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ABSTRACT

VALIDITY OF BIOLOGY ITEMS IN 2006, 2007, AND 2008 STUDENT
SELECTION TEST IN TURKEY
Koyuncu, Fulya

M.Sc., Department Secondary Science and Mathematics Education
Supervisor: Prof. Dr. Giray Berberoglu

January 2011, 211 pages

Student selection test in Turkey compose of two parts. The purpose of the first part
is to assess students’ higher order thinking skills like analytical thinking, interpretation
and reasoning about elementary school curriculum and 9" grade curricula objectives. On
the other hand, second part of the test aims to assess students’ higher order thinking

skills given in the high school curriculum.

The main aim of this thesis is to analyze to what extend 2006, 2007 and 2008
student selection tests biology items assess higher order cognitive skills. In accordance
with this purpose, elementary and high school curriculum and the appropriateness of the
questions in the student selection test with the educational objectives of the curriculum
are examined. In addition, dimensions of 2006, 2007, and 2008 SST biology items are
examined by Exploratory Component Analysis and Confirmatory Component Analysis
techniques. The result of those analysis revealed that SST biology items mostly focus on
remembering skill and fail to assess higher order thinking skills. Additionally, there is
not any consistency among 2006, 2007, and 2008 SSTs biology items in terms of

dimensions which means there is not any construct in biology subtests of SSTs.



The other aim of the present study is to identify how much academic and non-
academic factors explain the biology achievement. While for academic factors reading
comprehension, mathematics, physics, and chemistry achievements of students are used,
age, gender, and school type are used for non-academic factors. Findings of the research
revealed that academic factors, especially chemistry achievement, have significant affect
on biology achievement. In terms of non-academic factors, graduating from selecting
high school has important role for biology achievement. Additionally, older students and

girls tend to have higher grades in biology.

Keywords: Content Analysis, Content Validity, Construct Validity, Item Analysis,

Principle Component Analysis (PCA), Biology Test, Student Selection Test
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2006, 2007 VE 2008 OGRENCI SECME SINAVI BIYOLOJI SORULARININ
GUVENILIRLIGI
Koyuncu, Fulya
Yiiksek Lisans, Ortadgretim Fen ve Matematik Alanlart Egitimi Boliimii

Tez Yoneticisi: Prof. Dr. Giray Berberoglu

Ocak 2011, 211 sayfa

Tiirkiye’de diizenlenen Ogrenci Se¢me Sinavi iki bdliimden olusur. Ik béliimiin
amaci Ogrencilerin analitik diistinme, yorumlama ve akil yiirlitme gibi st diizey
diisinme becerilerini ilkogretim ve 9. sinif Ogretim programlarmin kazanimlari
kapsaminda 6lgmektir. Diger taraftan, ikinci boliim ise 6grencilerin iist diizey diisiinme

becerilerini ortadgretim egitim programlari kazanimlar1 kapsaminda 6lgmektir.

Bu calismanin esas amaci 2006, 2007 ve 2008 Ogrenci Se¢me Smavi’nin bu
amaca ne kadar hizmet ettigini saptamaktir. Bu amag dahilinde ilkdgretim ve ortadgretim
programlari incelenmis ve OSS biyoloji sorularmin 8gretim programlarmin icerigi ile
uyumlulugu arastirilmistir. Ayrica, Ayimlayici ve Dogrulayici Faktdr Analizi teknikleri
kullanilarak 2006, 2007 ve 2008 biyoloji testlerinin yapisal gecerliligi de incelenmistir.
Analiz sonuglar1 incelendiginde OSS biyoloji sorularmin genel olarak &grencilerin
bilgileri hatirlama diizeylerini 6lgtiigli ve iist diizey diisiinme becerilerini yoklamadigi
sonucuna varilmistir. Ayrica, yapisal olarak OSS biyoloji testleri arasinda herhangi bir

tutarlilik bulunamamustir.

Vi



Calismanin bir diger amaci da, akademik ve akademik olmayan faktorlerin
biyoloji basarisini agiklamada ne kadar etkili oldugunu saptamaktir. Bu amag dahilinde,
okudugunu anlama, matematik, fizik ve kimya basarilar1 akademik faktorler olarak
belirlenirken, cinsiyet, yas ve okul tirii de akademik olmayan faktorler olarak
belirlenmistir. Analiz sonuglar1 incelendiginde akademik faktorler, 6zellikle kimya
basarisi, biyoloji basarisi lizerine anlamli sonuglar vermistir. Akademik olmayan
faktorlerin sonucglari incelendiginde de Ogrencilerini segerek alan ortadgretim
kurumlarindan mezun olan Ogrencilerin daha yiiksek biyoloji basarisi elde ettikleri
bulunmustur. Ek olarak, yas1 biiylik olan 6grenciler ve kiz 6grenciler de biyolojide daha

yiiksek basar1 gosterme egilimindedirler.

Anahtar Kelimeler: Kapsam Analizi, Kapsam Gegerligi, Yap1 Gegerligi, Madde Analizi,

Temel Bilesenler Faktdr Analizi, Biyoloji Testleri, Ogrenci Se¢gme Sinavi
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CHAPTER 1

INTRODUCTION

1. 1.University Entrance Examination in Turkey

Until 1960s, because of the limited number of high school graduates,
universities accepted all applicants without any examination. However at the
beginning of 1960s, number of high school graduates increased and the applications
to universities exceeded the capacity of departments. To solve this problem, most of
the universities started to administer their own selection examination. This new
movement caused some problems. Firstly, evaluation of the thousands of applicants
became the major problem because most of the departments administrated their
exams in essay form. Moreover, independent administration of the exams caused
overlapping the exam days of two or more institutions. For this reason, students could
not be taken all university’s exams. To solve those, in 1963, Interuniversity Board
instituted Interuniversity Entrance Examination Commission. First, centralized
university examination was prepared by this commission. Within time, the number of
applicants for university admission increased, therefore, a permanent center was
instituted by the Interuniversity Board and named Interuniversity Student Selection

and Placement Center in 1974. In 1981, Interuniversity Student Selection and



Placement Center was affiliated to Higher Education Council and named Student

Selection and Placement Center (OSYM, 2006a; Berberoglu, 1996).

Between 1981 and 1999, tests were applied in two stages. The name of the first
stage was Student Selection Test (SST) which was administered in April. SST was an
ability orientated test. Even though high school curriculums concepts and materials
were used, the aim of SST was not to evaluate the curriculum objectives. The aim of
SST was to select the students for the second stage of the examination which is called
Student Placement Test (SPT). SPT was applied in June and aimed to assess students’
achievement according to high school curriculum objectives. In 1999, the second
stage of the examination was completely removed and students were selected and
placed only by SST which was applied in June every year. This change caused
serious problems for high schools and universities. Since the content of the SST is
composed of only elementary school and first year of high school curriculum, most of
the students did not endeavor the second and third year of the high school. Ultimately,
students entered into the universities with imperfect knowledge. For this reason the
content of the SST was changed at 2006 SST. New form of SSTs is administered
again in two stages which are implemented in same day. The first stage of the test
(SST-1) consists of same content with the previous SSTs, while the second stage

(SST-2) involves whole high school curriculum (OSYM, 2006a).

1.2. Content of the Student Selection Test

SST aims to evaluate students’ verbal and quantitative abilities. The verbal
ability part of the test contains two subtests: 1) proficiency in the Turkish mother

tongue, and 2) ability of using the basic concepts and generalizations of social science



subjects. The quantitative ability test is composed of two parts: 1) ability to make use
of basic mathematical concepts and rules, and 2) ability to reason using the basic
concepts and principles of natural science subjects (OSYM, 2004; OSY M, 1984 cited
from Berberoglu, 1996). Content of the test is composed of higher order thinking
skills like comprehension application, analysis, and synthesis according to Bloom’s
(1979) taxonomy of educational objectives. Turkish language subtest of the verbal
ability section can be categorized as; items that assess the basic principles of grammar
and items assess the reading comprehension skills. Social science subtest of the
verbal ability section categorized into three basic content areas: history, geography,
and philosophy. Similarly to the quantitative ability test items in mathematics subtest
can be categorized into three groups as computation, word problems, and geometry
which are selected from different subject areas. The natural science subtest of
quantitative ability test is grouped into three basic content areas: physics, chemistry,

and biology (OSYM, 2006a; Berberoglu, 1996).

All of the items in SSTs are in multiple choice form with five alternatives. To
prevent guessing, the raw score of the test is obtained by subtracting one of the
correct answers out of four incorrect answers. Besides, for the test security reasons
each year parallel forms of the test are administrated, yet as Berberoglu (2006) cited

this may cause equivalent form problem.
1.2.1. Content of the First Stage of the Student Selection Test

Until the end of the 9™ grade (first year of the high school) all of the high
school students take same courses. At the beginning of 10" grade students select their

field of study which consists of science-mathematics (quantitative), Turkish-



mathematics (equal weight), Turkish-social (verbal) and foreign language (language).
For this reason first stage of SST (SST-1) includes items from elementary curriculum
and the first year curricula of high school. This stage of the SST is also called “tests
related to common courses”. The aim of this test is to evaluate students’ basic skills
such as understanding, implicating and establishing according to curriculums
objectives. SST-1 composed of four subtests respect to study fields such as Turkish
(Tur), Social Sciences (Soc-1), Mathematics (Math-1), and Science (Sci-1). Number
of items for each test and basic content areas are shown in Table 1.1 (OSYM, 2006a;

0SYM, 2008a).

Table 1.1:; Tests Related to Common Courses

Test name Number of items
Turkish (Tur) 30
Social Sciences (Soc-1) 30
History 13
Geography 10
Philosophy 7
Mathematics (Math-1) 30
Science (Sci-1) 30
Physics 13
Chemistry 9
Biology 8
Total 120

1.2.2. Content of the Second Stage of the Student Selection Test

Second stage of the SST (SST-2) named as “tests related to field course” and
covers the whole high school curriculum. For this reason, students are responsible for
the subtests about their own field courses. Similarly to SST-1, SST-2 composed of

four subtests: Literature-Social Sciences (Lit-Soc), Social Sciences-2 (Soc-2),



Mathematics-2 (Math-2), and Science-2 (Sci-2). Number of items for each test and

basic content areas are shown in Table1.2 (OSYM, 2006a; OSY M, 2008a).

Table 1.2: Tests Related to Field Courses

Test name Number of items

Literature-Social Sciences (Lit-Soc) 30
Turkish Mother Tongue and Literature 17
Turkey Geography
Psychology 5

oo

Social Sciences-2 (Soc-2) 30
History 1
Geography of countries 7
Sociology 5
Logic 5

Mathematics-2 (Math-2) 30
Mathematics 21
Geometry 9

Science-2 (Sci-2) 30
Physics 13
Chemistry 9
Biology 8

Total 120

1.3. Purpose of the Research

Present research has two main aims; first aim is to explore the content-related
and construct-related validity of three years SSTs biology items which are 2006,
2007, and 2008. Content related validities of the biology items are examined by
content analysis. Content analysis intended to determine consistency between
OSYMs’ aim for SST content and actual content of the SSTs. For construct-related
validity analyses both exploratory and confirmatory factor analyses techniques were

used to determine the dimensions of SSTSs.

On the other hand other, the other aim of the study is to identify how biology

achievement can be predicted by academic and non-academic factors by using



students’ SST scores. Reading comprehension, mathematics, physics, and chemistry
achievement of the students were chosen for the academic factors and school type,

age, and gender were determined as the non-academic factors.

1.4. Research Questions

As it is mentioned before present study has two main goals; first aim of the
study was to explore the content-related and construct-related validity of the 2006,
2007, and 2008 SSTs. To accomplish this aim five main research questions were

identified:

1. What are the content specifications of the biology items in 2006,
2007, and 2008 SSTs in terms of grade level, content types, and cognitive processes?

2. What are the reliability coefficients of reading comprehension,
mathematics, physics, chemistry and biology subtests of 2006, 2007, and 2008 SSTs?

3. What are the item characteristics of biology items in 2006, 2007, and
2008 SSTs in terms of difficulty level and point biserial correlation values (r)?

4. What are the factorial structure, dimensions, of biology items in the
2006, 2007, and 2008 SSTs?

Other aim of the study was to identify how biology achievement can be
predicted by academic and non-academic factors by using 2006, 2007, and 2008

SSTs. To accomplish this aim, three main research questions were identified:

1. What are the relationships between biology achievement and other academic
factors which are reading comprehension achievement, mathematics achievement,

physics achievement, and chemistry achievement?



2. What are the relationship between biology achievement and non-academic

factors which are age, gender, and school type?

3. How much do academic factors and non-academic factors contribute biology

achievement with other academic and non-academic factors?

1.5. Significance of the Research

The aim of the achievement tests can vary but they should acquire some
important characteristics. According to Gronlund (1981) the most essential
characteristics of a test are validity and reliability. Reliability gives the consistency of
test scores when the same individuals are tested again under similar circumstances
(Crocker& Algina, 1986), whereas validity of a test gives how better the evaluation
procedure serves to the desired aim (Gronlund, 1981). Due to this reason,

examinations should be reliable and valid.

The number of high school graduates in 1998 was increased four times than
1983 (OSYM 1986 as cited in Koksal, 2002). The number of students who applied to
take SST in 2006, 2007, and 2008 are 1.678.383, 1.641.403, and 1.644.073
respectively. (OSYM, 2006b; OSYM, 2007; OSYM, 2008b). All of the information

gives us the important demand to higher education.

To be accepted in higher education institution SST is the most, even the only,
important requirement for Turkish pupil. When the importance of SST in Turkey and
the number of application for higher education is considered, applying a reliable and
valid SST is unavoidable. Therefore, the validity of the SST should be analyzed

which is the main goals of this study.



1.6. Definition of Key Terms

1.6.1. Content Related Definitions

1.6.1.1. Biology Achievement

According to Haladyna (1997) achievement is defined as the cognitive behavior
which easily changeable. Those cognitive behaviors can vary from simple memory of
facts to more complex types of thinking. There are two basic types of achievement,

knowledge, and skill.

By OSYM, biology achievement is not defined but it is cited that students are
asked to reveal their reasoning ability by using the basic concepts and principles of
natural science subjects which also includes biology (OSYM, 2004; OSYM, 1984
cited from Berberoglu, 1996). Therefore, the definition of biology achievement for
this study is determined as the ability to make reasoning by using the basic concepts

and principles of biology subjects.

1.6.1.2. Content Type

The content of any program or assessment frameworks have been
categorized in various ways. Among them, Haladayna’s general approach of
categorizing the content of an assessment framework as facts, concepts and principles
seem quite suitable for a science test. Thus, in the present study, this categorization

was used in the content analysis. Haladayna (1997) categorizes content types as:

Facts: are undisputed basic knowledge, like water boils at 212 degrees

Fahrenheit at standard atmospheric pressure.



Concepts: are classes of objects or events which have common set of

defining characteristics, like plants need water.

Principles: are used to explain the relationship between concepts, like cause
and effect relationship, relationship between two concepts, laws of probability and

axiom.

Procedure: consists of sequential mental or physical act to achieve a result.

1.6.1.3. Cognitive Processes

Categorizing the cognitive processes is rather a more complicated task. In
1970s behavioristic approach was a general theoretical framework for any educational
assessment. In this respect Bloom, Engelhart, Furst, Hill, and Krathwohl (1956)
categorizes cognitive processes as knowledge, comprehension, application, analysis,
synthesis, and evaluation. On the other hand, cognitive approach does not consider a
hierarchical structure of the cognitive processes. It rather considers cognitive
processes under different groups of constructs. Marzano et. al. (1988) name cognitive
processes as core thinking skills and classifies as focusing skills, information
gathering skills, remembering skills, organizing skills, analyzing skills, generating
skills, integrating skills, and evaluating skills. Additionally, Marzano and Kendall
(2007) categorize cognitive processes as three systems of thinking. First system,
called cognitive system, consists of retrieval, comprehension, analysis, and
knowledge utilization. Monitoring, evaluating, and regulating the functions of all
other type of thought are in the responsibility of the second system, called
metacognitive system. Finally the third system, called self-system, consists of

interrelated arrangement of attitudes, beliefs, and emotions. Even though the two



approaches seem different, both Bloom and Marzano talk about and define the same

skills for the cognitive processes.

In the present study the following cognitive skills were defined and used in
the content analysis based on Bloom et.al and Marzano et. al.’s approaches. For this

study all of those cognitive processes were interpreted and categorized as:

Remembering: transferring stored knowledge to working memory.

Comparing: identifying similarities and differences of information.

Classifying: categorizing information according to established criteria.

Ordering: determining the sequence of information according to established
criteria.

Transferring: changing the form of the information.

Predicting: indicating the expected outcomes of given statement by the help
of prior knowledge.

Analyzing errors: determining the errors of given information based on
reasoning.

Inferring: identifying legitimate truth by the help of given information.

Generating: connecting stored and new experienced information to form
new knowledge structure.

Specifying: deducing new applications from known generalization or
principle.

Evaluating: making judgments on a given criterion or standard.

Generalizing: constructing new information by the help of stored or new

experienced knowledge.
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Additionally to the cognitive skills, science process skills are also crucial for
science education (MoNE, 2006). According to Klopter (1971) traditional science
courses focus on the knowledge of science facts, laws, theories, and technological
applications. In modern science courses, main focus is given to nature, structure, and
unity of science, and the process of scientific inquiry. In addition, the aim of the
modern science courses shifted to discovery investigation which emphasizes the
importance of skills used during scientific experiments. Those processes of scientific
inquiry are categorized as observing and measuring, seeing a problem ways to solve
it, interpreting data and formulating generalizations, and building, testing, and
revising a theoretical model.

For the present study Klopfer (1971) process of scientific inquiry were
analyzed. Than those processes were interpreted and categorized as science process

skills in eleven main dimensions by the researcher:

Observing: collecting information by the help of senses.

Recognition of a problem: determining the problem which can be

investigated experimentally.

Determination of variables: determining the changeable factors which can

affect the problem.

Measuring: determining the dimensions of the observed phenomenon

objects by using appropriate instrument.

Hypothesizing: stating an appropriate and reasonable statement about the

problem.

11



Selection of suitable tests: choosing a series of experiments which verify the

hypothesis logically.

Designing procedures:  determining suitable instruments to test the

hypothesis.

Interpreting data: organizing the findings of the experiments by creating

tables, graphs, or diagrams.

Interpreting result: formulating a concrete statement which signifies result

of the test.

Evaluating hypothesis: determining whether the result is corresponds with

the result.

Formulating generalization: applying conclusions to new situations by

generalization.

Before ending this section, the difference between cognitive processes and
science process skills should be explained. Most outstanding feature of science
process skills is they constructed on experiments while cognitive skills are
constructed on conceptual understanding skills. As an example in both
categorizations of skills interpreting has an important place. However, in inferring
under cognitive skills are required to identify legitimate truth by given information. In
science process skills, two skills require interpreting skill which are interpreting data
and interpreting result. In these definitions students are required to make an

experiment and interpret the experiments’ data and results of the specific experiment.
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In addition, it can be said science process skills are special to skills used in science

experiments while cognitive skills are more conceptual in nature.

1.6.2. Statistic Related Definitions

1.6.2.1. Reliability

Reliability is the consistency of test scores when the same individuals are tested

again under similar circumstances (Crocker& Algina, 1986).

1.6.2.2. Validity

Validity of a test gives how much the evaluation procedure serves to the desired

aim (Gronlund, 1981). There are three types of validity:

Content-Related Validity: gives how well test measures a representative sample

of the domain of tasks under consideration (Gronlund, 1981).

Criterion-Related Validity: is used to predict future performance or to estimate

current performance on some valued measures other than the test (Gronlund, 1981).

Construct Validity: gives the extent to which test performance can be

interpreted in terms of certain psychological constructs (Gronlund, 1981).

1.6.2.3. Factor Analysis

To identify the factors that statistically explain the variation and covariance
among measurement instrument factor analysis technique is commonly used (Green
& Salkind, 2008). For this study Exploratory and Confirmatory Factor Analysis

techniques were preferred.
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1.6.2.3.1. Exploratory Factor Analysis (EFA)

EFA is the technique used to identify dimensions that statistically explain the

variation and covariation among variables (Green & Salkind, 2008).

1.6.2.3.2. Confirmatory Factor Analysis (CFA)

CFA is a statistically test which is used to acquire significance and validity of

hypothesized model (Schumacker & Lomax, 2004).

1.6.2.4. Multiple Linear Regression Analysis
Multiple linear regression analysis is the statistical technique used to predict the
contribution of the multiple independent variables linear combination on a dependent

variable. For this study, stepwise multiple linear regression analysis was preferred.

14



CHAPTER 2

REVIEW OF RELATED LITERATURE

In this chapter, important points and major findings of studies in the literature
related to this study are presented. Studies related to validity such as construct
validity, content validity, criterion related validity, and cultural validity in the

literature are introduced.

In addition to validity of biology items of SSTs the present study also concerns
with the academic and non-academic factors contribution on biology achievement.
Therefore, important points and findings of previous studies on this issue was

analyzed and presented in the chapter.

2.1. Studies on Validity

In general, the aim of the assessment is to identify what cognitive behavior and
content knowledge students have and by the help of this information deciding about
the further education program or classroom instructions can be given. To achieve this
aim “... what the test measures and how well it does so” (Anastasi & Urbina, 1997,
p.108), which is called validity, should be known and be provided for every test.
Gronlund (1968) emphasizes the importance of validity as “test scores are valid to the

extent to which they serve the use for which they are intended” (p, 105). Briefly
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validity of a test gives how much the evaluation procedure serves to the desired aim

(Linn & Gronlund, 1995).

In the literature validity is categorized as content-validity, construct-validity,
and criterion-related validity (Anastasi & Urbina, 1997; Linn & Gronlund, 1995;
Gronlund, 1968). Broadly content validity gives information about how well test
measures a representative sample of the domain of tasks under consideration (Linn &
Gronlund; 1995). Even though all standardized achievement tests should have high
content validity in a general sense, there is not any simple statistical procedure for

determining content validity (Gronlund, 1986).

Whereas criterion-related validity is used to predict future performance or to
estimate current performance on some valued measures other than the test (Linn &
Gronlund; 1995). Due to this reason, performance on a test is checked against a
criterion, like designing another test to predict or estimate the performance of the

students (Anastasi & Urbina, 1997).

Construct validity gives the extent to which test performance can be interpreted
in terms of certain psychological constructs (Linn & Gronlund; 1995). To achieve
construct validity of a test all factors which influence test performance and the degree

of influence of each factor should be identified.

Even, most of the researchers category the validity Messick (1989, cited from
Klassen, 2006) oppose this ctegorization and states that validity is a unitary concept.
Hence, the validity does not vary, does not have kinds, it should be accepted as
comprises with many aspects like face validity, construct validity, and so on. He also

stressed that the most fundamental aspect of validity is construct validity.
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Despite the importance of validity of the test there is not much research about
tests validity (Klassen, 2006), though researches on the tests validity in the literature

were summarized briefly.

2.1.1. Studies on Construct Validity

2.1.1.1. Studies on Construct Validity with Large-scale Assessment

Most extensive research on the validity of assessment was conducted by
leadership of Hamilton, Nussbaum, Kupermintz and Snow. They conducted a series
of researches with the goal of distinguishing dimensions of NELS:88 8th, 10th, and
12th grade science and mathematics exams. First study focused on the NELS:88 8"
and 10" graders mathematics exams, second one aimed to analyze science exams of
the same participants with the previous study. Next two studies also had the same aim
but the third research was conducted by 12™ graders on mathematics exam and the
last one focus on the science exam of 12™ graders. Since the aim of the present study
was to analyze research on science education results of second and fourth studies on

NELS:88 were analyzed.

In the study of NELS:88 Science Achievement to 8" and 10" Grade, which was
conducted by Hamilton, Nussbaum, Kupermintz, Kerkhoven, and Snow (1995), the
aim was to distinguish dimensions of students’ performance in NELS:88 8th and 10th
grade science exams, and modeling the ability development in these domains across
the high school.

For this aim they used 24,600 8th grade examinees data from 1,052 schools,
also another data was collected from same examinees when they were in 10" grade.

For 8™ grade exam 25 multiple-choice items were applied, and seven of the questions
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were dropped and replaced at 10™ grade. The content of the test was so broad it was
consisted of environmental, biological and physical sciences. To interpret the
dimensions of the science tests the exploratory principal component factor analysis
were conducted. At the end of the analysis researchers preferred to use three factor
solutions for 8" grade and four factor solutions for 10™ grade, because those solutions
were more interpretable and also fit chi-squared statistical criteria.

As researchers cited, for 8th grade science subtest, items did not clustered on
the basis of subject matter clearly. In first factor 12 items, which consisted of
scientific knowledge that could easily be learned outside of school, were clustered
together and this factor was named as Everyday or Elementary Science (ES).
Distinctly than other factors, second factor items clustered according to subject
matter. All of those items required knowledge of chemistry terms. To this end, this
factor named as Chemistry Knowledge (CK). Five items which require manipulation
of numerical equations, interpretation of graphs, or hypothesis formulation loaded in
the third factor, Scientific Reasoning (SR). Rests of the four items were loaded in the
fourth factor. Common point of those four items were they all involve formal
scientific concepts and requirement to apply reasoning skills (Hamilton, Nussbaum,

Kupermintz, Kerkhoven, & Snow,1995).

Distinctly than 8th grade test, 10" grade test identified in three factors as
Quantitative Science (QS), Spatial-Mechanical Reasoning (SM) and Basic
Knowledge and Reasoning (BKR). 12 items in first factor, QS, mainly related to areas
of science which were mostly quantitative in nature. Five items involved interpreting
diagrams or reasoning about physical systems loaded in the second factor, therefore

this factor called Spatial-Mechanical Reasoning factor. Items loaded in ES in 8"
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grade mostly loaded in the third factor of the 10" grade, Basic Knowledge and
Reasoning (BKR) factor. All of the items in BKR were assessing knowledge of
scientific concepts and some of them were assessing ability to apply concepts to
simple reasoning situations (Hamilton, Nussbaum, Kupermintz, Kerkhoven & Snow,

1995).

As a further step Nussbaum, Hamilton, and Snow (1997) carried a further study
to analyze the 12" grade NELS: 88 test dimensions. In the test of 12" graders five
items were common with the 8" and 10" grade tests. One of the 10" grade items was
dropped and all other items were administered in 12" grade test. Besides, two physics
items were added. Sample of the research consisted of the examinees from the
previous studies. Similarly with the previous studies the aim was to identify the
dimensions of the science test and exploratory principal component factor analysis
was run. The result of the analysis seemed like replication of the 10" grade test. 8
items were loaded in the first factor, named as Quantitative Science (QS), five items
were clustered in the second factor, Spatial-Mechanical Reasoning (SM), and 12
items were loaded in Basic knowledge and reasoning (BKR) factor. As it can be seen
the names of the factors, dimensions of this test were exactly same with 10" grade
tests dimensions. However, there were some differences with the items of the factors.
For example, three items from 10" grade QS was seen in 12" grade BKR factor.
Although, some differences were revealed in general the factors were similar to each
other. Due to this reason, researchers concluded that those two studies provide
evidence of robustness of three dimensions, QS, SM, and BKR (Nussbaum, Hamilton

& Snow, 1997).
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Li, Ruiz-Primo and Shavelson (2006) conducted a study with TIMSS 1999 to
describe and implement a framework for assessing science achievement. They had
two main research questions. First, can the science achievement measured by the
TIMSS 1999 items be decomposed as four types of knowledge? And the second one
was constructed to identify whether students’ instructional experiences affect their
science achievement or not. Since the aim of the present study was similar with the
first aim, only the first part of the study was analyzed in this part of the literature
review.

As a first step four interdependent types of knowledge was categorized for
science achievement, declarative knowledge or ‘knowing that’, procedural knowledge
or ‘knowing how’, schematic knowledge or ‘knowing why’ and strategic knowledge
or ‘knowing when, where, and how knowledge applies’ by the researchers. Then two
coders identified item characteristics, according to task demands, cognitive demands,
item openness, and complexity, of TIMSS-R science items and classified into
knowledge types according to the four knowledge types. It was found that test
assesses three of the four proposed types of knowledge, and none of the items were
measuring the strategic knowledge. Additionally, approximately 50 % of the items
focused on the declarative knowledge whereas the rest focused on procedural and
schematic knowledge in a balance. As a further step, confirmatory factor analysis was
used to confirm the underlying patterns of the model. Results indicated that the model
obtained by the exploratory factor analysis, according to the knowledge types, exactly
corresponded in the CFA analysis.

In addition, relationship between each pair of the three hypothetical knowledge

factors was analyzed and a significant result was attained. Researchers explained this
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correlation between knowledge types as in three factors. Firstly moderately
correlation could be accounted because different types of knowledge are
interdependent aspects of science understanding that students can achieve. The
second reason was proposed as an individual’s general ability affects the performance
on each item. Lastly, the format and the content of the items could be distributed in an
unequal manner.

Besides, alternative models to knowledge type model were presented and
analyzed in CFA such as one factor as general ability, two factors as format
(multiple-choice and short answer), or three factors using the performance
expectation framework by TIMSS 1999. Even all of those models also fit well,
knowledge model was significantly superior to the other models. In brief TIMSS
1999 test distinguished as in different types of knowledge rather than the other item
characteristics such as task demands, cognitive demands, item openness, and
complexity.

By the aim of identifying the dimensional structure of a large-scale science
assessment, by using nonparametric and parametric techniques, and determining
whether a content-based or psychologically-based framework could be used to
identify, define, and explain the dimensions underlined the SAIP Science Assessment
administered in 1999 Leighton, Gokiert, and Cui (2007) conducted a study. Since the
first part of this research matched by the aim of this present study only identifying the
dimensional structure of a large-scale assessment with different techniques of the
study was identified.

The aim of the SAIP Science Assessment is to define 8th and 11th grade (13

and 16 years old) Canadian students’ knowledge and concepts of science, nature of
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science, and relationship of science to technology and societal issues. Test could also
be categories according to domain of skills as conceptual, procedural, and use. SAIP
Science Assessment is administered in a two-stage testing procedure. In the first stage
of the test, test A, is given to the students which constitutes of moderate difficult 12
items. Then dependent on students score in test A students are routed to an easier
second-stage test, test B, or more difficult second-stage test, test C. Since the test is
administered in two different aged students and there are two different test
documents, AB and AC, the data files were divided according to those criteria as AB-

13-year-olds, AB-16-year-oldys, AC-13 year-olds, and AC-16-years-old.

As a first step of the analysis reliability of the four tests was analyzed by split
half method and results showed that all tests are reliable. Then, to determine the
dimensional structure of SAIP Science Assessment DIMTEST, DETECT, and
exploratory factor analysis were used. The result of the DIMTEST gave that test has
more than one dimension. Due to this result, to identify the number of dimension for
the SAIP DETECT was used, but DETECT did not partition the items into consistent
clusters because of the complex structure of SAIP. As a last step, exploratory factor
analysis was conducted. The result of the exploratory analysis of the SAIP Science
assessment indicated a multi-dimensional structure with a range of two to four
factors. Therefore, six different models were determined to test in confirmatory factor
analysis. Since SAIP data exhibit complex structure all of the models fit to the data.
But the best fitted model was Lawson’s hypothetico-deductive model. By this result
researchers concluded that SAIP items have two different types of items, abductive

and deductive.
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2.1.1.2. Studies on Construct Validity with Performance Assessment

To analyze whether Nussbaum, Hamilton, and Snow’s (1997) reasoning
dimensions were unique only to National Education Longitudinal Study of 1988
(NELS:88) multiple-choice test or could those dimension be generalized to other
multiple-choice tests and alternative assessments Ayala, Shavelson, Yin and Schultz
(2002) conducted a study. They used 13 items from National Education Longitudinal
Study of 1988 (NELS:88), 6 items from the Third International Mathematics and
Science Study (TIMSS), and 11 items from National Assessment of Educational
Progress (NAEP) items and they also selected performance assessment tasks as
Electric Mysteries, Daytime Astronomy, and Aquacraft.

