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ABSTRACT

VALIDITY OF SCIENCE ITEMS IN THE STUDENT SELECTION TEST IN
TURKEY

Uygun, Nazl
M.S, Department of Elementary Science and Mathematics Education
Supervisor  : Prof. Dr. Giray Berberoglu

Co-Supervisor: Assist. Prof. Dr. Semra Sungur

July 2008, 126 pages

This thesis presents content-related and construct-related validity evidence for
science sub-tests within Student Selection Test (SST) in Turkey via underlying
the content, cognitive processes, item characteristics, factorial structure, and group
differences based on high school type. A total number of 126,245 students were
present in the research from six type of school in the data of SST 2006. Reliability
Analysis, Item Analysis, Principle Component Analysis (PCA) and one-way
ANOVA have been carried out to evaluate the content-related and construct-
related evidence of validity of SST. SPSS and ITEMAN programs were used to
conduct the above-mentioned analyses. According to the results of content
analysis, science items in the SST 2006 found to be measuring various cognitive

processes under knowledge, understanding and problem solving cognitive

v



domains. Those items loaded under three factors according to PCA findings which
were measuring very close dimensions. Moreover, a threat to validity was
detected via one-way ANOVA due to significant mean difference across high

school types.

Keywords: Content Analysis, Content Validity, Construct Validity, Item Analysis,
Principle Component Analysis (PCA), Science Tests, Student Selection Test.



Oz

TURKIYE DE OGRENCI SECME SINAVINDA (OSS) KULLANILAN FEN
SORULARININ GECERLIGI

Uygun, Nazl
Yiiksek Lisans, [lkégretim Fen ve Matematik Egitimi Boliimii
Tez Yoneticisi : Prof. Dr. Giray Berberoglu
Ortak Tez Yoneticisi: Yrd. Dog. Dr. Semra Sungur

Temmuz 2008, 126 sayfa

Bu calisma, Tiirkiye’de Ogrenci Se¢me Sinavinda yer alan fen testlerinin kapsam
ve yap1 gegerligiyle ilgili ipuglarini, kapsam, bilissel siirecler, madde 6zellikleri,
faktor yapisi ve okul tiirlinden kaynaklanan farkliliklar1 dikkate alarak sunar.
Kullanilan veride, 2006 yili Ogrenci Segme Smavinda yer alan ve alti farkli okul
tiiriinden segilen 126,245 &grenci bulunmaktadir. Ogrenci Se¢me Smavinin
kapsam ve yapi gegerligine ait ipuclari, Giivenirlik Analizi, Madde Analizi,
Temel Bilesenler Faktor Analizi ve Tek YoOnlii Varyans Analizi yiiriitiilerek
degerlendirilmistir. Bahsedilen analizleri yiiriitiirken SPSS ve ITEMAN bilgisayar
programlart kullamlmistir. Kapsam Analizi sonuglarma gore, 2006 OSS fen
sorular1 bilgi, anlama ve problem ¢ézme seviyelerindeki ¢esitli biligsel siiregleri

Olcmektedir. Bu sorular Temel Bilesenler Faktor Analizinde, ¢cok yakin boyutlari

vi



Olgen ti¢ farkli faktor altinda yiliklenmislerdir. Diger taraftan, Tek Yonlii Varyans
Analizi sonucunda bulunan lise tiirleri arasindaki fen puanmi farki ile gecerlik

tehdidi tespit edilmistir.

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

Analizi, Temel Bilesenler Faktdr Analizi, Fen Testleri, Ogrenci Se¢gme Simavi.
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CHAPTER |

INTRODUCTION

1.1 University Entrance Examination in Turkey

Until 1960s, since there was a limited number of high school graduates,
most of the universities admitted university students without any test. When the
number of applicants exceeds the capacity of the departments, universities
selected students based on order of application, relevance of school field of
applicants (quantitative or verbal) with the education given in the department, and
high school graduation degree of applicants. In 1960s, many universities started to
administer their own selection tests; however the selection was neither fair nor
objective. In 1974, Inter-universities Board founded the Inter-universities Student
Selection and Placement Center (ISSPC) and applied the test entitled “Central
System”. Till 1981, ISSPC conducted all student selection and placement
procedures; then, in 1981 Student Selection and Placement Center (SSPC, in
Turkish OSYM) established under the Higher Education Council (HEC, in
Turkish YOK). Between 1981 and 1999 two tests were administered as university
entrance exams. The first was the Student Selection Test (SST), administered in
April in every year. Students who could pass this test took the Student Placement
Test (SPT) in June. In 1999, the SPT was completely removed and the test
administered only once a year while the SST and its items relied on the format of
the previous SSTs. Beginning from 2006, although the test administered at once,
the SST items divided into two stages. The first stage of the test (SST-1) had the
same content with the previous SSTs, while the second stage (SST-2) included

items from whole high school curriculum (OSYM, 2006).



1.2 Content of the Student Selection Test (SST)

There are two major tests as verbal ability and quantitative ability. The
former consists of two sub-tests which are 1) proficiency in the Turkish mother
tongue, and 2) ability to reason using the basic concepts and generalizations of
social science subjects. Similarly, quantitative ability test has two sub-tests such
as 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, 1984, as cited in Berberoglu, 1996).

Berberoglu (1996) provided a clear explanation about the content of the
SST. He stated that items in the tests are prepared in the light of the secondary
school courses and Bloom’s (1979) taxonomy of educational objectives.
Especially higher order thinking skills such as comprehension, application,
analysis and synthesis are underlined in the content. Materials and concepts used
while preparing test items are generally derived from the high school curricula
although the main purpose of the SST is not assessing the high school curricula.
In the verbal ability part, items of Turkish language are categorized into two
groups like items assessing the basic principles of grammar and items assessing
the reading comprehension skills. History, geography, psychology and sociology
are the four sub-tests in the social science section. Similarly in the quantitative
ability part, items of mathematics sub-test are selected from different subject
matters but categorized into three groups which are computation, word problems,
and geometry. In the natural sciences section, there are clusters of physics,
chemistry and biology items. All of the items in the test are multiple-choice with
five alternatives. There might be a problem of equivalence of forms throughout
the years due to each year a parallel form of test is administered because of the
privacy reasons. Even though there is no empirical evidence about equivalence,
framework provided by Student Selection and Placement Center evinces that there

is at least a content-wise parallelism.



1.2.1 Content of the First Stage of the Student Selection Test

First stage of the SST (SST-1) is defined as “tests related to common
courses” (OSYM, 2006). In Turkey, beginning from the second year of high
school (grade level 10), students select study fields as science-mathematics
(quantitative), Turkish-mathematics (equal weight), and Turkish-social (verbal).
In the 9" grade, the first year of high school, all of the students are given all types
of courses which are the above-mentioned common courses. With respect to these
courses, there are four sub-tests in the SST-1: Turkish (Tur), Social Sciences
(Soc-1), Mathematics (Math-1), and Science (Sci-1). Number of items for each

test is shown in Table 1.1.

Table 1.1

Tests Related to Common Courses

Test name Number of items
Turkish (Tur) 30
Social Sciences (Soc-1) 30
Mathematics (Math-1) 30
Science (Sci-1) 30
Total 120

Before 2006 administration, items in the SST developed according to basic
skills and objectives in the elementary curriculum and in the first year curricula of
high school such as understanding, implicating and establishing relations etc. In
2006, the SST-1 remained on this principle and continued to measure the same

content (OSYM, 2006).

1.2.2 Content of the Second Stage of the Student Selection Test

Unlike the first stage, there are “tests related to field courses” in the second

stage of the Student Selection Test (SST-2) covered the whole secondary curricula
3



(OSYM, 2006). There are four sub-tests namely, Literature-Social Sciences (Lit-
Soc), Social Sciences-2 (Soc-2), Mathematics-2 (Math-2), and Science-2 (Sci-2).

Below table summarizes the distribution of items in the sub-tests.

Table 1.2
Tests Related to Field Courses

Test name Number of items
Literature-Social Sciences (Lit-Soc) 30
Social Sciences-2 (Soc-2) 30
Mathematics-2 (Math-2) 30
and Science-2 (Sci-2) 30
Total 120

1.3 Purpose of the Research

The intent of the present research is to explore content-related validity
evidence via content analysis (content and cognitive process measured and
construct-related validity evidence via factor analysis and comparisons of groups
of examinees from different schools of the Student Selection Test (SST) 2006 in
Turkey. A total of 59 science items, 30 science items in the SST-1 and 29 science
items in the SST-2 examined also for the item characteristics. The consistency of
the content of science subtests with the content definition provided by OSYM is
the main aspect of the study. Moreover, considering Berberoglu’s (1996)
explanations, measured dimensions and cognitive processes assessed in the test
are interpreted by both content analysis and the factor analysis by use of the SST
2006 data. Lastly, as a thread to validity, possibility of test bias across different
high school students are investigated since the test includes a heterogeneous group

of examinees.

Since test validation is an on-going process, recommendations for further

validity research on the Student Selection Test are provided. The results of the

4



study are assumed to be both used for further validation studies and benefited by
test developers to decrease content and construct related validity threats in Student
Selection and Placement Center in Turkey.

1.4 Inspected Questions of the Research

1. What are the content specifications of the items in the science sub-tests

in the SST 20067

1.1 Which subject fields or content categories are measured by the items in

the Science-1 and Science-2 sub-tests of the SST 2006?

1.2 Which cognitive processes are measured by the items in the Science-1

and Science-2 sub-tests of the SST 2006?

1.3 What are the grade levels in curricula of the items in the Science-1 and

Science-2 sub-tests of the SST 2006?

2. What is the reliability coefficient of the SST 2006 tests?

3. What are the psychometric characteristics of the items in the Science-1

and Science-2 sub-tests of the SST 2006?

3.1 What are the difficulty levels (p) of the items the Science-1 and
Science-2 sub-tests of the SST 20067

3.2 What are the discrimination values (D) of the items in the Science-1

and Science-2 sub-tests of the SST 2006?

3.3 What are the point biserial correlation values (») of the items in the

Science-1 and Science-2 sub-tests of the SST 2006?



4. What is the factorial structure of the science items in the SST 2006?

5. Is there any difference in the science performance of the students across

different high school types?

1.5 Significance of the Research

In 1982-1983 school year, number of high school graduates was 179,004,
whereas in 1997-1998 school year, this number increased to 476,698. Similarly,
total number of applicants to the SST was increased from 299,906 in 1974 to
1,479,562 in 1999 (OSYM 1986 as cited in Koksal, 2002) as seen from Figure 1.1

1.600.000 1

1.400.000 1

1.200.000 1

1.000.000 4
£00.000 1
600.000 1
400.000 4

200.000 1

0+

1990 1991 1962 1993 1994 1995 1994 1997 1998 1999

Figure 1.1
Number of Applicants to SST across Years
(YOK, 2000).

These numbers might provide an idea about the increasing demand for
higher education in Turkey. In the light of changing circumstances, educational
developments and curriculum reforms, OSYM also updates mission and formats
of the SSTs. Although continuing renews are necessary in educational system
which is a dynamic one, frequently changing type of the SSTs over years, validity

as one of the primary issues to be borne into mind.



Achievement and ability tests serve to several purposes such as admission,
placement, diagnostic and research purposes (Crocker&Algina, 1986; Millman&
Greene, 1989; and Baker, 2006). Validity is concerned one of the certain
characteristics of all measurements should have, regardless of the type of
instrument or the use of results of measurement (Gronlund and Linn, 1990). They
defined validity as: “Appropriateness of the interpretations made from test scores
and other evaluation results, with regard to particular use” (p.47). Moreover, they
stated that validity is always concerned with the purposed interpretations of

measurements and the particular use of the results.

Since the purpose of the SST is to select students who have the potential to
be successful in higher education (OSYM, 2007), interpretations derived from test
scores should be correct regarding with student selection and placement.
Therefore, the SSTs should be valid to make fair selection and placement of

examinees.

1.6 Definitions of Key Terms

Content: According to Haladyna (1997) there are four types of content

like facts, concepts, principles and procedures.

1. Facts: These are the basic knowledge that is not disagreed.
i.e.:. Water boils at 100 Celsius degrees at standard atmospheric
pressure.

2. Concepts: These are classes of objects or events sharing a common set
of defining characteristics.

i.e.: Volume, weight, speed, originality, appropriateness.

3. Principles: These are explaining relationships between the concepts
such as cause and effect, relationship between two concepts, laws of

probability and axioms.



4. Procedures: Series of mental or physical acts arriving to a particular

result.

Cognitive Processes: In Bloom’s (1979) taxonomy the major categories

were knowledge, comprehension, application, analysis, synthesis and evaluation.

Krathwohl (2002) revised Bloom’s taxonomy and designated the cognitive
processes in dimensions as remember, understand, apply, analyze, evaluate and

create.

1. Remember: Calling the knowledge from long-term memory. Relevant

processes are recognizing and recalling.

2. Understand: Meaning the instruction, and oral, written and graphic
communication. Interpreting, exemplifying, classifying, summarizing,
inferring, comparing and explaining are cognitive processes of

understand.

3. Apply: Carrying out or using a series of steps in the given condition

including executing and implementing as the cognitive tasks.

4. Analyze: Breaking the whole into its parts and relating the parts to
each other. Differentiating, organizing and attributing are the processes

respectively.

5. Evaluate: Making judgments on a given criterion or standard such as

checking and critiquing.

6. Create: To form a novel whole or an original product, putting the parts

together. Relevant process are generating, planning and producing.



