, bu bécek-
lerin bulundugu su ortamlarinin temiz ve oksijen baki-
mindan zengin oldu@u séylenebilir. D) Metabolizma hizinin yiksek olmasi

E) Populasyon blylme hizinin sinirh olmasi

C) Hayat devresinin kisa olmasi

90)

0. adidaki grafik, atik su bosaltilan bir akarsu orta- T .
‘r?‘?lnga, a‘tlggm bosaltildig: at?k bélgesinden iyilesme Yalnizca bu gra'ﬁktekl b||gl|efe gore, bu akarsu
bolgesine dogru gidildikee, oksijen ve amonyak mik-  ortamiyla ilgili olarak asagidakilerden hangisi
tarlari ile bakteri ve alg populasyonlarinda meydana

gelen degisiklikleri géstermektedir. Sﬁy_'enemez'?

A)  Oksijen miktar ve bakteri populasyonu degisme
egrileri birbirine terstir.

Oksijen
miktar

B) Ortamda alglerin cogalmasi, oksijen miktarindaki

/ artista rol oynar.
C) Bakteri ve alg populasyonlari ayni besin madde-

lerini kullanir.

Amonyak
miktarr —

_—-—-— D) Ortama atik madde girmesi, alg populasyonunun
azalmasina neden olur.

L~

e
g E) Amonyak miktarindaki degismeler bakteri popu-
S lasyonuyla ilgilidir.

Bakteri
populasyonu -

Alg —_—
populasyonu

Akarsu Atk Aktif [
P ) lyilesme
akis yona bolgesi 25{5;2: bélgesi
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