Since Nussbaum, Hamilton, and Snow’s (1997) categorized reasoning
dimensions of science achievement as basic knowledge and reasoning (BKR),
quantitative science (QS), and spatial-mechanical reasoning (SM); researchers
prefered to choice performance assessment according to those three dimensions. They
selected Electric Mysteries performance assessment for BKR, Aquacraft for QS, and
Daytime Astronomy for SM.

Even though 343 students were completed the achievement test, performance
assessment tasks were administered to 35 students who were also completed the
achievement test. As a result, researchers concluded that three dimensions of science
assessment was not unique for NELS:88 and a moderate correlation between all
dimensions were detected. Besides, in general performance assessments were highly
correlated with other dimensions which indicated that those different science
achievement measurements are convergence in some aspects of science achievement

(Ayala, Shavelson, Yin & Schultz, 2002).
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A case study was conducted to identify the validity of science performance
assessment for English language learners by Shaw (1997). 96 elementary English
learners from five different schools were applied four day assessment based activity
on the physical science concept of heat transfer, called Rate Cooling Performance
Assessment (ROC). ROC consisted of open-ended inquiry and hands-on investigation
work. The aim of the Day 1 task was to elicit the students’ abilities to interact with
the other group member and function as a member of a team, so they were given a
problem to solve it by group-work. Day 3 task aimed to find out the group
productivity by allowing students to conduct a cookbook-type experiment. In Day 2
students were given opportunity to creating an experiment design, whereas in Day 4
students’ were asked to analyzing data gathered by experiment. In Day 2 and Day 4
tasks the aim was to investigate how an individual student can perform after learning

from group collaboration.

All of the data were gathered both with qualitative and quantitative techniques.
Main aim of the research was to find out whether the sample assessment functioned
as a measure of scientific literacy or English language proficiency. To this aim, the
analysis of variance analysis was conducted with English language proficiency and
science proficiency to identify their interaction. Result of the analysis showed that
experimental procedures were significantly affected by students’ level of English
language proficiency, whereas science proficiency significantly affects graphs,

calculations, and final question (Shaw, 1997).

To develop a valid and reliable instrument for assessing science process skills
Marshall (1991) conducted a multitrait-multimethod (MTMM) construct validation

technique. The main idea underlined in MTMM is, multiple measures of the same
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construct should be significantly correlated with each other, but less correlated with
measures of other constructs. To implement this technique at least four instruments
should be used. Two instruments measure the same characteristics, and the other two
instrument measures the different characteristics then the first two tests should be
used. For this reason, a multiple-choice test and performance-based instrument of
Test of Basic Process Skills in Science (BAPS), which have same characteristics as
aiming to assess science process skill, were used to assess trait of interest. Test of
Logical Thinking (TOLT) and Bending Rods (RODS) Piagetian manipulation task
were used to measure the different trait then interest. All of four instruments were
applied to 151 7™ grade students. The result of this study revealed a high correlation
between different forms of BAPS test. Correlation between BAPS multiple-choice
test and TOLT test, BAPS multiple-choice test and RODS, and RODS and TOLT
tests were all around .3, which shows a low correlation. Marshall concluded two
statements with those results. One of them was, since the correlation between
different forms of BAPS is high; those tests are valid in terms of construct validity.
Other conclusion was, since both tests were assessing the same content, there would
be no difference to implement students a multiple-choice test, which is less costly,

than using performance assessment instrument.
2.1.1.3. Studies on Content Validity

To fill the gap of validity lack on science achievement tests O’Neil, Sireci and
Huff (2003-2004) conducted a study with two state-mandated 10" grade science
assessments. The aims of their study were to evaluate the content and cognitive
domain representation of a state-mandated 10" grade science assessment and to

evaluate the consistency of the tests with respect to the content and cognitive domain
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measured. As they stated, since they were not science experts, 10 at least four year
experienced teachers were asked to interpret the similarities and differences among
two assessments.

The results showed that Earth Space sciences, Life sciences, and Physical
sciences were well represented on test, Technology was not congruence across years,
and for both tests only 7% consisted of Inquiry, which was unsupported. In general,
even though the content structure of the test was similar to each other, tests were
favorable for only three of the five content areas, Earth Space sciences, Life sciences,
and Physical sciences. Another finding of the study was lower level skills were
measured by both of the two tests and there were consistency of those skills across
two tests (Sireci & Huff, 2003-2004).

2.1.1.4. Studies on Criterion-Related Validity

Moody (2001) conducted a case-study on predictive validity, or called
criterion-related validity. In his study he used the linear regression analysis between
Key Stage 2 test, teacher assessments, Key stage 3 tests, and the National Foundation
for Educational Research (NFER) Cognitive Abilities Test (CAT). The aim of the
Key Stage 2 test is to assess English students Mathematics, English, and Science
knowledge at the age of 11. At the age of 14, students take Key Stage 3 test which
also has the same subjects with the Key Stage 2. On the other hand, CAT aims to
assess cognitive skills of students more than their knowledge. For his study he used
131 students CAT data, Key Stage 3 test results, teacher assessment results in the year
of 1994. Also he used 153 students’ Key Stage 2, CAT, Key Stage 3, and teacher
assessment results for the year of 1995. Correlation between English, Mathematics,

and Science scores for all test were analyzed. Since the aim of present study was to
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give information about researches conducted on science education, the results related
to science was analyzed.

For both years the average CAT score and the average Key Stage 3 tests were
significantly correlated whereas no significant correlation found between average
Key Stage 2 test and average Key Stage 3 or teacher assessment results. Additionally,
no statistically significant correlation found between Key Stage 3 science tests, Key
Stage 2 tests, CAT average scores, and teacher science assessments in all years.
According to those results, researcher concluded that average CAT scores and
average Key State 3 scores can be used to predict performance of a student on another
test, but any of those science tests cannot be used to predict another science tests. Due
to this reason, those tests were not valid from the aspect of criterion-related validity.

2.1.1.5. Studies on Cultural Validity

Solano-Flores and Nelson-Barber (2001) introduced another aspect of validity
which is called cultural validity. They stressed that culture and society has a critical
role in cognitive development because learning occurs at school and informally in
society. Both of the learning environments affects the way of individuals making
sense and solving science items. In their study they demonstrated that, to improve the
assessment quality students’ epistemology, language proficiency, cultural world
views, cultural communication and socialization styles, and student life context and

values should be regarded.
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Figure 2.1:
NAEP (1996) Erosion Item
(as cited in Solano-Flores and Nelson-Barber, 2001, p. 558)

One of the impressive examples for the study was on students’ epistemology. A
4™ grade Latino girls was given two pictures seen in Figure 2.1 and asked which of
the picture shows the view of the mountains and river for today and which one is for
millions of years ago. She selected the alternative B as the view of mountains for
today, which was the wrong answer. During the interview, she was asked to explain
her answer and it was understood that she answered the item by her daily life
experiences not with her knowledge gained from school. She uttered that only
mountain she had seen was similar with the one in picture B. They also provided

examples for the other four areas of cultural validity.

With the results of these studies present study aimed to analyze content and
construct validity of 2006, 2007, and 2008 SST biology items by content analysis,

principal component analysis and confirmatory factor analysis.
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2.2. Factors Effecting Biology Achievement

2.2.1. Effect of Academic Factors on Biology Achievement

2.2.1.1. Effect of Reading Comprehension on Biology Achievement

The relationship between reading comprehension achievement and science
achievement has been studied over the last few years and there is not any research
conducted on biology achievement and reading comprehension achievement. Due to
this reason, studies conducted with science achievements were interpreted for the

present study.

To identify the correlation between scientific literacy and reading literacy
Cromley (2009) conducted a study. PISA 2000, PISA 2003, and PISA 2006 data sets
across countries used to obtain the reading-science relationship. For the first study
172, 896 fifteen-year-old students from 43 countries selected by two-stage sampling
method from 15,959,166 students. Reading test was administered which composed of
five aspects as measure information retrieval, broad understanding of information,
interpretation development, content reflection, and form reflection. Science test had
three dimensions as grasping scientific concepts, engaging in scientific processes, and
application of science. Result of the study showed that correlation between reading
and science scores was very large with the coefficient of .840.

Same methods were applied for PISA 2003 test. 276,192 fifteen-year-old
students from 41 countries were sampled from a total of 19,155,864 students. The
instrument used in PISA 2003 was slightly different than PISA 2000. Reading test
were designed to measure searching for information and interpretation and evaluating

texts, whereas science test covered key concepts such as biological diversity, motion,
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and physiological change drawn from biology, chemistry, Earth science, physics, and
technology. Similarly with study one, high correlation between reading
comprehension and science proficiency found, with a mean correlation of .805.

Third study was conducted by PISA 2006 test with 389,750 fifteen-year-old
students from 57 countries and same steps as in previous studies conducted. Reading
and science test were little modified to clearly distinguish between scientific literacy
and reading literacy by decreasing the reading parts of science test. Although, the test
consisted of less reading than previous PISAs, on PISA 2006 same high correlation
between reading comprehension and science proficiency found with a mean of .819.

By those high correlations between reading comprehension and science
achievement score Cromley (2009) explained three possible explanations as reading
comprehension causes science proficiency, science proficiency causes reading
comprehension, or a third factor cause both reading comprehension and science
proficiency. Researcher cited that the first explanation was most intuitively appealing
to interpretation because reading comprehension should lead to good understanding
of science texts and tests. Another finding is, strengthens this interpretation, it was
found that when the reading comprehension score got higher in a country, the
correlation between reading and science proficiency also got higher.

To find out what is the nature of the relationship between the reading
achievement and the science achievement of fifth grade students test Ratliff (2007)
conducted a study by using the Texas Assessment of Knowledge and Skills (TAKS)
as the research instrument. The participants of the study were administered either the
English versions of the reading and science TAKS tests, or both the Spanish versions

of the reading and science TAKS tests. To estimate the relationship between reading

30



achievement and science achievement Pearson product-correlation technique was
used in both English and Spanish versions of the test. The result of those analysis
revealed that there was a moderate to strong relationship exists between variables no
matter with the language of the tests. Due to those finding, Ratfill (2007) cited that
science achievement is influenced by a student’s reading achievement and those tests
may not be a valid instrument to assess students’ science knowledge but a good

instrument of assessing combination of both their reading and science ability.

To examine how well cognitive abilities predict high school students’ science
achievement O’Reilly and McNamara (2007) conducted a study by assessing
students’ science knowledge, reading skill, and reading strategy knowledge. 1,651
students from four high schools in three states were selected as the sample. The
dependent measure of science achievement was assessed in terms of comprehension
of science passage, students’ science course grades, and a statewide measure of
students’ science achievement. Besides science knowledge, reading skill, and
knowledge of metacognitive reading strategies were determined as the independent

variables.

Result of the study revealed that both science knowledge and reading skills had
moderate to high correlations with the science achievement measures. Besides, there
was a significant correlation between metacognitive reading strategies but it was not
as high as the science knowledge and reading skill correlations. Furthermore, the
relation between science knowledge and reading skill with comprehension of science
passages was analyzed by multiple-choice and open-ended comprehension questions.
It was found that both reading skill and science knowledge reliably contributed to the

model, whereas reading strategy knowledge was marginally significant. Afterward,
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whether reading skill improved achievement for both lower and higher science
knowledge students was also analyzed. It was found that reading skill is greater for
higher knowledge participants, and it had a broad impact for lower knowledge
students as well on science achievement.

In summary, in all studies moderate to high correlations were found between
reading comprehension and science achievement of the students which leads us to
Ratfill (2007) citation, with science achievement tests we cannot evaluate students’
science achievement purely. Those tests gives us the combination of students reading
comprehension and science achievement.

2.2.1.2. Effect of Physics, Chemistry, and Mathematics Achievement on

Biology Achievement

In some studies the relationship between physics, chemistry, and mathematics
with biology achievement was analyzed separately. On the other hand, in some
studies these relationships were examined together. Due to this reason, for this part of

the thesis all of those studies gathered together in the same title.

The importance of physics and chemistry in biology brought forward firstly by
“Physics First” movement, which emphasizes that physics should be taught in the
first year of high school follow by chemistry and then biology. This teaching
sequence of the courses defended because it is thought that physics is a need for
chemistry and biology while chemistry is a need for biology to achieve and

understand deeply those sciences.

After the “Physics First” movement in the USA Sheppard and Robbins (2003)

analyzed the history of American high school science sequence. In late 19" century
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and early 20™ century physics and chemistry priority of chemistry and biology was
obscure, whereas biology thought before chemistry and physics. The sequence of
science courses was biology-physics-chemistry (BPC) or biology-chemistry-physics
(BCP). Even though, there was a clear preference for placing physics before
chemistry among educators, students preference of BCP sequence was higher.
Besides, chemists also supported the idea of teaching physics before chemistry
because physic was a prerequisite of chemistry in most of the chemistry concepts

(Smith & Hall, 1902; cited from Sheppard & Robbins, 2009).

According to Lederman (2005) science should be thought in a sequence of
physics-chemistry- biology because of the hierarchical nature of the science. He
explained the reason of this idea by some simple examples. One of those examples
was, physic studies atoms and the basic principles of atomic structure which should
be used to explain the gas laws, the periodic table, the chemical behavior of elements,
or the formation of compounds-molecules. Later on, the knowledge of structure in the

behavior of molecules is crucial to molecular biology.

Meanwhile, there have been some other studies which suggest that chemistry
and physics should be given before biology. One of them was conducted by Haber-
Schaim (1984; cited from Lederman, 1998). Two popular high school biology texts
selected and searched for the need of chemistry and physics knowledge for biology.
Then some concepts like photosynthesis, activation energy, catalysis listed which
give that the idea of chemistry is a prerequisite for, biology. Afterward some
chemistry textbooks searched to find physics prerequisite in chemistry such as atomic
size, energy level transitions, and radioactivity. Those searches leaded Haber-

Schmaim a conclusion, physics is prerequisite of chemistry where they both are
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prerequisite of biology. If students have inadequate physic and chemistry knowledge
then they would be forced to memorize some concepts even in biology which also
would prevent to learn science like scientists learn science.

Lederman (1998) defended that science should be studied as physics
knowledge applied to chemistry and biology, and chemistry knowledge is applied to
biology. Matter, energy and organization in living systems content was chosen to
explain the importance of chemistry for biology. All energy used by living systems
comes from the sun through its electromagnetism where energy transformation can be
explained by chemical concepts. Due to those reason, Lederman (1998) emphasized
that in the first year of high school physics should be taught, chemistry should be
taught in the second year and biology for the third year of the high school. However,
he also suggested that first year curriculum should built blocks for the chemistry and

biology year where chemistry curriculum should built blocks for biology year.

The importance of biological concepts such as genetics, evolution, metabolic
processes, and ecosystems with physics was also pointed out by Berthelsen (cited
from Ozcan, 2003). This importance related with the reasons of misconceptions in
biological sciences. According to Berhelsen, students misconceptions in those
biological concepts derived from students physical science misconceptions. To
deepen, her view she cited that students conceptualize that living things are made up
of cells, but they do not have the concept that cells are made up of atoms and
molecules. In addition, same relation should be done by food web, photosynthesis and
respiration, and the concept of conservation of energy. By the help of that information
she concluded that the lack of prior knowledge in chemistry and physics contributes

to low achievement in biology. Similar to her, Liras (1994; cited from Ozcan, 2003)
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denoted that biology must be understood as a complementary discipline to other
sciences providing formal thought which can then be transferred to other knowledge
areas. Ozcans’ (2003) study also revealed that teachers have the same opinion. In her
study teachers also cited that students had difficulties to relate biology concepts with
other disciples. With those statements and opinions Ozcan (2003) concluded that one
of the reasons for students’ difficulty in biology can be derived from the inappropriate
sequence of topics in biology curriculum.

Ozcan (2003) analyzed the reason of students’ low achievement in biology
according to university entrance examination between the years 1996-2002. To this
aim she explored students’ and teachers’ perceptions with respect to biology
education at high school level. Data were collected with qualitative approach from 45
high school biology teachers and 45 eleventh grade science students in 10 private,
Anatolian and public high schools by two separate interview schedules. Even results
gave some other explanations for the low biology achievement for this study only the
responses which attribute the low biology achievement to physics, chemistry and
mathematics were analyzed. One of the teachers in the study directly cited that
student’s difficulties biology topics was related to other science courses. This
assertion was supported with an example. It was indicated that photosynthesis and
respiration is related to both physics and chemistry. Another teacher also cited the
same example and explained the difficulty as students gaps between disciplines. In
addition, another example was given from organic molecules and students’ difficulty
for this topic was associated with not learning organic chemistry before teaching
students organic molecules. This sequence of teaching science leads students to

memorize concepts about organic molecules. Teachers were also asked whether they
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relate biology with other disciplines during teaching process. One of the teacher cited
that she relates biology with chemistry and physics. Besides, she indicated that in
previous years she did not have adequate knowledge on other disciplines and she
compensated her missing knowledge by taking special courses from physics and
chemistry teachers. Researcher concluded that teachers relate biology especially with
chemistry for example in teaching nervous system and photosynthesis. On the other
hand, in students’ interviews none of the students mentioned the importance of other
disciples in learning biology. In summary, researcher concluded that most of the

concepts in biology are closely related concepts both in chemistry and in physics.

Ma and Ma (2005) examined the relationship between growth in mathematics
and science achievement, to explore whether students who grew in mathematics
achievement also did so in science achievement and what students and school
characteristics influences this consistency. For this study 2215 7" grade students from
52 schools (approximately 60 students from each school) randomly selected and
students were followed for six years till 12" grade by Longitudinal Study of
American Youth program (LSAY). All of the 2215 students were asked to complete a
student questionnaire annually. In addition, information about students and school
characteristics were collected from parents and teachers. For academic achievement
of the students seven variables collected (basic skills, algebra, geometry, and
quantitative literacy for math score and biology, physics, and environmental sciences
for science sore) every year by LSAY achievement tests. By that information, a
multivariate multilevel model with latent variables to estimate the consistency of

growth between "true" mathematics and science achievement were modeled.
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Result of the study revealed that students on average made progress through
grade 7 to grade 12 in both mathematics and science achievement during middle and
high school. On the other hand, standard deviations for mathematics and science
achievement also increased in most of the 7 subject which showed that achievement
gap among students as well increased across levels in mathematics and science. Even
students’ achievement increased on average 5.14 and 3.10 in mathematics and science
respectively, both student and school characteristics did not have significant effect on
achievement. Afterward Ma and Ma (2005) examined the relationship between the
rates of growth in mathematics and science. It was found that the correlation between
those growths was moderate, because the r value was 0.58, among all 52 schools.

Other known studies on biology achievement and other science areas were
conducted by college biology courses. To identify the effect of students’ high school
preparation for college biology course 1735 college students information about
number of years of biology in high school, number of years taking chemistry course
in high school, achievement in biology and in chemistry in high school, degree of
liking high school biology, the kind of high school biology, whether or not they had
laboratory block, whether or not they had Advanced Placement, SAT scores,
performance in various measures of college biology, college grade point average,
cognitive performance and attitudes during the years of the study were collected by
Tamir (1969). Correlation coefficients among variables in both fall and spring
semesters were computed. Analysis revealed that academic achievement in biology
was generally explained by cognitive variables whereas attitudes and interests had
low correlation by academic achievement with some exception. It was also found that

having no biology in high school was a district disadvantage for college biology. But,
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interestingly, having chemistry was as important as having biology at highs school for

college biology.

Loehr (2005) also designed a study to investigate the relationship between
students’ achievement in introductory to biology course at college and students’ high
school biology preparation and mathematics experiences. A survey with 66 questions
were administered to the 7,617 students to have information about demographic
factors, student educational background factors, and specific pedagogical factors from
students’ last high school biology course. Sample of the research was selected
randomly from the four-year colleges and universities throughout the United States.
The outcome measure of the study was selected as students’ final introductory
biology course grades. For the predicted variables high school science course taking,
high school mathematics course taking, high school biology content, and laboratory
experiences were selected. Race/ ethnicity, gender, student academic ability, year in
college, prior academic achievement, socioeconomical status, high school
environment, public/private designation, college or university designation, college or
university selectivity, college or university size, and percent of in-state students were
controlled for as the extraneous variables. In the analysis Multi-Level Modeling with
SAS was used. Findings about the effect of high school mathematics course on the
introductory biology course achievement revealed that only significant difference in
introductory biology course achievement was observed between students who
enrolled in high school Calculus courses as part of high school. On the other hand,
taking AP Calculus AB, and taking AP Calculus BC did not have any effect on

introductory biology course achievement. Besides, taking greater number of Honor
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Level science, AP Biology, and AP Chemistry courses earned higher grades in

introductory biology course than peers who did not take these courses in high school.

Nagy, Trautwein, Baumert, Koller and Garrett (2006) conducted a study to
reveal the relation between domain-specific achievement, self-concept, intrinsic
value, and advanced course selection in mathematics and biology academic choices in
upper secondary school. 1,148 students were tested at the end of 10" grade and in the
middle of 12" grade. Students’ mathematics achievement scores were taken from the
First and Second International Mathematics Study and the Third International
Mathematics and Science Study. Second International Science Study and the Six
Subjects Survey were used to determine students’ biology achievement score. In
addition to those scores, students’ domain-specific self-concepts of ability, intrinsic
value of mathematics and biology, and course level in mathematics and biology
attained by different tests. Even the study had a different aim than this thesis also
relation between mathematics and biology achievement was analyzed. Construct
correlation based on the confirmatory factor analyses showed that there was a
significant positive correlation between mathematics and biology achievement of the

students, with .31 of r value (p <.01).

To determine whether there is a difference in terms of mathematics and science
achievement in different sequences of high school science courses Williams (2009)
conducted a study. Course sequence comparisons were made between the honors and
regular students in the Physics First program (PCB) and traditional science program
(BCP). EXPLORE, PLAN, and ACT and ISBE Developed Science tests were used to
determine students’ academic performance in science and mathematics. EXPLORE

was administered in the fall of 9" grade, PLAN was administered in the fall of 10"
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grade, and ACT was administered in the spring of 11" grade. 1,150 students were
selected as the subject of the study. One of the aims of the study was to identify
whether there are between-groups (honors and regular biology; honors and regular
Physics First) differences on standardized, secondary academic measures of science
achievement. Moreover, another aim was to identify whether there are between-
groups (honors and regular biology; honors and regular Physics First) differences on
standardized, secondary academic measures of math achievement. Even researcher
analyzed those differences in terms of gender differences those results did not
analyzed for this thesis. Honors Biology students study honors Biology in 9" grade,
Honors Chemistry in 11" grade and honor physics in 11" grade, where regular
biology students got the same course sequence but in regular forms. Honors physics
first students got honors physics course first in 9" grade, honors chemistry in 10"
grade and, advanced placement of biology or honors biology in 11" grade. On the
other hand, regular physics first students got physics course first in 9" grade,
chemistry in 10™ grade and biology in 11™ grade. ANOVA analysis technique was
used for the study. Result of the study revealed that there is no significant difference
between the groups and each academic measure; however, there was a significant
difference between students who experienced a Physics First sequence, either honors
or regular, compared to students who experienced the traditional science sequence in
terms of their growth in science reasoning skills as measured from ninth to eleventh
grade. For mathematics achievement no significant effect of science sequence was
found; however, there was a significant difference between honors students and
regular students. Honors students also had higher gains in math achievement

compared to regular students.
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To determine whether there is a significant difference in General College
Biology achievement according to taking elementary high school chemistry,
elementary high school physics, high school algebra (Math-12), high school
trigonometry (Math-14), high school analytic geometry, and calculus (Math-114)
courses and attending extracurricular high school science activities Johnsten (1967)
conducted a study. General Biology achievements of the students were attained by
Advanced Placement Biology Examination which was given as pretest and posttest.
680 freshman and sophomore general biology students were selected for the study
and in addition to Advanced Placement Biology Examination, they were also
administered a survey to collect other information needed for the study such as their
high school and college courses in science and mathematics, year they had high

school biology and their participation in extracurricular science activities.

Results of the study revealed that students who had taken elementary high
school chemistry course and college chemistry courses had statistically higher grades
in college biology than students who had taken elementary high school chemistry
course but not college chemistry courses. In addition, students who had taken
elementary high school chemistry course got statistically significant higher grades in
college biology than students who had not taken any chemistry course. Same finding
was found in also physics which is, taking high school physics increases the success
in college biology. For the effect of taking mathematics in high school on college
biology was analyzed by three different mathematics courses at high school (Math-
12, Math-14, Math-114). For all of those three mathematics courses statistically

significant differences were found with biology achievement. Students, who took
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Math-114, in other word who took three or more years of high school mathematics,

got highest score than students took Math-14 and Math 12, respectively.

Watkins, Hall, Redish, and Tod (2010) investigated students’ views on the role
of physics and mathematics in undergraduate introductory biology courses. The brief
summary of the biology course (Organismal Biology) was explained by the
researchers as learning fundamental principles governing the diversity, structure, and
function of all organisms. For the study two researchers observed the lecture during
the semester and write descriptive narratives and rough transcriptions of the
instructors’ presentations. Filed notes were also collected which concentrated on how
the instructors presented the use of physics and equations in the context of the
biology. Besides, eleven students were interviewed through the semester on their
different conceptual and epistemological issues of the course as found in the field
notes. In the field notes it was written that instructor used diffusion equation and
emphasized the importance of effect of changing a variable on the equation.

AC

=_D—
J Ax

J =the diffusion rate
D=the diffusion coefficient
AC=the change in concentration
Ax=the distance.
Figure 2.2: Diffusion Equation
Then instructor asked students what happens to the rate of diffusion when a
change is made to the biological system. Researchers explained this field note as the

proof of the importance of physics in Organismal Biology course. After the analysis
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of the field notes in the interviews, students were also asked to explain their thoughts
on the use of equations in the course and the role of equations in biology. One of the
students cited a negative response for using equations in biology because she did not
want to think biology in terms of numbers and variables. Even her response showed a
negative attitude she also accepted the relation of biology with physics and calculus
because she cited that she felt that the course like physics or calculus course. Another
student, May, responded to the question as she saw equations as an assist to
understand the specific aspect of life as a scientist. Researchers emphasized by this
response May made a distinction between scientists, unlike the differences between
physics and biology that other student brought up. This also gives the importance of
physics in biology. With those results Watkins et. al. (2010) concluded that efforts
should be done to integrate physics and mathematics into biology courses is a
requirement which could be done by the collaboration of biologists, physicists, and

other scientists.

As a summary, all of the studies discussed above reveal that there is a
relationship between students’ biology achievement and other academic
achievements. When the relation between those factors and biology achievement
compared to each other it can be concluded that chemistry is the most effective factor

than physics and mathematics.

2.2.2. Effect of Non-Academic Factors on Biology Achievement

2.2.2.1. Effect of Gender on Biology Achievement

Hacieminoglu, Yilmaz-Tiiziin and Ertepinar (2009) conducted a study to

identify the relationship among students’ learning approaches, motivational goals,
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previous semester science grades, and their science achievement with the effects of
gender and Sociodemographic variables (SDV) on students’ learning approaches,
motivational goals, and their science achievement. For this thesis, findings about the
difference between students’ science achievement and gender were analyzed.

A Science Achievement Test (focuses mostly on atomic theory), a Learning
Approach Questionnaire and an Achievement Motivation Questionnaire were
administered to 416 seventh grade Turkish students. Results of the study revealed that
there is a significant main effect of gender on students’ science achievement which
favors girls. Additionally, the effect of gender on science achievement was much
higher than socio-demographic variables such as family income, mother educational
level, and father educational level.

To identify whether hands-on science performance assessment has an effect in
scores among gender and racial/ethnic groups Klein et.al. (1997) examined science
achievement of 2,400 students from 90 classrooms across 30 schools (fifth, sixth and
ninth grade) by both performance assessments and traditional multiple-choice tests.
Besides, whether certain types of performance tasks are more likely than others to
affect these disparities and whether these results are consistent across grade levels
was also analyzed. All of those tasks and tests were selected according to the grade
levels of the students. Scoring of the hands-on performance task was done by a team
of readers, which has 5 to 16 readers. No significant difference in mean scores
between readers was found and the median correlation between two independent

readers on a shellbased tasks was 0.95.

As the result of the analysis it was revealed that sixth grade girls had slightly

higher performance assessment scores than boys even though girls and boys had
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nearly identical distributions of multiple choice science tests. On the other hand, this
difference in performance assessment in grade five and nine was not statistically
significant. Only on grade nine multiple choice test boys had significantly higher
mean scores than girls. Correlation among the measures at each grade level was

identical in girls and boys.

Nowell and Hedges (1998) indicated that there is an agreement in the literature
that females have slight advantage on average in verbal abilities and males have
advantage in average in mathematics. Due to this reason, they conducted a meta-
analysis study with seven surveys (Project Talent, Equality of Educational
Opportunity, the National Longitudinal Study of the High School Class of 1972, both
the 1980 base year senior cohort and the 1982 follow-up of the 1980 sophomore
cohort of High School and Beyond, the National Longitudinal Survey of Youth, the
1992 follow-up to the National Education Longitudinal Study of the Eighth Grade
Class of 1988, and all waves of the National Assessment of Educational Progress) to
identify the gender differences on academic achievement. It was found that on
mathematics and science tests males had higher score than females, especially in
NAEP but this difference was not valuable. Additionally to this result, the difference
in extreme score according to gender was identified. It was detected that males are
overrepresented in the upper tail and females were overrepresented in the lower tails
of the science score distributions. Nowell and Hedges (1998) cited that even though
this study explained the gender differences in academic achievement it does not
provide any explanation about the underlying reason the differences. However, they

asserted that the difference might be caused from socialization.
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Harker (2000) investigated the gender differences in English, mathematics and
science achievement in 37 secondary schools of New Zealand. Besides, another aim
of the study was to seek the gender differences in coeducational and single-sex
schools. Data from The Progress at School project was used, which is a longitudinal
programme to investigate the effectiveness of New Zealand secondary schools (Nash,
2001) and those students’ school certificate results were also used in the study. It was
found that girls in New Zealand were highly achieved that boys in English,
Mathematics, and Science. Then, difference of gender in science was analyzed in
chemistry, physics, and biology separately. In chemistry and biology girls got higher
scores than boys, but in physics difference was higher than chemistry and biology
where the ratio in favor of boys. Another finding of the study was, which is more
intriguing, girls at the single-sex schools scored higher than the girls at coeducational
schools according to English, mathematics and science scores.

To explore the students’ achievement in photosynthesis and respiration in
plants with relation to their reasoning ability, prior knowledge, and gender Yenilmez,
Sungur, and Tekkaya (2006) conducted a study. One of the aims of the study was to
investigate whether the mean achievement scores for students with different
reasoning abilities are same or different in the units of photosynthesis and respiration
in plants. However, this aim does not have any relation with the aim of the thesis.
Other aim of the study was to find out the best predictors of achievement in the units
of photosynthesis and respiration in plants. To achieve the goals 117 eighth-grade
students (59 female, 58 males, mean age = 13.5 years) who mostly come from
middle-class families were selected. Besides, same content was taught by the same

teacher. Data was collected by two instruments, responses to the two-tier diagnostic
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test, and responses to the test of logical thinking. Even though, this study explored
more evidences then gender differences in photosynthesis and respiration in plants
unit, findings with this relation was focused for this thesis. First of all results of the
two-tier test gave that girls outperformed than boys. However, when the mean scores
of the students were analyzed it was found that even, statistically significant
difference in gender to achievement was observed, it did not give a large difference

among achievement scores.

Huppert, Lomask, and Lazarowitz (2002) conducted a study to reveal whether
computer simulation’s has an impact on students’ academic achievement and their
mastery of science process skills in relation to their cognitive stages. With this aim
181 students from five 10" grade classes were divided into two groups, experimental
and control groups. Computer Assisted Learning mode of instruction, with a
combination of classroom teaching, laboratory experiments, and computer-simulated
experiments were implemented to experimental group with a computer simulation
program ‘The Growth Curve of Microorganisms’. Meanwhile, traditional classroom
and laboratory methods were used in control group. The content of the instruction in
both groups was the characteristics of the microorganisms, their structure, the life
processes, and their uses in daily life in industry and medicine. In addition to the
difference in students’ achievement in Computer Assisted Learning mode and
traditional methods, the difference in gender in both types of instruction was also

analyzed.