Haladyna (1997) also provided cognitive behaviors as understanding,
problem solving, critical thinking and creativity. In addition to understanding
level is nearly the same with Krathwoh’s one, critical thinking shares the
properties of evaluate and analyze, while creativity is close to the create. Even
tough being close to the apply level it is still beneficial to explain problem solving

as a separate dimension.

Problem Solving: Although there are many different definitions in the
literature, Haladyna (1997) established it as a set of mental steps leading to the
realization of a goal (p.22). It includes cognitive processes such as comparing,

computing, identifying a problem, and determining the way of solution.

In recent years, the view of scientific inquiry had significant effects on the
newly constructed elementary and secondary programs by Ministry of National
Education in Turkey. Since, the SST measures the skills in the curricula, science
process skills are one of the considerations of this research in addition to above

defined cognitive processes.

Science Process Skills: The skills of making comparisons and
classifications, making prediction, inferring, making observations, hypothesis
formulating and testing, controlling variables, proposing procedures, designing

experiment, analyzing data, and drawing conclusions (MoNE, 2006).

While describing the term validity, definitions of true score, error score

and reliability in classical test theory are useful (Zimmerman, 1998).

True Score: The average of the observed scores obtained in an infinite
number of the same testing from the same individual (Crocker& Algina, 1986;

Ebel, 1979).

Error Score: The difference between the observed scores and the true
score of the individual (Crocker& Algina, 1986; Ebel, 1979).



Reliability: The consistency of the true scores and the observed scores on

a test is called reliability (Crocker& Algina, 1986; Ebel, 1979).

Validity: “the degree to which the test is capable of achieving certain aims
of the test users” (American Educational Research Association [AERA],
American Psychological Association [APA], and National Council on
Measurement and Evaluation [NCME], 1966, p.12). There are mainly three types

of validity evidence.

1. Content-related evidence: How well the tasks in test are represented

the measured domain of tasks (Gronlund and Linn, 1990).

2. Criterion-related evidence: It predicts future performance or estimates

current performance on a criterion rather than test itself (Gronlund and

Linn, 1990).
3. Construct-related evidence: How well test score interprets a

meaningful measure of some characteristics or quality (Gronlund and

Linn, 1990).

10



CHAPTER I

REVIEW OF RELATED LITERATURE

This chapter concerns with the validity concept and the validation studies
in the domains of science and technology, mathematics, and English language in
the literature. Since the present study concerns the validity of Student Selection
Test, other researchers’ studies were taken into consideration in detail to

understand validity and validation precisely.

2. 1 Studies Related with Science and Technology

Sireci and Huff (2003-2004) evaluated content validity in terms of the
domain relevance and domain representation of 1999 and 2000 administrations of
a state mandated 10" grade science assessment. In addition to item similarity
ratings from extremely similar (1) to not at all similar (10), as subject matter
experts (SMEs), at least 4 years experienced 10 teachers presented four different
types of taxonomies which were Bloom’s taxonomy (1956), cognitive areas as
reported in the state’s test documentation, science assessment in the National
Assessment of Educational Processes (NAEP) 2000, and descriptors by the
National Science Teachers Association (2002). However, Bloom’s taxonomy
selected as the best framework by SMEs after discussions. To be matched with its
content area, each item considered to fulfill 70% criterion requirement which is
the placement of this item in the same area by 7 out of 10 SMEs. By the use of
multidimensionality scaling (MDS), item similarity ratings in terms of content and
cognitive representations of assessment by SMEs were analyzed. The content

arecas Earth& space sciences, Life sciences, and Physical sciences were well

11



represented with at least three-fourth representation rate in the test. Technology
area was not represented as well as the other three, the congruency of which was
about 30% in 1999, and 50% in 2000 tests. Moreover, the Inquiry area could not
represented at all in both administrations. With the help of results attained from
this study, the state department of education improved the test via revising
Technology area with Technology/Engineering, and removing the Inquiry area

from the test completely.

In her thesis, Koksal (2002) assessed the content of biology items of from
1998 through 2001 Secondary School Institutions Student Selection and
Placement Tests (SSISSPT) in terms of cognitive process measured, found
empirical evidence via factor analysis for different cognitive dimensions measured
in the test, and investigated achievement difference across gender groups of
biology items in the tests. For factor analysis part, 10,000 students from 1999 and
2000 tests, and 5000 students from 2001 test were selected randomly as sample of
the study. In the previous elementary science curriculum than 2002, from level 4
to level 8 biology units guided the subject matter checklist and the cognitive
process derived from Taxonomy of Educational Objectives used by Ministry of
National Education which were knowledge, comprehension, solving problem and
science process skills. In the scope of content analysis, 4 biology educators
determined the cognitive processes of 34 biology items and then results were
examined for internal consistency by SPSS software. Alpha value was .678 and
correlations between ratings of four experts were ranging from .235 and .616.
“Living Things& Life” concluded as the most frequently measured unit (41%)
and “Reproduction& Inheritance in Living Things and Knowing Our Body” was
found the less frequently measured (14%), and “Human& Environment” unit was
not measured in any of the tests. Moreover item difficulty and discrimination

levels were searched by using ITEMAN program.

Solano-Flores and Nelson-Barber (2001) recommended a new concept
namely cultural validity and what this denotes for science assessment. Evidence

for cultural validity defined as social and cultural factors shape individual mind’s

12



and affect the way of making sense and solving science items. They provided
examples for how cultural validity perspective can improve the assessment quality
in five areas which are student epistemology, student language proficiency,
cultural world views, cultural communication and socialization styles, and student
life context and values. Moreover, they argued that the present assessment
practices should be revised by taking into consideration minority students’
cultural backgrounds and their epistemology should be also considered while

validating an assessment.

The most striking example from cultural validity perspective was about the
first area, student epistemology. They asked to a Latino girl one of the 4 grade
science question from National Assessment for Educational Progress (NAEP),
1996 including two pictures of the same river and mountains. In the first (picture
A), mountains are not high and round like in shape while the river is wide; while
in the second one (picture B), mountains are high and sharp and the river is
narrow. It is asked in this item which one of the pictures belongs today and which

belongs millions of years ago (Figure 2.1).

2 S
~ X
/’\
,.% ,

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

Although the student selected the wrong choice for today (B), after the
interview she pointed out A for the today picture because she recalled an
experience during discussions that she went to a place looking like the picture B,

but explained that she have never seen a mountain like in the picture A so it

13



should be in the past. As a result, regardless of the concept of erosion, she
answered the item by her daily life experiences that shows good understanding of
scientific concepts occurs if the concept is discussed related with the everyday life

experiences authors concluded.

Shaw (1997) explored the threats to the validity of science performance-
based assessment of 96 English Language Learners (ELLs) whose mother
language was not English from 9™ to 12" grades in five schools. 4-day
performance-based assessment entitled Rate of Cooling Performance Assessment
(ROC) on the concept of heat transfer approached via comparison of the
insulation quality of different fabrics. Day 1 included group-work to find a
solution to the given problem, Day 2 included creating an experiment design, Day
3 allowed for conducting the experiment and Day 4 involved analyzing data
gathered by experiment. The rubric was five point as 4= exemplary, 3= adequate,
2= inadequate, 1= poor, and 0= no response. To evaluate face, construct and
consequential validity of the assessment, he conducted both qualitative
(questionnaires, field notes from observations, interview etc.) and quantitative
analysis (calculating analysis of variance for each scored item, testing the variable
effects on both English language proficiency and science proficiency, and their
correlations). The main validity issue was whether the assessment can measure
scientific literacy instead of English language proficiency. Language proficiency
interfered with only the experimental procedure; on the other hand, graphs,
calculations, and final question concluded by students were significantly affected

by science proficiency.

Hamilton, Nussbaum, Kupermintz, Kerkhoven, and Snow (1995)
examined validity of NELS: 88 science test in the scope of test
multidimensionality as a second study in a series of four. NELS: 88 data
composed of math, science, history and reading test scores obtained from 24,600
8™ grade students and follow up questionnaires and tests obtained when students
become 10™ and 12" graders. The NELS: 88 science tests included 25 multiple

choice items in 8™ grade. 7 of these removed and replaced to compose 10" grade
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science items. No proficiency levels for science test were provided unlike math
test. Different kinds of principal components and factor analysis conducted to
intercorrelations among science test items on the selected data composed of 5,014
subjects as sample at 8" and 10" grades. For the 8" grade, 12 items loaded
strongly on the first factor named as Everyday or Elementary Science (ES)
requiring scientific knowledge can easily learned outside school. The second
factor includes 4 items with the concepts of chemical change, mixtures
compounds, and solubility so it was named as Chemistry Knowledge (CK). The
third factor called Scientific Reasoning (SR) and included 5 items requiring
graphical interpretations, hypothesis construction and manipulation of numeric
equations. The fourth factor was composed of four items involved scientific
concepts such as photosynthesis, barometric pressure, cool/warm air movement
and it was named as Reasoning with Knowledge (RK). Moreover, 3 factors
identified for 10™ grade science items. The first one was Quantitative Science
(QS) including 12 items with mathematical operating such as calculating and
graph interpreting. The second one was Spatial-mechanical Reasoning (SM) with
5 items including map, picture, diagram interpreting. The last factor namely Basic
Knowledge and Reasoning (BKR) have 8 items assessing knowledge of scientific

concepts and their applications to simple reasoning situations.

As the last study in a series of four, Nussbaum, Hamilton and Snow (1997)
inspected the science achievement test with the full sample of 8™ 10" and 12"
grades respectively 23,630, 16,826, 14,134 numbers of subjects. Because of
computational restrictions, random third of 8" graders and random halves of 10"
and 12" graders examined. According to the result of promax rotated three factor
solution, first factor was Quantitative Science (QS) including 8 items, the second
one was Spatial-mechanical Reasoning (SM) with 5 items, and third factor was
Basic Knowledge and Reasoning (BKR) having 12 items. These results almost the
same with the 10" grade analysis expect 3 items moving from QS to BKR. At 8"
grade analysis, the first factor appeared a combination of items CK and RK and
this factor named as Formal Knowledge (FK). Items constructed factor ES in the

previous study made up the second factor, SR made up the third factor and
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additional fourth factor occurred containing 2 items was not given name. As a
result of this and previous study, researchers decided to robustness of three

dimensions which are QS, SM and BKR.

Ayala, Yin, Schultz, and Shavelson (2002) examined whether performance
assessments could bring together three reasoning dimensions found by Hamilton
and colleagues to validate these dimensions and examine consistency of student
performance across three science achievement measures. 30 multiple choice, 8
constructed response items (8" grade and 12™ grade) from NELS, National
Assessment of Educational Progress (NAEP) and Third International Mathematics
and Science Study (TIMMS) were administered 343 students and 3 performance
assessment each targeted nominally one of three reasoning dimensions (basic
knowledge and reasoning [BKR], quantitative science reasoning [QS], spatial-
mechanical reasoning [SM]) were administered 35 students. As basic knowledge
and reasoning performance assessment Electric Mysteries selected, students were
provided batteries, wire, bulbs to prepare an electric circuit. As quantitative
science performance assessment, Aquacraft was used and students asked to
determine the cause of a chemical explosion. For spatial-mechanical reasoning
one, students provided Earth glob in a box, flashlight and towers models to detect
path of the Sun in sky using shadows of towers. These different measures
(multiple choice, constructed response, performance assessment) of science
achievements were correlated in a moderate level meaning these different
measurements bind together different aspects of science achievement. However,
correlational patterns of student scores on items did not found grouped unlike

reasoning and knowledge dimensions.

Another study conducted by Kuforiji (1992), intended to develop and
establish reliability and validity of an achievement test which measures
technological literacy for senior high school students. The research was made up
of selection of test population and content universe, identifying cognitive
behavior, constructing table of specifications, writing test items, pilot

administration, item analysis, and verification of content validity, analysis of
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expert responses and final administration of test. A paper and pencil technology
test consisting of 80 multiple choice items with five alternatives related to
measure only the cognitive domain in Bloom’s taxonomy applied students from
school grade from 7 to 12. Each student answered 40 items from A, B, C, or D
booklets within 40 minutes. After this pilot application, sufficient number of good
items was obtained by item analysis. In the verification of content validity section
of the study, 10 technology literacy experts who are researchers or college
professors and 5 senior high school teachers evaluated the item relevancy to
content area and objective intended to measure. Technology teachers rated each
item in terms of clarity and simplicity of language; on the other hand, technology
education experts rated the relevance to the intended measurement of
technological literacy and evaluated accuracy of categorization of items. To select
items for final administration, a mean rating 7.5 or more out of 10 (Likert-type) by
high school teachers, 75 percent and more (Yes/No) for both relevance and
categorization by technology experts were the 3 criteria. After item analysis-
considering difficulty and discrimination values- 28 of 80 items in the pilot
administration were removed for the final administration. Then, 52 test items were
placed in questionnaire format to content review by the same criteria used
previously. As a result of content validation 40 items of 52 were selected
according to expert ratings and 6 of them removed after item analysis by use of
SYSTAT software. 34 items were selected for the final administration and then
statistical analyses such as reliability and establishment of tentative norms for

gender and socio-economic groups of students conducted.

Although the present study concerns the validity of science sections in the
Student Selection Test, other studies in different domains were taken into
consideration in detail to get an in-depth understanding of the validity and the

validation studies.
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2. 2 Studies Related with Mathematics

Bagnal, (2004) examined the reliability and validity of mathematics
achievement tests administered to grade 5 and 7 students in Prince George School
District, in Canada. Since 1995, the school District Mathematics Achievement
Tests (DMAT) administered to 5™ and 7™ grade students. Because of the large
sample size (1296 5t grade, 1175 7t grade students), classical test analysis could
conduct on small data sets. Regarding to reliability, internal consistency of the
tests by individual item responses, and difficulty level by calculating mean score,
discrimination by point-biserial correlation and discrimination index were
interpreted. In addition to classical item analysis, assumptions free item analysis
and item response logistic models were benefited. It was concluded that test has
internal consistency and procedures used for marking multipoint test items were
sufficient to rater reliability for most of the items used in test, item difficulty and
discrimination values were found appropriate to use and these items would be
used for other assessment purpose. Regarding to content validity, matching the
content of each test to the content of curriculum in British Colombia, analyzing
mathematical process such as communication, estimation, problem solving,
reasoning, technology and visualization was done that provided description of
learning outcome by drawing table of specifications for each test. The table of
specifications clarified that School District Mathematics Committee (SDMC)
members designed and implemented DMATSs successfully. Moreover student’s
math achievement test scores in 2000 and math grades for 1999-2000 school year

were compared as an evidence of concurrent validity.

As a first study in a series of four, Kupermintz, Ennis, Hamilton, Talbert
and Snow (1995) demonstrated validity and usefulness of National Educational
Longitudinal Study of 1988 (NELS: 88) math tests via defining psychologically
meaningful sub-scores in relation to teacher, student and school variables. They
used randomly selected 1/16™ of 24,600 students to form quarter-samples and then
half-samples of 8" and 10™ grade data. Conventional factor analysis with promax

rotation applied to 20 items common on both 8™ and 10™ grade tests, factor
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solutions were found the same for both grades. 2 factors addressed Math
Reasoning (MR) requiring inferential reasoning and Math Knowledge (MK)
requiring knowledge and straightforward computation dimensions. In addition,
regression analyses indicated student attitudes, instructional variables, course and
program types related more to MK, while gender, socio-economic status, and
ethnicity more related with MR. Strong effect detected for the course and program
types in schools. Students got higher scores on math knowledge if they have taken
algebra and geometry courses, but lower achievers have taken only general math

coursces.

Kupertmintz and Snow (1997) conducted a research as the third study in
the same series of construct validity study. In addition to 8" and 10™ grades, this
study covered 12" grade data from NELS: 88. According to their total score in 8"
grade, three forms administered to students. Form L for low to 2,554 students,
Form M for medium to 7,717 students and Form H for high to 3,965 students.
From the pool of 81 items (58 of them came from 8" and 10" grade items), 8
items appeared on all forms, 13items appeared only on Form L, 15 appeared only
on Form H, 15 were common on Forms M and H, 2 were common on Forms L
and H. A total of 14,236 students who completed the math tests in 12" grade were
available. As a result of full factor analysis, Form L included four factors but the
first two factors were almost excellently consistent with the previous study done
with 8" and 10" grade data in terms of MR and MK distinction. Form M again
presented MR and MK as the major factors with a third minor factor including
basic algebra concepts and a fourth minor factor resembling third factor of Form
L. Unlike the first and second forms, Form H addressed a separate structure
reflecting differences in problem solving in addition to the content with five
factors. These were called Compound Mathematical Reasoning (CMR), Concrete
Mathematical Reasoning (NMR), Applied Algebra Knowledge (AAK), Spatial
Visualization (SV) and Algebra Systems Comprehension (ASC). They stated that

the first two have similarities with MR.
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Hendelsman (1997) examined both content and construct validity of High
School Competency Test (HSCT) administered in Florida, the United States and
dominant factors of HSTC associated with Grade Ten Assessment Test (GTAT), a
basic achievement test. The main purpose of minimum competency tests was
explained that whether a student mastered the minimum competencies to earn a
regular high school diploma instead of a certificate. From 61,757 students who
were administered both reading and math sections of HSTC in October 1994 and
GTAT in April, 1994, a random sample of 2000 students were selected by using
SAS program. Content validity evidence consisted of documentation from schools
where minimum skills were taught in the local district and results of exploratory
factor analysis used to examine underlying structure of the GTAT and the HSTC,
and construct validity evidence analyzed through confirmatory factor analysis
results of HSTC. 2 factors founded as dominant for HSCT which measures
minimum competencies in both communication and arithmetic however these
factors might be measuring the same psychological construct since inter-factor
correlation was greater than .6. Regarding to GTAT purported to measure reading
comprehension and mathematics, inter-factor correlation .69 interpreted the test

was measuring the same psychological construct like HSCT.

In attempt to validation of curriculum-based mathematics measures
monitoring disabled and non-disabled elementary 4™ grade students in regular
education classroom as a main study, Parke (1995) developed a curriculum-based
math achievement test as a pilot study via using measures established within the
framework of curriculum-based measurement (CBM) model to identify math
application outcomes that guide the district curriculum. Sample of pilot study was
239 students from level 4 and level 5, while 224 students from other school were
included in the sample of the main study, all of then were from different ethnic
and socioeconomic groups. After obtaining difficulty levels of test items, a sample
of teachers rated how well items presented 4™ grade math curriculum to present
information about content validity. By 5 teachers who did not contribute the test
development, each item rated on a sixth-point scale, and items judged as very

representative of the fourth-grade math curriculum. By using the same sixth-point
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scale, 9 teachers who included neither test development nor validation of the pilot
CBM administration rated the 45 items of APP1 (one of the subtests in main
study). The overall mean rating of content validity was 5.6 which correspond
between “representative” and “very representative” categories. In addition to
content validation, subtests of standardized math achievement test and student’s
classroom math performance were used to explore relationship between CBM
math application and CMB math computation probes which addressed criterion-

related in the study.
2. 3 Studies Related with English Proficiency

Abella, Urrutia, and Shneyderman (2005) compared the test performance
of English Language Learners (ELL) via comparing their test performance using
both English-language (Stanford Achievement Test, 9" ed.) and Spanish-language
(Aprenda, 2™ ed.) achievement tests. These tests included the similar content-area
in the two languages. Although there are two sections in the tests as reading and
mathematics, because of being less dependent on language math components of
the tests targeted to compare students’ achievement. A total of 934 students in 4
grade with different proficiency levels (such as beginning, advanced and
proficient) and 744 students in 10" grade from different levels of English-
language proficiency examined by 48 multiple-choice items covering the same
content of content in two of the languages. 57% of the students were Hispanic
(Spanish or Latin American) while 17% of them ELL. Test validity in this study
referred to the discrepancy in student achievement due to language proficiency
instead lack of content-area on the two tests one is in English and the other was in
Spanish. As a result, all ELL students performed better on Spanish-language test
than English-language test and English-language literacy skill was not a
significant factor affecting math achievement whereas home-language literacy

skill was.

Kurtulus (2002) investigated reliability, content and construct validity of a

pilot English proficiency test administered to gt grade students at Middle East
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Technical University Development Foundation private high school. The
proficiency test was composed of 100 items in five necessary skills, which were
Use of English, Reading Comprehension, Listening, Writing and Speaking;
however 61 of them from three subsections, Use of English, Reading
Comprehension, and Listening were used in the study. Subjects were 215
examinees, all of whom were 8" grade students and they would decided to pass or
take a year of English preparation class depending on their scores of this test. By
the exam committee table of specifications prepared, which included aim of the
items and type of the task and format of the items. In the content validation study,
instead of content (objectives), the skill domains were matched to the table of
specifications because of the nature of the proficiency tests by the reseracher.
Grammar, vocabulary, reading, and listening sub-skills were found well
represented in terms of the aim of proficiency tests which is attaining general
language skills of individuals; however vocabulary section seemed to be
integrated in grammar sub-section that was not aimed actually and be expected to
become separate sub-dimensions as in the structure of the test. Overall, test was
concluded as a representative of measured skills and a good sample of proficiency
test. Principal Component Analysis was also run in SPSS to gain construct-related

evidence of validity.

Ataman (1999) conducted a study to examine reliability, validity, and
equivalence of two tests, Department of Basic English Proficiency Tests
(DBEPT), administered in June 1998 and September 1998 at METU. The
population of the study consisted of 1755 students who took the test in June 1998
and 2864 who took the test in September 1998. Total tests were 100 points and
examinees got 59.49 minimum score considered as successful. DBEPTs were
made up of 70 grammar, 20 vocabulary, and 45 reading comprehension skills
(total 135) multiple-choice items. Content-wise evaluation of the DBEPT was
carried out by the researcher in relation to the objectives and instruction.
Predetermined objectives (parallel to Department of Basic English curricular
objectives) were listed for the grammar, vocabulary and reading comprehension

subtests as the test specification and principal component analysis results were
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used to serve content-related evidence of validity. When grammar, vocabulary and
reading comprehension subtests were treated as independent tests, listed
objectives did not loaded as meaningful factors instead items loaded as easy and
difficult ones. Item difficulty, tem discrimination, reliability analysis were also

examined in the study.

In the light of the aforementioned studies in the literature, the present
study aims at acquiring content-related and construct-related validity evidence
through conducting content analysis, principal component analysis and one-way

between groups analysis of variance across high school types.
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CHAPTER 111

METHODOLOGY OF THE RESEARCH

3.1 Subjects of the Research

This research consists of 126,245 students who are first time applicants
(current last grade of high school students in the application time) as the subjects.
Every year, students at the last grade of high school, students who graduated
previous years but were not placed in a higher education program, and university
students who want to change their university or program admit the University
Entrance Exam all over the country (MoNE, 2007). Although, secondary
education in Turkey consists of General High Schools and Vocational and
Technical High Schools, for the present study the reason why subjects from the
latter one were not preferred was the excess amount of missing values because of

the low rate of answering science items in the test.

In the SST 2006 data, including graduates of previous academic years
there were 1,511,596 examinees who took the Student Selection Test throughout
Turkey. For the current research, graduates of academic year 2005-2006, who
were not took University Entrance Exam before, were selected. The total number

0f 2005-2006 graduates were 600, 226.

Moreover, types of high school that students graduated were taken into
consideration while deciding the subjects of the research. Secondary education in
Turkey consists of General High Schools and Vocational and Technical High

Schools. For the present study the reason why subjects from the latter one were
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not preferred was the excess amount of missing values because of the low rate of
answering science items in the test. Selected school types and their codes are
General High School (GHS), General Private High School (GPHS), Anatolian
High School (AHS), General Private High School with Foreign Language
Instruction (GPHS FLI), Science High School (SHS), and General High School
with Intensive Foreign Language Program (GHS FLP). Therefore, 406,941

students remained in the data.

The last concern was the study fields of the students in selected schools.
These schools have different fields of study such as Social Sciences, Mathematics,
Science and Foreign Language. Since the current research is interested in science
sections of the test, students from Science field were considered appropriate for

the study. They were 126,768 in number.

Among selected subjects according to graduation status, school type, and
study field, as a final procedure 523 of them removed due to answering none of
science items in the test. As a result of the selection procedure, the sample of the
2006 data includes a total number of 126,245 subjects. Table 3.1 presents the

frequency distributions of the subjects for each school type.

Table 3.1
Frequency Distribution of the Research Subjects According to School Types

School Type # of students % of students
GHS 65,058 51.5
GPHS 1,714 1.4
AHS 27,550 21.8
GPHS FLI 4,488 3.6
SHS 4,715 3.7
GHS FLP 22,720 18.0
Total 126,245 100.0
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3.2 Instrument of the Research

In this study, the Student Selection Test (SST) 2006 is used as instrument.
Since 1981, the SST has been administered every year in a parallel form but the
content of the test such as number of items in each section, and subject matters
covered in the items based on the national curriculum might diverse for years.
The SST 2006 has two stages different from the previous SSTs with one stage.
The first stage of the test (SST-1) consisting of four sections namely Turkish,
Social Science-1, Mathematics-1 and Science-1. Similarly the second stage of the
test (SST-2) consisting of four sections as Literature-Social Science, Social
Sciences-2, Mathematics-2 and Science-2. Each section in both the SST-1 and the
SST-2 has 30 items and the test is including 240 items in total.

Since this study deals with science sections of the test, 30 items in
Science-1 section and 30 items in Science-2 section were examined. The items in
the former section were developed according to basic skills and objectives in the
elementary curriculum and in the first year curriculum of high school such as
understanding, implicating and establishing relations. On the other hand, the items
within the latter were covering whole content of secondary curriculum (OSYM,

2006).

Furthermore, in all SSTs, all of the items were in the form of multiple-

choice with five alternatives (four distracters and one correct choice).

The SST 2006 was composed of two stages as the SST-1 and the SST-2.
Science sub-tests as Science-1 and the SST-2 have three sections as physics,
chemistry and biology in each stage. Normally, there should be 13 physics, 9
chemistry and 8 biology items in both the SST-1 and the SST-2 yielding a total
number of 60 science items. However, one chemistry item in the second section
deleted from data by the Student Selection and Placement Center. According to

stages and sections of the test, number of science items is shown in below table.
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Table 3.2
Distribution of Science Items in the SST 2006

Content Domain # of items in SST-1 # of items in SST-2 Total
Physics 13 13 26
Chemistry 9 8 17
Biology 8 8 16
Total 30 29 59

3.3 Data Analyses of the Research

In the current research, data obtained from the SST 2006 were used. The
data were analyzed with regard to classical test theory perspective according to

the following procedure:
3.3.1 Content Analysis

Content specifications of the science items were examined via content
analysis by use of previous science course books of 6™, 7" and 8" grades,
elementary science curriculum and previous secondary physics, chemistry and
biology curricula by the researcher. As subject matter experts (SMEs), two
research assistants from Middle East Technical University were contributed the
study while interpreting content measured in the science tests. One of whom areas
of expertise was science while another’s one was physics. As a result, agreement
was reached by SMEs and the researcher about content category and cognitive

processes measured in the science subtests of the SST 2006.
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3.3.2 Statistical Analyses

Preliminary Analysis: As part of preliminary analysis mean, standard
deviation, skewness and kurtosis values were examined and frequency

histograms were created.