Four instruments were used in the study. Firstly a pre-test was administered to
all students, which includes 40 multiple choice questions: 30 were on general

knowledge in biology and 10 questions were about previous knowledge on the topic
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of the growth rate of microorganisms. Then as a post-test 15 multiple choice and five
essay questions were asked to students to analyze students’ knowledge on the
population growth rate of microorganisms mastered during the learning process
related to the topic of microorganisms in instructions. Besides Video-Taped Group
Test with 12 tasks test was administered to students to determine their cognitive
stages. Finally, by Biology Test of Science Processes students science process skills

was also investigated.

In pretest no significant difference was found between females and males;
within each group and between the groups. However science process skill of girls in
transitional stage in the experimental group was statistically higher than the girls in
control group in transitional stage. Besides, males in experimental group and concrete
stage had statistically higher score than the males’ counterparts in control group.
Finally, there were higher scores in all other experimental group than control group
(concrete stage-girl, transitional stage-boy, formal stage-boy, and girl) but those

differences were not statistically significant.

Briefly, in terms of gender difference on science and biology achievement,
there is an inconsistency between the results of in those six studies. However, most of

the studies revealed that girls got higher scores than boys in both science and biology.

2.2.2.2. Effect of Age on Biology Achievement

In almost all education systems there is a persuasion that for school eligibility
there is a single cut-off date to allow a child to enter a kindergarten which is 5 year-
old. This idea brings an opinion that oldest students are likely to be substantially more

mature than the youngest students which is known as relative age effect. In addition
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to this Heckman, Cuhna, Heckman, Lochner, and Masterov (2006; cited from Bedard
and Dhuey, 2006) cited that skills accumulated in early childhood would directly
affect later learning of the students. Relative age differences at the start of formal
schooling may be long-lasting, if relatively older students have more skills in the
early grades because of their maturity advantages. To identify whether there was still
an effect of age in higher grades of mathematics and science achievement Bedard and
Dhuey (2006) compared the test scores of children with older and younger assigned
relative ages at the different grades and with different examinations. 1995 and 1999
Trends in International Mathematics and Science Study (TIMSS) and National
Education Longitudinal Study (NELS) data for the United States was used for both
fourth and eighth graders. 2,857 students from 10 countries for third and fourth
graders and 18 counties for seventh and eighth graders, who indicated their
demographic information such as day of birth, was used for 1995 and 1999 TIMSS
examination. 15,155 students selected for the analysis of NELS among eighth

graders.

Results of the study revealed that youngest students score substantially lower
than the oldest students at both fourth and eighth graders in both mathematics and
science achievement. Youngest fourth grade student’s score was 1.2 to 3.5 points
lower than the nationally standard score among 19 OECD countries. This mean
difference corresponds to 4-12 percentiles difference among youngest and oldest
students. The difference between the youngest student and nationally standard score
was 0.8 to 2.6 point difference, which corresponds to 2-9 percentile difference, for
eighth grades. Those results showed the persistence of relative age effect among

adolescence.
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Like Bedard and Dhuey (2006), Langer, Kalk and Searls (1984) also
investigated the change of achievement among students at 4, 8, and 11 grades from
National Assessment of Educational Progress (NAEP) achievement data in
mathematics, science, and reading achievement. However, only 97,000 Caucasian and
17,000 black 9-, 13-, and 17- year-old students were selected for the study. Data were
analyzed by stepwise multiple regressions. For both Caucasian and black 4" grade
students older students had higher scores than the younger students’, with somewhat
steeper slopes for blacks. The difference between young and old Caucasian students
at 8" grade was still obvious but the difference was not as higher as in the 4™ grade.
Even, this difference was disappeared by the 11 graders. For black students the
difference between young and old students did not decrease at 8" grade but it also

disappeared at age 17.

Lyons-Shenk (2006) thesis also focused on the difference of age on academic
achievement but on college students. She also sought the effect of family educational
backgrounds and academic self-efficacy of the students, for the present study only the
results of the effect of age on academic achievement were investigated. 166 college
students from a large state university or a community college in New York State were
selected for the sample of the study with a mean age of 22.04 and mean GPA of 3.08.
About the effect of age on academic achievement it was found that non-traditional
age students (older than 24-year-old) had higher GPA than traditional age students
among all schools and at the community college level, but, only statistically
significant result was obtained from the community college. Yet, university school

traditional age and non-traditional age students GPAs were same, 3.24.
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To identify the contribution of age, gender, verbal reasoning ability, and
mathematical reasoning ability on success of science course Gustin and Corazza
(1994) conducted a study. 765 the Center for Talented Youth courses in biology,
chemistry, or physics during the summer of 1988, 1989, and 1990 participants were
selected. Students’ pretest, posttest scores, and demographic information were used
for the analysis. Because of the high correlation between pretest and posttest scores
two regression analysis were conducted. In the first analysis age, gender and the
Talent Search SAT score were used, whereas in the second analysis all of the first
analysis variables with pretest were used. Before conducting the regression analysis,
correlation among variables were checked and it was found that, interestingly,
correlations with Scholastic Aptitude Test verbal scores (SAT-V) were stronger than
SAT-M scores. For both regressions analysis student age was not found as an
important factor for science achievement, but there was a tendency for older students
to have higher scores on the posttest in biology and chemistry with significant
correlation but low proportion of variation in the posttest, r* was 0.018. On the other
hand, verbal ability had more contributions on understanding science achievement
than mathematical ability, gender, or age, especially in biology.

Smith (1992) conducted an interesting study on the effect of age for science
achievement. He designed a study to identify the gender difference on science
achievement under the influence of age and parental separation factors for different
races. 2,236 seventh and ninth grade students in 14 public schools were administered
academic achievement tests and a questionnaire to have the non-educational
information needed for the study. Because of using listwise deletion method the data

decreased to 1,747 students. Even the aim of the study was to use science
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achievement as the dependent variable; overall achievement was also treated as a
dependent variable in parallel analyses to compare science achievement with
academic achievement in general by Comprehensive Tests of Basic Skills (CTBS).
As the independent variable in the questionnaire information about gender, year in
school (grade level), race, employment of the mother and parental separation was
collected. Study had five hypotheses on the disadvantage of females in science
achievement. First this disadvantage would be greater among ninth grade students (14
and 15 years old). Second hypothesis was, the disadvantage would be less among
adolescents whose parents had separated than those live with their parents. The
disadvantage of females would increase less with age among adolescents whose
parents had separated than among those living with both parents was the third
hypothesis. Fourth hypothesis was the disadvantage of females would be less among
adolescents whose were employed full-time outside the home than among those
whose mothers were not. The last hypothesis was disadvantage of females would
increase less with age among adolescents whose mothers were employed full-time

outside the home than among those whose mothers were not.

For the analysis, multiple regression analysis was chosen. Two different
analyses were conducted. In the first regression analysis science achievement was
used as the dependent variable, whereas in the second analysis overall achievement
was chosen as the dependent variable. For this thesis only the result about science
achievement was analyzed and indicated. Result of the analyses revealed that
hypothesis 1 through 3 was confirmed significantly but hypothesis 4 and 5 were not
significant. In summary, it found that among students who live with both parents

females had lower achievement in science at the ninth-grade than at the seventh-grade
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level. Females who live with their both parents had an advantage in science
achievement in seventh grade on contrary males who live with both parents had
advantage by the ninth grade. Researchers also cited that the reason of having an
advantage of males over females in science achievement at an earlier age, whose
parents were separated, decreases in science achievement among female at an earlier

age.

Cepni, Ozsevgec and Cerrah (2004) conducted a study to determine 7" and 8"
grade school students’ cognitive development level and to reveal the relationships
between students’ cognitive development levels and their profiles such as age,
gender, and science achievement. 445 7™ and 8" grade students at private and public
middle schools from five cities of Turkey were selected randomly from their classes.
Science cognitive development test (SCDT) which consists of 30 questions covering
the motion and energy units in the middle school science curriculum was prepared.
The aim of the SCDT was to differentiate the students according to their cognitive
levels, concrete and formal operational stages. Besides, students’ science achievement
test results from each science teachers in the sample were obtained to define students’
science achievement. Even though there were different findings of the study, only
results which are associated with the aim of the thesis were analyzed. First important
finding is private school students were more successful for both concrete and formal
questions than their counterparts at public school since they gave more correct answer
than the public school in both 7" and 8" grade levels. However, interestingly, no
significant result found by the age and gender of the students’ and their cognitive

levels. In addition, significant difference found between cognitive development and
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science achievement. Also, researchers cited that socio-economic and cultural factors

affect individuals’ cognitive development.

In summary, like gender, there is inconsistency among results about the effect
of age biology or science achievement. Some studies found that there is not any age
effect on the achievement of the student, where some studies revealed that age is a
statistically significant factor on achievement. Noteworthy result found by Langer,
Kalk and Searls (1984), which obtained that age is a significant factor for lower
grades (between 4" and 8™ grade) solely the effect of age concealed in higher grades

(between 8" and 11" grade).
2.2.2.3. Effect of School Type on Biology Achievement

To model the factors affecting 6", 7", and 8" grade students’ science
achievement in state primary school, primary regional boarding schools, and private
primary schools Kalender (2004) conducted a study. 29.952 in 6™, 7", and 8" grade
students’ (from 573 primary schools in 47 provinces including 7 geographical
regions) who took the Study for Determination of Student Achievement (OBBS)-
2002 examination were selected as the sample of the study. OBBS-2002 covers
mathematics, science, social sciences and Turkish achievement tests as well it gives
the information about the students’ socioeconomical status, classroom activities
(student-centered, teacher-centered), perception of success and interest. In his thesis,
Kalender used principal components analyses and structural equation modeling to
model the factors affecting students’ science achievement in different school types
and different grades. Even though there had been varies findings in the thesis the

most significant finding for the present study is, Kalender (2004) found that
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socioeconomical status is the strongest effect on the science achievement on all grade
levels investigated than other factors such as classroom activities (student-centered,

teacher-centered), perception of success and interest.

By the Student Selection Examination and PISA results Turkish students’
achievement differences according to the school type were analyzed by Berberoglu
and Kalender (2005). All of the students’ who took the PISA 2003 and all students
who took Student Selection Examination between 1999 and 2002 were selected as the
sample of the study. PISA 2003 was administered to the students who were studied in
Private High Schools, Anatolian High Schools, Science High schools, Elementary
Schools, Vocational High Schools, Anatolian Vocational High School, Polis
Academy, and General High Schools. On the other hand, for the study General High
School, Science High School, Anatolian High School, Private High School, Anatolian
Teacher High School, Religious Vocational High School, Anatolian Religious
Vocational High School, Technical High School, Anatolian Technical High School,
Business High School, Anatolian Business High School, Industrial High School,
Anatolian Vocational High School, Girls’ Vocational School, Anatolian Girls’
Vocational High School, Health Vocational High School, and Anatolian Hotel
Management and Tourism High School students who took Students Selection

Examination between 1999 and 2002 first time were selected.

Students’ social sciences achievement and science achievement were analyzed
according to the school types and annual percentage changes in achievement were
analyzed with Student Selection Examination test analysis. Result of the MANOVA
analysis for both studies revealed that there was a significant difference in students’

achievement in all areas. It can be concluded that Science High School, Anatolian
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High School, Anatolian Teacher High School, and Private High School students’ got
higher grades in science subtest of Student Selection Examination. Besides in social
science subtest of Student Selection Examination Private High School, Anatolian
High School, Science High School, Anatolian Religious Vocational High School,
Anatolian Teacher High School, Anatolian Business High School, and Anatolian
Girls’ Vocational High School students’ had higher scores than the other schools. In
addition, in PISA 2003 Science High School, Anatolian High School, Private High
School, and Polis Academy students’ got higher score than the average in Mathematic

Literacy.

In addition to the content-related and construct-related validity evidences of
science test in Student Selection Test 2006 Uygun (2008) also analyzed the mean
differences across high school types. For her thesis she selected 126,245 students who
were graduated from High Schools Science field and did not take the test previously.
Mean differences of six school type was analyzed which were General High School,
General Private High School, Anatolian High School, General Private High School
with Foreign Language Instruction, Science High School, and General High School
with Intensive Foreign Language Program. It is found that there was a statistically
significant mean difference in science scores of those six school types. Achievement
levels of the schools from lowest to highest was General High School, General
Private High School, General High School with Intensive Foreign Language Program,
General Private High School with Foreign Language Instruction, Anatolian High

School, Science High School, respectively.

To determine whether there is a difference of fifth grade public and private

primary in terms of students reaching cognitive objectives Bay and Tugluk (2004)
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conducted a study. To 55 private school and 127 public school students’ were
administered a pretest and posttest which was developed by the researchers. Since the
aim of the study was to measure the students’ cognitive objectives test, test was
developed according to the cognitive objectives of fifth grade Turkish science
curriculum. Also test was plotted by 55 students. Pretest and posttest results gave
those primary school students has more cognitive objectives than their counterparts in
public school. Besides, the progress of private school students was higher than the

public school students.

In general, students who study in selecting schools get higher scores than
private and general schools. Besides, general school students get lowest scores in

science and mathematics examinations.
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CHAPTER 3

METHODOLOGY OF THE RESEARCH

The aim of this chapter is to give information about the methodology of the
study. Therefore; population and sample, instruments, and statistical analysis used in

the study are presented respectively in the chapter.
3.1. Subject of the Research

2006, 2007, and 2008 Student Selection Test examinees are categorized into
three which are 11™ grade students, students who had graduated previous years but
did not placed in a higher education program, and university students who prefer
different program. For this study examines who did not take Student Selection Test

before were selected.

In addition Turkish High Schools consists of General High Schools and
Vocational and Technical High Schools, for the present study Vocational and
Technical High School students did not include as the subject of the research, because

of the high amount of missing values.

Further, for this study, six types of high schools™ students were used which are
General High School, General Private High School, Anatolian High School, General

Private High School with Foreign Language Instruction, Science High School, Private
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Science High School, and Teacher Education High School. In Turkey some high
schools select their students by examination at the end of 8th grade, which are
Anatolian High School, Teacher Education High School, and Science High School.
For this study these three school types were analyzed under “selecting high school”.
Besides, there are private schools which are General Private High School, General
Private High School with Foreign Language Instruction, and Private Science High
School. Those three school types were analyzed under the name of “private high

schools”. General High Schools were analyzed separately than other six school types.

In addition, examinees who studies science field in high school were selected to
handle with the missing values and who did not answer less than four items did not

included into the analysis.

In Student Selection Examinations each year different ten booklets are used to
prevent cheating. All of the ten booklets consist of same questions but orders of the
questions are differ in each booklet, and students are randomly selected for the
booklets. To this end, because of the sufficient size of the subject only students who

were selected for the first booklet of test was selected.

For 2007 and 2008 regression analysis, influence of age on students’ biology
achievement was analyzed. Due to this reason, students born in 1988, 1989, 1990, and
1991 were selected for the analysis of 2007 SST, whereas students born in 1990,
1991, and 1992 were selected for the analysis of 2008 SST. Students born in other
years were not taken into analysis because of the larger amount of missing values.
Besides, since the information about examinees for 2006 SST was not possessed,

analysis could not be conducted by the age of the students.
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Moreover, in 2005-2006 academic year high schools year was raised from three
years to four years. As a result, in 2008, no pupil was graduated from general high
schools which caused a high decrease in applications to university selection
examination. Consequently, differently than previous years’, for 2008 SST analyses,
general high schools was not taken to the analyses because of the insufficient number
of examinees. In addition, for 2008 analysis sample selection procedure, all of the

data from all ten booklets were used.

Additionally, all of those steps were conducted on 2006, 2007, and 2008
Student Selection Test examinees, independently. The number of the subject present

in the study is shown in Table 3.1.

Table 3.1: Number of Subject according to year

2006 2007 2008
Number of the subject 10175 11686 10359
2.2. Instrument of the Research

2006, 2007, and 2008 Student Selection Test (SST) were used as the
instruments of the study. All of the SSTs are composed of two stages which are
consisted of four subtests. The first stage of the test (SST-1) consists of four sections
Turkish, Social Science-1, Mathematics-1, and Science-1. Comparably the second
stage of the test (SST-2) consists of four sections as Literature-Social Science, Social
Sciences-2, Mathematics-2, and Science-2. Each subtest of the test has 30 items
which means all SSTs have 240 items.

This study aims to identify content validity, and construct validity of biology
items; therefore, all of the SST-1 biology items and SST-2 biology items were used

for the study. Besides for the regression analysis reading comprehension,
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mathematics, physics, and chemistry achievements were used to identify their
relationships with biology achievement. To this respect, items which assess those
areas were also included to the research. Normally all of the science subtests include
13 physics, 9 chemistry, and 8 biology items. Merely, one chemistry item in the
second section deleted from data by the Student Selection and Placement Center.

Numbers of items used for the study according to the years are shown in Table 3.2.

Table 3.2: Numbers of items selected according to the years

2006 2007 2008
SST-1 reading comprehension items 24 22 24
SST-1 mathematics items 30 30 30
SST-2 mathematics items 30 30 30
SST-1 physics items 13 13 13
SST-2 physics items 13 13 13
SST-1 chemistry items 9 9 9
SST-2 chemistry items 8 9 9
SST-1 biology items 8 8 8
SST-2 biology items 8 8 8
Total 143 142 144

3.3. Data Analyses

All of the data from 2006, 2007, and 2008 Student Selection Tests were
analyzed separately for content analysis and statistical analyses.

3.3.1. Content Analysis

As a first step of content analysis, three years SST biology items were
examined in accordance with high school biology, elementary school textbooks by
the researcher to interpret the grade level and knowledge needed to solve the items.
Besides, those items were analyzed according to content type and cognitive level by
the researcher. Furthermore a research assistant from Middle East Technical

University Elementary Science Education department was examined the content type
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and cognitive processes of the items for the expert opinion. If there were some
inconsistencies between the researcher and the research assistant those differences
were discussed and concluded for the final decision.

3.3.2. Statistical Analyses

In addition to missing values, mean, standard deviation, skewness, and kurtosis
value of the all items used in the study were analyzed and given in the Appendixes.

In all SSTs, there were items higher than %20 missing data. To overcome the
high level of missing data, pairwise and listwise deletion methods of cases are not
recommended, since they cause lost of large number of subjects, so pairwise deletion
method is preferred. In pairwise deletion method, deletion of the subjects with
missing data on only the two variables is used, which causes less subject lost than
listwise deletion method (Schumacher & Lomax, 2004).

3.3.3. Reliability Analysis

Cronbach’s alpha coefficients of tests were analyzed to interpret the reliability
of the tests by SPSS 17.0.

Since biology items were used in factor analysis, reliability of 16 biology items
was analyzed. Besides, one of the aims of this study was to investigate the
relationship with biology achievement and reading comprehension skills,
mathematics, physics and chemistry achievements. Therefore, reliability of reading
comprehension skills, mathematics, physics and chemistry achievement tests
reliabilities were also analyzed for each year.

3.3.4. Item Analysis

To interpret the item difficulty and point-biserial correlations of the SST-1 and

SST-2 biology items Item and Test Analysis Program, ITEMAN 3.0 was used.
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According to Crocker and Algina (1986) proportion of examinees who answer
the item correctly can be used to examine the item difficulty (p). Item difficulty can
range between 0.0 and 1.0 but the ideal value to maximize the test score variance for
dichotomously scored items is .50. If p value is between .48 and .59, this item is
accepted as ideal in terms of difficulty. When its value gets closer to 1, this shows
that item gets easier. Meanwhile, if it gets closer to 0, it interpreted as a difficult item
(Crocker & Algina, 1986).

Pearson-product-moment correlation coefficient gives the relationship between
one item and the whole test scores. To estimate this relationship point biserial
correlation and biserial correlation coefficient, can be used. In this study point biserial
correlation (r) was chosen, since in point biserial correlation, correlation between one
individual item and the rest of other test items were analyzed.

A discriminating item would have a high probability to be answered by high
scoring examinees and would have a low probability to be answered by low scoring
examinees, in an achievement test. Additionally, another feature of discriminating
item is the key option should be selected by high achievers, whereas distracters of an
item should be selected by low achievers. In addition, high achievers should not
prefer to omit the item (Crocker& Algina, 1986). If the r value of an item above 0.4,
this item is interpreted as a discriminated item. If the value is lower than 0.4, this can
be explicate as it does not function as it is required then item should be improved

(Crocker& Algina, 1986).
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3.3.5. Factor Analysis

3.3.5.1. Exploratory Factor Analysis

According to (Gorsuch, 1983) EFA commonly used to explore the
interrelationships among a set of variables. Principle component analysis technique
was preferred for this study since as Tabachnick and Fidell (2007) cited it allows
obtaining an empirical summary of the data than other factor analysis techniques.
Principal component analysis includes two stages. The aim of the first stage is to
determine the number of factors underlying the measurement instrument. Relative
magnitude of the eigenvalues, scree plot test, and prior conceptual beliefs can be used
to decide about the number of the factors. Meanwhile, the aim of the second stage is
to make the factors more meaningful by factor rotation. Varimax rotation was
preferred since it gives more interpretable results (Green & Salkind,2008).

To have valid information about Exploratory Factor Analysis Bartlett’s test of
Sphericity should be statistically significant at p < .5 and the Kaiser-Meyer-Olkin

value should be at or above .6 (Gorsuch, 1983)

Principal Component Analysis with Varimax Rotated Solution was conducted
to explain factor structures of biology items of 2006, 2007, and 2008 SSTs by SPSS
17.0. SST-1 and SST-2 biology items were analyzed together for each year’s SSTs.

3.3.5.2. Confirmatory Factor Analysis

After exploring interrelationships among a set of variables, the specific
hypotheses should also be confirmed. This aim can be satisfied by Confirmatory
Factor Analysis. Due to this reason, after Principle Component Varimax Rotation,
Confirmatory Factor Analysis was conducted to test the structure underlying the SSTs

biology variables (Gorsuch, 1983)
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The Characteristic of Applications of CFA: Schumacker and Lomax (2004) and
Schumacker and Lomax (2004) cited five steps characteristics of application of
structural equation modeling as model specification, identification, estimation, testing
fit and respecification. First step of CFA, model specification, includes the
formulating the model basis on other theories or past research in the area. After the
model is specified as a next step, identification, researcher should find unique values
for the parameters of the specified model. In the third step, estimation, researcher
should select the estimation technique to solve the distributional properties of the
variables being analyzed. The aim of the next step, model fit, is to determine the
consistency between the model and the data. Additionally, fit of the data can be

improved by modification on the model in the last step, respecification.

Path Diagrams: gives the structural relations which form the model. In the path
diagram variables are linked by unidirectional or bi-directional arrows (Kelloway,

1998).

Observed, Indicator or Manifest Variables: are the variables which can be

observed or measured directly (Schumacker & Lomax, 2004).

Latent or Unobserved Variables: are the variables which are not observed or
measured directly. They can be inferred from a set of directly observed or measured

variables (Schumacker & Lomax, 2004).

Types of Model Fit Criteria for Structural Equation Modeling: even though
there are various Confirmatory Factor Analysis programs to test the structural

equation models, LISREL 8.54 for Windows with SIMPLIS command language was
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preferred to formulate and estimate the models of each year SSTs. As it is indicated
above to have significant theoretical model, model fit criteria should be provided.
Schumacker and Lomax (2004) suggest three main criteria in judging the statistical

significance and substantive meaning of a theoretical model:

¢ Global fit measures, non-statistical significance of the chi-square test and the
root-mean-square error of approximation (RMSEA) values should be checked.

o t values or critical values, critical values computed by dividing the parameter
estimates by their respective standard errors, should exceed 1.96 at for two-tailed test
at .05 level.

e Magnitude and the direction of the parameter estimates should paid attention.

Other than those main criteria there are some other commonly used model fit
indices such as the goodness-of-fit index (GFI), the adjusted goodness-of-fit index
(AGFI), and root-mean-square residual (RMR) (Schumacker & Lomax, 2004). Those

criteria were also checked for the study and are defined as following:

Chi-Square (X?): A non-significant X? value indicates that the observed and
estimate variance-covariance matrices are similar. Non-significant X* means that the

model fits the data (Schumacker & Lomax, 2004).

Goodness-of-Fit Index (GFI): is the ratio of the sum of the squared differences
between observed and reproduced matrices to the observed variances. The value close

to .95 reflects a good model fit (Schumacker & Lomax, 2004).
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Adjusted Goodness-of-Fit Index (AGFI): is adjusted GFI for the degrees of
freedom of a model relative to the number of variables. As similar to GFI, the value

close to .95 reflects a good model fit (Schumacker & Lomax, 2004).

Root-Mean-Square Residual (RMR): is the square root of the mean-squared
differences between the implied and observed covariance matrices. To interpret a

good fit to the data values less than .05 are generally accepted (Kelloway, 1998).

To confirm the dimensions of biology subtest of 2006, 2007, and 2008 SSTs
acquired by Exploratory Factor Analysis, Confirmatory Factor Analysis run by
LISREL 8.8.

3.3.6. Multiple Regression Analysis

The aim of the Multiple Linear Regression analysis is to establish the
predictability of a dependent variable more than one independent variable (Hinkle,
Wiersma & Jurs, 2003). Due to this reason, to identify the relationship with biology
achievement and school type, gender, reading comprehension skill, mathematics
achievement, physics achievement, and chemistry achievement multiple linear

regression analysis by SPSS 17.0 was computed.

To evaluate relationship between the predicted criterion score and actual
criterion score multiple correlation (R) and squared multiple correlation (R?) were
used. According to Hinkle, Wiersma and Jurs (2003) multiple correlation is the
correlation coefficient which gives how well the predicted criterion variable identifies
the criterion variable by using linear combination of the predictor variables. The
value of R may be squared and multiplied by 100 to make the result more

interpretable, which is called R%. R? can be interpreted as the percent of the criterion

67



variance which is counted by the linear combination of the predictors (Green&Salkin,

2008).

The general form of multiple linear regression is symbolized as:

Y=b1X1 +boXo + .. +h X+ a

Where X is the predictor, Y is the predicted score from X scores, b is the slope
of the line which is defined as the amount of change in X corresponds to a change in
Y. Additionally, a is the value of Y when all predictors equal to 0, which is called the

intercept (Green & Salkin, 2008).

The contribution of age, gender, school type, reading comprehension,
mathematics, physics, and chemistry achievements to biology achievement were

analyzed by SPSS 17.0.
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CHAPTER 4

RESULTS OF THE RESEARCH

The aim of the chapter is to present results obtained from content analysis and
statistical analysis of the study. In the first section of the chapter results related to
2006 SST analysis are presented. The results of the 2007 SST analyses are given in
the second part while in the third part of the chapter results of 2008 SST analyses are
given. In addition, for all year’s analysis firstly content analysis findings than

statistical analysis findings are presented.
4.1. 2006 SST Analysis
4.1.1. Content Analysis of 2006 SST

Content of the 16 biology items, 8 from SST-1 and 8 from SST-2, were
analyzed in terms of content analysis, biology items were analyzed in terms of
content type, grade levels, cognitive processes, the unit from the curriculum chosen,
the knowledge needed to solve the questions.

4.1.1.1. Content Analysis of 2006 SST-1

The result of the content analysis of 2006 SST-1 is shown in Table 4.1.
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Since students choose their field of study at the end of 9™ grade, aim of the first
stage is to assess students’ cognitive skills in the context of common courses. To this

end, SST-1 should compose of elementary and 9" grade science curriculum.

Most of the biology items satisfied this aim. Four of them were chosen from
elementary curriculum and three of them were chosen from 9™ grade biology

curricula. On the other hand, S1_30 was an item from 11" grade curricula.

All of those 8 items were analyzed according to four content types. It was
found that none of those items focus on procedural knowledge, one items’ type was

concept, three of items types were principle, and four of the items types were facts.

Beyond, most of the SST-1 biology items were hard to interpret in terms of
their content, even each of the all eight questions was chosen from one unit of
curriculum. S1_23 assess more than one content knowledge at a time. To solve
S1 23, students’ need to know the essential feature of biochemical reactions and

functions of enzymes in cellular reactions. To answer S1_26 students can only
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Table 4.1: Content Analysis of 2006 SST-1

Item Unit Knowledge Needed Content Cognitive Grade Level
Type Process
S1 23 basic -energy is needed to start cellular respiration, facts remembering 9
components of  metabolic reactions occur as in sequence of chemical
organisms reactions controlled
-besides enzymes, optimal ph, temperature should also
be provided to start a metabolic reactions
S1 24 cell -concepts of the turgor pressure, isotonic, hypertonic,  principles remembering  elementary
hypotonic environment and osmotic pressure. inferring
S1 25 basic -the roles of RNA types in protein synthesis. facts remembering 9
components of
organisms
S1 26 cell -enzyme using, ATP and organic substance producing, facts remembering  elementary
duplication of DNA occur in chloroplast.
S1 27 ecology -nitrification bacteria fixes atmospheric nitrogen into facts inferring 9
organic components
S1 28 excretory system  -warm and dry air causes a rise in body temperature principles inferring elementary
S1 29 heredity -offsprings of two heterozygote individuals may have  principles inferring elementary
different genetic constitutions like: heterozygous,
homozygous dominant or homozygous recessive.
S1 30 population -concepts of natural selection, adaptation, mutation and  concepts  remembering 11
genetics genetic variations
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answer the question by eliminating the four true alternatives, then decide the last
alternative is not a correct statement. In addition, to identify the true alternatives they
should know that enzyme are used, ATP and organic substance are produce, and
DNA is duplicated in chloroplast. Even though, other items compose of one
acquisition, those contents are also very broad to assess students’ knowledge and

skills.

4.1.1.2. Content Analysis of 2006 SST-2

Second stage of SST aims to measure students’ cognitive skills of filed
courses. To this aim, those items should include the entire elementary school and high
school science curriculum. The result of the content analysis of 2006 SST-1 is shown
in Table 4.2.

All of the 2006 SST-2 biology items were chosen from high school
curriculum. According to grade level, four of them were from 10" grade, and three of
them were from 11" grade of biology curriculum. Yet, S2_26 consists of 9" and 10"

grade curriculums’ content at the same time.

In terms of content type most of the items consist of facts and principles
only S2_26 focus on concept. Comparably to SST-1 none of the SST-2 biology items

was in procedural form.

Although seven of the items were chosen from one unit of high school biology
curricula, biology knowledge needed to answer the items correctly and the cognitive

skills were very complicated.

72



Table 4.2: Content Analysis of 2006 SST-2

Item Unit Knowledge Needed Content Type Cognitive Grade
Process Level
S2_23  photosynthesis  -electron transferring in Electron Transport Chain (ETC) provide to usage of facts remembering 11
every chlorophyll molecule over and over again
S2 24 tissues -since stomatal closing occurs at night when photosynthesis does not take principle remembering 10
place, CO, accumulate in the cell. inferring
-principles of diffusion.
S2 25  reproduction in -the mitosis of the zygote results in to the formation of the embryo. facts remembering 10
flowering plants  -the mitosis of the microspore results in to the formation of the tube nucleus.
-the mitosis of the generative nucleus results in to the formation of the sperm
nucleus.
S2_26 cell -cause of osmotic pressure. concept remembering 9
excretory system -role of kidneys is to balance the water in the body. inferring 10
S2 27  digestive system -pathways for removal of bile from the liver facts remembering 10
-pathway of generating vitamin A from stored pre-vitamin A and sending
vitamin A into the blood
S2_28  nervous system -motor neurons conduct respond signal of central nervous system to the facts remembering 10
responder organ inferring
S2 29 heredity -X-linked recessive gene causes the phonotypical expression in males. principles remembering 11
-expression in females occurs if the individual has homozygous gene, but if transferring
female has a heterozygous then they are the carrier of the gene. inferring
S2 30 population -modification is a phenotypical change caused by environmental factors and do principles remembering 11
Genetics not effect genotype of the individual inferring
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As it is in SST-1, SST-2 biology items mostly focus on student remembering
and inferring skills. S2_23, S2_25, and S2_27 focus on one cognitive process which
is remembering. All of the other items assess more than one cognitive level. S2_24,
S2_26, S2_28, and S2_30 focus on remembering and inferring skills at the same time.
Meanwhile, S2_29 assess three cognitive processes which are remembering,

transferring, and inferring skills.

Additionally, to answer S2_23, S2 28, and S2_30 correctly students should
know one concept. However students should know two concepts or facts to solve four
items, S2_24, S2_26, S2_27, and S2_29. In fact, to answer S2_25 three concepts

should be known.

4.1.2. Statistical Analysis of 2006 SST

4.1.2.1. Preliminary Analysis of 2006 SST

As a first step of the data analysis, missing values analysis, descriptive
statistics, frequency distributions as skewness and kurtosis values of 16 biology
items, 24 reading comprehension items from SST-1, 60 mathematics, 26 physics, 17
chemistry items, school types, and gender were examined. Analyses were run with
10175 examinees. Means, standard deviations, skewness, and kurtosis values of the
SST 2006 according to school type, and gender were presented in Table 4.3 and Table
4.4, respectively. Skewness-kurtosis values of all reading comprehension,
mathematics achievement, physics achievement and chemistry achievement items

were presented in Appendix A.
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Table 4.3: Descriptive Statistics for Total Biology Score on Six School Types
of 2006 SST

School Type Number of Mean Standard Skewness  Kurtosis
examines Deviation

General High 6011 ,7515 2,24923 ,760 ,606
School

Private High 716 ,2556 3,38616 ,287 -,863
School

Selected High 3448 ,7880 3,08952 -,214 -, 791
School

Table 4.4: Descriptive Statistics for Total Biology Score on Gender of 2006

SST
Gender Number  Mean Standard Deviation  Skewness Kurtosis
Boy 5848 ,1450 3,27673 ,629 -,450
Girl 4327 ,4990 3,21900 ,489 -,630

4.1.2.2. Reliability Analysis of 2006 SST

Since biology items were used in factor analysis, reliability of 16 biology items
was analyzed. Besides, other aim of this study was to investigate the relationship
between biology achievement and reading comprehension skills, mathematics,
physics and chemistry achievements the reliability of those tests were also analyzed.
In addition, it should be noted that all of the analysis for chemistry were analyzed
with 9 SST-1 chemistry and 8 SST-2 chemistry items because one of the chemistry

items were omitted from the test.

Before conducting the reliability analysis, normality of the all biology items
were checked. According to Hinkle, Wiersma, and Jurs (2003) to have a normal
distribution skewness and kurtosis values should be between -2 and +2. Since
skewness and kurtosis values of subtests were between this range, distribution was

considered as normal distribution as shown in Table 4.5.

75



Table 4.5: Skewness and Kurtosis values of 2006 SST Subtests

Subtest Number of examinees Skewness Kurtosis
Turkish 10175 ,406 ,673
Mathematics 10175 ,268 1,109
Physics 10175 ,628 ,406
Chemistry 10175 ,466 1,003
Biology 10175 ,566 ,538

According to Gable (1986), the criterion level for the effective measures can be
reasonable set a minimum of .70. The 2006 SST biology, Turkish, mathematics,
physics, and chemistry subtest’s Cronbach’s alpha coefficient were found 0.745,
0.801, 0.980, 0.907, and 0.858, respectively. Thus, the results were interpreted as in
acceptable value. In addition, Cronbach’s alpha coefficients can be interpreted as at
least 74.5%, 80.1%, 98.0%, 90.7%, and 85.8% of the true score variance were
explained in the observed score variance of 2006 SST biology, Turkish, mathematics,

physics and chemistry subtests respectively (Crocker & Algina, 1986).

4.1.2.3. Item Analysis of 2006 SST

As it is mentioned in Chapter 2 item characteristics were analyzed in terms
of item difficulty (p) and discrimination (point biserial correlation, r). All p and r
values of 16 biology items were presented in Appendix A.

When p values of ITEMAN were taken into consideration there were only
two items which can be considered as ideal items in terms of item difficulty, S1_26
(p=.590) and S1_28 (p=.558). S1 26 was also an ideal in terms of discrimination

(r=.530) while S1_28 needs little revision (r=.330).
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S1 23 was the only easy biology item in 2006 SST (p=.653) and it was also
a discriminated item (r=.460). Only S1 24 can be considered as neither easy nor
difficult, because its p value is .457. According to Crocker and Algina (1986) if the p
value is between .48 and .39 than those items can be interpreted as neither easy nor
difficult in terms of difficulty. Additionally, S1_24 was one of the ideal items in

terms of functioning (r= .538).

There were two very difficult biology items in 2006 SST, S1_29 (p=.082) and
S2 26 (p=.181). Even S2_26 functions quite well (r=.474), S1_29 should be rejected

because its r value is .095 and one of the alternative works better than the key.

Except S2_26, all of the SST-2 biology items p values were between .40 and
.19, therefore these items were difficult items. In addition to SST-2 items, S1_ 25,
S1 27, and S1_30 items’ p values were in this range, so those items were also
difficult. Through these questions, S1_30 need to be revised since its r value was
.287. All other nine items r value was higher than .40 which means they all function

as required (Crocker & Algina, 1986).

Briefly, two of the 2006 SST biology items were very difficult, one of them
was neither easy nor difficult, one of them was easy, ten of them were difficult items,
and only two items were ideal in terms of item difficulty. Even most of the items
functions well, two items were reasonably good but needs improvement, and one item

should be rejected because one of its alternatives functions better than the key.
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4.1.2.4. Factor Analysis of 2006 SST

4.1.2.4.1. Explanatory Factor Analysis of 2006 SST

As it was mentioned in Chapter 2 both Exploratory and Confirmatory factor
analysis were conducted. For Exploratory Factor Analysis (EFA) Principle
Component Analysis with Varimax Rotation was preferred to explore the
interrelationships among a set of variables. Then Confirmatory Factor Analysis was

conducted to test the structure underlying the 2006 SST biology items.

Firstly, Barlett’s test of Sphericity was checked and Kaiser-Meyer- Olkin found

0.874, which means factorability of correlation matrix was satisfied.

Then 16 biology items were analyzed with principle component analysis. Even
though four factors were obtained by this analysis, by using scree test and
interpretability of factor solution criteria 3 factors were rotated by Varimax rotation

procedure.
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Table 4.6: Rotated Component Matrix of Factor Analysis of 2006 SST

Items Factor Loadings
Factor 1 Factor 2 Factor 3

S2 27 ,596 ,189 -
S1 26 ,566 ,103 -
S2 23 517 - -
S1 27 514 ,336 -
S1 23 ,499 - -
S1 24 ,448 ,242 ,156
S2 26 411 ,219 -
S1 28 ,285 - -,117
S2 29 ,109 ,560 -,130
S2 25 - ,551 -
S1 25 ,370 ,443 -
S2 24 ,240 ,419 -
S2 28 ,368 ,382 -
S2_30 ,142 ,252 -
S1 29 - -,248 ,844
S1 30 428 -,326 -,491

Table 4.7: Rotation Sums of Squared Loadings of 2006 SST Biology Items

Factor Total % of Variance Cumulative %
1 ,069 19,181 19,181
2 1,044 6,526 25,707
3 1,027 6,417 32,124

19,181 of the total variance of the test was explained by Factor 1, and it
includes S1_23, S1 24, S1 26, S1 27,S1 28 S2 23, S2_26, and S2_27. All of those
items’ loadings were between .596 and .285. Factor 2 explains the 6,526 of the total
variance of SST 2006 biology subtest and it includes S1_25, S2_24, S2 25, S2 28,
S2_29, and S2_30. S1_29, and S1_30 compose Factor 3 and it explains 6,417 of the

total variance. Total variance explained for each factor was shown in Table 4.7.

There was not any resemblance in terms of difficulty, knowledge domain,

cognitive process, and grade level within any factor. Due to this reason, it was not
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possible to entitle the factor according to those criteria. Only difference between
factors could be observed in terms of distinctiveness. Items in factor 3 were items
which need to be improved or rejected from the test. Items in first two factors’ were
items which function as they were required. Since the basic feature of the first two
factor were same, they were combined in a factor. Besides, S1_28 was analyzed with
factor three because its r value was .327 which means this item also does not function
as it was required like the two items in Factor 3. According to Gable (1986) if an item
is loaded on two variables with a difference less than 0.2, this interpretation can be

done. New total variance explained for each factor is also shown in Table 4.8.

Table 4.8: Rotation sums of Squared Loadings of 2006 SST Biology Items
with the combination of first two factors.

Factor Total % of Variance Cumulative %
1 ,113 25,707 25,707
2 ,079 6,747 31,162

4.1.2.4.2. Confirmatory Factor Analysis of 2006 SST
The path from the latent variables, DISCR and NDISCR, to the observed

variables, all of the biology items of 2006 SST, was constructed. The syntax of
Biology Cluster of 2006 SST was given in the Appendix A. LISREL estimates of
parameters in confirmatory factor analysis coefficients in standardized values and
LISREL estimates of parameters in confirmatory factor analysis coefficients in

estimate and t-values were given in Figure 4.1 and Figure 4.2.

80



Figure 4.1: LISREL estimates of parameters in confirmatory factor analysis

coefficients in estimate (SST 2006)
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Figure 4.2: LISREL estimates of parameters in confirmatory factor analysis

coefficients in t-values (SST 2006)

There were two latent variables and sixteen observed variables in confirmatory
factor analysis of the 2006 SST. As it can be seen in Figure 4.1, latent variable of
DISCR represents the items which have higher point-biserial correlation values than
40, discriminative items, and NDISCR composes of items which were not

discriminative.
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In tested model all the path coefficients were significant at 0.05 significance
level which means there was no non-significant t-value as it can be seen from Figure

4.2.

In CFA, firstly chi-square test and root-mean-square error of approximation
(RMSEA) should be paid attention. Then, t values, and magnitude and the direction
of the parameter estimates should be checked. Finally, goodness-of-fit index (GFI),
the adjusted goodness-of-fit index (AGFI), and root-mean-square residual (RMR) of
the test should be checked. Also, goodness-of-fit criteria of 2006 SST Biology items

were given in Appendix A and the meaning of those statistics were explained below.

Chi-square test: y° = 1855.75 is significant at p = 0.000 with degrees of

freedom (df) of 103. Normed Chi-Square (NC) can be calculated by XZ /df and the
result should be less than 5 to indicate a good fit to the data (Schumacker & Lomax,
2004). By this equation NC of model of 2006 SST Biology was 18.02 which is too
high to indicate a good fitness of the model. However, chi-square test is very sensitive
to the sample size. Large sample size can cause a high result. To eliminate this
dependence other goodness-of-fit measures such as GFI and AGFI are proposed and

those measures were also computed (Joreskog & S6rbom,2003).

Root-Mean-Square Error of Approximation (RMSEA): According to Steiger
(1990) smaller values of RMSEA indicate a better fit to the data. VValue below 0.10
indicates a good fit and values below 0.05 indicates a very good fit. Since RMSEA
value of the SST 2006 Biology model was 0.047, this shows that this criteria was

satisfied for suggested model with 2006 SST.
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Goodness-of-Fit Index (GFI) and Adjusted Goodness-of-Fit Index (AGFI) were
.96, .95 respectively. Since higher values than .95 for GFI and AGFI indicates a good
fit of the data, it can be said that model had a good fit to the data. Additionally, values
less than .05 were accepted for Root-Mean-Square Residual (RMR) and SST 2006

Biology models’ RMR is .034.

4.1.2.5. Multiple Linear Regression Analysis of 2006 SST

By multiple linear regression analysis contribution of gender, school type,
reading comprehension skill, mathematic achievement, physics achievement, and

chemistry achievement to biology achievement was analyzed.

As a first step, descriptive statistics of interval independent variables for
academic factors, reading comprehension skill, mathematic achievement, physics
achievement, and chemistry achievement were examined and shown in Table 4.9.
Besides, correlation between biology achievement and non-academic factors were

significant at p<0.01.

Table 4.9: Descriptive statistics of independent variables for academic factors

Mean Standard Skewness Kurtosis  Correlation
Deviation with Biology
Achievement
Reading
Comprehension 14,0739  5,47609 -,406 -,673 ,512*
Skill

Mathematics

. 80084 446068 268 1,109 703*
Achievement
Physics 07199 550661 628 - 406 721
Achievement
Chemistry 69875  4,86788 466 -1,003 751%

Achievement
* Correlation is significant at the 0.01 level (2-tailed).
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Since all of the variables for academic factors correlation was significant with
biology achievement (p<0.01) regression analysis was conducted by all of the

independent variables.

As it was mention in Chapter 2 first of all, the regression coefficients of
multiple correlation (R) and squared multiple correlation (R?) were interpreted.
Analysis results showed that 61.5% of gender, school type, reading comprehension
skills, mathematic achievement, physics achievement and chemistry achievement of
the students could be used to predict the biology achievement (R*=0,615).
Additionally, since the R was .784, it could be interpreted that there was a medium
relationship between predicted biology achievements and the actual biology
achievements of students by using gender, school type, reading comprehension skills,
mathematic achievement, physics achievement, and chemistry achievement as

independent variables (Green & Salkind, 2008).

Table 4.10: Correlation of non-academic factors and biology achievement

Selecting High Private High Gender
School School
Biology 548 081 054

Achievement
* Correlation is significant at the 0.01 level (2-tailed).

Additionally, three different school types were coded as selected high school,
private high school, and general high school. Because of this reason, for regression
analysis dummy coding was used to identify how the contribution of school type

could be used to predict students’ biology achievement.

Even correlation between biology achievement and the variables were checked

and all of the correlations were found significant, the effect of the private high
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schools was not significant when other independent variables were taken into account

(p=,399 at p<0.05).

As last step, the regression equation of biology achievement with the linear
combination of the predictors was computed. The variable of Private School was not

taken in the equation since its effect was not significant.

Analysis results showed that intercept, a, was, 047 and b values of the

predictors were shown in Table 4.11.

Table 4.11: Beta values of predictors

Gender Selected Reading Math Physics Chemistry

b value 464 ,350 ,046 ,007 ,181 ,266

As a result the regression equation of biology achievement was computed as:

Bio = 0.047 + 0.464*gender + 0.350*selected + 0.046*reading +0.007* math +

0.181*phy + 0.266* che

As a summary, it can be concluded that physics, chemistry, reading
comprehension achievement of the students, their gender, and, whether they
graduated from selecting high school or not had significant effect on biology
achievement. When the standardized coefficients of the independent variables were
interpreted, it was found that mostly non academic factors affect students’
achievement in biology because standardized coefficients of gender, in favor of girls,
and selected high school were 0,464 and 0,350, respectively. For academic factor it

was found that chemistry achievement is the most effective variable on biology
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achievement (B=, 266), whereas physics (B=0.181) and reading comprehension

(B=0.046) achievement comes right after chemistry achievement respectively.

For the effect of mathematics achievement on biology achievement it can be
said that even it has a significant effect, this significance is very low and the effect of
mathematics achievement has the lowest effect on biology achievement among all

other academic and non-academic variables (B=0.07).
4.2. 2007 SST Analysis
4.2.1. Content Analysis of 2007 SST

4.2.1.1. Content Analysis of 2007 SST-1

Summary of content analysis of 2007 SST-1 was shown in Table 4.12. As it
was mentioned before the aim of the first stage of SST is to evaluate students’
cognitive skills in the context of common courses. For this aim the content of the
SST-1 should be chosen from elementary and 9™ grade curriculum. All of the 2007
SST-1 biology items satisfy this aim. Four of them were selected from the elementary

curriculum and four of them were chosen from 9" grade curricula.

All of the 8 items were also analyzed in terms of content type. It was found that
only S1_30 was the item which focuses on procedure whereas S1_27 was the only
item in principle form. Three items content type was fact and the other three items’

was in concept form.

Regarding the cognitive level 2007 SST-1 biology items cover remembering
skills. In fact, as it can be seen from Table 4.12, S1 23 and S1_29 were focusing on

only remembering skill. On the other hand, all other six items were measuring at least
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one more cognitive process besides remembering. Items focus on remembering and
inferring skills were S1 25, S1 26, S1 27, and S1 28. S1 24 and S1 30 were
assessing transferring skill in addition to remembering. Even all items were
measuring remembering skill knowledge needed to solve S1_23, S1 24, S1 24,
S1 25, and S1_29 were simpler whereas deep knowledge was needed to solve S1_27,

S1_28, and S1_30.

Even all of the items were selected from only one unit of the curriculum; in
terms of content category interpretation of some items was not easy. As an example
S1 24 was assessing more than one content knowledge in the same item. Same
situation was observed in S1_28 to solve this item three concepts should be known
and those concepts were deeper than the ones needed for S1_24. Additionally, even
students need to know one concept to solve S1_26, this concept can be formed by
combination of two different units from elementary curriculum which are Cell

Division and Heredity.
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Table 4.12: Content Analysis of 2007 SST-1

Item Unit Knowledge Needed Knowledge Domain  Cognitive Process Grade Level
S1 23 taxonomic -taxonomic categories ranges from species to kingdom which facts remembering 9
categorization forms a hierarchy and as you move up the hierarchy, each group
is more inclusive.
S1 24 nucleic acids -DNA can replicate itself. facts remembering 9
-DNA synthesis RNA. transferring
-RNA synthesis protein.
S1 25 growth and -aim of photosynthesis is to produce chemical energy of organic concept remembering Elementary
development molecules. inferring
S1 26 cell division / -DNA of offsprings are exactly the same with the parents in concept remembering Elementary
heredity asexual reproduction inferring
S1 27 passage of -iodine and glucose can pass through from cell (intestine) principles remembering 9
materials through membrane but starch cannot. inferring
cell membranes
S1-28 taxonomic -number of chromosome do not give information about concept transferring 9
categorization the taxonomic affinity inferring
the class of the individual
developmental level of the species
S1 29 systems organ system of circulatory system facts remembering Elementary
S1 30 ecology temperature of rainforest biome is generally high, winters are procedure remembering Elementary

mild and summers are cool, and receive rain highly through the
year

transferring
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4.2.1.2. Content Analysis of 2007 SST-2
The result of the content analysis of 2006 SST-1 is shown in Table 4.13. Since the
aim of the SST-2 was to evaluate students’ cognitive process in the content of field
course, items of SST-2 should be selected from high school curricula. Result of the
analysis revealed that even S2_28 was selected from elementary curriculum, most of
the items satisfy this aim. Other three items were selected form 10" grade curricula,

rest of the four items were selected from 11" grade curricula.

In terms of content type, all four content types were assessed in SST-2 biology
items. Forms of S2_26 and S2_27 were facts; S2_23, S2_25, and S2_29 were in

concept form. S2 28 was in principle form where two items’ content types were

procedure, S2_24 and S2_30.

Regarding the cognitive processes most of the items were measuring
remembering and inferring skills. Similarly to SST-1, almost all of the items were
focusing on more than one cognitive skill. Only three items were focusing on one
cognitive process which are S2 24, S2 27, and S2_30. S2 24 and S2_27 were
assessing remembering skill where S2_30 was assessing transferring skill. Another
important feature of S2_30 is, it was the only item which do not require any
information to solve. S2_23, S2_25 and S2_28 aimed to assess remembering and
inferring skills, S2_29 was measuring remembering and transferring skills. In
addition, S2_26 was focusing on three different cognitive processes; remembering,

inferring, and comprehending skills.
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Table 4.13: Content Analysis of 2007 SST-2

Item Unit Knowledge Needed Knowledge Cognitive Grade
Domain Process Level

S2_23 tissues -stem of the plant grows outward in width concept remembering 10

-stem of the plant grows lengthwise from the head of the stem. inferring
S2 24 biotechnology -steps in DNA recombination. concept remembering 11
S2_25  energy transfer -during physical activities cellular respiration increases. concept remembering 11

through living inferring

system

S2_26 support and -length of actin filament change during muscular relaxation facts remembering 10

movement whereas myosin filament do not change inferring

system comprehending
S2_27  nervous system -neurons only respond when the neuron is sufficiently stimulated to facts remembering 10
reach the neural threshold and do not raise the respond even the
stimuli is much higher than the threshold level.
S2 28 heredity -difference between phenotype and genotype. principle remembering  elementary
-there are three different alleles for human blood type as A, B -and inferring
0 which are located in different homologues chromosomes.
-A and B blood types are co-dominant and they both are dominant
to O type.
S2_29 reproduction  -LH hormone secretion rises right after the ovulation to a graphical concept remembering 11
representation. transferring
S2 30 population (do not need extra knowledge) procedure transferring 11
genetics
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4.2.2. Statistical Analysis of 2007 SST

4.2.2.1. Preliminary Analysis of 2007 SST

Before conducting the reliability analyses missing values of 16 biology items
and descriptive statistics, and frequency values of 60 mathematics items, 26 physics
items, 18 chemistry items, 16 biology items, 22 reading comprehension items, gender,
year of birth and school types were examined. Analyses were run by 11,686
examinees. There were no missing values in terms of school type, year of birth and
gender. Descriptive statistics as means, standard deviations, skewness, and kurtosis
values of the SST 2007 according to school type, year of birth and gender were
presented in Table 4.14, Table 4.15, and Table 4.16 respectively. Missing values and

skewness-kurtosis values of all items were presented in Appendix B.

Table 4.14: Descriptive Statistics for Total Biology Score on Gender of 2007

SST
Gender Number Mean Standard Skewness Kurtosis
Deviation
Boy 6566 7,1739 4,09152 ,310 -,999
Girl 5120 7,5527 4,09374 ,193 -1,094

Table 4.15: Descriptive Statistics for Total Biology Score on Six School Types
of 2007 SST

School Type Number Mean Standard Skewness  Kurtosis
Deviation

General High 6602 5.0648 2.88675 ,655 ,008
School

Private High 852 87218 4,03496 -,108 -1,096
School

Selected High 4232 10,6108 3.30309 -,643 -,243
School

92



Table 4.16: Descriptive Statistics for Total Biology Score on Year of Birth of
2007 SST

Year of Number Mean Standard Skewness Kurtosis
Birth Deviation
1988 677 7,9010 4,32352 -,001 -1,215
1989 8,9687 8,9687 4,02734 -,269 -1,036
1990 6,0738 6,0738 3,63998 687 -,250
1991 5,6488 5,6488 3,63866 781 -,048

4.2.2.2. Reliability Analysis of 2007 SST

As it was conducted in SST 2006 analysis, reliabilities of reading
comprehension, mathematics, physics, chemistry, and biology item were analysis. As
a first step of this analysis normality of those items were checked. Because the
skewness and kurtosis of values were found between -2 and +2, as it is shown in
below Table 4.17, it was conclude that those items are normally distributed.

Table 4.17: Skewness and Kurtosis values of 2007 SST Subtests

Number of examinees Skewness Kurtosis
Turkish 11686 -,738 -,135
Mathematics 11686 -,033 -1,239
Physics 11686 420 -,601
Chemistry 11686 ,250 -1,187
Biology 11686 258 -1,047

Reliability of the SST 2007 subtests were analyzed by calculating Cronbach’s
alpha coefficient for internal consistency of the score. According to Gable (1986), the
criterion level for the effective measures can be reasonable set a minimum of .70.
Since the 2007 SST Turkish, mathematics, physics and chemistry, biology items
Cronbach’s alpha coefficients were computed as 0.791, 0.981, 0.920, 0.892, and

0.812 respectively, the result was interpreted as an acceptable value for every subtest.
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Crocker and Algina (1986) defines reliability coefficient as the ratio of true
score variance to observed score variance. By this definition it was conclude that at
least 79.1%, 98.1%, 92.0%, 89.2%, and 81.2% of the true score variance were
explained in the observed score variance of 2007 SST Turkish, mathematics, physics

and chemistry, biology subtests, respectively.

4.2.2.3. Item Analysis of 2007 SST

As it was conducted in item analyses of SST 2006, point-biserial and item
difficulty values were examined in analyzing SST 2007 biology items. All p and r
values of 16 biology items were presented in Appendix B.

In terms of item difficulty S1 23, S1 24, S1 26, and S2_28 were ideal items,
their p values were .581 .515, .517 and .558, respectively. Besides all of those items r
values were higher than .40, which gives that all of those items were also function as

required.

Four of the 2007 biology items, S1_25, S2_25, and S2_26, can be considered as
not neither difficult nor easy items. Their p values were .454, .431, .429. In terms of
item discrimation all items functions as required because their r values were higher

than .40.

Three of the SST-1 biology items, S1 28, S1 29, and S1_30 had higher p
values than .59 than those items were considered as easy items. Even S1_28 (r=.540)
and S1_30 do not need any revision (r=.546), S1_29 needs little revision because its r

value was .362.
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There was only one very difficult item S2_23 (p=.167) which also need to be

revised because it do not function as desired (r=.266).

Rest of five SST 2007 biology items p values ranges between .257 and .338,
this means all of those items were difficult. Moreover, even they were all difficult

items they function well because their r values were higher than .40.

Briefly, one biology item of the 2007 SST was very difficult, three of them
were neither easy nor difficult, three of them were easy, five of them were difficult,
and four items were ideal in terms of item difficulty. Even most of the items functions
as required, one item need to be improved, and one item was reasonably good but

needs little improvement.

4.2.2.4. Factor Analysis of 2007 SST

4.2.2.4.1. Explanatory Factor Analysis of 2007 SST

In factor analysis firtly Barlett’s test of Sphericity was checked. The value of
Kaiser-Meyer-Olkin value of the 16 biology items was 0.925, at p<.05. Since this test
was significant and the Kaiser-Meyer-Olkin value was higher than the .6 it was

concluded that factorability of correlation matrix is satisfied.

Then 16 biology items in 2007 SST were analyzed through the principle
component analysis. Two factors were obtained by this analysis. Then those two

factors were rotated by Varimax rotation procedure.

95



Table 4.18: Rotated Component Matrix of Factor Analysis 2007 SST

Items Components 1 Components 2
S2_28 ,677 -
S2_26 ,614 ,101
S1 24 ,604 -
S1 28 579 -
S1.25 544 ,178
S2_25 ,533 ,209
S1 23 ;925 -
S1_27 ,516 ,301
S1 30 ,498 -
S2_29 ,488 -
S1_26 475 ,164
S2_27 ,407 ,128
S1 29 ,365 -
S2_24 ,360 242
S2_30 311 ,151
S2_23 - ,924

Table 4.19: Rotation sums of Squared Loadings of 2007 SST Biology Items

Factor Total % of Variance Cumulative %
1 4,074 25,463 25,463
2 1,001 6,258 31,721

As it can be seen from Table 4.19, factor one explained 25,463 of the total
variance of the test, and it included all of the items from both SST-1 and SST-2
biology tests, except S2_23. All of those items loadings were between .677 and .311.

6,258 of the total variance was explained by the factor 2, which includes S2_23.

There was not any resemblance in terms of knowledge domain, discrimination,
cognitive process, and grade level within the items in factor one and S2_23. The only
distinctive feature of the S2_23 is it was the hardest item among SST 2007 biology
items. Additionally, S1_27 and S2_24 loaded on both of the two factors with a lower

than .2 value difference. Those two items were also other difficult items in the test.
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Due to this reason, these two items were interpreted in Factor 2 instead of Factor 1

(Gable, 1986).

In summary, biology items of 2007 SST were categorized according to
difficulty level. Most difficult three items were grouped together and rest of the

grouped apart.

4.2.2.4.2. Confirmatory Factor Analysis of 2007 SST

The path from the latent variables, NORMAL and DIFFICULT, to the observed
variables, all of the biology items of 2007 SST, was constructed. The syntax of
Biology Cluster of 2007 SST was given in the Appendix B. LISREL estimates of
parameters in confirmatory factor analysis coefficients in standardized values and
LISREL estimates of parameters in confirmatory factor analysis coefficients in t-

values were given in Figure 4.3 and Figure 4.4 respectively.
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Figure 4.3: LISREL estimates of parameters in confirmatory factor analysis

coefficients in estimate (SST 2007)
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Figure 4.4: LISREL estimates of parameters in confirmatory factor analysis

coefficients in t-values (SST 2007)

As it can be seen the Figure 4.3 there are two latent variables and sixteen
observed variables in confirmatory factor analysis of the 2007 SST. Latent variable of
DIFFICULT represents the difficult items, whereas NORMAL represents the items

which are closer to desired difficulty level and easy items.

In tested model all the path coefficients were significant at 0.05 significance
level which means there was no non-significant t-value, as it can be seen from Figure

4.4
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As it was mentioned before Schumacker and Lomax (2003) suggest checking
chi-square test and root-mean-square error of approximation (RMSEA) firstly. Then, t
values, and magnitude and the direction of the parameter estimates should paid
attention. Furthermore, goodness-of-fit index (GFI), the adjusted goodness-of-fit
index (AGFI), and root-mean-square residual (RMR) of the test should be checked.
Also, goodness-of-fit criteria of 2007 SST Biology items were given in Appendix B

and the meaning of those statistics were explained below:

Chi-square test: x2 = 4519.57 was significant at p = 0.000 with degrees of

freedom (df) of 103. According to Schumacker & Lomax (2004), Normed Chi-Square

(NC) can be calculated by X2 /df and the result should be less than 5 to indicate a good
fit to the data. By this equation, NC of model of 2007 Biology was computed as 43.88
which is too high to indicate the good fitness of the model. However chi-square test is
very sensitive to the sample size and large sample size can cause a high result. To
eliminate this dependence other goodness-of-fit measures such as GFI and AGFI are

proposed and those measures were also computed (Joreskog & Sorbom,2003).

Root-Mean-Square Error of Approximation (RMSEA): According to Steiger
(1990) smaller values of RMSEA indicate a better fit to the data. Values below 0.10
indicate a good fit and values below 0.05 indicates a very good fit. Since RMSEA
value of the SST 2007 Biology model was 0.059, this criteria was satisfied and there

was good and close to very good fit of the data.

Higher values than .95 for Goodness-of-Fit Index (GFI) and Adjusted
Goodness-of-Fit Index (AGFI) indicates a good fit of the data. Since the values of

GFI and AGFI were .96 and .95 respectively, the model had a good fit to the data.
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Besides, values less than .05 were accepted for Root-Mean-Square Residual (RMR)

and SST 2007 Biology models’ RMR was .028.

4.2.2.5. Multiple Linear Regression Analysis of 2007 SST

For this study the effect of age, gender, school type, reading comprehension
skill, mathematic achievement, physics achievement, and chemistry achievement on

biology achievement was analyzed by multiple linear regression analysis.

Before conducting those analysis descriptive statistics of interval independent
variables, reading comprehension skill, mathematic achievement, physics
achievement, and chemistry achievement, were examined, Table 4.20. In addition,
correlation between biology achievement and non-academic factors were shown in

Table 4.20.

Table 4.20: Correlation of non-academic factors and biology achievement

Age Gender Selecting  High Private
School High School
Biology _201* 046* 602% 095*

Achievement
*Correlation is significant at the 0.01 level (2-tailed).
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Table 4.21: Descriptive statistics of independent variables for academic factors

Mean Standard Skewness Kurtosis Correlation
Deviation with Biology
Achievement
Reading 14,8760 4,78120 -,738 -,135 ,601*
Comprehension
Skill
Mathematics 32,7894 15,42584 -,033 -1,239 ,765*
Achievement
Physics 11,0254 5,65772 ,420 -,601 ,764*
Achievement
Chemistry 8,7653 5,30448 ,250 -1,187 ,801*

Achievement

* Correlation is significant at the 0.01 level (2-tailed).
Since significant correlations was found with biology achievement and
academic and non-academic factors (p<0.01) regression analysis was conducted by

all of the variables.

As a first step the regression coefficients of multiple correlation (R) and
squared multiple correlation (R?) were interpreted. Analysis results revealed that
70,6% of the biology achievement can be predicted by linear relationship with age,
gender, school type, reading comprehension skills, mathematic achievement, physics
achievement and chemistry achievement of the students (R? = 0,706). Besides, the R
was .840 which means there was a high relationship between predicted biology
achievements and the actual biology achievements of students by using gender, age,
school type, reading comprehension skills, mathematic achievement, physics

achievement and chemistry achievement values (Green & Salkind, 2008).

Same as 2006 SST analysis three different school types were coded as

selecting high school, private high school, and general high school, therefore, dummy
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coding was used to identify the effect of school type on students’ biology

achievement.

Then the significance of each variable with the effects of other independent
variables was examined. It was found that gender, school type, reading
comprehension, mathematics, physics, and chemistry achievements were significant
whereas age did not give significant effect with other seven variables considered (p=
,387 at p<0.05). Due to this reason, the variable age was not taken for the regression

equation of biology achievement.