Reliability Analysis: Cronbach’s alpha coefficient was computed to assess

reliability of the SST 2006 in SPSS Version 11.5.

Item Analysis: Item and Test Analysis Program —-ITEMAN- Version 3.5
by Assessment Systems Corporation, 1994 used for conducting item

analysis for the 59 science items in both the SST-1 and the SST-2.

. Factor Analysis: Principal Component Analysis with Varimax Rotated
Solution in SPSS 11.5 version was performed to interpret factor structures
of science sections of the SSTs. Items in the SST-1 and the SST-2 were
taken into consideration as a whole to examine factor structures of the

science sections of tests.
Comparing Means for School Groups: To compare mean science scores of

six different school groups, one-way between groups ANOVA with Post-

hoc tests was conducted.
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CHAPTER IV

RESULTS OF THE RESEARCH

In this chapter results of the present research are described in two main
sections. First section presents the results of content analysis of science sections
of the SST 2006 (Appendix F). To evaluate the content-related validity of
Science-1 and Science-2 tests, results of content analysis and the content structure
of the SST provided by OSYM are compared. In the second section, results of the
statistical analyses such as preliminary analyses, reliability and item analyses, and
one-way ANOVA for school groups are described. Moreover, the latter section
includes results of Principal Component Analysis which is explaining factor

structures and construct-related validity evidence for the SST 2006.

4.1 Content Analysis

By means of content analysis, 59 science items were analyzed in terms of
content category and cognitive process measured by science sections of the test.
The results of the analysis were presented for each of the items below. Moreover,
difficulty (p) and discrimination (D and r) levels obtained by item analysis were
interpreted for every science item in the SST-1 and the SST-2.

4.1.1 Science-1

Table 4.1 interprets the results of content analysis for Science-1 subtest.
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Table 4.1

Content Analysis of Science-1

Item Content Content Category Cognitive Process Grade Level p D r
Domain

Scl 1 Physics Properties of matter Comparing measurements and quantities Elementary .80 .36 .31

Scl 2 Physics Vectors Predicting result from given information 9" 67 .56 .42

Scl 3 Physics Work Relating two or more concepts ~ Elementary .49 .35 .26

Scl 4 Physics Pressure of liquids 1. Inferring cause-effect relationship ~ Elementary .39 .48 .38
2. Interpreting graph

Scl 5 Physics Buoyancy of liquids Comparing measurements and quantities  Elementary .48 .70 .53

Scl 6 Physics Pressure of liquids Determining way for solution  Elementary .56 .54 .41

Scl 7 Physics  Classifications and conversions of matter 1. Knowledge of facts  Elementary .19 .50 .58
2. Predicting result from given information

Scl 8 Physics Light and optics Comparing results of observation 1™ 41 52 42

Scl 9 Physics Light and optics Classifying concepts 1™ 59 58 43

Scl 10  Physics Refraction of light Concluding results of observation 1" 20 37 42

Scl 11  Physics Static electricity Interpreting of observation  Elementary .32 .54 .47
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Table 4.1

Content Analysis of Science-1 (continued)

Item Content Content Category Cognitive Process ~ Grade Level  p D r
Domain

Scl 12 Physics Current electricity Relating elements of problem Elementary .57 .50 .38

Scl 13 Physics Magnet Comparing results of observation Elementary .71 .41 .32

Scl 14  Chemistry Properties of matter 1. Knowledge of concepts Elementary .52 .64 47
Solubility 2. Classifying conditions

Scl 15 Chemistry Mole and Avogadro number Knowledge of procedures (algorithms) 9" 35 59 .50

Scl 16  Chemistry Classifications and conversions of 1.Computing Elementary .42 .80 .62
matter 2. Interpreting graph

Scl 17  Chemistry Classifications of matter 1. Knowledge of procedures Elementary .53 .70 .53
2. Classifying procedures

Scl 18 Chemistry Periodic table 1. Knowledge of concepts Elementary .48 .66 .50
2. Classifying concepts

Scl 19  Chemistry 1. Structure of atom 1. Knowledge of procedures of 34 46 39

2. Orbital and electron configuration

2. Ilustrating electron configurations of

elements
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Table 4.1

Content Analysis of Science-1 (continued)

Item Content Content Category Cognitive Process ~ Grade Level p D r
Domain
Scl 20  Chemistry 1. Classifications and conversions of Explaining cause-effect relationship o" 34 53 45
matter
2. Chemical bonds
3. Acids, bases and salts
Scl 21  Chemistry 1. Classifications and conversions of 1. Translating knowledge into another form Elementary .28 .51 .48
matters 2. Interpreting graph
2. Solubility
Scl 22 Chemistry 1. Solubility 1. Translating knowledge into another form 9" 39 65 .50
2. Temperature and solubility 2. Interpreting graph
relationship
Scl 23 Biology Basic components of organisms Knowledge of principles of 60 .59 .43
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Table 4.1

Content Analysis of Science-1 (continued)

Item Content Content Category Cognitive Process Grade Level p D r
Domain
Scl 24 Biology 1. Structure of plants Relating two or more concepts Elementary .43 .60 .47
2. Osmotic pressure
3. Types of
solutions
4. Energy
molecules
Scl 25 Biology Nucleic acids Knowledge of facts Elementary .24 .46 .46
Scl 26 Biology 1. Structure of plants Knowledge of concepts Elementary .57 .60 .45
2.0rganelles
3. Enzymes
4. Energy
molecules
Scl 27 Biology Ecology and organisms Predicting reason from given Elementary .31 .61 .53
information
Scl 28 Biology Excretion system Relating two or more conditions Elementary .55 .34 .24
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Table 4.1

Content Analysis of Science-1 (continued)

Item Content Content Category Cognitive Process Grade Level p D r
Domain

Scl 29 Biology Inheritance Knowledge of principles Elementary .08 .06 .05

Population genetics Knowledge of facts Elementary .37 .28 .21

Scl 30 Biology
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There were 13 physics (43%), 9 chemistry (30%) and 8 biology (27%)
items in Science-1 test as mentioned in 2006 Action Report of OSYM. In this
report, cognitive process measured in the Science-1 test was defined as “items on
thinking with basic concepts and principles in science”. More specifically,
considering basic knowledge and skills expected to be acquired during elementary
education and the first year of secondary education, 9" grade, understanding,
predicting and establishing relations are the objectives of the SST-1 (OSYM,
2006).

In terms of content division, there were 22 items from the scope of
elementary curriculum, 5 items from the 9™ grade level of secondary curriculum 3
items from 11" grade curriculum; all of those were physics items covering the

content category of “Light”.

As seen above analysis, in terms of cognitive process 30 items in the 2006
Science-1 test, were mainly composed of knowledge level and understanding
level items with the exception of 3 problem solving items. A total of 9 chemistry
items, only Scl 15 was in knowledge level and 5 of biology items were also

measuring the same level.

10 physics items were measuring cognitive processes in understanding
level in addition to 3 chemistry and 3 biology items. However, some of these
items were assessing more than one single cognitive process of understanding

level such as Scl 4, Scl 21, and Scl_22.
Only 2 of physics items were in problem solving level via assessing
cognitive processes as determining way for solution and concluding results of

observation.

There were items measuring different levels together. For instance, 5 items

measuring different cognitive processes from both knowledge and understanding
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levels (Scl_7, Scl 14, Scl 17, Scl 18, and Scl _19). In addition, Scl 16 was

measuring both understanding and problem solving levels of cognitive processes.

Moreover, many of the items are confusing to interpret which content
represented in the items. 6 items had two or more content categories trying to be
assessed, and 8 items were measuring more than one cognitive process either in
the same or in the different cognitive levels. These two make the item ambiguous
in terms of content measured via individual item and the overall science tests.
Item Sc1 7 is only one of the examples of this ambiguity. Unless students know
the fact that water freezes at zero Celsius degree under 1 atmospheric pressure,
and water-ice mixture is in heat equilibrium in this situation, it is impossible to
predict the result stated in the item. Although cognitive process is to predict
possible results of being equilibrium, students need to know too much information
such as what heat equilibrium is, when it is occurred, what relationship exists
between water and ice when equilibrium is reached etc. It is obvious that this item
is trying to assess different facts and concepts in one situation. As a result, Scl 7
item becomes a very difficult one with a very low proportion of correct answers

(Appendix E).

Another example is item Scl 20 which is measuring explaining cause-
effect relationships of chemical events. However, in each alternative there is a
different cause-effect relationship and students need to know all of these
relationships correctly to find the wrong relationship which is the key alternative.
Alternative A asks comparisons of melting-freezing points of Sodium (Na) and
Potassium (K) elements and the comparisons of weakness of their bonds as the
result, B assesses the cause-effect relation between phases of different elements
and the valence electron numbers of these elements, alternative C asks for effect
of phases of H,S and H,O on hydrogen bonding of H,O and the , D wants
students to evaluate strength of acidity of HF and HCI and their results in
chemical bonds, and E assess the result of being more soft of the graphite than

diamond. As stated, there are five different cause-effect relationships assessed in
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item Scl 20 and students have to know all to find the wrong relation but it is not

an easy task. (Appendix E).

Regarding to item characteristics, difficulty level of Science-1 items
ranges between .08 and .80, discrimination ranges between .06 and .81, and the
corrected point biserial, which interprets discrimination level of the items, ranges
between .05 and .62. In terms of physics items, difficulty ranges between .19 and
.80, while discrimination D ranges from .35 to .27, discrimination » ranges
between .32 and .62. Difficulty of chemistry ones ranges between .28 and .23, D
ranges between .46 and .80, while » of them ranges between .39 and .62. In
addition, difficulty of biology items ranges from .08 to .60, as D ranges from .06
to .61, and r ranges from .05 to .53.

4.1.2 Science -2

Table 4.2 interprets the results of content analysis for Science-2 subtest.
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Table 4.2

Content Analysis of Science-2

Item Content Content Category Cognitive Process ~ Grade Level p D r
Domain
Sc2 1 Physics Mass and weight ~ Predicting result from given information 9" 47 .68 .51
Sc2 2 Physics Motion Computing by formula 10" .06 .07 .16
Sc2 3 Physics Potential energy Computing by formula 10" .30 .61 .55
Sc2 4 Physics Linear momentum and collisions Inferring cause-effect relationship 10" .30 48 42
Sc2 5 Physics Electric field Classifying concepts o 37 65 .52
Sc2 6 Physics Electric current Interpreting conditions 9" 13 18 .25
Sc2 7 Physics Electric current Inferring cause-effect relationship 9" 23 S5 .57
Sc2 8 Physics Waves 1. Knowledge of procedures 1" 23 41 40
2. Computing by formula
Sc2 9 Physics Light and optics ~ Comparing measurements and quantities 1™ 20 47 .53
Sc2 10 Physics Dispersion of light Predicting results of observation 1" 41 .61 48
Sc2 11 Physics Waves Computing by formula 1" 18 44 51
Sc2 12 Physics Electric field Determining way for solution o 21 45 47
Sc2 13 Physics Kinetic energy 1.Computing 10" .19 39 42

2. Interpreting graph
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Table 4.2

Content Analysis of Science-2 (continued)

Item Content Content Category Cognitive Process ~ Grade Level p D r
Domain
Sc2 15 Chemistry Neutralization of acids and bases Computing by formula 10" 28 .62 .58
Sc2 16 Chemistry Velocity of chemical reactions Solving equations 10" 48 81 .61
Sc2 17 Chemistry  Equilibrium in chemical reactions Predicting reason from given 10" .34 T4 .62
information
Sc2 18 Chemistry  Oxidation and reduction reactions 1. Knowledge of concepts 1" 37 76 .62
2. Predicting result from given
information
Sc2 19 Chemistry 1. Hydrocarbons 1.Knowledge of concepts 1" 33 59 51
2. Isomers 2. Computing
3. Hybridization
Sc2 20 Chemistry 1. Hydrocarbons Knowledge of procedures (algorithms) 1" 32 .62 .53
2. Chemical reactions
Sc2 21 Chemistry Alcohols and ethers 1. Knowledge of facts 1" .39 56 44
2. Translating knowledge into another
form
Sc2 22 Chemistry Optical isomers ~ Comparing observations and qualities 1" 46 67 .52
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Table 4.2

Content Analysis of Science-2 (continued)

Item Content Content Category Cognitive Process Grade Level p D r
Domain

Sc2 23 Biology Photosynthesis Knowledge of principles 1" 26 48 43

Sc2 24 Biology Metabolism in cell 1. Knowledge of principles 9" 2] 40 42
2. Inferring cause-effect relationships

Sc2 25 Biology Mitosis Knowledge of concepts ot 22 36 0 37

Sc2 26 Biology 1.Metabolism in cell Inferring cause-effect relationship 9" 16 36 42

2. Circulatory system 10"
3. Excretory system

Sc2 27 Biology Digestive system 1. Knowledge of procedures 10" 24 49 .50
2. Ordering steps of procedures

Sc2 28 Biology Nervous system Inferring cause-effect relationship 10" 22 45 47

Sc2 29 Biology Inheritance 1. Knowledge of procedures 1" 20 38 42
2. Predicting reasons of observation

Sc2 30 Biology Population genetics 1. Knowledge of concepts 1" 33 44 35

2. Knowledge of principles

3. Exemplifying concepts and principles
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Since one of chemistry items cancelled in Science-2 test, there were 13
physics (43%), 8 chemistry (27%) and 8 biology (27%) items in Science-2 test.
In addition to the test content distribution, content measured in Science-2 test was
defined as “whole curriculum of secondary education” in the Action Report of

OSYM (OSYM, 2006).