Analysis results showed that intercept, a, was,-532 and b values of the

predictors were shown in Table 4.22.

Table 4.22: Beta values of predictors

gender selected private Reading mathematics physics chemistry

b 434 ,882 ,581 ,092 ,022 ,196 293

As a result the regression equation of biology achievement was computed as:

Bio = -0,532 + 0.434*gender + 0.882*selected +0.581*private + 0.02*reading

+ 0.022* math + 0.196*phy + 0.293*che

As a summary, it was concluded that even age is not a good predictable
variable for biology achievement other two non-academic factors are most effective
variables on biology achievement. In depth girls are more successful than boys in
biology achievement. Besides, attending to selecting type high school higher the
achievement than attending to private school or general high school whereas

graduating from private school also gives higher probability of being successful than
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general high school. Among academic factors, chemistry was the most effective

variable followed by physics, reading comprehension achievement, and mathematics.
4.3. 2008 SST Analysis
4.3.1. Content Analysis of 2008 SST

4.3.1.1. Content Analysis of 2008 SST-1

Results of 2008 SST-1 content analysis results was given in Table 4.22. As it
explained before the aim of SST-1 is to evaluate students’ cognitive skills in the
context of common courses which includes the elementary and 9" grade curriculum.
Even though 7 of the items in 2008 SST-1 items were selected from those curriculum

content of S1_26 was selected from 11" grade curricula.

According to the content type, half of the SST-1 biology subtest comprised in
facts form. Other three items were focusing in principle form S1_26, S1_28 and
S1 30, meanwhile S1_29 was in concept form. Besides, there was not any item in

procedural form.

Regarding the cognitive level of 2008 SST-1, S1 25, S1_27, and S1_29 were
measuring only remembering skill. All of the other five items were focusing on at
least one more cognitive process besides remembering skill. Items focus on
remembering and inferring skills were S1_23 and S1 28. S1_24 was the only item
which assesses transferring skills in addition to remembering skill. Further S1_26 and
S1 30 were measuring three cognitive processes together. S1 26 focused on
remembering, transferring, and generalizing whereas S1_30 focused on remembering,

transferring, and inferring.
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Table 4.22: Content Analysis of 2008 SST-1

Item Unit Knowledge Needed Knowledge Cognitive Grade
Domain Process Level
S1 23 lymphand immunity -after vaccinated or ones cause of disease enters the body it facts remembering elementary
system causes illness and immunizes inferring
S1 24 ecology -food source of producers, consumers, and decomposers facts remembering 9
transferring
S1 25 cell division -meiosis leads genetic variation by random align along of facts remembering 9
homologous chromosomes on equatorial plane and
chromosomal crossing-over.
S1 26 relationship among -if the bacteria has a low resistance to the antibiotic then it principle remembering 11
living things cannot reproduce transferring
generalizing
S1 27  cellular respiration -steps in cellular respiration facts remembering 9
S1-28 Ecology -ecosystem includes both living and non-living principle remembering 9
environment, it is impressed after the non-living inferring
environment. Since non-living environment shelter the
living things, destruction of non-living environment directly
effects life.
S1 29 cell membrane -if the substance movement occurs against the concentration concept remembering 9
transport gradient and if the substances are larger than the pores of
cell membrane then for the transport of those substances cell
uses chemical energy, ATP.
S1 30 ecology -type of food and biotope are the measure competition principle remembering 9

factor whereas breeding season is not

transferring
inferring
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To answer all items correctly students need to know some concepts or facts.
Facts and concepts needed to known for S1_24, S1_27, S1 29, and S1_30 were very
deep. Hence it can be concluded that 2008 SST-1 biology items mostly focus on

remembering skill more than 2006 SST and 2007 SST.

4.3.1.2. Content Analysis of 2008 SST-2

Interpretation of 2008 SST-2 content analysis results were given in Table 4.23.
Discretely SST-1, SST-2 aims to evaluate students’ cognitive process according to the
content of field course which means items of SST-2 should be selected from high

school curricula. All of the 2008 SST-2 biology items satisfied this aim.

Regarding the content type none of the items were in procedural form and they
mostly focused on facts and concept type. Items assess concept were S2_24, S2_25,
and S2_26, whereas S2_23, S2 28, S2 29, and S2_30 focused on facts. As distinct

from those seven items, S2_27 a principles type item.

Like 2006, 2007, and 2008 SST-1, 2008 SST-2 biology items were assessing
students remembering skills. However, 2008 SST-2 biology items served to this
purpose more than other SST-1 and SST-2 of 2006, 2007, and 2008, because half of
the 2008 SST-2 biology items were measuring only remembering skills. Additionally,

all of those required knowledge were deeper than other SST biology items.

On the other hand, to answer S2_24 students did not need any extra knowledge
and it aimed to assess interpreting skills. Same in other SSTs, in 2008 SST-2 subtest
there were two items which focus on at least one more cognitive process besides
remembering. S2_25 was measuring remembering and inferring skills, whereas

S2_27 was measuring remembering, transferring, and inferring skills.
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Table 4.23: Content Analysis of 2008 SST-2

Item Unit Knowledge Needed Knowledge Cognitive Grade
Domain Process Level
S2_23 population genetics -linear relationship between change in gene frequency and facts remembering 11
rate of reproduction.
S2_24 origin of life no extra knowledge is needed concept inferring 11
S2_25 digestive system -urea is produced when the liver breaks down proteins. concept remembering 10
-since urea can dissolve in blood kidney absorb it from the inferring
blood and excreted it as a component of urine.
S2 26  regulatory system  -plant hormones are not secreted by a specialized glands concept remembering 10
S2_27 heredity -X-linked recessive gene causes the phonotypical principle remembering 11
expression in males. transferring
-expression in females occurs if the individual has inferring
homozygous gene, but if female has a heterozygous then
they are the carrier of the gene.
S2 28 photosynthesis -the steps in photosynthesis. facts remembering 11
S2_29 cellular respiration ~ -ATP mostly synthesized in Electron Transport Chain facts remembering 11
(ETC) reactions
S2 30 regulatory system -secretory of liver and pancreas functions in different facts remembering 10
organs of the body
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4.3.2.2. Statistical Analysis of 2008 SST

4.3.2.1. Preliminary Analysis of 2008 SST

As it was conducted in 2006, and 2007 SST statistical analysis, firstly missing
values analysis of 16 biology 2008 SST items and descriptive statistics and frequency
values of 60 mathematics items, 26 physics items, 18 chemistry items, 16 biology
items, 24 reading comprehension items, age, gender, year of birth and school types
were examined and presented in Appendix C. Analyses were conducted by 10,359
examinees. There were no missing values in terms of age, school type, year of birth

and gender.

Descriptive statistics such as means, standard deviations, skewness and kurtosis
values of the SST 2008 according to school type, year of birth and gender for biology

achievement were presented in Table 4.24, Table 4.25, and Table 4.26 respectively.

Table 4.24: Descriptive Statistics for Total Biology Score on Gender

Gender Number Mean Standard Skewness Kurtosis
Deviation
Boy 5561 3,1174 2,84214 2,248 5,399
Girl 3,1799 2,82414 2,208 5,045 3,1799

Table 4.25: Descriptive Statistics for Total Biology Score on Six School Types

School Type Number Mean Standard Skewness Kurtosis
Deviation
Private High 870 2,9126 2,67653 2,411 6,894
School
Selected High 9489 3,1678 2,84701 2,214 5,108
School
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Table 4.26: Descriptive Statistics for Total Biology Score on Year of Birth

Year of Number Mean Standard Skewness Kurtosis
Birth Deviation
1990 1110 3,2667 2,96737 2,153 4,670
1991 8720 3,1377 2,81708 2,214 5,178
1992 529 3,0359 2,82049 2,638 7,547

4.3.2.2. Reliability Analysis of 2008 SST

Since the aim of the SST 2008 analyses were same with the SST 2006 and SST
2007 analysis, same steps were conducted for 2008 SST reliability analysis. First of
all normality’s of the biology, mathematics, physics, chemistry, and reading
comprehension achievement subtests were checked by their skewness and kurtosis
values. As it can be seen from the Table 4.27 skewness of mathematics and biology
subtests and kurtosis of all five subtests do not exists between -2 and +2, which
means those tests were not normally distribute. Even though this assumption was not
satisfied all of the analysis as well as reliability analysis were also conducted for 2008

SST analysis.

Table 4.27: Skewness and Kurtosis values of 2008 SST Subtests

Number of examinees Skewness Kurtosis
Turkish 10359 1,958 2,894
Mathematics 10359 2,132 4,449
Physics 10359 1,556 2,250
Chemistry 10359 1,921 3,940
Biology 10359 2,229 5,232

Gable (1986) cited that .70 is the minimum criterion level for the effective

measures for a reliable test. Cronbach’s Alpha coefficients of 2008 SST biology,
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reading comprehension, mathematics, physics, and chemistry subtests were 0,798, 0,
887, 0,946, 0,867, and 0.810, respectively. Those values showed that those subtests
can be interpreted as reliable. Additionally, by those values it can be concluded that
79.8%, 88.7%, 94.6%, 86.7%, and 81.0% of the true score variance were explained in
the observed score variance of 2008 SST biology, reading comprehension,

mathematics, physics and chemistry subtests respectively.

4.3.2.3. Item Analysis of 2008 SST

In item analysis difficulty and discrimination level of the biology items were
analyzed as it was done in 2006 and 2007 SSTs analysis. All p and r values of 16
biology items were presented in Appendix C.

Differently than 2006 and 2007 SST biology items, 2008 SST biology items
were all very difficult items because their p values were between 0.248 and 0.078.
Moreover, there were two items which has lower than 0.1 p value. Only p value of
Bio 1 3 was higher than 0.39 (p= 0.471) but this value can be interpreted as a
description of difficult item.

In terms of item discriminateness twelve of the items’ r values were higher than
4, which means they all functions as it was desired. However, S1_25, S2_24, and
S2_28 needed to be improved because their r values were 0.200, 0,244, and 0.273.

S2_27 functioned quite well but it would be better to improve it (r=355).

Briefly, most of the 2008 SST biology items were function as it is required but

they were all difficult items.
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4.3.2.4. Factor Analysis of 2008 SST

4.3.2.4.1. Explanatory Factor Analysis of 2008 SST

Principle Component Analysis with Varimax Rotation and Confirmatory factor

analyses were conducted same as 2006 and 2007 SST factor analysis.

As a first step, Kaiser-Meyer-Olkin value was checked and the value of Kaiser-
Meyer-Olkin value of the 16 biology items was 0.848, significant at p<.05. It was

concluded that that factorability of correlation matrix is satisfied.

All of the 2008 SST biology items were analyzed through the principle
component analysis. Even, four factors were obtained by this analysis, by
interpretability of factor solution criteria 3 factors were rotated by Varimax rotation

procedure. Factor loadings of items were presented in Table 4.28.

Table 4.28: Rotated Component Matrix of Factor Analysis 2008 SST

Items Factor Loadings
Factor 1  Factor 2 Factor 3

S1 26 ,818 -,218 ,179
S2 23 ,688 ,121 -
S2_30 ,683 - ,105
S1 24 ,609 ,116 -
S1 23 ,496 372 -, 147
S1 25 -,207 732 -,391
S2_ 29 431 ,586 ;331
S1 29 ,344 ,529 267
S1 27 494 497 ,338
S2_26 410 A74 ,101
S1 28 274 AT2 ,240
S2 28 - ,281 ,110
S2_ 25 ,151 - ,761
S1 30 - 420 ,621
S2_27 -,128 247 579
S2 24 - - ,352
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Table 4.29: Rotation sums of Squared Loadings of 2008 SST Biology Items

Factor Total % of Variance Cumulative %
1 4,406 27,536 27,536
2 1,672 10,447 37,983
3 1,450 9,065 47,048

27,536 of the total variance of the test was explained by Factor 1, and it
includes S1_23, S1 24, S1_26, S2_23, and S2_30 items. All of those items loadings
were between .816 and .496. Factor 2 explained the 10,4470f the total variance of
SST 2008 biology subtest and it includes S1 25, S1 27, S1 28, S1 29, S2 26,
S2 28, and S2_29. S1 30, S2_24, S2_25, and S2_27 composed Factor 3 which

explains the 9,065 of the total variance.

While interpreting the factors; factor loading of S1 23 and S1_28 were
changed according to Gable (1986) suggestion. In this criterion it is specified that if
an item is loaded on factors with a difference less than 0.2 it can be interpreted as in
one of the two factors. Those items were loaded by a less difference of 0.2 to both
first and the second factor. By this change items of the second factor become S1_25,
S1 27, S1 28, S1 29, S2 26, S2 28, and S2_29. As it can be seen from the Table

4.22 and Table 4.23, those items were assessing remembering skill.

Rest of the items in both factor 1 and factor 3 were assessing skills other than
remembering or other cognitive processes besides remembering except S2_23 and
S2_30 which focus on remembering. Due to this reason, Factor 1 and Factor 3 were
combined in one factor and loadings changed of 2008 SST Biology Items were shown

in Table 4.30.
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Table 4.30: Changed Rotation sums of Squared Loadings of 2008 SST Biology
Items

Factor Total % of Variance Cumulative %
1 5,811 36,601 36,601
2 1,672 10,447 47,048

4.3.2.4.2. Confirmatory Factor Analysis of 2008 SST

The path from the latent variables, REMEMBERING and OTHER, to the
observed variables, all of the biology items of 2008 SST, was constructed. The syntax
of Biology Cluster of 2008 SST was given in the Appendix C. LISREL estimates of
parameters in confirmatory factor analysis coefficients in standardized values and
LISREL estimates of parameters in confirmatory factor analysis coefficients in t-

values were given in Figure 4.5 and Figure 4.6.
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Figure 4.5: LISREL estimates of parameters in confirmatory factor analysis

coefficients in estimate (SST 2008)
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Figure 4.6: LISREL estimates of parameters in confirmatory factor analysis

coefficients in t-values (SST 2008)

There were two latent variables and sixteen observed variables in
confirmatory factor analysis of the 2008 SST, as it can be seen the Figure 4.5. Latent
variable of REMEMBERING represents the items which generally focus only on the
remembering skill, and OTHER composes of items which assess the skills not only

remembering skill except S2_23 and S2_30.

As a first step chi-square and root-mean-square error of approximation
(RMSEA) were checked as it was done in previous SSTs analysis. Afterwards t-

values and magnitude and the direction of the parameter estimates were paid
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attention. As a final step goodness-of-fit index (GFI), the adjusted goodness-of-fit
index (AGFI), and root-mean-square residual (RMR) of the test were checked. Also,
goodness-of-fit criteria of 2008 SST Biology items were given in Appendix C and the

meaning of those statistics were explained below:

2
Chi-square test: y = 7247.81 was significant at p = 0.000 with degrees of

freedom (df) of 89. Normed Chi-Square (NC) can be calculated by xz /df and the
result should be less than 5 to indicate a good fit to the data (Schumacker & Lomax,
2004). By this equation the NC of model of 2008 Biology was found 76,02 which is
too high to indicate a good fitness of the model. However chi-square test is very
sensitive to the sample size and large sample size can cause a high result. In those
circumstances other goodness-of-fit measures such as GFI and AGFI are proposed

and those measures were also computed (Joreskog & Sérbom, 2003).

Root-Mean-Square Error of Approximation (RMSEA): According to Steiger
(1990) smaller values of RMSEA indicate a better fit to the data as value below 0.10
indicates a good fit and values below 0.05 indicates a very good fit. Since RMSEA
value of the SST 2006 Biology model is 0.097. This showed taht there is good fit of

the data which is the only assumption satisfied to say that the model was fitted.

Goodness-of-Fit Index (GFI) and Adjusted Goodness-of-Fit Index (AGFI) are
both .89 and.85. Since higher values than .95 for GFI and AGFI indicates a good fit
of the data, those criteria did not satisfy. Additionally, values less than .05 are
accepted for Root-Mean-Square Residual (RMR) and SST 2008 Biology models’

RMR was .14.

116



Those results showed that an only satisfied criterion for CFA is RMSEA.
Besides GFI can be also interpreted as satisfied because its value was very close to
0.90 and according to Kelloway (1998) GFI values exceeding 0.9 indicates a good fit

to the data.

4.3.2.5. Multiple Linear Regression Analysis of 2008 SST

The effect of age, gender, school type, reading comprehension skill,
mathematic achievement, physics achievement, and chemistry achievement on
biology achievement was analyzed by multiple linear regression analysis by SPSS

17.0.

As it is conducted in previous SST analysis first of all descriptive statistics of interval
independent variables reading comprehension skill, mathematic achievement, physics
achievement, and chemistry achievement were examined, and result of this analysis
was shown in Table 4.31. Additionally, correlation between biology achievement and

non-academic factors were shown in Table 4.32.

Table 4.31: Descriptive statistics of independent variables for academic factors

Mean Standard Skewness  Kurtosis  Correlati

Deviation on with

Biology

Achievem

ent

Reading 6,5046 5,22328 1,958 2,894 L T71*
Comprehension
Skill

Mathematics 13,8172  10,66621 2,132 4,449 ,806*
Achievement

Physics 6,6720  4,75248 1,556 2,250 , 690*
Achievement

Chemistry 4,3110 3,42981 1,921 3,940 , 184%

Achievement
* Correlation is significant at the 0.01 level (2-tailed).
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Table 4.32: Correlation of non-academic factors and biology achievement

Age Gender School Type

Biology Achievement ,017 ,011 ,025*
*Correlation is significant at the 0.05 level (2-tailed).

As it can be seen from Table 4.31 all of the variables for academic factors
correlation was significant with biology achievement (p<0.01) regression analysis
was conducted by all of the variables. Additionally, correlation between biology
achievement and school type was significant at p<0.01 but there was not any
significant correlation between biology achievement and age and gender. Due to this
reason, regression analysis was conducted by academic variables, school type and

biology achievement.

Since regression coefficient of multiple correlation (R) was .842, it can be
interpreted as there is a high relationship between predicted biology achievements
and the actual biology achievements of students by using school type, reading
comprehension skills, mathematic achievement, physics achievement and chemistry
achievement values (Green & Salkind,2008). Additionally, 70.9% of school type, ,
reading comprehension skills, mathematic achievement, physics achievement and
chemistry achievement of the students can be used to predicted the biology

achievement because squared multiple correlation (R?) was 0,709.

As it is cited in Chapter 2 differently from previous SST analyses only general

and selecting high were used for regression analysis.

Even correlation between biology achievement and the variables were checked

and all of the correlations were found significant, the effect of school type was not
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significant when other independent variables were taken into account (p= ,691 and

p=.152 at p<0.05).

Due to this reason, the variable of school type was not taken for the regression
equation of biology achievement. The equation was computed with significant

variables which are reading comprehension, mathematics, physics, and chemistry.

Analysis results showed that intercept, a, was -,118 and b values of the

predictors are shown in Table 4.33.

Table 4.33: Beta values of predictors

reading math phy che
Beta , 137 , 077 , 046 , 241

As a result the regression equation of biology achievement was computed as:

Bio =-0.118 + 0.137*reading + 0.077* math + 0.046*phy + 0.241* che

If all of those results were summarized it can be concluded that whether
attending to a selected high school or private high school does not make an significant
difference on biology achievement. For academic factors it can be concluded that
chemistry is the most effective variable followed by reading comprehension,

mathematics, physics achievement.
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CHAPTER 5

CONCLUSION, DISCUSSION AND RECOMMENDATIONS

This chapter includes the discussion and the conclusion of the results, the
interpretation of the findings presented in the present study, and recommendations for

the future researches and OSYM are presented.

5.1 Conclusion

In the conclusion part the results of the study were summarized by the order of
research questions.

5.1.1. Conclusion about the Results of Content Analyses

First research question of the study aimed to identify the content specifications
of the biology items in 2006, 2007, and 2008 SSTs in terms of grade level, content
types, and cognitive processes. For this research question content analysis technique
was used and content analysis was conducted by the researcher and a research
assistant from Middle East Technical University.

As it was mentioned before, the aim of the SST-1 and SST-2 is different from
each other. The aim of the SST-1 is to assess students’ cognitive skills in the context
of common courses so; those items should compose of elementary and 9th grade
science curriculum. On the other hand, SST-2 aims to measure students’ cognitive

skills of filed courses. To this aim, those items should include the entire elementary
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school and high school science curriculum. The result of the content analyses
revealed that most of the items in all three SSTs satisfied the aim, but S1_30 in 2006

SST and S1_26 in 2008 SST comprised of 11" grade context.

In terms of content type, most items were in facts form (43.75%), while items
in concept and principle form were both 25% of biology items in three years SSTs. It

must be noted that only 3 of the whole 48 items were in procedural form.

In content analysis most time consuming and challenging part was deciding
about the cognitive processes. Almost all items were assessing remembering skills
and predominantly mastery knowledge was needed to understand the item. 18 of
items out of 48 biology items were assessing remembering skills. More importantly
21 items were focusing on at least one more cognitive process additionally to
remembering skill like comprehending, transferring, and inferring. Moreover, five of
those 21 items were measuring three cognitive domains in same item. It should be
noted that none of those fourth eight items were focusing on science process skills.
To deepen, none of those items were assessing students’ skills about scientific
experiments such as determination of variables, selecting of suitable tests, interpreting

data, interpreting result, and evaluating hypothesis.
5.1.2. Conclusion about the Result of the Reliability Analysis

The second research question of the research focused on the reliabilities of
subtests used through the study which are reading comprehension, mathematics,
physics, chemistry and biology subtests of all three years analysis. Results revealed
that those subtests Cronbach’s alpha coefficients were all higher than 0.7 and they

were all reliable. Yet, before conducting the reliability analysis normality assumption
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of the tests were also checked. 2008 SST subtests do not satisfy the assumption

because kurtosis values of the subtests were not between -2 and +2.

5.1.3. Conclusion about the Item Characteristics

Identifying the item characteristics in terms of difficulty level and
distinctiveness of biology items in three years SSTs was the third research question of

the study.

In terms of distinctiveness, most of the biology items were ideal. However, one
item in 2006 SST-1 should be rejected because it’s one of the alternatives worked

better than the key.

With regard to item difficulty 2006 SST biology items varied. One of them was
neither easy nor difficult, one of them was easy, ten of them were difficult items, and
only two items was ideal in terms of item difficulty. Same variety in difficulty was
also seen in 2007 SST biology items. One biology item was very difficult, three of
them were neither easy nor difficult, three of them were easy, five of them were
difficult, and four items were ideal in terms of item difficulty. Unfortunately none of
the 2008 SST biology items were ideal or easy, that test was composed of all very

difficult items.

5.1.4. Conclusion about the Result of the Factor Analysis

Fourth and the main research question of the study aimed to identify the
factorial structure, dimensions, of biology items in the three years SSTs. For this aim

exploratory and confirmatory factor analysis techniques were used.
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It should be mentioned that another hard and time consuming part of this study
was deciding about the dimensions of the biology subtest. To interpret the dimensions

of the tests scree plot, interpretability of factor solution, and Gable criteria were used.

There was not any resemblance in terms of difficulty, knowledge domain,
cognitive process and grade level within any factor of 2006 SST. Only difference
between factors could be observed in terms of distinctiveness. Besides, those factors
were statistically confirmed by confirmatory factor analysis.

It was found that dimensions underlying in 2007 SST biology items were
clustered in terms of item difficulty. Most difficult three items could be grouped
together and rest of the grouped apart and those dimensions were proved by
confirmatory factor analysis.

On the other side only acceptable and logical clusteration of biology items was
observed in SST 2008 analysis because they clustered in terms of cognitive processes.
As it was mentioned before 2008 SST items were generally focusing on remembering
skill solely. Those items were clustered in one factor. However those dimensions
could not be confirmed by confirmatory factor analysis. Only root-mean-square error
of approximation and goodness-of-fit index criteria were satisfied.

5.1.5. Conclusion about the Multiple Linear Regression Analysis

The second aim of the research was to identify how biology achievement can
be predicted by academic and non-academic factors by using 2006, 2007, and 2008
SSTs. For this aim, three research questions were formed. In the first research
question relationship between academic factors and biology achievement aimed to
reveal. Meanwhile, in the second research question aim was to identify the

relationship between biology achievement and non-academic factors. The third and
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main research question of the second part of the study was to identify how much do
academic factors and non-academic factors influence biology achievement with other
academic and non-academic factors.

Before conducting the multiple linear regression analysis correlations between
biology achievement and academic and non-academic variables were checked. For
three years analysis all academic factors -reading comprehension, mathematics,
physics, and chemistry achievement- were used and they all gave medium to high
correlation with biology achievement. For non-academic factors age, gender, and
school type were used. For school type three categorizations were generated, general
high schools, private high schools, and selecting high schools. For 2006 SST analysis
age did not include to the study because of the insufficient information about the birth
of the examinees. Besides, in 2008 analysis general high school students did not
include to the study because of the insufficient number of examinees. However, it
should be mentioned that all of the non-academic variables used in all three years
analysis gave medium to high correlation with biology achievement when those
relationships were analyzed separately.

After checking the correlations of academic and non-academic variables
multiple linear regression analysis was conducted. In 2006 SST results it was found
that private high schools do not give significant correlation with biology achievement
when other variables are taken into consideration. Even all school types gave
significant correlation, age did not give any significant correlation with other
variables on biology achievement in 2007 SST analysis. Meanwhile, in 2008 SST
results revealed that only academic factors have significant correlation with biology

achievement when all of those seven variables are used in the analysis.
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If the result of all three years analysis are summarized it can be seen that
chemistry achievement is the most effective factor among all academic variables
through all three years analysis. In 2006 and 2007 SSTs analyses physics comes right
after the chemistry achievement where in 2008 analyses reading comprehension came
in the second order. In 2006 and 2007 SSTs analyses mathematics achievement was
the least effective factor on biology achievement, whereas in 2008 analyses physic
showed the minimum effective variable on biology achievement.

In terms of the effect of non-academic factor on biology achievement results
varied in all SST analyses. Considering the effect of the gender in 2006 and 2007
SSTs revealed that girls tend to have higher scores in biology achievement whereas in
2008 analyses gender did not give statistically significant effect on biology
achievement when other independent variables are taken into account. For the
relationship between biology achievement and age it can be said that, even
statistically significant correlations can be found when those variables are analysis
separately from other variables, no significant correlation can be found if other
independent variables are taken into account. Most remarkable the graduating from a
selecting high school lead to have higher grades than graduating from a private high
school and general high school, respectively.

5.2. Discussion

As it was done in result section of the chapter result of the research were
discussed with the order of the research questions.

The first research question was dealing with the content analysis of 2006, 2007,
and 2008 SSTs biology items. Content of the biology items are not described by

OSYM. However, the aim of the science subtest was explained as to test ability to
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make use of basic mathematical concepts and rules, whereas the aim of the science
subtest as to assess ability to reason using the basic concepts and principles of natural
science subjects (OSYM, 2004; OSYM, 1984 cited from Berberoglu, 1996). In
addition, according to Berberoglu (1996) the science items are assessing higher order
thinking skills in Bloom’s (1979) taxonomy. However, 2006, 2007, and 2008 SSTs
biology items mostly fail to assess those higher order thinking skills because they
mostly focused on remembering ability of the students. In addition, more than half of
the biology items include more than one single content or cognitive process.
According to Haladyna (2004) higher order thinking skills should be emphasized in
multiple choice items but complex chain of cognitive processes or content types
should be avoided and each item should focus on a single mental behavior. In this
way a clear connection between teaching and testing processes can be obtained. More
importantly, if a complex, multistage process is used in an item to reach the correct
answer and if the students miss the item than no information would be gathered
which step or content in the process is not learned. As a summary, it can be concluded
that most of the biology items of SSTs are not suitable to identify which knowledge
or cognitive processes are achieved or not by students.

In addition and more importantly, according to Klopter (1971) traditional
science courses focus on conceptual understanding skills where modern science
courses mostly focus on scientific inquiry skills which are used during scientific
experiments. For this study science process skills were defined according to Klopter’s
categorizations. It was found that none of the biology items in 2006, 2007, and 2008
SSTs were assessing those science process skills. To deepen, even there were some

items assess interpreting skills they focus on the interpretation of given information.
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However, none of those items required interpretation of data or interpretation of result
derived from an experiment. In addition, none of those items assess observing,
recognition of a problem, determination of variables, measuring, hypothesizing,
selection of suitable tests, designing procedures, evaluating hypothesis, or
formulating generalizations.

Identifying the item characteristics of SSTs biology items in terms of difficult
and distinctiveness was the aim of the second research questions. In terms of item
difficulty, most of the biology items were difficult in 2006 and 2007 SSTs whereas in
2008 SST all of the items were very difficult. These results can be interpreted as those
items does not devoted to the examinees. When items were analyzed according to
distinctiveness it was found that in general most of the biology items were ideal.

The third research question of the study focused on reliability of the reading
comprehension, mathematics, physics, chemistry, and biology subtest of three years
SSTs, meanwhile in fourth research aim was to identify the dimensions of biology
subtest for construct validity. According to Gronlund (1981) reliability is the
necessary condition for validity. Due to this reason, it can be concluded that the third
and fourth research questions of the study were somewhat related with each other.
Before conducting the reliability analysis normality of the subtests were checked and
it was found that in 2008 SST all subtests’ kurtosis values were not between the range
of -2 and +2. Therefore, those subtests cannot be interpreted as reliable and valid.

For validity analysis, exploratory and confirmatory factor analyses were used
and for all three years biology subtests different dimensions were obtained. 2006 SST
biology items were clustered according to distinctiveness, 2007 SST biology items

were clustered in terms of difficulty where 2008 SST biology subtest was clustered in
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terms of cognitive level. However, in the literature most important findings revealed
that mostly science subtests are clustered in terms of knowledge and cognitive
domain in both multiple choice and performance assessment tests (Hamilton,
Nussbaum, Kupermintz, Kerkhoven & Snow,1995, Nussbaum, Hamilton & Snow,
1997, Ayala, Shavelson, Yin & Schultz, 2002). However, there were not any
consistent dimensions among the biology subtests. More importantly dimensions of
2006 and 2007 SST biology subtests were not logical and justifiable. In addition,
dimensions determined in 2008 SST biology subtests were clustered in terms of
cognitive processes but those dimensions could not be confirmed sufficiently in
confirmatory factor analysis.

The other aim of the study was to identify the predicted biology achievement
by academic and non-academic factors. As it was mentioned before reading
comprehension, mathematics, physics, and chemistry achievements were determined
for academic factors whereas age, gender, and school types were used for non-
academic factors.

In the literature there was not any research about the correlation between
biology achievement and reading comprehension skill but there were some studies
conducted with science and reading comprehension skills. The result of those studies
revealed that there is a high correlation between science and reading comprehension
achievement. Therefore, it is interpreted that reading comprehension should lead to
good understanding of science texts, in addition, tests and science tests used to
identify students science achievement may not be a valid instrument to assess
students’ science knowledge but a good instrument to assess combination of reading

and science ability (Cromley, 2009, O’Reilly & McNamara, 2007, and Ratliff, 2007).
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Similar findings were found in the present study, correlation with biology
achievement and reading comprehension achievement of the students varied between
512 and .771 in three years analysis. In addition, in every year analysis significant
results were also found in multiple linear regression analysis which means reading
comprehension achievement is an important factor on biology achievement, even,
other independent factors are taken into account.

According to Lederman (1998; 2005) science should be thought in a sequence
of physics-chemistry- biology because of the hierarchical nature of the science and
studied as physics knowledge applied to chemistry and biology, and chemistry
knowledge applied to biology. This view is also seen in Physics First Movement in
the literature. The findings of the present study revealed that chemistry achievement
is the most effective academic factor on biology achievement when all other
academic and non-academic variables are taken into account. In addition, in 2006 and
2007 analysis physics was the second important factor among academic variables.
Therefore, it can be concluded that logic behind the Physics First Movement is
somewhat proved by this research. However, still there is not enough information to
identify those relationships between those variables.