In terms of content division, there were 7 items from the 9" grade
secondary curriculum, 9 items from the 10™ grade level of secondary curriculum
and 12 items from 11® grade curriculum. In addition one of the biology items

consists of both 9™ and 10™ year content dimensions.

As seen above analysis, in terms of cognitive process, 29 items in the 2006
Science-2 test were composed of knowledge, understanding and problem solving

levels.

There were items measuring a single specific cognitive process. Those
werel chemistry and 2 biology items in knowledge level, while 7 physics, 2
chemistry and 2 biology items measuring cognitive processes in understanding

level, and 4 physics and 2 chemistry items measuring problem solving in science.

Moreover, there were items measuring more than one cognitive process
with different cognitive levels. 2 of chemistry and 4 of biology items were
measuring both knowledge and understanding levels cognitive processes. Also,
there were 1 physics (Sc2 8) and 1 chemistry (Sc2 19) items measuring both
knowledge and problem solving levels. Finally, 1 physics item which is Sc2 13
was measuring cognitive processes from both understanding and problem solving

levels.

Like the items in Science-1 test, most of the items were difficult to decide
the content measured in the item due to being composed of more than one content
categories and cognitive processes. A total of 29, 3 items were trying to assess

more than one content category and 9 items were intended to measure more than
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one cognitive processes coming from different levels. One of the examples of
these items is item Sc2 25 (Appendix E). It includes many different concepts
such as triploid endosperm, zygote, embryo, tube nucleus, generative nucleus, and
sperm. It is impossible to select the correct alternative unless knowing all of these

terminologies.

Regarding to item characteristics, difficulty level of Science-2 items
ranges between .06 and .48, discrimination index (D) ranges between .07 and .81,
while the corrected point biserial value which interprets discrimination level (r) of
the items, ranges between .16 and .62. In terms of physics items, difficulty ranges
between .06 and .47, D ranges between .07 and .68, while » between .16 and .57.
Difficulty of chemistry ones ranges between .28 and .48, D of them ranges
between .56 and .81, and r ranges between .44 and .62. In addition, difficulty of
biology items ranges between .16 and .33, while D ranges between .36 and .49,

and r ranges between .35 and .50.

4.2 Statistical Analysis

4.2.1 Preliminary Analysis

All variables included in the data analysis examined by relevant
descriptive statistics, frequency distributions and skewness and kurtosis values in
addition to the missing value analysis (Appendix A). Those variables were, 59
science items used in factor analysis, graduation status, school types, field of
study as independent variables and total science score as dependent variable.
There were 126, 245 examinees from selected six schools, all of them were the
last year of secondary schools and all of them were in science field in their
schools. There were no missing value in terms of school type, graduation status
and field of the study. Descriptive statistics for the SST 2006 were presented in
Table 4.3 for the six different school types with the means, standard deviations,

skewness and kurtosis values.

42



Table 4.3

Descriptive Statistics for Total Science Score on Six School Types

School Type Mean SD  Skewness  Kurtosis # of students
GHS 14.32 7.75 1.15 1.92 65,058
GPHS 21.29 12.25 72 -.17 1,714
AHS 32.41 11.50 -.12 -.70 27,550
GPHS FLI 26.02 13.80 33 -. 90 4,488
SHS 42.01 11.11 -1.02 .62 4,715
GHS FLP 22.45 10.41 49 -.23 22,720
Total 21.28 12.72 .76 -. 27 126,245

This table reveals that in the SST 2006 data, total science scores of
graduates of Science High School (M= 42.01, SD= 11.11) were respectively
higher than science scores of graduates of Anatolian High School (M= 32.41, SD=
11.50), General Private High School with Foreign Language Instruction graduates
(M= 26.02, SD= 13.80), General High School with Intensive Foreign Language
Program graduates (M= 22.45, SD= 10.41), General Private High School
graduates (M= 21.29, SD= 12.25), and General High School graduates (M= 14.32,
SD="1.75).

4.2.2 Reliability Analysis

Before conducting reliability analysis in SPSS 11.5 version, normality of
the total science score was checked by use of descriptive statistics. If skewness
and kurtosis values are zero, the distribution is normal; to be considered
reasonably normal these values should between -2 and +2 (Tabachnick & Fidell,
2001). They stated that in larger sample size, effect of deviation from zero
skewness and kurtosis declines. For the present research, distribution of the total
science score is reasonable normally distributed (N= 126,245, kurtosis= - .268,

skewness=.760).
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Reliability of the SST 2006 assessed via calculating Cronbach’s alpha
coefficient for internal consistency of the scores. Ebel (1979) stated that any test
having reliability coefficient at least .90 yields high reliable scores and the
reliability is a measure of appropriateness of the test to the ability level of the
examinees rather than the test itself. For the SST 2006 scale, Cronbach’s alpha
coefficient was .94 which represents high reliability of the test scores to the group

of examinees in 2006.

In the scope of classical test theory, reliability coefficient is defined
mathematically as the ratio of true score variance to observed score variance
(Crocker& Algina, 1986, p.116). For the currently analyzed test, it is concluded
that at least 94% of the true score variance explained in the observed score

variance.

4.2.3 Item Analysis

ITEMAN Version 3.5 by Assessment Systems Corporation, 1994 used for
conducting item analysis for the 59 science items in both the SST-1 and the SST-
2. The reason why the Science-1 items and Science-2 items were not separated for
item analysis was the similarity of the cognitive processes measured in tests

according to results of content analysis.

ITEMAN provides analysis according to classical perspective. It calculates
proportions or percentages of the true choice as item difficulty (denoted p). For
dichotomously scored items (multiple choice items), mean score represents this
proportion and total test score variance is assumed to be maximized when the p=
.50 (Crocker& Algina, 1986). Also, index of discrimination (denoted D) is
provided for dichotomously scored items using upper 27% lower 27% of the

examinees. According to Ebel’s criteria D is interpreted as:
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40=D — very good items

39 > D > .30 — reasonably good but possibly subject to improvement

29 > D > 20 — marginal items, usually needing and being subject to
improvement

A9=D — poor items, to be rejected or improved by revision

(Ebel, 1979, p. 267).

Moreover, Pearson product moment correlation coefficient is used to
measure relationship between each item score and the whole test score. These
correlational discrimination indices (denoted ) are point biserial and biserial
correlation coefficients. For the present research, point biserial correlation was
selected with the correction of spuriousness. That means, the individual item score
does not included in the total test score. In this study, point biserial value was also
examined for distractors to evaluate whether they are working as expected. In
achievement testing, if an item discriminates between examines, high scoring
examinees have a high probability of answering this item correctly, whereas low
scoring examinees have a low probability of answering this item correctly

(Crocker& Algina, 1986). So, it is expected from a discriminating item:

- key option is selected by high achievers,
- distractors of an item are selected by low achievers,

- high achievers do not prefer to omit the item.

If an item is correctly answered by lower examinees instead upper ones,

the discrimination value of the item would be negative.

4.2.3.1 ITEMAN Results

Considering p values in ITEMAN results, items Scl 3, Scl 5, Scl 6,
Scl 9, Scl 12, Scl 14, Scl 17, Scl 18, Scl 23, Scl 26, Scl 28 and Sc2 16
have p values ranging from .48 to .59. These items are considered ideal in terms
of difficulty. Most of their D values are also greater than .40 except item Scl 3
(D= .35) and item Scl 28 (D= .34). Considering both D and corrected point

biserial 7, item Scl 12 (= .38) needs a very little improvement while item Scl 3
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(= .26), and item Scl 28 (r= .24) need to be improved. Revisions on distractors
might be enough to improve these items because » values for some alternatives are
lower such as A, B, D alternatives of Scl 3 item, B of Scl 12 item and E of
Scl 28 item. In brief, these 12 items are relatively well constructed compared to

the rest of the test (Appendix B).

Items Sc1 1, Scl 2, Scl 13, are easier, their p values are .80, .67, and .71
respectively. Scl 1 item discriminates reasonably (D= .36), but needs little
improvement. The improvement might be on distractors B, C, and D which are
almost not functioning because 1%, 3% and 4% of the examinees selected these.
Item Scl 2 discriminates well (D= .56, r= .42) but B, C, and D distractors still
need improvement because of the lower rate of selection. Similarly, B, C, and D

alternatives are not working expectedly of item Scl 13 (D= .41, r=.32).

Moreover, some items are neither difficult nor easy such as items Scl 8
(p= .41, D= .52), Scl_16 (p= .42, D= .80), Scl_24 (p= .43, D= .60), Sc2 1 (p=
47, D= .68), Sc2 10 (p= .41, D= .61), and Sc2 22 (p= .46, D= .67). These items

are very good in terms of discriminating and need no revision.

There are too difficult items in the test, these are items Scl 29 (p= .05),
Sc2 2 (p=.06), Sc2 6 (p= .13), Sc2 13 (p=.19), and Sc2 26 (p= .16). Two of
them need to be eliminated from the test which are item Scl 29 (D= .06) and 32
(D= .07). Item Sc2 6 is also very difficult (p= .13) but it can be improved by
revision (D= .18, = .25).

Since items below .40 difficulty level considered as hard (Haladyna,
2004), the rest of the items in the test which are Scl 4, Scl 7, Scl 10, Scl 11,
Scl 15, Scl 19, Scl 20, Scl 21, Scl 22, Scl 25, Scl 27, Scl 30, Sc2_3,
Sc2 4, Sc2 5, Sc2 7,Sc2 8, Sc2 9, Sc2 11, Sc2 12, Sc2 15, Sc2 17, Sc2_18,
Sc2 19, Sc2 20, Sc2 21, Sc2 23, Sc2 24, Sc2 25, Sc2 27, Sc2 28, Sc2 29,
Sc2 30 are considered as difficult items because p ranges between .19 and .39.

However, most of these difficult items are functioning well instead item Scl 30
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(D= .28, r=.21) which is marginal and needs revision and item Sc2 25 (D= .36,

r=.37) which is reasonable good but needs improvement.

To sum item characteristics, 3 items are easy compared to the test.
Although they are functioning, their alternatives need to be improved. 5 items are
too difficult. However, too difficult items do not functioning well. 33 of all items
are difficult, 31 of them functioning well and 2 of them need improvement or
revision. Also, 6 items are neither easy nor difficult and they are discriminating
well. Mean difficulty of all of 59 items is .36 interprets the test is hard for the

examinees.

The last issue is the percentages of the missing values of the 59 science
items. As seen both from the frequencies (Appendix A) and percentages of
omitting the item (Appendix B), missing proportion is greater than the correct

responses even it exceeds the total amount of correct and wrong responses.

4.3.2.2 Formats of Items

As part of item analysis, styles of the items in Scince-1 and Science-2 test
examined. Even though all items are in multiple-choice format (MC), there are
mainly four types of MC items. First style includes only a stem with one sentence
and 5 alternatives. This was named as “conventional MC” by Haladayna (2004).
(i.e. Scl_15). The second type includes a written explanation with one or two
sentences before the stem (i.e. Scl 14). In addition to the written information,
third type involves a picture, figure or graph (i.e. Scl_9). All of these tree formats
are still conventional MC. The fourth type entitled “complex MC” including three
or more explanatory information before the stem, and alternatives including one
or more of these previously given choices (Haladyna, 2004). Most of these items

in the SST also have a pictorial or graphical figure.
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4.2.4 Factor Analysis

After assumptions such as sample size, factorability of the correlation
matrix, and multicollineraity& singularity were checked; Principal Component
Analysis with Varimax Rotated Solution was conducted in SPSS 11.5 version to

interpret factor structure and construct-related validity of the test.
4.2.4.1 Assumptions

4.2.4.1.1 Sample Size

According to different views, from 2 subjects per variable to 20 subjects
per variable could be considered accurate sample size for factor analysis (Stevens,
2002). Moreover, contrary to popular rules, Guadagnoli and Velicer (1988) stated
that the absolute magnitude of the loadings and the absolute sample size are the
most important factors. Number of variables per component is also important.

Their recommendations were:

1) Components with four or more loadings above .60 in absolute value are
reliable regardless of sample size.

2) Components with ten or more low (.40) loadings are reliable as long as
sample size is greater than 150.

3) Components with only a few loadings should not be interpreted unless
sample size is at least 300 (as cited in Stevens, 2002, p.395).

Since there are 126,245 subjects in the SST 2006 administration, and 59
variables, sample size is significantly greater than the minimum need. Moreover,
according to 2" and 3" suggestions, this sample size is large enough in order to
interpret both factors with ten or more low loading (smaller than .40) and factors

including only a few loading.
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4.2.4.1.2 Factorability of the Correlation Matrix

Tabachnick & Fidell (2001) indicated that correlation matrix should
include at least some correlation (7= .30) to be considered as factorable. Although
there are a few items having » values lower than .30 in the “correlation matrix”

output of SPSS, most of the items correlate each other reasonably.

Another consideration is the Kaiser-Meyer-Olkin (KMO) statistic which
measures the sampling adequacy. They argued values equal or greater than .60
are required for the factorability of the correlation matrix. For the present study,

KMO value is .99 clarifies that the correlation matrix is factorable.

The last criterion for factorability is Bartlett’s Test of Sphericity which
hypothesizes that all the correlations in the correlation matrix are zero. Since
factor analysis would be meaningless if all correlations are zero, this test is
desired to be significant (p < .05). In this analysis, Bartlett’s test is significant
(p =.000), therefore there is not an identity matrix and factor analysis is

appropriate.

4.2.4.1.3 Multicollinearity & Singularity

Although mild multicollinearity is not a problem for factor analysis
extreme multicollinearity (i.e. variables that are very highly correlated) and
singularity (variables that are perfectly correlated) cause problems in factor
analysis Moreover, the determinant of the - matrix should be less than .00001 to
avoid multicollinearity and singularity (Field, 2005). Since each of 59 items
correlates in acceptable levels and the determinant of the correlation matrix is

9.82 x 10 ', neither multicollinearty nor singularity problems exist.
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4.2.4.2 Interpretation of Communalities and Variance

Since Principal Component Analysis in SPSS works on the preliminary
assumption that all variance is common; hence all communalities is 1.00 before
extraction, and “extraction” label shows how much the common variance of an
item accounts for extracted factors in the data (Field, 2005). In this data,
communalities after extraction range between .15 and .77, therefore; 15 % of the
variance in item 36 and 77 % of the variance in item 29 is explained by extracted

factors (Appendix C).

4.2.4.3 Deciding on Number of Factors

There are different methods while deciding on number of factors provided
by Stevens (2002). Kaiser’s criterion and secree test considered for the present
study. According to Kaiser’s criterion, factors with eigenvalues are greater than 1
should be retained. In this study, the first three factors are interpretable which
accounted for 39.397% of the total variance with the rotated solution. Their
eigenvalues are respectively 20.572, 1.631 and 1.041. These factors revealed
factor loadings between .769 and - .068. The factor loadings and communalities

are presented in Appendix C.

As seen from the scree plot, since the 4™ plot is the first factor to be level
off, before it, 3 factors can be retained and this finding is compatible with

Kaiser’s criterion (Appendix C).
4.2.4.4 Interpretations of Factors
Factor 1
The results of the factor analysis evince that eigenvalue of Factor 1 is

20.572 and explains 34.868% of the total variance. There are 38 items a total of
59 items under Factor 1. Their loadings are between .717 and .352. A total of 38
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items in the first factor 23 items come from the SST-1 and 15 items come from
the SST-2. Disregarding test type, there are 16 physics, 15 chemistry and 7
biology items under this factor. 5 of them are in knowledge, 20 of them in
understanding and 4 of them are in problem solving level. In addition to items
measuring one specific cognitive level, 7 items measuring both knowledge and
understanding, 1 item measuring both knowledge and problem solving
(specifically computing), and 1 item measuring understanding and problem
solving are loaded under Factor 1. As a result, items under Factor 1 are seem to
be assessing too many different cognitive processes with various levels which are
mainly understanding and knowledge of science as well as some problem solving
level processes. Moreover, this factor includes a considerable amount of all four

types of items formats defined in the item analysis.

In regard to item characteristics, their difficulties are between .80 and .24,
while discrimination values D are between .81 and .34 and r is between .62 and
.24. When mean difficulty of items calculated under first factor it is found as .44.
Most of the items under Factor 1 (as compatible with the item analysis results)

functioning well with a reasonable difficulty and discrimination levels.

Factor 2

Factor 2 has an eigenvalue of 1,631 and accounts for 2.765% of the total
variance. There are 18 items load under Factor 2 with loading values between
.578 and .335. 13 of them come from the SST- 2 and 5 items come from the
SST-1. Irrespective of test type, there are 10 physics, 2 chemistry and 6 biology
items under Factor 2. Among these items, 2 of them measures knowledge of
science, 7 items measure understanding of science with different cognitive
processes while 4 items measure problem solving abilities of examinees. In
addition, there are 3 items measuring knowledge and understanding, 1 items
measuring knowledge and problem solving and 1 item measuring both

understanding and problem solving. Considering cognitive process measured,
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items under Factor 2 assess a very similar dimension with Factor 1. Also, Factor

2 composes each of the four formats of the items.

With respect to item characteristics, difficulties of items range between
.34 and .06, D values range between .53 and .07, as r ranges between .58 and .16.
Mean difficulty of these 18 items is .21 and many items are functioning
reasonably although some need improvement and revision. Although difficulties
of these items indicate a factor with similar but more difficult items compared to

Factor 1, it is concluded that Factor 2 still measures the same dimension.

Factor 3

According to PCA results, 3 of biology items — Scl 29, Scl 30, and
Sc2 30- were grouped under Factor 3 with factor loadings - .875, .287 and .279.
This factor explains 1.764% of the total test variance with a 1.041 eigenvalue. 2
of them come from the SST- 1 and they are in knowledge level, whereas 1 item
coming from the SST- 2 measures both knowledge and understanding. If closely
examined, these 3 items construct a meaningful cluster because not only content

but also types of questions are almost identical.

Furthermore, in terms of item characteristics these 3 items are similar
because they are difficult (p values of them are .08, .33 and .37) and 2 of them
discriminating poor while 1 needs a revision (» values of them are .05, .35, .21).
In addition, the mean difficulty of these three items is .26. Also, format of all of

these items are the same which is complex MC.

As a result, science tests in the SST 2006 are multidimensional including
three factors. However, the items clustered under factors according to their item
characteristics (mainly difficulty) rather than measured cognitive processes.
Especially cognitive processes measured with items under Factor 1 and 2 are

very close but their mean difficulties are different respectively .44 and .21.
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4.2.5 Comparing Means for School Groups

One-way between groups ANOVA was conducted in SPSS 11.5 version in
order to compare science ability of students from six types of schools. Before the
analysis, assumptions such as random sampling, independence of observations,

normality and homogeneity of variances were checked.

4.2.5.1 Assumptions

4.2.5.1.1 Random Sampling

Instead of 523 students who answered none of the items, all of the subjects
in the science field of study from six types of schools included in the analysis, a
total number of 126,245 subjects can be considered as the population itself rather
than the sample. Since population is the group which enables random sampling
(Tabachnick & Fidell, 2001), there is no need to violate random sampling

assumption.

4.2.5.1.2 Independence of Observations

According to Cardinal& Aitken (2006) another assumption of ANOVA is
observations within an experimental condition (group) are independent. Since the
science score of subjects does not influence the other group members, it is

concluded that this assumption is satisfied.

4.2.5.1.3 Normality

In their book, Cardinal& Aitken (2006) explained that scores for every

condition should be normally distributed. Remembering descriptive statistics,

science scores for six school groups were distributed reasonably normal.
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4.2.5.1.4 Homogeneity of Variance

It is assumed for ANOVA each of the groups have the same variance
(Cardinal& Aitken, 2006). That means variability of science score for each group
should be the same. In order to satisfy this assumption Levene test in SPSS should
not significant (p > .05). However, in the present research the test is significant
(p=.000) means variance of the six school types are not equal. When the ratio of
the largest standard deviation to the smallest is smaller than 2, the amount of
difference of variance for each group can be accepted even the assumption is
violated (Huizing, 2007). The ratio is 1.78 for the current study means there is a
violation of this assumption, but ANOVA is still robust.

When the group variances are not equal, Dunnett’s C test can be used for
the group comparisons (Huizing, 2007). In this study variances of science scores
for six types of school is not equal, Dunnett’s C test is used for Post-hoc

comparisons.

4.2.5.2 Interpretations of Mean Scores

The impact of school type on science score as measured by the SST 2006
was explored by helps of one-way between groups analysis of variance. Subjects
of the research were divided into six groups based on the school type (group 1:
General High School, group 2: General Private High School, group 3: Anatolian
High School, group 4: General Private High School with Foreign Language
Instruction, group 5: Science High School, group 6: General High School with
Intensive Foreign Language Program). There is a statistically significant mean
difference at p< .05 level in science score of six school groups (F'[5, 126,239] =

18,808.829, p=.000) with a large effect size (partial eta squared= .427).

Since equal variances not assumed in the present research Dunnett’s C test
performed for the Post-hoc comparison. According to Dunnett’s C test, the mean

science score of General High School (M= 14.32, SD= 7.75) is significantly lower
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than all other school types which are General Private High School (M= 21.29,
SD=12.25), Anatolian High School (M= 32.41, SD= 11.50), General Private High
School with Foreign Language Instruction (M= 26.02, SD= 13.80), Science High
School (M= 42.01, SD= 11.11), and General High School with Intensive Foreign
Language Program (M= 22.45, SD=10.41).

General Private High School (M= 21.29, SD= 12.25) has the second lowest
science score significantly lower than Anatolian High School (M= 32.41, SD=
11.50), General Private High School with Foreign Language Instruction (M=
26.02, SD= 13.80), Science High School (M= 42.01, SD= 11.11), and General
High School with Intensive Foreign Language Program (M= 22.45, SD=10.41).

Science score of General High School with Intensive Foreign Language
Program (M= 22.45, SD= 10.41) is meaningfully lower than Anatolian High
School (M= 32.41, SD= 11.50), General Private High School with Foreign
Language Instruction (M= 26.02, SD= 13.80), Science High School (M= 42.01,
SD=11.11).

The mean science score of the General Private High School with Foreign
Language Instruction (M= 26.02, SD= 13.80) is significantly lower than both
Anatolian High School (M= 32.41, SD= 11.50) and Science High School (M=
42.01, SD=11.11).

Finally, science score of examinees from Anatolian High School (M=
32.41, SD= 11.50) is remarkably lower than examinees from Science High School

(M=42.01,SD=11.11).

In conclusion, high school type is considered as a significant effect in

students’ science scores in the SST 2006.
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CHAPTER V

CONCLUSION, DISCUSSION and RECOMMENDATIONS

5.1 Conclusion

In the present study content-related and construct-related evidence of
validity were examined for the science sections of 2006 administration of the
Student Selection Test (SST) by means of content analysis, factor analysis and
one-way between groups ANOVA across six high school types. As related
features, reliability of the test score and characteristics of the science items

examined.

In terms of measured content, science sub-tests found to be assessing a
very broad content from elementary science curriculum and secondary physics,
chemistry and biology curricula. Most of the items needed to know more than one
knowledge and terminology to understand the item and choose the key alternative.
In addition to excess information included in one item, there were more than one
cognitive processes measured in the items as either knowledge, understanding and
problem solving levels or their various combinations such as knowledge&
understanding, knowledge& problem solving, and understanding& problem

solving.

Results of factor analysis were also consistent to the results of the content
analysis. There were three factors explaining 39.397% of the total variance. Items
loaded under Factor 1 and Factor 2 were composed of knowledge, understanding

and problem solving items with various cognitive processes. Similarly, most those
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items were measuring more than one content and more than a single cognitive
process. It was very difficult to interpret what was measuring under these items
via examining the items loaded under these two factors but their cognitive
processes were very close. Items seemed to be clustered according to their
difficulty levels, that items under Factor 2 were more difficult than the ones under
Factor 1. Regarding to Factor 3, there were three biology items all were in
complex multiple-choice format with similar contents such as inheritance and

population genetics.

Moreover, a statistically significant mean difference was detected across
six high school types and this might be a thread to validity of the SST 2006, even

it might address test bias across school types.

According to reliability analysis and item analysis, the SST 2006 data had
a high internal consistency (a = .94), but the test was difficult to all examinee

group (p=.36) although there was a few number of easy items.

5.2 Discussion

The content of the test investigated by content analysis was consistent with
the content structure of the science tests defined by OSYM. The test is found to
consistent with the OSYM’s (2006) content definition in terms of content
category, grade level distributions and cognitive processes measured in the
Science-1 and Science-2 sections with some exceptions. There are 3 items in
Scinece-1 tests coming from 11" grade (items related to field courses) unlike the
others come from elementary and 9™ grades which are called “items related to
common courses” by OSYM. However, the information provided by OSYM

about the test content is very limited.

On the other hand, Berberoglu (1996) stated, the science items are
assessing higher order thinking skills such as application, analysis, synthesis and

evaluation in Bloom’s (1979) taxonomy. However, science items fail to assess
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analysis, synthesis and evaluation levels in the 2006 administration of the SST.
Plenty of items measure cognitive processes in knowledge and understanding
levels according to Krathwohl’s (2002) taxonomy, but there are only 8 items in
problem solving one measuring “determining a way for solution” the others
measuring “computing”. To sum up there is no item in analyze, evaluate and

create levels of Krathwohl’s taxonomy.

In terms of science process skills (SPS), Scl 1, Scl 5, Scl 8, Scl 9,
Scl 13, Sc2 5, Sc2 9, Sc2 22 measure comparing-classifying dimensions of
SPS, while Scl 4, Sc2 4, Sc2 26, Sc2 28 measure inferring dimension, and
Scl 2, Scl 27, Sc2 1, Sc2 10, Sc2 17 assess predicting dimension. However,
SPS such as making observations, hypothesis formulating and testing, controlling
variables, proposing procedures, designing experiment, analyzing data, and

drawing conclusions do not emphasized in the SST 2006 science items.