About the effect of mathematics achievement on predicted biology achievement
results of the study showed that there is a higher correlation with mathematics
achievement than reading comprehension achievement, even all of those academic
and non-academic variables are taken into account. However, in the literature high
correlation with reading comprehension (Cromley, 2009, O’Reilly & McNamara,
2007, and Ratliff, 2007) and medium to low correlation with mathematics

achievement was found (Nagy, Trautwein, Baumert, Koller & Garrett, 2006, Ma &
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Ma, 2005). The reason behind this finding can be derived from the value of
mathematics and Turkish subtest scores on science field students overall SST scores.
If a science field students answers a mathematic question gets higher score than a
Turkish subtest question (OSYM, 2008a). Therefore, students may prefer to answer
mathematics questions than Turkish literacy questions.

Similar findings with the literature found about effect of school type and
biology achievement. As it was mentioned before three general highs school types
were determined for the present study, general high school, private high school, and
selecting high school. When the literature is reviewed it can be seen that students
from selecting high school get higher scores in science achievement than other two
school types while general high school students tend to get lowest scores (Berberoglu
& Kalender, 2005, Uygun, 2008, and Bay & Tugluk, 2004). Also, result of present
study revealed that students who graduate from selecting high school tends to get
higher scores in biology achievement when this relationship was analyzed separately
than other independent variables. However, if the effects of other independent
variables were taken into account different results were found in each year analysis.
Graduating from selecting high school, followed by private high school, was found as
the most effective factors in 2006 and 2007 analysis, while no significant effect was
found in 2008 analysis. The reason behind this result can be derived from the lack of
general high school students in 2008 SST analysis. Overall this result can be
interpreted as students who graduated from selecting high school tend to get higher
score but the difference between private and selecting high school is much lower than

the difference with general high school.
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Findings about the relation between gender and biology achievement is also
inconsistent with the literature. In some studies girls tend to get higher score
(Hacieminoglu, Yilmaz-Tiiziin & Ertepinar, 2009, Yenilmez, Sungur, & Tekkaya,
2006), while in some studies it was found that boys tend to have higher scores than
girls (Nowell & Hedges, 1998). The result of the present study revealed similar
inconsistency. Result of multiple linear regression analysis with 2006 and 2007
analysis revealed that girls tend to have higher scores while no significant gender
difference found with 2008 data.

The last non-academic variable determined for the study was the effect of age
on predicted biology achievement which is the least effective variable on biology
achievement. Yet, in none of the three years data age gave a significant relationship in
multiple linear regression analysis. According to Langer, Kalk and Searls (1984) the
effect of age on achievement disappears when students gets older and the subjects of
the present study were all 11" grade student. The reason of this non significance on
this study may be explained by, among this grade cognitive development may not be
effective in one year old.

In conclusion it can be said that chemistry is the most effective variable on
academic achievement followed by physics, mathematics, and reading comprehension
achievement. Meanwhile, graduating from selecting high school followed by private
high school is the most effective variable on biology achievement among non-
academic factors. In addition, age does not give significant correlation with biology

achievement because students used in this research are all mature.
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5.3 Recommendations

Some recommendations are provided to the test developers in Turkey,

researchers who study on validation of tests and biology educators.

o First of all the content and construct definitions of biology items should be
clarified by OSYM. Preparation of a table of specification would be useful for this
purpose.

e Since most of the items focus on remembering skill and there is not any item
assess science process skills, higher order thinking skills and science process skills
should be given attention.

e Most of the items focus on more than one concept or cognitive level, this
situation should be avoided and items should be prepared with one content and one
cognitive level.

e Since there are lots of difficult items, especially in SST 2008, test developers
should take into account the students ability level.

¢ Academic factors, especially chemistry, have an important effect on biology
achievement and those relationships should be analyzed deeply by other tests.

e In regression analysis only some factors on biology achievement could be
analyzed. However, other factors effect on biology achievement, like social
economical level of the family, should be analyzed by further researches.

e Effect of school type should be analyzed deeply and some researches should
be conducted to prevent this great difference between school types.

e Multiple linear regression analysis does not give any information about the

cause of academic and non-academic factors on biology achievement. Due to this
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reason, deep analysis should be conducted to identify the underlying reasons of those
effects.
¢ Similar research should be conducted by subsequent SSTs to identify whether

other SSTs has the same features with 2006, 2007, and 2008 SSTSs.

5.4 Limitation

Because of the large amount of missing value decimation of subjects could not
be included in the test which is the major limitation of this study. In addition, by
multiple regression analysis only some academic and non-academic factors effect on
biology achievement could be interpreted because of the insufficient information

about other factors.
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APPENDIX A

ANALYSIS OF 2006 STUDENT SELECTION TEST

Missing Values of ltems

Science 1 23
Frequency Percent
0 2442 24.0
1 6642 65,3
Missing 1091 10,7
Total 10175 100,0
Science 1 24
Frequency Percent
0 3749 36,8
1 4652 45,7
Missing 1774 17,4
Total 10175 100,0
Science 1 25
Frequency Percent
0 6578 64,6
1 2561 25,2
Missing 1036 10,2
Total 10175 100,0
Science 1 26
Frequency Percent
0 3013 29,6
1 5999 59,0
Missing 1163 11,4
Total 10175 100,0
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Missing Values of Items (continued)

Science 1_27
Frequency Percent
0 5224 51,3
1 3255 32,0
Missing 1696 16,7
Total 10175 100,0
Science 1 28
Frequency Percent
0 3933 38,7
1 5679 55,8
Missing 563 5,5
Total 10175 100,0
Science 1_29
Frequency Percent
0 6582 64,7
1 831 8,2
Missing 2762 27,1
Total 10175 100,0
Science 1 30
Frequency Percent
0 5233 51,4
1 3742 36,8
Missing 1200 11,8
Total 10175 100,0
Science 2 23
Frequency Percent
0 3061 30,1
1 3000 29,5
Missing 4114 40,4
Total 10175 100,0
Science 2 24
Frequency Percent
0 4783 47,0
1 2360 23,2
Missing 3032 29,8
Total 10175 100,0
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Missing Values of Items (continued)

Science 2_25
Frequency Percent
0 3967 39,0
1 2477 24,3
Missing 3731 36,7
Total 10175 100,0
Science 2 26
Frequency Percent
0 4829 47,5
1 1846 18,1
Missing 3500 34,4
Total 10175 100,0
Science 2_27
Frequency Percent
0 1303 12,8
1 2686 26,4
Missing 6186 60,8
Total 10175 100,0
Science 2_28
Frequency Percent
0 5121 50,3
1 2429 23,9
Missing 2625 25,8
Total 10175 100,0
Science 2 29
Frequency Percent
0 3930 38,6
1 2181 21,4
Missing 4064 39,9
Total 10175 100,0
Science 2 30
Frequency Percent
0 3891 38,2
1 3542 34,8
Missing 2742 26,9
Total 10175 100,0
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Frequencies of Items

Skewness Kurtosis
Turkish 1 -,517 -1,733
Turkish 2 -4,750 20,569
Turkish 3 -, 704 -1,505
Turkish 4 -, 732 -1,465
Turkish 5 -,961 -1,076
Turkish 6 ,084 -1,993
Turkish 7 -,414 -1,829
Turkish 8 -,965 -1,069
Turkish 9 -,072 -1,995
Turkish 10 -,573 -1,672
Turkish 11 -1,213 -,529
Turkish 12 -,303 -1,909
Turkish 13 ,204 -1,959
Turkish 14 -1,355 -,163
Turkish 15 -2,312 3,348
Turkish 16 -1,119 -, 748
Turkish 17 -1,266 -,397
Turkish 18 -,360 -1,871
Turkish 19 -,836 -1,302
Turkish 20 -1,279 -,364
Turkish 21 -,574 -1,671
Turkish 22 -,625 -1,610
Turkish 23 -1,071 -,853
Turkish 24 -,825 -1,319
Mathematicsl 1 -2,859 6,177
Mathematicsl 2 -2,880 6,297
Mathematicsl 3 -2,836 6,045
Mathematicsl 4 -,065 -1,996
Mathematicsl 5 -,641 -1,590
Mathematicsl 6 -,376 -1,859
Mathematicsl 7 -,340 -1,885
Mathematicsl 8 -2,563 4,572
Mathematicsl 9 -1,597 ,550
Mathematics1l 10 -1,067 -,862
Mathematicsl 11 -,373 -1,862
Mathematicsl 12 -1,612 ,599
Mathematicsl 13 -3,334 9,118
Mathematicsl_14 -1,277 -,369
Mathematicsl 15 -1,623 ,634
Mathematicsl 16 -,815 -1,336
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Frequencies of Items (continued)

Skewness Kurtosis
Mathematicsl 17 -1,446 ,092
Mathematicsl 18 -1,485 ,204
Mathematicsl_19 -1,117 -, 752
Mathematics1_20 ,056 -1,997
Mathematicsl 21 -2,501 4,255
Mathematicsl 22 -, 744 -1,447
Mathematicsl 23 -, 778 -1,395
Mathematicsl_24 -2,825 5,984
Mathematicsl_25 -,945 -1,106
Mathematicsl_26 -, 752 -1,435
Mathematicsl 27 ,018 -2,000
Mathematicsl 28 -1,413 -,005
Mathematicsl 29 -1,047 -,904
Mathematics1_30 -,219 -1,952
Sciencel 1 -1,487 212
Sciencel 2 -,937 -1,123
Sciencel 3 -,345 -1,881
Sciencel 4 3,258 8,615
Sciencel 5 -,165 -1,973
Sciencel 6 -,551 -1,697
Sciencel 7 1,324 -,247
Sciencel 8 ,206 -1,958
Sciencel 9 -,650 -1,577
Sciencel 10 ,898 -1,194
Sciencel 11 ,378 -1,857
Sciencel 12 -, 720 -1,482
Sciencel 13 -1,292 -,331
Sciencel 14 -,649 -1,580
Sciencel 15 274 -1,925
Sciencel 16 -,388 -1,850
Sciencel 17 -,709 -1,497
Sciencel 18 -,474 -1,776
Sciencel 19 -,405 -1,836
Sciencel 20 ,063 -1,997
Sciencel 21 ,575 -1,670
Sciencel 22 -,060 -1,997
Sciencel 23 -1,043 -,912
Sciencel 24 -,216 -1,954
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Frequencies of Items (continued)

Skewness Kurtosis
Sciencel 25 ,979 -1,042
Sciencel 26 -,702 -1,507
Sciencel 27 478 -1,772
Sciencel 28 -,369 -1,864
Sciencel 29 2,460 4,050
Sciencel 30 ,337 -1,887
Mathematics2 1 -1,126 -,733
Mathematics2_2 -1,368 -,128
Mathematics2_3 -,445 -1,803
Mathematics2_4 -,548 -1,700
Mathematics2_5 2,555 4,532
Mathematics2 6 ,080 -1,994
Mathematics2 7 -,151 -1,978
Mathematics2 8 -,508 -1,742
Mathematics2 9 -,309 -1,905
Mathematics2 10 -,598 -1,643
Mathematics2 11 -1,502 ,255
Mathematics2 12 -,101 -1,990
Mathematics2_13 ,945 -1,108
Mathematics2_14 671 -1,550
Mathematics2_15 -,025 -2,000
Mathematics2_16 -,306 -1,907
Mathematics2 17 -,566 -1,681
Mathematics2 18 , 7135 -1,461
Mathematics2 19 -,550 -1,698
Mathematics2_20 371 -1,863
Mathematics2_21 -,996 -1,009
Mathematics2 22 -,345 -1,882
Mathematics2 23 -,155 -1,977
Mathematics2_24 -,140 -1,981
Mathematics2_25 ,740 -1,453
Mathematics2_26 -1,185 -,595
Mathematics2_27 ,103 -1,990
Mathematics2 28 ,612 -1,626
Mathematics2 29 -,262 -1,932
Mathematics2_ 30 -1,183 -,600
Science2 1 -,615 -1,622
Science2 2 1,929 1,721
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Frequencies of Items (continued)

Skewness Kurtosis
Science2 3 -,124 -1,985
Science2 4 241 -1,942
Science2 5 -,483 -1,767
Science2 6 1,061 -,874
Science2 7 221 -1,952
Science2 8 ,660 -1,564
Science2 9 ,235 -1,945
Science2_10 -,500 -1,751
Science2 11 410 -1,832
Science2 12 413 -1,830
Science2 13 574 -1,671
Science2 15 -,079 -1,994
Science2 16 -1,084 -,826
Science2 17 -,445 -1,803
Science2 18 -,300 -1,911
Science2 19 ,059 -1,997
Science2 20 -,790 -1,376
Science2 21 -,133 -1,983
Science2 22 -,664 -1,559
Science2 23 ,020 -2,000
Science2 24 121 -1,480
Science2_25 475 -1,775
Science2 26 ,999 -1,002
Science2 27 -,740 -1,454
Science2 28 ,763 -1,418
Science2 29 ,598 -1,643
Science2_30 ,094 -1,992
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Item and Test Analysis Program (ITEMAN) Results

Item Statistics

Alternative Statistics

Seq. Scale | Prop. | Biser. | Point | Alt | Prop. Biser. Point Key
No. -Item | Corr. Biser. | . Endor. Biser.
S1.23 |1-1 0.653 [0.593 | 0460 | A |0.051 |-0.151 |-0.072

B |0.034 |-0.082 |-0.034

C |0.653 |0.593 0.460 |*

D |0100 |-0.39 |-0.232

E ]0.054 |-0.339 |-0.165

Ot. | 0.107 |-0.488 |-0.291
S1 24 |1-2 0.457 | 0.676 | 0538 | A |0.089 |-0.215 |-0.121

B |0.095 |-0.167 |-0.096

C |0.103 |-0.140 |-0.083

D |0.457 |0.676 0538 |*

E ]0.082 |-0.309 |-0.170

Ot. | 0.174 |-0.520 | -0.352
S1 25| 1-3 0.252 | 0.703 | 0.516 | A |0.051 |-0.085 |-0.041

B |0.252 |0.703 0516 |*

C |0.051 |-0.148 |-0.070

D |0.18 |-0.187 |-0.128

E 10359 |-0.255 |-0.198

Ot. | 0.102 |-0.307 |-0.180
S1 26 | 1-4 0.590 | 0.671 | 0.530 | A |0.029 |-0.301 |-0.118

B ]0.041 |-0.193 |-0.086

C |0.178 |-0.372 |-0.253

D ]0.048 |-0.340 |-0.159

E ]059 |0.671 0530 |*

Ot. | 0.114 |-0.482 |-0.292
S1 27 |15 0.320 | 0.774 | 0593 | A |0.277 |-0.248 |-0.185

B |0.028 |-0.276 |-0.108

C 0320 |[0.774 0593 | *

D ]0.163 |-0.183 |-0.122

E 10.044 |-0.223 |-0.101

Ot. | 0.167 |-0.439 |-0.294
S1 28 | 1-6 0.558 | 0.415 | 0.330 | A | 0558 |0.415 0330 |*

B ]0.135 |-0.214 |-0.136

C [0.068 |-0.266 |-0.139

D |0.156 |-0.198 |-0.130

E ]0.027 |-0.161 |-0.062

Ot. | 0.055 |-0.222 |-0.108
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Item and Test Analysis Program (ITEMAN) Results

Item Statistics

Alternative Statistics

Seq. Scale | Prop. | Biser. | Point | Alt. | Prop. Biser. Point | Key
No. -ltem | Corr. Biser. Endor. Biser.
S1.29 |1-7 0.082 | 0.172 |[0.095 | A 0.082 |0.172 0.095 |*
CHECK THE KEY B 0.139 |-0.069 |-0.044
A was specified, D works better C 0.037 |-0.235 |-0.101
D 0.388 | 0.553 0434 |?
E 0.082 |-0.247 |-0.136
Ot. 0.271 | -0.500 |-0.373
S130 |1-8 0.368 | 0.368 | 0.287 | A 0.368 | 0.368 0.287 |*
B 0.044 |-0.277 |-0.126
C 0.176 | 0.188 0.128
D 0.182 |-0.317 |-0.217
E 0.113 |-0.159 | -0.096
Ot. 0.118 |-0.239 |-0.147
S2 23 |19 0.295 | 0.655 |0.495 | A 0.059 |-0.149 |-0.075
B 0.057 | 0.073 0.036
C 0.119 |-0.049 | -0.030
D 0.065 |-0.111 |-0.057
E 0.295 | 0.655 0.495 |*
Ot. 0.404 |-0.497 |-0.392
S2 24 |1-10 0.232 | 0.672 |0.486 | A 0.117 | 0.302 0.184
B 0.091 |-0.190 |-0.108
C 0.232 | 0.672 0.486 | *
D 0.110 |-0.052 |-0.031
E 0.152 |-0.117 |-0.077
Ot. 0.298 |-0.565 |-0.428
S2 25 |1-11 0.243 | 0591 0432 | A 0.059 |-0.054 |-0.027
B 0.134 | 0.217 0.138
C 0.054 |-0.113 | -0.055
D 0.243 | 0.591 0432 | *
E 0.144 | 0.042 0.027
Ot. 0.367 |-0.592 |-0.463
S2 26 |1-12 0.181 |0.693 |0.474 | A 0.181 | 0.693 0474 | *
B 0.181 | -0.056 |-0.038
C 0.065 |-0.077 |-0.040
D 0.127 | 0.162 0.101
E 0.101 |-0.011 | -0.007
Ot. 0.344 |-0.516 | -0.400
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Item and Test Analysis Program (ITEMAN) Results

Item Statistics Alternative Statistics
Seq. Scale | Prop. | Biser. | Point | Alt | Prop. Biser. | Point | Key
No. -Item | Corr. Biser. | . Endor. Biser.
S2 27 | 1-13 0.264 |0.769 |0.570 | A |0.046 0.003 | 0.001
B 0.034 -0.135 | -0.056
C 0.028 -0.128 | -0.050
D |0.264 0.769 |0.570 |*
E 0.020 -0.149 | -0.052
Ot. | 0.608 -0.588 | -0.462
S2 28 |14 0.239 |0.733 | 0533 |A |0.110 -0.001 | -0.000
B 0.239 0.733 | 0533 |*
C 0.043 -0.141 | -0.064
D |0.202 -0.057 | -0.040
E 0.148 -0.038 | -0.024
Ot. | 0.258 -0.587 | -0.433
S229 |15 0.214 |0.669 |0.476 |A |0.214 0.214 |0.476 |*
B 0.057 -0.057 | -0.018
C 0.064 -0.064 | -0.017
D |0.157 0.157 | 0.036
E 0.108 0.108 | 0.044
Ot. | 0.399 -0.399 | -0.436
S2 30 |1-6 0.348 | 0560 |0.435 |A |0.163 0.058 | 0.039
B 0.074 -0.026 | -0.014
C 0.066 -0.059 | -0.030
D |0.348 0.560 |0.435 |*
E 0.079 -0.049 | -0.027
Ot. | 0.269 -0.614 | -0.457
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Scale Statistics

Scale 1

N of Items 16

N of Examinees 10175
Mean 5.296
Variance 10.606
Std. Dev. 3.257
Skew 0.566
Kurtosis -0.539
Minimum 0.000
Maximum 16.000
Median 5.000
Alpha 0.748
SEM 1.634
Mean P 0.331
Mean Item-Tot. 0.453
Mean Biserial 0.607
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Factor Analysis

Descriptive Statistics

Mean |Std. Deviation N

Sciencel 23 ,7312 44337 9084
Sciencel 24 ,5537 49713 8401
Sciencel 25 ,2802 ,44913 9139
Sciencel 26 ,6657 47178 9012
Sciencel_27 ,3839 ,48636 8479
Sciencel 28 ,5908 49171 9612
Sciencel 29 ,1121 ,31551 7413
Sciencel_30 ,4169 ,49308 8975
Science2_23 ,4950 ,50002 6061
Science2_24 ,3304 ,47039 7143
Science2_25 ,3844 ,48649 6444
Science2_26 ,2766 44733 6675
Science2_27 ,6734 ,46905 3989
Science2_28 ,3217 46717 7550
Science2_29 ,3569 47912 6111
Science2_30 4765 ,49948 7433

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling 874

Adequacy.

Bartlett's Test of Sphericity

Approx. Chi-Square 3992,619

df 120

Sig. ,000
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Communalities

Initial Extraction
Sciencel 23 1,000 ,252
Sciencel 24 1,000 ,284
Sciencel 25 1,000 334
Sciencel 26 1,000 ,331
Sciencel 27 1,000 ,381
Sciencel 28 1,000 ,101
Sciencel 29 1,000 ,782
Sciencel 30 1,000 ,530
Science2_23 1,000 273
Science2_24 1,000 234
Science2_25 1,000 ,309
Science2 26 1,000 ,225
Science2_27 1,000 ,397
Science2_28 1,000 ,281
Science2 29 1,000 ,342
Science2_30 1,000 ,084
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Total Variance Explained

Total Variance Explained

Compo Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
nent Total | % of Variance | Cumulative % Total % of Variance | Cumulative % Total % of Variance | Cumulative %
1 3,069 19,181 19,181 3,069 19,181 19,181 2,463 15,393 15,393
2 1,044 6,526 25,707 1,044 6,526 25,707 1,642 10,264 25,657
3 1,027 6,417 32,124 1,027 6,417 32,124 1,035 6,466 32,124
4 1,001 6,258 38,382
5 ,983 6,144 44,526
6 ,939 5,868 50,394
7 ,893 5,579 55,973
8 ,862 5,388 61,361
9 ,849 5,309 66,670
10 ,822 5,140 71,810
11 ,804 5,025 76,835
12 ,801 5,008 81,843
13 ,781 4,881 86,724
14 744 4,649 91,373
15 ,702 4,390 95,764
16 ,678 4,236 100,000
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Scree Plot

Scree Plot

3,57

3,07

Eigenvalue
» I
i 9

o
1

0,57

Component Matrix

T
7

T
8

T
9

T T T T T T T
10 11 12 13 14 15 16

Component Number

Component

1 2 3
Sciencel 27 ,609 - ,104
Science2_27 ,606 ,165 -
Sciencel 25 ,550 -,168 -
Sciencel 26 ,529 224 -
Science2 28 514 -,118 -
Sciencel 24 497 - ,186
Science2 23 ,466 ,235 -
Science2 26 457 - ,119
Sciencel 23 439 ,243 -
Science2_24 427 -,219 -
Sciencel 28 ,289 - -,102
Science2_30 ,256 -,134 -
Science2_25 ,259 -,491 -
Science2_29 ,404 -,413 -
Sciencel 29 -,113 ,283 ,830
Sciencel 30 212 ,491 -,494

155



Rotated Component Matrix

Component

1 2 3
Science2_27 ,596 ,189 -
Sciencel 26 ,566 ,103 -
Science2_23 ,517 - -
Sciencel 27 ,514 ,336 -
Sciencel 23 ,499 - -
Sciencel_24 ,448 ,242 ,156
Science2_26 411 ,219 -
Sciencel 28 ,285 - -117
Science2 29 ,109 ,560 -,130
Science2_25 - ,551 -
Sciencel 25 ,370 443 -
Science2_24 ,240 419 -
Science2_28 ,368 ,382 -
Science2_30 ,142 252 -
Sciencel 29 - -,248 ,844
Sciencel 30 428 -,326 -,491

Component Transformation Matrix

Component 1 2 3
1 ,837 ,544 -,062
2 546 -,837 ,031
3 ,035 ,060 ,998
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The Simplis Syntax For Biology Subtest of 2006 SST

Observed Variables

S1.23S1 24S1 25S1 26 S1_27S1 28S1 29 S1 30 S2_23 S2_24 S2_25

S2 26 S2 27S2 28S2 29S2 30
Covariance Matrix from File: CFA2006.COV
Sample Size = 10175

Latent Variables

DISCR NDISCR

Relationships

S1.23S1 24S1 25S1 26 S1 27 S2 23 S2_24S2_25S2_26 S2_27 S2_28

S2 2952 30 = DISCR
S1 28'S1 29S1 30 =NDISCR

Path Diagram
End of Problem

Goodness-Of-Fit Criteria For Biology Cluster Of 2006 SST

Goodness-of-Fit Criteria 2006SST
Chi-Square (y2), df 1855.75; 103
Normed Chi-Square (NC)

Goodness-of-Fit Index (GFI) 0.96
Adjusted Goodness-of-Fit Index (AGFI) 0.95
Root-Mean-Square Residual (RMR) 0.034
Root-Mean-Squared Error of Approximation 0.047
(RMSEA)

Normed Fit Index (NFI) 0.97
Non-Normed Fit Index (NNFI) 0.97
Comparative Fit Index (CFI) 0.97
Incremental Fit Index (IFI) 0.97
Relative Fit Index (RFI) 0.97
Expected Cross Validation Index (ECVI) 0.31
Parsimonious Normed Fit Index (PNFI) 0.83
Parsimonious Goodness-of-Fit Index (PGFI) 0.73
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Regression Analysis

Model Summary

Adjusted R | Std. Error of
R R Square Square the Estimate
,7842 ,615 ,615 2,02447
ANOVA
Sum of Squares df Mean Square F Sig.
Regression 65047,417 7 9292,488 | 2267,310 ,000?
Residual 40734,633 9939 4,098
Total 105782,050 9946
Coefficients
Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t Sig.
(Constant) ,047 ,089 527 ,598
math ,007 ,003 ,032 2,279 ,023
phy ,181 ,008 ,307 24,136 ,000
che ,266 ,009 ,398 30,730 ,000
selected ,350 ,064 ,051 5,487 ,000
private ,073 ,087 ,006 ,843 ,399
gender 464 ,043 ,070 10,751 ,000
Turkish ,046 ,005 ,077 9,469 ,000
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2006 SST Biology Items
A

22. Asagidaki l. grafik, bir X katisinin sudaki ¢ézUnGrit- 24. Asagidakilerden hangisi turgor basinci yiiksek
guintn sicaklikla degisimini, 1. grafik de Ty, To, Ty si- olan bir bitki hiicresinin turgor basincinin azal-

glar?
cakliklarinda ¢coztnme slresince bu Katinin Katlesinin nanin sagia
zamanla degisimini gostermektedir. A) Hicrenin izotonik bir ortama konmasi

B) Hiicrenin, sitoplazmasindaki ¢tziinmils madde-
leri dig ortama atmasi

C) Hicrenin hipotonik bir ortama konmasi

'ﬁ
— i D) Hicrenin, ozmotik basinci ylksek bir ortama

konmasi

CozUnarlik
(9/100 cm3su)
Katinin kiitlesi

—%

>

Sicaklik (-6) - C) Ilucrenin ATP kullanarak suyu icine almasi

I. grafik IL. grafik

Bu grafiklere gore, agagidaki yargilardan hangisi
yanhstir?

A) Xin ¢dzintrligl ekzotermiktir.
B) X in doygun ¢ozeltisi isitilirsa ¢ékelme olur.

C) Sicakliklar arasinda Ts < T, < Ty iligkisi vardir.

D) T, Ty, Ty sicakliklarindaki ¢bzeltiler t aninda
doygun haldedir.

E) Xin T, sicakhdindaki ¢éziinirligt T, ve T, te-
kinden fazladir.

25. Nilkleik asitlerin,
23. Hiicrede ger¢eklesen biyokimyasal olaylarla ilgili,
I. organel yapisinda yer alma,

I. Hlcre i¢i enerji Greten reaksiyonlann baslamast
icin enerji gerekir. Il. protein sentezinde rol oynama,

Il. Metabolik bir yolda yer alan enzimler birbirini Hl.  aminoasitleri tanma

izleyerek islev gorir. . , ) L ROLTRpS
dzelliklerinden hangileri RNA gesitlerinin tiimiin-

I1l. Reaksiyonun baglamasi igih enzimin bulunmas! de bulunur?

her zaman yeterlidir.
A) Yalniz | B) Yalmz Il C) Yalmz 1l

agiklamalarindan hangileri dogrudur?
Dylvell E) Il ve lII

A) Yalmiz | B) Yalmz It C)lvell

D)l ve il E) Il ve Il
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26. Normal gevre kogullaninda, bitkilerin kloroplast-
lannda‘agagidaki olaylardan hangisi gergekles-
mez?

A) Enzimlerin kullanimasi
B) ATP dretimi

C) DNA nin eslenmesi

D) Organik madde iiretimi

E) Yaj depolanmasi

27. Kapal bir deney ortaminda, deneyin baslangicindan
24 saat sonra, karbondioksit ve serbest azot miktar-
min azaldig, oksijen miktarinin arthidi gézleniyor.

Bu dedisiklige, asagidakilerin hangisinde verilen
iki canh grubunun birlikte yagamasi neden olur?

A) Yesil bitki — Mantar

B) Parazit bitki — Mantar

C) Baklagiller — Nitriflkasyon bakterileri
D) Yesil bitki — Parazit bitki

E) Mantar — Giiriikglil bakteriler

28. Sicak ve kuru bir ortamda bulunan ve yeterli mik-
tarda su alamayan normal bir insanin viicudunda,

I. viicut i¢ sicakh@inda artma,
1. terdeme,
lIl. deku sivisindaki tuz miktarinda azalma

olaylan, asaPldakilarin hangisinde verilen siraya

gore gerceklesir?
A l=1=11 Bjl=1-1
Cylt=I1=1n Dyim=i-n

Byl

29. Aym tirden kirmizi gigekli iki bitki arasinda yapilan
birinci gaprazlama senucunda % U kirmizi gigekli,
% i beyaz gigekli olan Fy dli elde edilmistir. F
délanden alinan kirmizi gigkli iki bitkiyle yapilan ikin-
ci gaprazlamadan elde edilen F, ddlindeki tim bitki-
ler kirmizi gigekli olmustur.

Buna gore,

I. Birinci caprazlamaya alinan bireylerin ikisi de_. .
heterozigottur. - .

. F; dolindeki bireylerin bir kismi homozigot bir

kismi heterozigottur.

11, Ikinci gaprazlamaya alinan bireylerin ikisi de
heterozigottur.

ifadelerinden hangileri kesinlikle dogrudur?

A) Yalniz | B) Yalniz Il C) Yalmz il
D)lvell E)live Nl
30.
|. Adaptasyon
Il. Mutasyon

Ill. Kalitsal varyasyon

Bir populasyondaki bireyler, yukaridakilerden
hangilerini *dogal secilim’le kazamr?

A) Yalmz | B) Yalniz Il C) Yalmz Il

D)lvell E) llve lll

FEN BILIMLERI—1 TESTI BITTI.
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23. Fotosentezde aym klorofil molekiilGniin telrar 25. Kapzl tohumlu dipioit bir bitkids,

tekrar kullamlablimesini asafidakilerden hangisi .
saglar? I, mikrospordan t0p ¢ekirdedinin olusmas:,
A) Ortamda ADP molekillerinin bulunmasi il. triploit endosperm gekirdedinin olusmast,
B) Oksijenin sudan aynimasi ) Il zigottan embriyo olusmasi,
C) Yitksek eneriili elektron enerjilerinin ATP lerde IV, Gretken (generatif) cekirdekten sperm
utulmas gekirdeklerinin olusmasi
D) P-~5C~P biesiginin serbest karbondioksiti olaylarindan hangileri mitozla gergeklesir?
tut
masi Alvell B Il ve It C)live v

El i i
E) Elektron tagima sistemine elektron aktariimasi D)1, 1l ve IV E} I 1l ve IV

26. insanda, kan plazmasinin ozmotik basincinin

24. Stomalann gece kapanmasim, kilit hiicrelerinde, artmast, agagidakilerden hangisine neden ofur?
{. glukozun nisastaya cevrilmesi, A} Atlan idrar miktarinin azalmasina
1. oz-moiik basmen dﬁgmesi,. B) Kanda glukoz miktanmn artmasina
Il hiicre iginde karbondioksit birikmesi, C) Idrarda glukoz miktaninin azalmasina
IV. suyun kemsu epidermis hiicrelerine gegmesi D) ldrarla atifan tuz miktarinin artmasina
olaylannin hangi sirayla gergeklesmesi saglar? E) ldrarla atilan Gre miktarinin artmasina
A== =1 Byl =1l=1-1v
[ RIS P I Y DYy IV — 1~ =1L
Eywv—ti=i—1i
Difjer sayfaya geginiz.
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27.

Yukandaki gemada, insan karacigerini olugturan lop-
guklardan birl, numaralanmig bazi damarian, kanal-
lart ve bir kisim hiicreleriyle gésterilmistic. Karacigerin
lopguklarinda gerceklegen olaylar arasinda,

I, dretilen safra sivisinin uzaklastinlmass,

I depalanmig 6ncll A vitamininden olugturulan
A vitamininin kan dolagimina génderilmesi

olaylan da vardir.

Lopcuklarda . ve Il olaylarla ilgili madde akigimin
gergeklestigi yapilar ve bu yapilarin madde akigi-
na gire siralamgi agagidakilerin hangisinde dod-

ru olarak verilmistir?

I. olay
A) 12253
B) 25455
C) 3554
D} 3521
E) 4-3-1

II. olay

A

e ':'Lopguk cavresi
safra kanall

@ Safra kanalcigi

(3) Karaciger hicresi

Merkez

toplardaman

@ Sintisler

35224
12423
22321
3524

S5—+2-4

28. Botoks, insanda uygulandi@ bélgede sadece metor
sinirlerdeki fletimi engeillemel igin kullanilan bir mad-
dedir.

Buna giire, botoks, uygulandin bélgede,

1. uyarilann alinarak merkez} sinir sistemine ilefil-
mesi,

Ii. tepki orgarinda cevap olugmasi,
1. uyarilann merkezi sinir sisteminde algilanmasi

islevierinden hangilerini engzlier?

A) Yalmz | B) Yalruz I ) Yalmz il
D)lvell By llve Il
Difjar sayfaya geginiz.
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28,

- B) 2. ve 4. bireylerin izlenen dzellikle ilgili genotip-

A

[J: Fenotipinde, izlenen
dzellik gorilmeysn
erkel birey

Q': Fenolipind, izlenen
azellik gorilmayen
disi birey

B : Fenotipinde, izlanen
ozeliik gorilen erkek
biray

Yukarndaki soyagaci, eseye bagh olarak kalttilan bir
ozelligi gostermekiedir.

lzlenen Bzeliik bakimindan, bu soyagacindaki bi-
reylerle ilgili asagidaki ifadelerden hangisi dodru-
dur?
A) 1. ve B. bireylerin izlenen ozelliklz ilgili genofip-
leri aynider,
leri farklidr.
C) 3. bireyde izlenen dzellikle ilgili allel bulunmaz.
D) 5, birey tagiyicidir.

E} 7. birey homozigottur.

30. Himalaya tavsanlannda kuyruk, kolak ve ayak udlan

siyah, vicudun diger kisimlan beyaz renklidir. Bir de-
neyde, bir Himalaya tavsanimin sirt bdlgesindeki bir
alan tiras edilip bu kisma buz yastif konmustur. Bu
bélgede yeni gikan killann siyah oldugu gériimbstir.

Deneyin bundan sonraki agamalarnds:

I. Yukanda sbzii edilen tavsan, siri bélgesinds ¢i-
kan siyah killar tiras edildikten sonra, dogal or-
tama birakildifinda bu bolgede tekrar beyaz
killarin gikmasi

Il. Baska bir tavsanin sirt killan tirag edilip bu bél-
geye sicak yastk uygulanmast sonucunda bol-
gede beysz killann gikmast

lIt. Sirtinda siyah bolge olusturulan baska bir tav-
ganin dofal ireme ortaminda firemesiyle olu-
san yavrutann kil renklerinin Himalaya tavgan-
larmin normal kil renklerinde olmasi

durumunda, bunlardan hangileri modifikasyon
kamiti olarak kullamilabilir?

C) Yalmz 1]

A) Yalmz | B) Yalmz Il

Dylve lll E) lve il

FEN BILIMLERI-2 TESTI BITTL.
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APPENDIX B

ANALYSIS OF 2007 STUDENT SELECTION TEST

Missing Values of Items

Science 1_23
Frequency Percent
0 4293 36,7
1 6792 58,1
Missing 601 51
Total 11686 100,0
Science 1_24
Frequency Percent
0 3027 25,9
1 6016 51,5
Missing 2643 22,6
Total 11686 100,0
Science 1 25
Frequency Percent
0 5072 43,4
1 5308 454
Missing 1306 11,2
Total 11686 100,0
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Missing Values of Items (continued)

Science 1 26
Frequency Percent
0 3777 32,3
1 6046 51,7
Missing 1863 15,9
Total 11686 100,0
Science 1 27
Frequency Percent
0 4466 38,2
1 3703 31,7
Missing 3517 30,1
Total 11686 100,0
Science 1_28
Frequency Percent
0 2332 20,0
1 8624 73,8
Missing 730 6,2
Total 11686 100,0
Science 1 29
Frequency Percent
0 1719 14,7
1 9387 80,3
Missing 580 5,0
Total 11686 100,0
Science 1 30
Frequency Percent
0 1872 16,0
1 6991 59,8
Missing 2823 24,2
Total 11686 100,0
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Missing Values of Items (continued)

Science 2_23
Frequency Percent
0 7063 60,4
1 1952 16,7
Missing 2671 22,9
Total 11686 100,0
Science 2_24
Frequency Percent
0 2976 25,5
1 3480 29,8
Missing 5230 44,8
Total 11686 100,0
Science 2_25
Frequency Percent
0 4221 36,1
1 5038 43,1
Missing 2427 20,8
Total 11686 100,0
Science 2_26
Frequency Percent
0 3085 26,4
1 5012 42,9
Missing 3589 30,7
Total 11686 100,0
Science 2_27
Frequency Percent
0 4474 38,3
1 3955 33,8
Missing 3257 27,9
Total 11686 100,0
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Missing Values of Items (continued)

Science 2_28
Frequency Percent
0 2554 21,9
1 6515 55,8
Missing 2617 22,4
Total 11686 100,0
Science 2_29
Frequency Percent
0 3300 28,2
1 3008 25,7
Missing 5378 46,0
Total 11686 100,0
Science 2_30
Frequency Percent
0 3867 331
1 3947 33,8
Missing 3872 33,1
Total 11686 100,0
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Frequencies of Items

Skewness Kurtosis
Turkishl 1 -1,833 1,362
Turkishl 2 -,502 -1,748
Turkishl_3 -5,018 23,183
Turkishl 4 -1,851 1,428
Turkishl 5 -1,486 ,209
Turkishl_6 ,347 -1,880
Turkishl 7 -3,829 12,661
Turkishl 8 -3,327 9,069
Turkishl_15 ,828 -1,315
Turkishl 16 -,068 -1,996
Turkishl 19 -,552 -1,696
Turkishl 20 -,534 -1,716
Turkishl 21 -3,656 11,368
Turkishl 22 -,726 -1,473
Turkishl_23 -2,886 6,328
Turkishl 24 -2,730 5,456
Turkishl 25 -1,813 1,288
Turkishl 26 -1,666 175
Turkishl 27 -1,139 -,702
Turkishl 28 -,677 -1,543
Turkishl 29 -,476 -1,774
Turkishl 30 -1,215 -,523
Mathematicsl 1 -2,589 4,702
Mathematicsl 2 -5,071 23,721
Mathematicsl 3 -2,480 4,152
Mathematicsl 4 -3,982 13,862
Mathematicsl 5 -2,348 3,514
Mathematicsl 6 -2,113 2,466
Mathematicsl 7 -1,093 -,806
Mathematicsl_8 -1,084 -,825
Mathematicsl 9 -1,489 ,216
Mathematicsl_10 -1,488 214
Mathematicsl 11 -1,900 1,612
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Frequencies of Items (Continues)

Skewness Kurtosis
Mathematicsl_12 -1,616 ,611
Mathematicsl_13 -1,849 1,418
Mathematicsl 14 -3,892 13,154
Mathematicsl_15 -,997 -1,006
Mathematicsl_16 -1,715 ,942
Mathematicsl 17 -2,325 3,408
Mathematicsl_18 -,998 -1,004
Mathematicsl_19 -,113 -1,988
Mathematicsl 20 -1,973 1,894
Mathematicsl 21 -1,382 -,091
Mathematicsl_22 -,540 -1,709
Mathematicsl 23 -,839 -1,297
Mathematicsl 24 -1,820 1,311
Mathematicsl 25 -,654 -1,573
Mathematicsl 26 -2,395 3,736
Mathematicsl 27 -1,594 541
Mathematicsl 28 -,489 -1,762
Mathematicsl 29 -,961 -1,077
Mathematicsl 30 -,865 -1,252
Sciencel 1 ,331 -1,891
Sciencel 2 -,628 -1,605
Sciencel 3 -,421 -1,823
Sciencel 4 ,176 -1,970
Sciencel 5 -, 716 -1,487
Sciencel 6 -2,006 2,025
Sciencel 7 -,487 -1,763
Sciencel 8 -1,272 -,382
Sciencel 9 -1,092 -,808
Sciencel 10 -1,906 1,632
Sciencel 11 -1,414 -,002
Sciencel 12 -1,503 ,258
Sciencel 13 -,298 -1,912
Sciencel 14 -1,126 -, 732
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Frequencies of Items (Continues)

Skewness Kurtosis
Sciencel 15 -1,262 -,408
Sciencel 16 -1,013 -,974
Sciencel 17 -1,406 -,024
Sciencel_18 -3,5641 10,540
Sciencel 19 -,912 -1,168
Sciencel 20 -117 -1,987
Sciencel 21 -1,465 ,146
Sciencel 22 -1,445 ,087
Sciencel 23 -,463 -1,786
Sciencel 24 -,701 -1,510
Sciencel 25 -,045 -1,998
Sciencel 26 -, 475 -1,775
Sciencel 27 ,188 -1,965
Sciencel 28 -1,403 -,031
Sciencel 29 -1,909 1,645
Sciencel 30 -1,415 ,003
Mathematics2_1 -,858 -1,264
Mathematics2_2 -1,621 ,628
Mathematics2_4 -1,599 ,555
Mathematics2_3 -1,348 -,182
Mathematics2_5 -1,101 -, 789
Mathematics2_6 -,833 -1,307
Mathematics2_7 -2,759 5,615
Mathematics2_8 -,991 -1,018
Mathematics2_9 -,509 -1,741
Mathematics2_10 -,788 -1,380
Mathematics2_11 -, 764 -1,417
Mathematics2 12 -1,739 1,024
Mathematics2_ 13 ,493 -1,757
Mathematics2_14 1,140 -,700
Mathematics2_15 1,478 ,185
Mathematics2_16 -,335 -1,888
Mathematics2_17 -,557 -1,691
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Frequencies of Items (Continues)

Skewness Kurtosis
Mathematics2_18 -,608 -1,631
Mathematics2_19 -,125 -1,985
Mathematics2_20 -,625 -1,611
Mathematics2_21 -1,385 -,082
Mathematics2_22 -2,485 4,176
Mathematics2_23 -,146 -1,979
Mathematics2_24 -1,047 -,903
Mathematics2_25 -,951 -1,096
Mathematics2_26 -1,063 -,871
Mathematics2_ 27 -1,467 ,153
Mathematics2_28 ,951 -1,096
Mathematics2_ 29 -2,202 2,848
Mathematics2_30 -2,631 4,921
Science2_1 -,012 -2,000
Science2 2 -,525 -1,724
Science2_3 1,780 1,169
Science2_4 -,169 -1,972
Science2 5 ,620 -1,615
Science2_6 ,103 -1,991
Science2_7 1,025 -,949
Science2_8 ,462 -1,787
Science2 9 ,606 -1,634
Science2_10 -,023 -2,000
Science2_11 -,055 -1,997
Science2 12 ,538 -1,711
Science2_13 ,989 -1,021
Science2_14 -,544 -1,705
Science2_15 -,589 -1,653
Science2_16 -1,130 -, 723
Science2_17 ,005 -2,001
Science2 18 -1,189 -,586
Science2_19 -1,125 -, 735
Science2_20 -174 -1,970
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Frequencies of Items (Continues)

Skewness Kurtosis
Science2_21 ,048 -1,998
Science2_22 -,583 -1,660
Science2 23 1,377 -,105
Science2_24 -,157 -1,976
Science2_25 -, 177 -1,969
Science2_26 -,490 -1,760
Science2_27 ,123 -1,985
Science2_28 -,971 -1,057
Science2_29 ,093 -1,992
Science2_30 -,020 -2,000
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Item and Test Analysis Program (ITEMAN) Results

Item Statistics Alternative Statistics
Seq. Scale | Prop. | Biser. | Point | Alt. | Prop. Biser. | Point | Key
No. -ltem | Corr. Biser. Endor. Biser.
S123 |1-1 0.581 |0.667 | 0528 | A |0.581 0.667 |0.528 |*
B 0.126 -0.325 | -0.203
C 0.117 -0.437 | -0.267
D |0.031 -0.320 | -0.129
E 0.093 -0.260 | -0.149
Ot. | 0.051 -0.398 | -0.190
S124 |1-2 0515 |0.751 | 0599 | A |0.038 -0.327 | -0.141
B 0.133 -0.301 | -0.191
C 0.034 -0.293 | -0.122
D |0.055 -0.312 | -0.152
E 0.515 0.751 |0599 |~*
Ot. | 0.226 -0.503 | -0.362
S125 |1-3 0454 |0.720 | 0573 |A |0.074 -0.431 | -0.231
B 0.454 0.720 | 0573 | *
C 0.090 -0.225 | -0.128
D |0.215 -0.244 | -0.173
E 0.056 -0.302 | -0.148
Ot. | 0.112 -0.438 | -0.265
S126 |14 0517 |0.671 | 0536 |A |0.517 0.671 |0536 |*
B 0.068 -0.235 | -0.123
C 0.067 -0.276 | -0.143
D |0.111 -0.182 | -0.110
E 0.076 -0.316 | -0.171
Ot. | 0.159 -0.498 | -0.330
S127 |15 0.317 |0.813 |0.622 | A |0.015 -0.164 | -0.052
B 0.242 -0.078 | -0.057
C 0.317 0.813 |0.622 |*
D |0.045 -0.089 | -0.041
E 0.080 -0.200 | -0.110
Ot. | 0.301 -0.634 | -0.481
S128 |1-6 0.738 |0.730 | 0540 |A |0.030 -0.324 | -0.128
B 0.027 -0.390 | -0.150
C 0.065 -0.468 | -0.241
D |0.738 0.730 |0.540 |~*
E 0.078 -0.410 | -0.223
Ot. | 0.062 -0.590 | -0.300
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Item and Test Analysis Program (ITEMAN) Results

Item Statistics Alternative Statistics
Seq. Scale | Prop. | Biser. | Point | Alt. | Prop. Biser. | Point | Key
No. -ltem | Corr. Biser. Endor. Biser.
S129 |1-7 0.803 | 0519 |0.362 |A |0.029 -0.375 | -0.148
B 0.008 -0.334 | -0.083
C 0.094 -0.352 | -0.203
D |0.015 -0.202 | -0.064
E 0.803 0519 |0.362 |*
Ot. | 0.050 -0.431 | -0.204
S130 |1-8 0.598 |0.692 | 0546 |A |0.013 -0.269 | -0.079
B 0.049 -0.230 | -0.108
C 0.598 0.692 | 0546 |*
D |0.028 -0.336 | -0.130
E 0.071 -0.260 | -0.137
Ot. | 0.242 -0.574 | -0.418
S2 23 |19 0.167 |0.397 |0.266 | A |0.018 -0.186 | -0.062
B 0.092 -0.057 | -0.032
C 0.147 0.010 | 0.006
D |0.347 0.156 | 0.121
E 0.167 0.397 |0.266 |*
Ot. | 0.229 -0.467 | -0.336
S2 24 |1-10 0.298 |0.720 | 0546 |A |0.032 -0.195 | -0.080
B 0.087 -0.074 | -0.042
C 0.298 0.720 | 0546 | *
D |0.069 0.150 | 0.079
E 0.067 0.086 | 0.045
Ot. | 0.448 -0.645 | -0.513
S2 25 |1-11 0431 |0.772 |0.613 | A |0.085 -0.255 | -0.143
B 0.431 0.772 |0.613 | *
C 0.008 -0.283 | -0.068
D |0.076 -0.223 | -0.120
E 0.192 -0.194 | -0.134
Ot. | 0.208 -0.604 | -0.426
S2 26 |1-12 0.429 |0.850 | 0.674 | A |0.062 -0.124 | -0.063
B 0.069 -0.274 | -0.143
C 0.066 -0.129 | -0.067
D |0.429 0.850 |0.674 |*
E 0.067 -0.204 | -0.105
Ot. | 0.307 -0.681 | -0.519
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Item and Test Analysis Program (ITEMAN) Results

Item Statistics Alternative Statistics
Seq. Scale | Prop. | Biser. | Point | Alt. | Prop. Biser. | Point Key
No. -ltem | Corr. Biser. Endor. Biser.
S2 27 |1-13 0.338 | 0.674 | 0521 | A 0.054 -0.295 | -0.143

B 0.142 -0.070 | -0.045

C 0.338 0.674 | 0.521 *

D 0.032 -0.254 | -0.103

E 0.155 0.105 | 0.069

Oot. |0.279 -0.611 | -0.458
S2 28 |14 0.558 | 0.862 | 0.685 | A 0.558 0.862 | 0.685 *

B 0.066 -0.368 | -0.190

C 0.076 -0.328 | -0.176

D 0.023 -0.304 | -0.110

E 0.055 -0.311 | -0.151

Ot. |0.224 -0.654 | -0.469
S229 |15 0.257 |0.704 | 0520 | A 0.076 0.015 | 0.008

B 0.073 -0.038 | -0.021

C 0.066 -0.124 | -0.064

D 0.257 0.704 | 0.520 *

E 0.066 0.018 | 0.009

Ot. | 0.460 -0.530 | -0.422
S2 30 |1-6 0.338 | 0.670 | 0.518 | A 0.338 0.670 | 0.518 *

B 0.052 -0.081 | -0.039

C 0.189 0.176 |0.122

D 0.041 -0.193 | -0.085

E 0.049 -0.108 | -0.051

Ot. |0.331 -0.706 | -0.544
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Scale Statistics

Scale 1

N of Items 16
N of Examinees 11686
Mean 7.340
Variance 16.781
Std. Dev. 4.096
Skew 0.258
Kurtosis -1.048
Minimum 0.000
Maximum 16.000
Median 7.000
Alpha 0.843
SEM 1.624
Mean P 0.459
Mean ltem-Tot. 0.541
Mean Biserial 0.701
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Factor Analysis
Descriptive Statistics

Mean |Std. Deviation N

Sciencel 23 ,6127 ,48715 11085
Sciencel_24 ,6653 47192 9043
Sciencel_25 ,5114 ,49989 10380
Sciencel 26 ,6155 ,48650 9823
Sciencel_27 ,4533 ,49784 8169
Sciencel_28 ,7871 ,40934 10956
Sciencel 29 ,8452 ,36171 11106
Sciencel 30 ,7888 ,40819 8863
Science2_23 ,2165 ,41190 9015
Science2_24 ,5390 ,49851 6456
Science2_25 5441 ,49808 9259
Science2_26 ,6190 ,48566 8097
Science2_27 ,4692 ,49908 8429
Science2 28 , 71184 ,44981 9069
Science2_29 4769 ,49950 6308
Science2_30 ,5051 ,50001 7814

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling ,925

Adequacy.

Bartlett's Test of Sphericity

Approx. Chi-Square 10442,939

df 120

Sig. ,000
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Communalities

Initial Extraction
Sciencel 23 1,000 278
Sciencel 24 1,000 ,368
Sciencel 25 1,000 ,328
Sciencel 26 1,000 ,253
Sciencel 27 1,000 ,357
Sciencel 28 1,000 337
Sciencel 29 1,000 ,136
Sciencel 30 1,000 ,250
Science2 23 1,000 ,858
Science2_24 1,000 ,188
Science2_25 1,000 ,327
Science2_26 1,000 ,387
Science2_27 1,000 ,182
Science2_28 1,000 ,464
Science2_29 1,000 244
Science2_30 1,000 ,120
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Total Variance Explained

Total Variance Explained

Compo Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
nent Total | % of Variance | Cumulative % Total % of Variance | Cumulative % Total % of Variance | Cumulative %
1 4,074 25,463 25,463 4,074 25,463 25,463 3,896 24,350 24,350
2 1,001 6,258 31,721 1,001 6,258 31,721 1,179 7,371 31,721
3 ,988 6,173 37,894
4 ,920 5,747 43,641
5 ,879 5,491 49,133
6 ,860 5,374 54,506
7 ,837 5,233 59,740
8 ,806 5,035 64,775
9 ,793 4,958 69,733
10 77 4,859 74,591
11 770 4,814 79,405
12 717 4,484 83,888
13 ,689 4,304 88,192
14 ,667 4,168 92,360
15 ,641 4,005 96,365
16 ,582 3,635 100,000
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Scree Plot

Scree Plot

Eigenvalue
9

e

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

Component Number

Component Matrix

Component

1 2
Science2_28 ,676 -
Science2_26 ,620 -
Sciencel 24 ,600 -
Sciencel 27 ,573 ,167
Sciencel 25 571 -
Science2_25 ,567 -
Sciencel 28 ,552 -,179
Sciencel 23 ,522 -
Sciencel 26 ,501 -
Science2_29 ,493 -
Sciencel 30 472 -,163
Science2_27 425 -
Science2_24 407 ,148
Sciencel 29 341 -,140
Science2_30 ,338 -
Science2_23 ,158 ,913
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Rotated Component Matrix

Component
1 2
Science2_28 677
Science2_26 ,614 ,101
Sciencel 24 ,604
Sciencel 27 ,579
Sciencel 25 544 ,178
Science2_25 ,533 ,209
Sciencel 28 ,525
Sciencel 23 ,516 ,301
Sciencel 26 ,498
Science2_29 ,488
Sciencel 30 475 ,164
Science2_27 ,407 ,128
Science2_24 ,365
Sciencel 29 ,360 242
Science2_30 311 ,151
Science2_23 ,924
Component Transformation Matrix
Component 1 2
1 971 241
2 -,241 971
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The Simplis Syntax For Biology Items of 2007 SST

CFA BIO 2007

Observed Variables

S1 23S1 24S1 25S1 26S1 27 S1 28S1 29S1 30S2 23S2 24S2 25S2 26
S2 27S2 28S2 29S2 30

Covariance Matrix from File: CFA2007.COV

Sample Size = 11686

Latent Variables

Normal Difficult

Relationships

S1 23S1 24S1 25S1 26 S1 28S1 29S1 30S2 25S2 26 S2 27 S2_28 S2_29
S2_30 = Normal

S1 27 S2_23 S2_24 = Difficult

Path Diagram
End of Problem

Goodness-Of-Fit Criteria For Biology Items of 2007 SST

Goodness-of-Fit Criteria 2007 SST
Chi-Square (y2), df 4519.57; 103
Normed Chi-Square (NC)

Goodness-of-Fit Index (GFI) 0.96
Adjusted Goodness-of-Fit Index (AGFI) 0.95
Root-Mean-Square Residual (RMR) 0.028
Root-Mean-Squared Error of Approximation 0.059
(RMSEA)

Normed Fit Index (NFI) 0.98
Non-Normed Fit Index (NNFI) 0.98
Comparative Fit Index (CFI) 0.98
Incremental Fit Index (IFI) 0.98
Relative Fit Index (RFI) 0.98
Expected Cross Validation Index (ECVI) 0.37
Parsimonious Normed Fit Index (PNFI) 0.84
Parsimonious Goodness-of-Fit Index (PGFI) 0.72
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Regression Analysis

Model Summary

Adjusted R | Std. Error of
R R Square Square the Estimate
,840° ,706 ,706 2,22006
ANOVA
Sum of
Squares df Mean Square F Sig.
Regression | 135850,889 8 16981,361 | 3445,438 | ,000°
Residual 56511,910 11466 4,929
Total 192362,799 | 11474
Coefficients
Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t Sig.
(Constant) -,532 ,134 -3,970 ,000
age ,032 ,037 ,005 ,865 ,387
gender 434 ,045 ,053 9,625 ,000
selected ,882 ,072 ,104 12,281 ,000
private ,581 ,089 ,037 6,544 ,000
Turkish ,020 ,006 ,108 15,562 ,000
math ,022 ,003 ,083 7,337 ,000
phy ,196 ,007 ,270 26,451 ,000
che 293 ,008 ,380 35,255 ,000
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2007 SST Biology Items
A

23. Aralarnindaki ortak 6zellikler en fazla olan canlilar, | 26. Canlilarda, yeni irklarin elde edilmesinde, kural

asagidaki filogenetik siniflandirma basamaklarin- olarak, yarar sadglamayan 6zellik asagidakilerden
dan hangisinde bulunur? hangisidir? L
A) Tar B) Cins C) Familya A) Eseysiz ireme

D) Takim E) Sinif B) Alt tirlere sahip olma

C) Tir ici kalitsal gesitlilige sahip olma

D) Kisa zamanda tamamlanan bir yasam déngi-
stine sahip olma

E) Kolay yetistirilebilme

24,

DNA >DNA RNA > Protein

T 1l T 27
] I glukoz gozeltisi iyot
Vv \Y, + nigasta cozeltisi

Normal bir insan hiicresinde biyokimyasal olay-
lar, semada |, II, lll, IV ve V numarali oklarin han- M kolu N kolu
gileriyle gosterilen yonlerde gerceklesmez?

A)lvell B)lveV C)llvelll

D) Il ve IV E)IVveV

bagirsak zari

U seklindeki bir borunun M ve N kollar bir bagirsak
zanyla sekildeki gibi ayrnilmistir. M koluna glukoz ¢o-
zellisiyle nisasta, N koluna ise iyot ¢ozeltisi konmus-
tur. (Iyot nisasta ayiracidir ve nisasta taneciklerini
maviye boyar.)

Bu deneyin sonunda asagidakilerden hangisi
beklenmez?
25. Cimlenmekte olan bir tohumda, fotosentez yapa-

A) M kol ozelti yogunlug gi i
na kadar gegen siirecte, agsagidakilerden hangisi ) S = sy sen dofpncsi

gergeklesmez? B) M kolunda nisasta miktarinin ayni kalmasi
A) Mitoz bélinme B) Besin depolama C) N kolunda sivi renginin maviye déniismesi

C) Hucresel farkhilasma D) Enerii tretimi D) N kolunda iyot yogunlugunun azalmasi

E) Enzim faaliyeti E) Kollardaki glukoz yogunlugunun esitienmesi

Diger sayfaya geginiz.
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A

28. Asagidaki tabloda baz: canli tiirlerinin kromozom
sayilari verilmigtir.

Canli Tura Kromozom Sayisi (2n)
Arl 32
Ayl 76
Tavuk 78
Képek 78
Egrelti otu bitkisi 500

Bu tablodaki bilgilere gére,

I. ki canlh tiirtintin kromozom sayilarina bakilarak
akrabaliklar hakkinda karar verilemez.

Il. Bir canli tiriiniin kromozom sayisi, onun hangi
sinifa (classise) ait oldugunu belirler.

IIl. Bir canli tiriiniin kromozom sayisinin az olma-
si ya da gok olmasi gelismiglik diizeyini belirle-
mez.

yargilarindan hangileri dogrudur?

A) Yalniz | B) Yalniz Il C)lvell

D) I ve il E) Il ve lll

29. Omurgalilarda asagidaki sistemlerden hangisi dig
ortama agilmaz?
A) Ureme

B) Bosaltim C) Sindirim

D) Solunum E) Dolagim

30.

Yillik ortalama
sicaklik ('C)

32.24[" I

15,6 1

A \%
1 1\

' 203 ' 305 406
Yillik ortalama yagis (cm)

102

Yillik ortalama yagis ve sicaklik dederlerine gore
hazirlanan yukaridaki grafikte, tundra, ¢ol, yagmur
ormani, yaprak déken agag ormani ve igne yaprakli
agac ormani biyomlart I, II, 1ll, IV ve V olarak numa-
ralanmigtir.

Buna gore, yagmur ormani biyomu grafikte hangi
numarayla gdsterilmistir?

Al B) Il c) D)V  E)V

FEN BILIMLERIi-1 TESTI BiTTi.

185



23. Yaprak doken bir agacin gévdesinin yerden h yiik-
sekligindeki bir noktasina uzun bir Givi, % U disa-

nda kalacak sekilde, 6z bolgesine kadar gakiliyor.

Bu bitki 10 yil sonra incelendiginde,

1. agacin gévdesi disinda kalan givi uzunlugunun

ayni kaldigt,

II. adacin gévdesi diginda kalan givi uzunlugunun
azaldigi,

lll. uzayan agacta civinin, h yiksekliginden daha
yukarida oldugu,

IV. aacin uzamasina karsin givinin, h yiiksekligin-

de kaldig
durumlarindan hangileri gézlenir?
A) Yalniz | B) Yalmz il C)lvelV
D) live Ill E)llvelV

24.

Seker hastalarinda kullanilan insiilin hormonu,
rekombinant DNA teknolojisiyle E. coli bakterilerinde
uretilmektedir. Bu islemin bazi agamalan asagida
verilmisgtir:

1. Insiilin geni igeren insan DNA pargasinin tasi-
yici DNA (plazmit) ile birlesmesi

Il. E. coli plazmit DNA sinin ve insan DNA sinin
timiinin saf olarak elde edilmesi

lil.  E. coli plazmit DNA sinin ve insan DNA sinin
insilin genini kodlayan kisminin restriksiyon
enzimiyle kesilmesi

IV. Gen aktarilmig E. coli bakterilerinin besiyerinde
cogaltiimasi

V. Plazmitin E. coli hiicresine aktariimasi

Bu agamalarin dogru siralamsi agagidakilerin
hangisinde verilmistir?

Al=ll—l—V_V B ll—1—lll—IV—V
C)ll—M—1-V-1IV D)li—l—-V—I—IV
E)V—I—IV—1Ill—1i

Diger sayfaya geciniz.
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25. Normal bir insanda yogun bir egzersiz sonucun- 27. Bir refleks yayini olusturan néronlarla ilgili ola-
da asagidakilerden hangisi ger¢eklesmez? rak, fiziksel ya da kimyasal etkinin siddeti degis-
2 se bile agagidakilerden hangisi dedismez?
A) Kandaki karbondioksit miktarinin artmasi
A) Kullanilan ATP miktar
B) Kan pH simin yitkselmesi (Kanin baziklesmesi)
B) Impuls sayist
C) Soluk alip— verme hizinin artmast
C) Impuls siddeti
D) Dokulardaki oksijen miktarinin azalmasi
D) Harcanan oksijen miktart
E) Hiugcrelerdeki ADP miktarinin artmasi
E) Uyarilan néron sayisi
28. Annenin AB, babanin O kan grubundan oldugu bir
26. Asagidaki sema, insanda bir sarkomerin yapisini ailede 3 gocuk vardir.
" gOstermektedir.
Bu gocuklarin kan gruplarinin fenotipleri agagida-
| band Abandi 1 band) kilerin hangisinde verilenler gibiyse ligiiniin de
Miyozin ! Y Y 6z kardes oldugu sdylenebilir?
iplikleri ’
e - 1.gocugun 2. gocudun 3. gocugdun
’ TSI T AEED = kangrubu  kangrubu  kan grubu
i = fenotipi fenotipi fenotipi
H bandi
Zgizgisi” 1o . | Zgizgisi B) AB 0 AB
B
Kayan iplikler hipotezine gore, kasilmig bir ¢izgili 4 " R
kasin gevsemesi sirasinda, D) B AB B
I. H bandinin kisalmasi, E) B A AB
Il A bandinin ayni kalmast,
. 1 bandinin kisalmasi,
IV. Z gizgilerinin birbirinden uzaklagmasi
olaylarindan hangileri gériiliir?
A)lvell D) tvelll C)livelll
D) llve IV E) lilve IV
Diger sayfaya geginiz.
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29. insanda disi bireyde, normal bir menstrual déngii
sirasinda, kandaki LH hormonunun miktarindaki
degigimi, asagidaki grafiklerden hangisi gosterir?

A) B)
Kandaki LH Kandaki LH
diizeyi duzeyi
1 Owulasyon o8 1 Owulasyon 28
C) D)
Kandaki LH Kandaki LH
duzeyi duizeyi
]'/w UL »
1 Ovulasyon 28 1 Ovulasyon 28
E)
Kandaki LH
dizeyi

Gii
1 Ovulasyon 28 o

30. Asadidaki grafikler, yillik yagis ortalamalarinda farkli-

liklar saptanan bir ekosistemde, bir bitki populasyo-
nunun K, L, M, N, P ve R varyasyonlarinin 1., 2. ve 3.
yillardaki dagiimini géstermektedir.