According to Haladyna (2004) every item should reflect only a specific
content and only a single particular cognitive process. However, there are some
items in the SST 2006 including more than a single content (Scl 19, Scl 20,
Sc2 26) and items referring more than a cognitive process (Scl 4, Scl 16,
Scl 21, Scl 22, Sc2 13). What measured in the items is become ambiguous due
to including more content or cognitive task. For example, graphical interpretation
interferes the cognitive process assessed all of the above-mentioned items which
is unintended. If a student wrongly answered the item, it would be unknown
which of the cognitive processes is lack for this student. The similar problem

arises when the item includes two or more content.

Although being popular in formal testing, complex MC form is
problematic for some reasons (Haladyna, 2004). First, these items are more
difficult than other types of MC forms; second, sometimes it provides evidence
for the correct choice (for instance if an examinee knows one of the choices is not
correct, he can eliminate the distractors including this choice); third, some studies

evinced that complex MC found less discriminating; and last it is more difficult to
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construct and read (Haladyna& Dawning, 1989). There is a plenty of complex MC
items in the SST 2006 science subtests. A total of 59 items, 22 items are in that

form, 15 of them come from Science-1 and 7 come from Science-2 sections.

Haladyna (2004) also offers to minimize the reading time with items as
brief as possible and to avoid use negative expressions in the stem as well as in
the alternatives. Most of the questions in the test are lengthy and needs too much
time to read and understand. Also, there are negatively expressed stems in the
SST 2006 such as Scl 10, Scl 15, Scl 18, Scl 20, Scl 26, Sc2 10, Sc2 21
and Sc2_22.

Another consideration is the length of options should be nearly the same
because especially lower achievers tend to choice the longest option which is
possibly the correct one (Haladyna, 2004). Items in the science tests having
inconsistency in the lengths of options are Scl 15, Scl 20, Scl 22, Scl 24,
Sc2 12, Sc2 16, Sc2 18, Sc2 19 and Sc2 29.

Regarding to item characteristics, too difficult items do not claimed as well
discriminating items. Moreover, mean difficulty of .36 shows that test is difficult
for whole group although all of group is composed of first time administered

students in 2006 and they have the same study field as science.

As seen from reliability analysis the internal consistency of the science test
is found high. Ebel (1979) stated that if the range of the ability in the examinee
group is wider, the reliability of the scores increases. For the SST 2006, there are
a large number of subjects and the range of their ability level might diverse and

the high internal consistency might be found because of this reason.

With respect to factor analysis, there were undesired lower correlation
between variables reveals the test items are not measuring the same construct.
This result was consistent to the findings of the content analysis and factor

analysis. However, in spite of the fact that the test seemed to be measuring three
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factors items loaded on these factors are not different in terms of cognitive
processes measured. Since the forms of the items are also very consistent in

Factor 1 and Factor 2, difficulty constructs the factor structures of the test mainly.

According to the results of analysis of variance, there were found
significant differences between groups with large effect sizes although the
students for the research selected similar types of high schools (all were general
public and private high schools), and although all of the students graduated from
the same field of study which is science. As considered comparable, even
Anatolian High School and Science High School graduates performed remarkably
different in the SST 2006 in science. This might be a thread to validity if this
difference addresses a test bias rather than being a real science achievement

difference.

5.3 Recommendations

As a result of the present research findings and discussions, following
recommendations are provided for both the test developers in OSYM and

researchers validating the SST.

» OSYM needs to clarify and extend the content definitions of the science
sections of the test. Writing objectives for every item before the item
constructed, preparing a table of specification including content, cognitive

process and item type would be beneficial.

» In addition to knowledge, understanding and problem solving, items
should emphasize higher order thinking skills, and more science process

skills.

» 1In the SST 2006 science tests, most of the items do not seemed to be
included basic topics derived from daily life situations. If content of the

items would include real life situations and students’ daily life experiences
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instead remote memorization of knowledge, these made more sense for the
examinees and positively affected their understanding and solving of the

items.

To avoid ambiguity about measured content and cognitive processes, items

should be prepared based on a single content and cognitive task.

While items are preparing, test developers should give more attention to
ability of examinee group to prevent the test being difficult. That might

also decrease the missing value percentages for each item.

Use of different types of MC formats such as matching and true-false
might increase the item quality. Moreover, complex MC formats should be

avoided.

Length of the item stem, and information given for solution should be as

minimized as possible to decrease reading time for the items.

Alternatives of the items should be prepared in a more meticulous manner.

The length of them should be as equal as possible.

Further research would be meaningful to detect whether this difference
represents a real science achievement difference of examinees across
selected six school types or there is a test bias that is the difference caused

by test itself with items functioning in favor of either group.
Research including not only general school types but also vocational and

technical school types would certainly detect larger inequalities across

school types. Such a study would be carried out by further research.
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» With every aspect, the similar research might be repeated for the SST
2007 because 2006 and 2007 administrations of the tests have the same

characteristics.

5.4 Limitation

In this research, a great difference of science score found between selected
school types but the reason of the difference could not be determined. To interpret

this difference between groups of examinees across high school types, differential

item functioning analysis would be expressive.
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Missing Values of Items

APPENDIX A

Preliminary Analyses

Scl 1 Frequency Percent (%)
0 21,719 17.2
1 100,492 79.6
Missing 4,034 3.2
Total 126,245 100
Scl 2 Frequency Percent (%)
0 30,696 243
1 84,455 66.9
Missing 11,094 8.8
Total 126,245 100.0
Scl 3 Frequency Percent (%)
0 44,796 35.5
1 61520 48.7
Missing 19,929 15.8
Total 126,245 100.0
Scl 4 Frequency Percent (%)
0 52,988 42.0
1 49,510 39.2
Missing 23,747 18.8
Total 126,245 100.0
Scl 5 Frequency Percent (%)
0 49,975 39.6
1 61,200 48.5
Missing 15,070 11.9
Total 126,245 100.0
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Missing Values of Items (continued)

Scl 6 Frequency Percent (%)
0 39,665 31.4
1 70,316 55.7
Missing 16,264 12.9
Total 126,245 100.0
Scl 7 Frequency Percent (%)
0 90,471 71.7
1 24,073 19.1
Missing 11,701 93
Total 126,245 100.0
Scl 8 Frequency Percent (%)
0 65,569 51.9
1 51,912 41.1
Missing 8,764 6.9
Total 126,245 100.0
Scl 9 Frequency Percent (%)
0 37,669 29.8
1 74,241 58.8
Missing 14,335 11.4
Total 126,245 100.0
Scl 10 Frequency Percent (%)
0 64,868 514
1 25,386 20.1
Missing 35,991 28.5
Total 126,245 100.0
Scl 11 Frequency Percent (%)
0 62,395 49.4
1 40,692 32.2
Missing 23,158 18.3
Total 126,245 100.0
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Missing Values of Items (continued)

Scl 12 Frequency Percent (%)
0 34,851 27.6
1 71,704 56.8
Missing 19,690 15.6
Total 126,245 100.0
Scl 13 Frequency Percent (%)
0 26,386 20.9
1 89,309 70.7
Missing 10,550 8.4
Total 126,245 100.0
Scl 14 Frequency Percent (%)
0 35,420 28.1
1 66,263 52.5
Missing 24,562 19.5
Total 126,245 100.0
Scl 15 Frequency Percent (%)
0 58,748 46.5
1 44,118 34.9
Missing 23,379 18.5
Total 126,245 100.0
Scl 16 Frequency Percent (%)
0 35,610 28.2
1 53,021 42.0
Missing 37,614 29.8
Total 126,245 100.0
Scl 17 Frequency Percent (%)
0 30,128 23.9
1 66,813 52.9
Missing 29,304 23.2
Total 126,245 100.0
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Missing Values of Items (continued)

Scl 18 Frequency Percent (%)
0 36,491 28.9
1 60,899 48.2
Missing 28,855 22.9
Total 126,245 100.0
Scl 19 Frequency Percent (%)
0 29,668 23.5
1 43,027 34.1
Missing 53,550 42.4
Total 126,245 100.0
Scl 20 Frequency Percent (%)
0 46,090 36.5
1 43,364 343
Missing 36,791 29.1
Total 126,245 100.0
Scl 21 Frequency Percent (%)
0 64,350 51.0
1 35,516 28.1
Missing 26,379 20.9
Total 126,245 100.0
Scl 22 Frequency Percent (%)
0 43,865 34.7
1 49,279 39.0
Missing 33,101 26.2
Total 126,245 100.0
Scl 23 Frequency Percent (%)
0 25,118 19.9
1 75,806 60.0
Missing 25,321 20.1
Total 126,245 100.0
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Missing Values of Items (continued)

Scl 24 Frequency Percent (%)
0 38,834 30.8
1 54,749 43.4
Missing 32,662 259
Total 126,245 100.0
Scl 25 Frequency Percent (%)
0 72,770 57.6
1 30,270 24.0
Missing 23,205 18.4
Total 126,245 100.0
Scl 26 Frequency Percent (%)
0 34,061 27.0
1 71,369 56.5
Missing 20,815 16.5
Total 126,245 100.0
Scl 27 Frequency Percent (%)
0 58,889 46.6
1 39,765 31.5
Missing 27,591 21.9
Total 126,245 100.0
Scl 28 Frequency Percent (%)
0 43,773 34.7
1 69,598 55.1
Missing 12,874 10.2
Total 126,245 100.0
Scl 29 Frequency Percent (%)
0 76,857 60.9
1 10,391 8.2
Missing 38,997 30.9
Total 126,245 100.0
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Missing Values of Items (continued)

Scl 30 Frequency Percent (%)
0 57,240 453
1 46,210 36.6
Missing 22,795 18.1
Total 126,245 100.0
Sc2 1 Frequency Percent (%)
0 30,226 23.9
1 59,110 46.8
Missing 36,909 29.2
Total 126,245 100.0
Sc2 2 Frequency Percent (%)
0 36,687 29.1
1 7,109 5.6
Missing 82,449 65.3
Total 126,245 100
Sc2 3 Frequency Percent (%)
0 34,031 27.0
1 37,382 29.6
Missing 54,832 43.4
Total 126,245 100.0
Sc2 4 Frequency Percent (%)
0 47,429 37.6
1 37,468 29.7
Missing 41,348 32.8
Total 126,245 100.0
Sc2 5 Frequency Percent (%)
0 28,350 22.5
1 46,821 37.1
Missing 51,074 40.5
Total 126,245 100.0
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Missing Values of Items (continued)

Sc2 6 Frequency Percent (%)
0 44,467 35.2
1 16,837 13.3
Missing 64,941 51.4
Total 126,245 100.0
Sc2 7 Frequency Percent (%)
0 36,117 28.6
1 28,667 22.7
Missing 61,461 48.7
Total 126,245 100.0
Sc2 8 Frequency Percent (%)
0 56,533 448
1 29,424 233
Missing 40,288 31.9
Total 126,245 100.0
Sc2 9 Frequency Percent (%)
0 31,114 24.6
1 25,006 19.8
Missing 70,125 55.5
Total 126,245 100.0
Sc2 10 Frequency Percent (%)
0 31,528 25.0
1 52,073 41.2
Missing 42,644 33.8
Total 126,245 100.0
Sc2 11 Frequency Percent (%)
0 35,121 27.8
1 22,638 17.9
Missing 68,486 54.2
Total 126,245 100.0
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Missing Values of Items (continued)

Sc2 12 Frequency Percent (%)
0 41,080 32.5
1 26,646 21.1
Missing 58,519 46.4
Total 126,245 100.0
Sc2 13 Frequency Percent (%)
0 42,748 33.9
1 24,554 19.4
Missing 58,943 46.7
Total 126,245 100.0
Sc2 15 Frequency Percent (%)
0 33,152 26.3
1 34,944 27.7
Missing 58,149 46.1
Total 126,245 100.0
Sc2 16 Frequency Percent (%)
0 20,503 16.2
1 60,347 47.8
Missing 45,395 36.0
Total 126,245 100.0
Sc2 17 Frequency Percent (%)
0 26,581 21.1
1 42,495 33.7
Missing 57,169 45.3
Total 126,245 100.0
Sc2 18 Frequency Percent (%)
0 32,519 25.8
1 46,733 37.0
Missing 46,993 37.2
Total 126,245 100.0
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Missing Values of Items (continued)

Sc2 19 Frequency Percent (%)
0 41,010 32.5
1 41,117 32.6
Missing 44,118 349
Total 126,245 100.0
Sc2 20 Frequency Percent (%)
0 17,360 13.8
1 40,760 323
Missing 68,125 54.0
Total 126,245 100.0
Sc2 21 Frequency Percent (%)
0 42,033 333
1 49,518 39.2
Missing 34,694 27.5
Total 126,245 100.0
Sc2 22 Frequency Percent (%)
0 30,274 24.0
1 58,218 46.1
Missing 37,753 29.9
Total 126,245 100.0
Sc2 23 Frequency Percent (%)
0 31,472 24.9
1 32,904 26.1
Missing 61,869 49.0
Total 126,245 100.0
Sc2 24 Frequency Percent (%)
0 50,784 40.2
1 26,138 20.7
Missing 49,323 39.1
Total 126,245 100.0
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Missing Values of Items (continued)