Birey sayisi

Birey sayist

32 40 48 36 44 52
Yilik yagis Yillik yagis
miktari (cm) miktari (cm)
Birey sayisi
40 48 56
Yillik yadis
miktar (cm)

Buna gére, agagidaki yargilardan hangisi yanlis-
tir?

A) Populasyonun devamliligi, varyasyonlarin birey
sayilarinin ayni kalmasiyla saglanmlgtlr.

B) Populasyondaki her bir varyasyonun birey sayisi
yagdis miktarina gore degigmistir.

C) Yagis miktarindaki degisme populasyon biiyiik-
lugna etkilememistir.

D) Farkh varyasyonlar farkli uyum géstermistir.

E) Yagis miktarindaki degisme bazi varyasyoniarin
elenmesine neden olmustur.

FEN BILIMLERI-2 TESTIi BiTTi.
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APPENDIX C

ANALYSIS OF 2008 STUDENT SELECTION TEST

Missing Values of Items

Science 1 23
Frequency Percent
0 7470 71,4
1 2596 24,8
Missing 393 3,8
Total 10459 100,0
Science 1 24
Frequency Percent
0 8296 79,3
1 1562 14,9
Missing 601 5,7
Total 10459 100,0
Science 1 25
Frequency Percent
0 5071 48,5
1 4914 47,0
Missing 474 4,5
Total 10459 100,0
Science 1 26
Frequency Percent
0 5966 57,0
1 4045 38,7
Missing 448 4,3
Total 10459 100,0
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Missing Values of Items (continued)

Science 1 27
Frequency Percent
0 9001 86,1
1 1024 9,8
Missing 434 4,1
Total 10459 100,0
Science 1 28
Frequency Percent
0 8280 79,2
1 1483 14,2
Missing 696 6,7
Total 10459 100,0
Science 1 29
Frequency Percent
0 8303 79,4
1 1539 14,7
Missing 617 59
Total 10459 100,0
Science 1 30
Frequency Percent
0 7565 72,3
1 2363 22,6
Missing 531 51
Total 10459 100,0
Science 2 23
Frequency Percent
0 6195 59,2
1 2343 22,4
Missing 1921 18,4
Total 10459 100,0
Science 2 24
Frequency Percent
0 7603 72,7
1 811 7,8
Missing 2045 19,6
Total 10459 100,0
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Missing Values of Items (continued)

Science 2_25
Frequency Percent
0 6347 60,7
1 1966 18,8
Missing 2146 20,5
Total 10459 100,0
Science 2 26
Frequency Percent
0 7316 69,9
1 1136 10,9
Missing 2007 19,2
Total 10459 100,0
Science 2_27
Frequency Percent
0 6163 58,9
1 2323 22,2
Missing 1973 18,9
Total 10459 100,0
Science 2_28
Frequency Percent
0 6278 60,0
1 1929 18,4
Missing 2252 21,5
Total 10459 100,0
Science 2 29
Frequency Percent
0 7495 71,7
1 974 9,3
Missing 1990 19,0
Total 10459 100,0
Science 2 30
Frequency Percent
0 6623 63,3
1 1886 18,0
Missing 1950 18,6
Total 10459 100,0
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Frequencies of Items

Skewness Kurtosis
Turkish 1 ,579 -1,666
Turkish 2 1,236 -, 473
Turkish 3 ,561 -1,686
Turkish 4 1,866 1,481
Turkish 5 1,643 ,700
Turkish 6 2,104 2,427
Turkish 7 2,733 5,473
Turkish 8 ,519 -1,731
Turkish 9 1,337 -,213
Turkish 10 524 -1,726
Turkish 11 ,460 -1,789
Turkish 12 1,014 -,971
Turkish 13 ,338 -1,886
Turkish 14 1,444 ,086
Turkish 15 2,571 4,609
Turkish 16 ,940 -1,117
Turkish 17 ,016 -2,000
Turkish 18 2,383 3,679
Turkish 19 1,587 520
Turkish 20 ,923 -1,148
Turkish 21 ,782 -1,389
Turkish 22 ,523 -1,727
Turkish 23 ,184 -1,967
Turkish 24 ,866 -1,250
Mathematicsl 1 ,964 -1,071
Mathematicsl 2 ,054 -1,997
Mathematicsl 3 ,960 -1,079
Mathematicsl 4 ,051 -1,998
Mathematicsl 5 2,205 2,863
Mathematicsl 6 2,455 4,027
Mathematicsl 7 2,664 5,099
Mathematicsl 8 ,844 -1,287
Mathematicsl 9 2,191 2,803
Mathematicsl 10 ,965 -1,068
Mathematicsl 11 1,358 -,156
Mathematicsl 12 ,944 -1,109
Mathematicsl 13 1,033 -,933
Mathematicsl 14 1,342 -,198
Mathematicsl 15 2,416 3,837
Mathematicsl 16 1,003 -,994

Frequencies of Items (Continues)
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Skewness Kurtosis
Mathematicsl_17 1,260 -,413
Mathematicsl_18 1,734 1,006
Mathematicsl 19 1,203 -,552
Mathematicsl 20 1,636 677
Mathematicsl_21 1,581 ,498
Mathematicsl 22 1,548 ,396
Mathematicsl_23 527 -1,722
Mathematicsl 24 ,666 -1,557
Mathematicsl 25 1,169 -,635
Mathematicsl_26 ,531 -1,718
Mathematicsl 27 ,239 -1,943
Mathematicsl 28 ,982 -1,036
Mathematicsl 29 ,937 -1,123
Mathematicsl 30 ,547 -1,702
Sciencel 1 1,112 -, 763
Sciencel 2 -,431 -1,814
Sciencel 3 ,018 -2,000
Sciencel 4 1,529 ,338
Sciencel 5 1,518 ,304
Sciencel 6 ,730 -1,468
Sciencel 7 ,715 -1,490
Sciencel 8 2,432 3,917
Sciencel 9 1,415 ,002
Sciencel 10 2,578 4,647
Sciencel 11 1,065 -,865
Sciencel 12 ,947 -1,103
Sciencel 13 1,102 -,786
Sciencel 14 ,678 -1,541
Sciencel 15 1,085 -,823
Sciencel 16 1,789 1,199
Sciencel 17 ,520 -1,730
Sciencel 18 422 -1,823
Sciencel 19 1,151 -,675
Sciencel 20 1,306 -,295
Sciencel 21 1,397 -,048
Sciencel 22 1,403 -,030
Sciencel_23 1,106 - 177
Sciencel_24 1,871 1,502
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Frequencies of Items (Continues)

Skewness Kurtosis
Sciencel 25 ,025 -2,000
Sciencel 26 ,394 -1,845
Sciencel_27 2,627 4,904
Sciencel 28 1,940 1,765
Sciencel 29 1,898 1,601
Sciencel 30 1,229 -,488
Mathematics2_1 ,909 -1,175
Mathematics2_2 -,216 -1,954
Mathematics2_3 ,087 -1,993
Mathematics2_4 1,122 -, 741
Mathematics2_5 2,127 2,525
Mathematics2_6 1,887 1,559
Mathematics2_7 ,860 -1,261
Mathematics2_8 2,159 2,664
Mathematics2_9 1,929 1,723
Mathematics2_10 1,645 ,706
Mathematics2_11 ,915 -1,163
Mathematics2_12 1,139 -,703
Mathematics2_13 ,905 -1,182
Mathematics2_14 ,844 -1,288
Mathematics2_15 ,601 -1,639
Mathematics2_16 ,949 -1,099
Mathematics2_17 ,852 -1,274
Mathematics2_18 ,332 -1,890
Mathematics2_19 ,863 -1,256
Mathematics2_20 ,934 -1,128
Mathematics2_21 , 764 -1,417
Mathematics2_22 ,126 -1,985
Mathematics2_23 2,671 5,134
Mathematics2_24 2,142 2,588
Mathematics2_25 ,393 -1,846
Mathematics2_26 ,633 -1,599
Mathematics2_27 ,964 -1,072
Mathematics2_28 ,355 -1,874
Mathematics2_29 1,050 -,898
Mathematics2_30 ,178 -1,969
Science2_1 1,765 1,114
Science2_2 -,070 -1,996
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Frequencies of Items (Continues)

Skewness Kurtosis

Science2_3 1,226 -,497
Science2_4 1,059 -,878
Science2_5 1,244 -,452
Science2_6 1,508 274

Science2_7 1,720 ,957

Science2_8 ,565 -1,681
Science2_9 ,025 -2,000
Science2_10 ,057 -1,997
Science2_11 ,212 -1,955
Science2_12 1,333 -,222
Science2_13 1,589 ,525

Science2_15 1,381 -,092
Science2_16 ,785 -1,384
Science2_17 2,479 4,145
Science2_18 ,220 -1,952
Science2_19 1,477 ,181

Science2_20 1,212 -,531
Science2_21 ,965 -1,069
Science2_22 ,802 -1,357
Science2_23 ,837 -1,299
Science2_24 1,011 -,978
Science2_25 2,738 5,498
Science2_26 1,243 -,455
Science2_27 2,150 2,622
Science2_28 1,251 -,436
Science2_29 1,018 -,965
Science2_30 2,411 3,816
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Item and Test Analysis Program (ITEMAN) Results

Item Statistics Alternative Statistics

=

Seq. | Scale | Prop. | Biser. | Point Prop. Biser. Point | Key
No. | -ltem | Corr. Biser. Endor. Biser.

S1.23 |11 0.248 | 0.681 | 0.499 0.030 |-0.058 | -0.023

0.248 | 0.681 0499 | *

0.185 |[-0.248 |-0.171

0394 |-0.306 |-0.241

0.105 |-0.094 |-0.056

:—F

0.037 |-0.128 |-0.055

S1 .24 |1-2 0.149 |0.723 | 0.472 0.191 -0.109 | -0.075

0.130 | 0.100 0.063

0.188 -0.177 | -0.122

0.284 |-0.315 |-0.237

0.149 ]0.723 0472 | *

0.057 |-0.045 |-0.022

:—'-

S1.25 | 1-3 0.471 | 0.251 | 0.200 0.312 |-0.037 | -0.029

0.039 |-0.108 | -0.047

0.111 -0.250 |-0.151

0471 ]0.251 0.200 | *

0.021 |-0.208 |-0.073

0.045 |-0.207 |-0.095

S1 26 |14 0.386 | 0.639 | 0.502 0.216 |-0.381 | -0.272

0.232 -0.219 | -0.159

0.093 |-0.224 |-0.129

0.386 | 0.639 0502 | *

0.030 |-0.116 | -0.047

!—I-

0.043 -0.226 | -0.102

S1.27 | 1-5 0.098 | 1.000 | 0.706 0.098 1.000 0706 | *

0.313 |-0.334 |-0.255

0.224 |-0.038 | -0.027

0.227 |-0.203 |-0.146

0.097 -0.071 | -0.041

!—I-

0.041 |-0.079 | -0.085

S1.28 | 1-6 0.142 | 0.804 | 0.518 0.447 -0.357 | -0.284

0.142 | 0.804 0518 | *

0.040 |0.146 0.064

0.116 | -0.097 | -0.059

0.189 | -0.066 | -0.046

OI'I'IUOUJ)>OI'I'IUOUJ)>OITIUOUJ:DQITIUOUJ:DOITIUOUJ:DOITIUOUJ}

!—I-

0.066 |-0.116 | -0.060
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Item and Test Analysis Program (ITEMAN) Results

Item Statistics Alternative Statistics

=

Seq. Scale | Prop. | Biser. | Point Prop. | Biser. | Point
No -ltem | Corr. Biser. Endor. Biser.

Key

S1.29 |1-7 0.147 |0.937 | 0.609 0.255 |-0.266 | -0.196

0.278 |-0.239 |-0.179

0.147 | 0.937 0.609

0.117 [0.052 0.032

0145 |-0.172 |-0.111

:—F

0.059 |-0.177 |-0.088

S1.30 |1-8 0.226 | 0.733 | 0.527 0.226 |0.733 0.527

0.443 | -0.287 |-0.228

0.057 |-0.160 |-0.079

0.050 [0.043 0.020

0.173 |-0.299 |-0.202

!—F

0.051 |-0.158 |-0.075

S2. 23 |19 0.224 | 0.759 | 0.545 0.224 | 0.759 0.545

0.115 |-0.064 |-0.039

0.137 |-0.281 |-0.179

0.154 |-0.193 |-0.127

0.187 |-0.206 |-0.142

0.182 |-0.196 |-0.134

S2 24 |1-10 0.078 |0.450 | 0.245 0.125 |0.241 0.150

0.258 |-0.304 |-0.225

0.078 [0.450 0.245

0.173 |-0.113 | -0.076

0.172 |0.211 0.143

!—I-

0.195 [-0.151 | -0.105

S2.25 |1-11 0.188 | 0.595 | 0.411 0.147 |-0.085 | -0.055

0.188 | 0.595 0.411

0.130 |-0.119 |-0.075

0.193 |-0.157 |-0.109

0.138 |-0.146 | -0.093

!—I-

0.204 |-0.142 | -0.100

S2.26 |1-12 0.108 | 0.909 | 0.544 0.093 |-0.052 |-0.030

0.305 |-0.332 |-0.252

0.180 |-0.071 | -0.048

0.108 | 0.909 0.544

0.123 | 0.137 0.085

OI'I'IUOUJ)>OI'I'IUOUJ)>OITIUOUJ:DQITIUOUJ:DOITIUOUJ:DOITIUOUJ:D

!—l-

0.191 |-0.197 |-0.136
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Item and Test Analysis Program (ITEMAN) Results

Item Statistics Alternative Statistics

=

Seq. Scale | Prop. | Biser. | Point Prop. | Biser. | Point
No. -ltem | Corr. Biser. Endor. Biser.

Key

S2_ 27 [1-13 ]0.222 |0.495 |0.355 0.054 -0.083 | -0.040

0.196 -0.082 | -0.057

0.137 -0.166 | -0.106

0.222 0.495 | 0.355

0.204 -0.099 | -0.070

:—F

0.188 -0.190 | -0.131

S2.28 |14 0.185 |0.397 |0.273 0.110 -0.260 | -0.157

0.130 0.041 | 0.026

0.155 -0.081 | -0.053

0.206 0.059 |0.042

0.185 0.397 |0.273

0.214 -0.217 | -0.154

S2.29 |15 0.093 | 1.000 |0.692 0.353 -0.313 | -0.243

0.093 1.000 | 0.692

0.161 -0.119 | -0.079

0.109 -0.059 | -0.035

0.095 0.036 | 0.021

!—F

0.189 -0.190 | -0.131

S2.30 |1-6 0.180 |0.771 | 0.527 0.211 -0.034 | -0.024

0.066 -0.051 | -0.026

0.180 0.771 | 0.527

0.237 -0.349 | -0.253

0.121 -0.135 | -0.083

OFHDOUJ>OmDOUJ>9mDOUJ>OmUOUJ>

!—I-

0.185 -0.193 | -0.133
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Scale Statistics

Scale 1

N of Items 16
N of Examinees 10359
Mean 3.146
Variance 8.030
Std. Dev. 2.834
Skew 2.228
Kurtosis 5.228
Minimum 0.000
Maximum 16.000
Median 2.000
Alpha 0. 753
SEM 1. 408
Mean P 0.197
Mean ltem-Tot. 0.476
Mean Biserial 0. 697
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Factor Analysis

Descriptive Statistics

N Mean |Std. Deviation
Sciencel 23 9971 ,2580 43758
Sciencel 24 9765 ,1584 ,36516
Sciencel 25 9891 ,4937 ,49999
Sciencel 26 9916 ,4033 ,49058
Sciencel 27 9934 ,1022 ,30289
Sciencel 28 9672 ,1519 ,35892
Sciencel 29 9751 ,1559 ,36276
Sciencel 30 9833 ,2382 ,42599
Science2_ 23 8469 2744 44624
Science2_24 8341 ,0963 ,29498
Science2_25 8242 ,2361 42471
Science2_26 8383 ,1340 ,34063
Science2_27 8147 ,2349 ,42398
Science2_28 8416 2733 44567
Science2_29 8405 ,1152 ,31925
Science2_30 8440 ,2212 ,41509

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling ,848
Adequacy.

Bartlett's Test of Sphericity

Approx. Chi-Square 28264,157
df 120

Sig. ,000
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Communalities

Initial Extraction
Sciencel 23 1,000 ,407
Sciencel 24 1,000 ,384
Sciencel 25 1,000 132
Sciencel 26 1,000 ,748
Sciencel 27 1,000 ,606
Sciencel 28 1,000 ,356
Sciencel 29 1,000 470
Sciencel 30 1,000 ,566
Science2 23 1,000 ,495
Science2_24 1,000 ,132
Science2_25 1,000 ,602
Science2_26 1,000 ,403
Science2_27 1,000 ,093
Science2_28 1,000 413
Science2_29 1,000 ,639
Science2_30 1,000 ,483
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Total Variance Explained

Compo Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
nent Total | % of Variance | Cumulative % Total % of Variance | Cumulative % Total % of Variance | Cumulative %

1 4,406 27,536 27,536 4,406 27,536 27,536 3,113 19,457 19,457

2 1,672 10,447 37,983 1,672 10,447 37,983 2,392 14,949 34,406

3 1,450 9,065 47,048 1,450 9,065 47,048 2,023 12,642 47,048

4 1,013 6,334 53,381

5 ,994 6,216 59,597

6 918 5,739 65,336

7 791 4,945 70,281

8 ,716 4,478 74,758

9 ,647 4,045 78,804

10 ,607 3,797 82,601

11 571 3,569 86,170

12 ,540 3,375 89,545

13 498 3,112 92,657

14 444 2,773 95,430

15 ,396 2,475 97,905

16 ,335 2,095 100,000

Extraction Method: Principal Component Analysis.
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Scree Plot

Scree Plot

4

Eigenvalue
9

N

T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16

Component Number

Component Matrix

Component

1 2 3
Sciencel 27 JA71 ,105 -
Science2_29 ,769 ,207 -
Sciencel 29 ,647 ,209 -
Science2_23 ,599 -,355 -
Science2 26 ,594 - ,209
Science2_30 ,580 -,380 -
Sciencel 28 ,555 ,209 -
Sciencel 30 ,539 419 -,317
Sciencel 24 ,502 -,329 ,155
Sciencel 23 ,496 -,116 ,384
Sciencel 26 ,557 -,648 -,137
Science2_27 ,289 416 -,395
Science2 28 ,166 254 -
Sciencel 25 - ,535 ,664
Science2_25 425 - -,642
Science2_24 227 - -,278
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Rotated Component Matrix

Component

1 2 3
Sciencel 26 ,818 -,218 ,179
Science2_23 ,688 121 -
Science2_30 ,683 - ,105
Sciencel 24 ,609 ,116 -
Sciencel 23 ,496 372 -,147
Sciencel_25 -,207 , 732 -,391
Science2_29 431 ,586 ,331
Sciencel 29 ,344 ,529 ,267
Sciencel 27 494 497 ,338
Science2 26 410 474 ,101
Sciencel 28 274 472 ,240
Science2_28 - ,281 ,110
Science2_25 ,151 - 7161
Sciencel 30 - 420 ,621
Science2_27 -,128 247 ,579
Science2_24 - - ,352

Component Transformation Matrix

Component 1 2 3
1 127 532 433
2 -,669 ,689 277
3 ,151 492 -,858
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The Simplis Syntax For Biology Subtest of 2008 SST

CFA BIO 2008

Observed Variables

S1 23S1 24S1 25S1 26 S1 27 S1 28'S1 29 S1 30 S2 23 S2 24 S2_25S2_26

S2 2752 2852 2952 30

Covariance Matrix from File: CFA2008.COR

Sample Size = 10359
Latent Variables
Remembering Other

Relationships

S1 23S1 24S1 26S1 28S1 30S2 23S2 24S2 25S2 27 S2 30 = Other

S1 25S1 27 S1 29 S2 26 S2 28 S2_29 = Remembering

Path Diagram
End of Problem

Goodness-Of-Fit Criteria For Biology Items of 2008 SST

Goodness-of-Fit Criteria 2008 SST
Chi-Square (y2), df 6765.82; 89
Normed Chi-Square (NC)

Goodness-of-Fit Index (GFI) 0.95
Adjusted Goodness-of-Fit Index (AGFI) 0.097
Root-Mean-Square Residual (RMR) 0.028
Root-Mean-Squared Error of Approximation 0.087
(RMSEA)

Normed Fit Index (NFI) 0.86
Non-Normed Fit Index (NNFI) 0.84
Comparative Fit Index (CFI) 0.86
Incremental Fit Index (IFI) 0.86
Relative Fit Index (RFI) 0.83
Expected Cross Validation Index (ECVI) 0.70
Parsimonious Normed Fit Index (PNFI) 0.73
Parsimonious Goodness-of-Fit Index (PGFI) 0.68
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Regression Analysis

Model Summary

Adjusted R | Std. Error of
R R Square Square the Estimate
8422 ,709 ,709 1,52957
ANOVA
Sum of
Squares df Mean Square F Sig.
Regression 58835,281 5 11767,056 | 5029,563 | ,000°
Residual 24170,183 10331 2,340
Total 83005,463 10336
Coefficients
Unstandardized Standardized
Coefficients Coefficients
B Std. Error Beta t Sig.
(Constant) -,118 ,056 -2,108 ,035
Math 077 ,004 ,288 21,199 ,000
Phy ,046 ,006 ,076 8,080 ,000
Che 241 ,008 ,292 28,616 ,000
Turkish ,137 ,006 ,253 24,611 ,000
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2008 SST Biology Items

21. Tabloda ari su, yemek tuzu ve gay sekerinin sulu ¢é-
zeltileriyle ilgili bilgiler ve bulunduklari ortamin dig ba-
singlari verilmistir.

Hacim Dis basing
Madde (L) (cm Ha)
I. Ari su 3 62
1. 1 mol yemek tuzu 1 76
iceren tuzlu su
Iil. 1 mol gay sekeri 3 62

iceren sekerli su

Buna gore, |, II, lll maddeleriyle ilgili agsagidaki ifa-
delerden hangisi dogrudur?

A) L nin kaynama sicakligi en yiksektir.

B) Il nin kaynama sicakligi en diigtiktar.

C) L. ntin kaynama sicakligi I. ninkinden yuksekdtir.
D) Il ve lll. niin kaynama sicakliklari aynidir.

E) Kaynama sicakliklarinin kiigtikten bilylie dogru

siralanigi [l < I < Il tlr.

22. 100 mL sinde 10 g X bulunan bir sulu ¢ozelti ile
100 mL sinde 20 g X bulunan dider bir sulu ¢ozelti
karistiriliyor ve Gizerine 50 mL an su ilave ediliyor.

Sonugta olusan 250 mL gozeltiden alinan 100 mL
cozeltideki X in agirhgr kag g dir?

A)10  B)12 C)15 D)20 E)30

A

0SS FEN-1 /2008
23. Birinsana,

I. kizamik asisi yapildiktan bir stire sonra kizamik
etkeninin verilmesi,

. sucicedi hastaligi gegirmeden sugicegdi etkeninin
verilmesi,

1ll. kabakulak hastaligi gecirdikten sonra kabakulak

etkeninin verilmesi

uygulamalarindan hangilerinin sonucunda o insa-
nin hastalanmasi beklenir?

A) Yalniz | B) Yalniz Il C) Yalmz Ill

D)lvell E)llvelll

24. Bir ekosistemde besin zinciri asagidaki semada
gosterildigi gibidir.

T T
[K]——[t] [m]

[N]

S$emada oklar, besin kaynagi olan gruptan besin alan
gruba dogru gizilmigtir.

Buna gore, uretici, birincil tiiketici, ikincil tiiketici
ve aynigtirici canli gruplan, agsagidakilerin hangi-
sinde dogru olarak verilmistir?

ik Birincil  Ikincil
Uretici Tiketici Tuketici  Ayristirict
A) K L M N
B) K N I M
C) N M K It
D) M I N K
E) M K L N

Diger sayfaya geciniz,
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25. Canlilarda gergeklesen,

I. kromozomlarin kutuplara diizenli olarak gekil-

mesi,

. mayozda homolog kromozomlar arasinda parga
degisiminin olmasi,

lll. interfazda DNA nin kendini eslemesi,

IV. mayozda homolog kromozomlarin ekvator

dizleminde rastgele dizilmesi

olaylarindan kural olarak genetik gesitliligi arti-
ranlar, agagidakilerin hangisinde birlikte veril-
mistir?
A)lvell

B)lve lll C)livell

D) Il ve IV E) lll ve IV

26. Bir tir bakteri, uygun besiyeri iceren beg petri kabina
ekilmistir. Bu tiirtin farkli antibiyotiklere karsi direncini
aragtirmak amaciyla petri kaplarina K, L, M, N ve P
antibiyotiklerinin farkl kombinasyonlari eklenmis ve
kaplarda tireme olup olmadigi gézlenmistir.

Kullanilan antibiyotik kombinasyonlari ve bunlarin
eklendigi kaplardaki bakterilerin tireme durumu
asagidaki tabloda gosterilmistir. (Antibiyotiklerin
birbirleriyle etkilesime girmedigi kabul edilecektir.)

Petri kabi Eklenen antibiyotik | Petri kaplarindaki
numarasi kombinasyonu lreme

1 K+ L Var

2 M+ N Yok

3 L +P Var

4 K+ N Yok

5 M+ P Var

Buna gére, bu bakteri tiirii hangi antibiyotige
kargi direncli degildir?

A)K B)L C)M D)N E)P

A

0SS FEN-1/2008
27. Okaryot canhilarin oksijenli solunumunda,

I. glukozun sitoplazmada belirli molekiillere kadar

yikilmasi,

. enerji elde etmede kullanilacak molekiillerin
mitokondrilere gegmesi,

ll. molekdllerin enzimlerle CO, ve H,0 ya kadar

pargalanmasi

olaylarinin gerceklesme sirasi asagidakilerin han-
gisinde dogru olarak verilmistir?

A)l=11-11 B)Il—1-1 Cyl—u-1

D)yl —1-1 E)lll-1l-1

28. Kiiresel 1sinmada agagidakilerden hangisinin en

son gozlenmesi beklenir?
A)
B)
)
D)

Buzullarda erime

Kiyr ekosistemlerinde degdisme
Deniz suyu seviyesinde yiikselme
Hava sicakligi ortalamalarinda artma

E) Atmosferdeki karbondioksit miktarinda artma

Diger sayfaya geginiz.
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A

OSs FEN-1/2008

29. Hiicre zarindan madde alléveﬁsiyle ilgili olarak 30. Asagidaki tabloda, bir ekosistemde bulunan K, L, M,
N, P ve R harfleriyle belirtilen alti tir kurbaganin ya-
I. molekdllerin, derisimlerinin az oldugu ortamdan sam alanlar, giftlesme mevsimleri ve besin gesitleriy-
cok oldugu ortama taginmasi, le ilgili bilgiler verilmistir.
Il. hiicredeki biytik molekdlli atik maddelerin di- = 2 z
sarl atimast, Kutg)r?]ga Yagam alani ?1;23;?:1? ?:;g
lll. diftizyonla alinamayacak kadar bilytik molekul- o s A8 B, : Y tiirii
lerin hiicre igine alinmasi, K Agag Uzeri Nisan bécek
IV. suyun hipotonik ortamdan hiicre igine gegmesi, L Orman alti Nisan Xtlrh
ortami bécek
V. molekdillerin kotaylastiriimis diftizyonla hiicre Y tOrd
igine alinmasi M Agdag Uzeri Haziran bﬁcl:éll:
olaylarindan hangilerinin gergeklestirilmesi igin X tiirt
ATP enerjisi kullanilir? N Gol ortami Mayis bicek
A)lveV B) ll ve IV C)l, lvelll
L et ) ve P Gol ortami Mayis got;;:
D)1, llve IV E)Il, lllve V I
Orman alti ; Z tard
R ortami Nisan b&cek

Tablodaki bilgilere gére, agagidakilerin hangisin-
de verilen iki kurbaga tiirii arasinda rekabetin en
fazla olmasi beklenir?

A)Kve M B)LveN C)LveR

D)NveP E)PveR

FEN BILIMLERI-1 TESTI BITTI.
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23. Asagidaki canh gruplarindan hangisine ait popu-

lasyonda, dogal secilimle, gen frekansinin en hizli

degismesi beklenir?

A) Bakteri

B) Bacek C) Kedi

D) Kus E) Balik

24. Endosimbiyotik Hipotez, 6karyotlardaki mitokondri ve
kloroplast organellerinin, prokaryotlardan kéken aldi-
g savunur.

Buna gdre, agagidakilerden hangisi “Endosimbiyo-
tik Hipotez”i desteklemek amaciyla kullanilamaz?

A)

Mitokondri ve kloroplastlarin halkasal DNA ya
sahip olmalari

Mitokondri ve kloroplastlarin gogalma seklinin
bakterilerinkine benzerlik gdstermesi

Prokaryotlarla 6karyotlarin protein sentezinde
ayni aminoasitleri kullanmalari

Mitokondri ve kloroplast ribozomlarinin, prokar-
yotlarin ribozomlarina benzerlik géstermesi

Giiniimiizde bir hiicreli 6karyot canlilarda sim-
biyotik olarak yasayan prokaryot canlilarin bu-
lunabilmesi

A

26.

0SS FEN-2 / 2008

25. Dengeli beslenen normal bir insan, bir 6giinde

protein igeren besinlerden fazla miktarda tiiket-
tiginde, viicudunda asagidakilerden hangisinin
olmasi bekienir?

A)
B)
C)
D)
E)

Kan pH sinda artma (baziklesme)
idrarda tire miktarinda arima
Kanin ozmotik basincinda azalma
Kanda glukoz miktarinda arima

Idrarda glukoz miktarinda arima

Asagidakilerden hangisi, bitkisel ve hayvansal
hormonlarin ortak 6zelligi degildir?

A) Az miktarlarinin bile etkili olmasi

B)
C)
D)
E)

Hedef hiicrelerde etkili olmalarn
Ozgiin kimyasal yapiya sahip olmalari
Ozellegmis bezler tarafindan salgilanmalari

Sentezlendigi bélgeden farkli bélgeye taginabil-
meleri

Diger sayfaya geginiz.
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27. Asagidaki soy agacinda X e bagli gekinik bir 6zelligin
kalitimi gésterilmistir.

1. birey

3. birey 4. birey 5. birey

Buna gore, soy agacindaki bireylerden hangileri-
nin bu 6zellik bakimindan genotipi kesin olarak
sOylenemez?

A) 1. ve 3.

28. Fotosentezde asagidaki olaylardan hangisi ilk
olarak gergeklesir?

A)
B)
C)

D)
E)

A

. Saglam fenotipli
* digi birey

2. birey

. Saglam fenotipli
" erkek birey

. Hasta fenotipli
* erkek birey

7. birey

B)2.ve 4. C)3.ve 4.

D) 4. ve 6. E)6.ve7.

Oksijen dretilmesi
ATP sentezlenmesi

Suyun aynistinlip elektronlarinin klorofile iletil-
mesi

Elektronun ferrodoksin tarafindan tutulmasi

Klorofildeki elektronun enerji diizeyinin yikseltil-
mesi

30.

0SS FEN-2/ 2008
29. Bir canli, asagidakilerden hangisiyle bir glukoz

molekiiliinden en fazla ATP elde eder?
A)
B)
C)
D)
E)

Glikoliz

Elektron tagima sistemi (ETS)
Laktik asit fermantasyonu

Etil alkol fermantasyonu

Piriivattan Asetil CoA elde edilmesi

insanda,
I. karaciger,

II. mide,

Ill. pankreas,

IV. ince bagirsak
organlarindan hangilerinin salgilari (hormonlar
harig), uretildikleri yerden bagka bir yerde islev
gorir?

A) Yalniz lll B)lvell C)lvelll

D) ll ve IV E)lllve IV

FEN BILIMLERI-2 TESTI BITTi.
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