Sc2 25 Frequency Percent (%)
0 43,704 34.6
1 28,076 222
Missing 54,465 43.1

Total 126,245 100.0
Sc2 26 Frequency Percent (%)
0 52,805 41.8
1 20,519 16.3
Missing 52,921 41.9
Total 126,245 100.0
Sc2 27 Frequency Percent (%)
0 14,906 11.8
1 29,697 23.5
Missing 81,642 64.7
Total 126,245 100.0
Sc2 28 Frequency Percent (%)
0 56,868 45.0
1 27,946 22.1
Missing 41,431 32.8
Total 126,245 100.0
Sc2 29 Frequency Percent (%)
0 43,509 34.5
1 25,494 20.2
Missing 57,242 45.3
Total 126,245 100.0
Sc2 30 Frequency Percent (%)
0 42,269 33.5
1 42,175 334
Missing 41,801 33.1
Total 126,245 100.0
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Frequencies of Items

Skewness Kurtosis
Sel 1 -1.686 .843
Scl 2 -1.056 -.885
Scl 3 -.319 -1.899
Scl 4 .068 -1.995
Scl 5 -.203 -1.959
Scl 6 -.580 -1.663
Scl 7 1.423 .024
Scl 8 234 -1.945
Scl 9 -.692 -1.522
Scl 10 973 -1.053
Scl 11 431 -1.815
Scl 12 -.737 -1.457
Scl 13 -1.296 -.320
Scl 14 -.637 -1.595
Scl 15 287 -1.917
Scl 16 -.401 -1.839
Scl 17 -.818 -1.331
Scl 18 -.518 -1.732
Scl 19 -.374 -1.860
Scl 20 .061 -1.996
Scl 21 .603 -1.636
Scl 22 -.116 -1.986
Scl 23 -1.162 -.651
Scl 24 -.345 -1.881
Scl 25 906 -1.180
Scl 26 -.757 -1.427
Scl 27 .395 -1.844
Scl 28 -.468 -1.781
Scl 29 2.352 3.532
Scl 30 214 -1.954
Sc2 1 -.683 -1.533
Sc2 2 1.832 1.355
Sc2 3 -.094 -1.991
Sc2 4 236 -1.944
Sc2 5 -.507 -1.743
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Frequencies of Items (continued)

Skewness Kurtosis
Sc2 6 1.010 -.980
Sc2 7 232 -1.946
Sc2 8 .665 -1.558
Sc2 9 219 -1.952
Sc2 10 -.507 -1.743
Sc2 11 443 -1.804
Sc2 12 436 -1.810
Sc2 13 .562 -1.685
Sc2 15 -.053 -1.997
Sc2 16 -1.133 =717
Sc2 17 -474 -1.776
Sc2 18 -.365 -1.867
Sc2 19 -.003 -2.000
Sc2 20 -.880 -1.226
Sc2 21 -.164 -1.973
Sc2 22 -.666 -1.557
Sc2 23 -.045 -1.998
Sc2 24 .676 -1.542
Sc2 25 446 -1.801
Sc2 26 981 -1.038
Sc2 27 -.703 -1.506
Sc2 28 126 -1.474
Sc2 29 541 -1.707
Sc2 30 .002 -2.000
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APPENDIX B

Item and Test Analysis Program (ITEMAN) Results

Item Statistics Alternative Statistics
Seq.  Scale Prop.  Disc. Point Prop. Endorsing  Point
No. -ltem Correct Index Biser. Alt. Total Low High Biser. Key

Scl 1 1-1 .80 .36 .31 A .09 .16 .03 -.20
B .01 .02 .00 -.09
C .03 .05 .01 -.11
D .04 .08 .01 -.15

E .80 .59 .95 .31 *
Other .03 .00 .00 -.21

Scl 2 1-2 .67 .56 .42 A .67 .38 .93 .42 *
B .05 .10 .00 -.18
C .07 .12 .02 -.17
D .07 11 .02 -.16
E .06 .09 .02 -.14
Other .09 .00 .00 -.29
Scl 3 1-3 .49 .35 .26 A .05 .06 .04 -.05
B .03 .04 .02 -.06

C .49 .33 .68 .26 *
D .22 .21 17 -.09
E .05 .10 .01 -.16
Other .16 .00 .00 -.24
Scl 4 1-4 .39 .48 .38 A .13 .21 .02 -.24
B .03 .05 .01 -.10
C .20 .13 .24 .04
D .06 .08 .02 -.12

E .39 17 .65 .38 *
Other .19 .00 .00 -.34

Scl 5 1-5 .48 .70 .53 A .48 .16 .86 .53 *
B .10 .13 .05 -.14
C .06 .09 .01 -.15
D .14 .19 .04 -.21
E .09 .18 .01 -.25
Other .12 .00 .00 -.28
Scl 6 1-6 .56 .54 .41 A .02 .03 .00 -.09
B .02 .03 .01 -.07
C .20 .25 .09 -.21

D .56 .30 .84 .41 *
E .08 .13 .03 -.17
Other .13 .00 .00 -.29
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Item and Test Analysis Program (ITEMAN) Results (continued)

Item Statistics

Alternative Statistics

Seq.  Scale Prop.  Disc. Point Prop.  Endorsing  Point
No. -ltem Correct Index  Biser. lt. Total Low High  Biser. Key
Scl 7 1-7 .19 -50 .58 A .10 .08 .12 .01
B .19 .03 .53 .58 *
C .04 .05 .01 -10
D .36 .51 .08 -40
E 21 .14 .22 .01
Other .09 .00 .00 .22
Scl_ 8 1-8 .41 .52 .42 A .13 .18 .05 .18
B .23 .25 213 217
C .41 .20 .72 .42 *
D 211 .14 .07 .13
E .05 .08 .01 .14
Other .07 .00 .00 .22
Scl 9 1-9 .59 .58 .43 A .04 .09 .00 .17
B .06 211 .00 219
C .59 .29 .87 .43 *
D .17 .19 211 212
E .03 .05 .01 .12
Other 211 .00 .00 .34
Scl 10 1-10 .20 .37 .42 A .17 .15 .15 .05
B .20 .07 .44 .42 *
C .15 .15 .10 211
D .14 .14 .10 .10
E .06 .07 .03 -10
Other .29 .00 .00 .25
Scl 11 1-11 .32 .54 .47 A .05 .06 .02 -09
B .32 .10 .65 .47 *
C .18 .18 .14 -09
D .22 .22 12 .16
E .05 .07 .03 .08
Other .18 .00 .00 -36
Scl 12 1-12 .57 .50 .38 A .15 .20 .06 -19
B .01 .02 .00 .07
C .02 .05 .00 .13
D .57 .33 .83 .38 *
E .09 .15 .05 .15
Other .16 .00 .00 .26
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Item and Test Analysis Program (ITEMAN) Results (continued)

Item Statistics Alternative Statistics

Seq.  Scale Prop.  Disc. Point Prop.  Endorsing  Point
No. -ltem  Correct Index  Biser. Alt. Total Low High  Biser. Key

Scl_13 1-13 .71 .41 .32 A .10 .12 .05 -.13
B .03 .06 .01 -.13
C .04 .06 .01 -.12
D .05 .08 .02 -.11
E .71 -49 -89 .32 *
Other .08 .00 .00 -.25
Scl_14 1-14 .52 .64 .47 A .07 .08 .04 -.09
B .04 .05 .02 -.07
C .03 .05 .00 -.12
D .14 .20 .04 -.22
E .52 .22 .85 .47 *
Other .19 .00 .00 -.38
Scl_15 1-15 .35 .59 .50 A 05 07 .01 -.12
B 23 18 .17 -.09
C 09 11 .03 -.14
D 35 12 .71 50 *
E 11 14 .05 -.15
Other 19 00 .00 -.38
Scl_16 1-16 .42 .80 .62 A .12 10 .06 -.11
B .12 15 .03 -.19
C .42 08 87 62 *
D .02 .03 .01 -.07
E .02 04 .00 -.10
Other -30 00 .00 -.50
Scl_ 17 1-17 .53 .70 .53 A 11 17 .02 -.22
B .53 20 -90 53 *
C .05 08 01 -.13
D .04 06 01 -.12
E .04 05 .01 -.10
Other .23 00 .00 -.39
Scl_18 1-18 .48 .66 -50 A 48 16 .83 50 *
B 06 08 .03 -.10
C 08 10 03 -.13
D 06 09 .02 -.14
E 09 08 .06 -.06
Other 23 00 .00 -.44
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Item and Test Analysis Program (ITEMAN) Results (continued)

Item Statistics Alternative Statistics

Seq.  Scale Prop.  Disc.  Point Prop.  Endorsing  Point
No. -ltem  Correct Index  Biser. It.  Total Low High  Biser. Key

Scl 19 1-19 .34 .46 -39 A .03 .04 .02 -.06
B .03 .04 .01 -.10
C .12 .08 .13 .01
D .05 .06 .03 -.07
E .34 .14 .60 .39 *
Other .42 .00 .00 -.39
Scl_20 1-20 .34 .53 45 A .04 .04 .03 -.05
B .34 .12 .65 .45 *
C 11 212 .06 -.11
D 17 .14 .14 -.07
E .04 .05 .04 -.04
Other .29 .00 .00 -.41
Scl 21 1-21 .28 .51 .48 A .28 .10 .60 .48 *
B .05 .06 .02 -.10
C .03 .04 .00 -.11
D .05 .06 .01 -.11
E -39 .33 31 -.10
Other .21 .00 .00 -.38
Scl_22 1-22 -39 .65 .50 A .06 .07 .01 -.12
B .08 11 .02 -.17
C .16 .09 .19 .06
D .05 .05 .02 -.09
E -39 .10 .75 .50 *
Other .26 .00 .00 -.50
Scl_23 1-23 .60 .59 43 A .04 .05 .03 -.05
B .03 .03 .03 -.04
C .60 .31 -89 .43 *
D .08 .13 .01 -.20
E .04 .07 .01 -.14
Other .20 .00 .00 -.39
Scl 24 1-24 .43 .60 47 A .07 .07 .04 -.08
B .08 .08 .05 -.07
C .09 .08 .08 -.04
D .43 .17 .77 .47 *
E .06 .10 .02 -.15
Other .26 .00 .00 -.43
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Item and Test Analysis Program (ITEMAN) Results (continued)

Item Statistics Alternative Statistics

Seq.  Scale Prop.  Disc. Point Prop.  Endorsing  Point
No. -ltem  Correct Index  Biser. Alt. Total Low High  Biser. Key

Scl 25 1-25 .24 .46 .46 A .04 .05 .03 -.05
B .24 .07 .53 .46 *
C .04 .05 .03 -.06
D .17 .17 .12 -.10
E .32 .34 .21 -.17
Other .18 .00 .00 -.29
Scl 26 1-26 .57 .60 .45 A .03 .05 .00 -.11
B .04 .05 .02 -.07
C .17 .22 .06 -.21
D .04 .07 .01 -.14
E .57 .28 .88 .45 *
Other .16 .00 .00 -.34
Scl 27 1-27 .31 .61 .53 A 25 .26 15 -.16
B 03 .05 00 -.11
C 31 07 .68 53 *
D 15 16 .09 -.13
E 04 06 .02 -.10
Other 22 00 .00 -.36
Scl 28 1-28 .55 .34 .24 A .55 38 .72 24 *
B .12 14 .08 -.10
C .06 09 .03 -.12
D .14 17 .10 -.11
E .03 03 .02 -.06
Other .10 00 .00 -.20
Scl 29 1-29 .08 .06 .05 A .08 05 .11 05 *
B .13 11 11 -.05
CHECK THE KEY C .03 05 .01 -.10
A was specified, D works better D .37 14 .68 43 ?
E .08 11 .02 -.17
Other .31 00 .00 -.42
Scl 30 1-30 .37 .28 .21 A 37 22 .50 21 *
B .04 .07 .01 -.13
C .15 .11 .23 211
D 16 21 .07 -.19
E 10 13 .08 -.10
Other 18 00 .00 -.20

85



Item and Test Analysis Program (ITEMAN) Results (continued)

Item Statistics Alternative Statistics

Seq.  Scale Prop.  Disc. Point Prop.  Endorsing  Point
No. -ltem  Correct Index  Biser. lt.  Total Low High Biser. Key

Sc2_1 1-31 .47 .68 .51 A .02 .03 .00 -.09
B .08 .09 .03 -.11
C .05 .07 .02 -.12
D 47 15 .83 51 *
E 09 09 .06 -.09
Other 29 00 .00 -.46
Sc2 2 1-32 .06 .07 .16 A 05 05 .03 -.07
B 06 03 .10 16 *
CHECK THE KEY C 12 06 .19 14
B was specified, D works better D 06 03 .12 17 ?
E 07 05 .08 02
Other 65 00 .00 -.32
Sc2 3 1-33 .30 .61 .55 A 30 05 .66 55 *
B 04 04 .03 -.06
C 07 07 .04 -.09
D 10 14 .03 -.17
E 06 05 .04 -.05
Other 43 .00 00 -.41
Sc2_4 1-34 .30 .48 .42 A 02 03 .01 -.05
B 12 10 .08 -.08
C 30 10 .58 42 *
D 05 06 .03 -.09
E 18 09 .24 09
Other 33 00 .00 -.48
Sc2_ 5 1-35 .37 .65 .52 A 02 03 .01 -.08
B 08 05 .07 -.02
C 37 10 .74 52 *
D 10 09 .08 -.06
E 02 03 .01 -.06
Other 40 .00 00 -.51
Sc2 6 1-36 .13 .18 .25 A .05 03 .06 02
B .19 11 .27 11
C .13 07 .25 25 *
D .08 08 .07 -.04
E .04 04 .02 -.06
Other .51 00 .00 -.32
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Item and Test Analysis Program (ITEMAN) Results (continued)

Item Statistics Alternative Statistics
Seq.  Scale Prop.  Disc. Point Prop. Endorsing Point
No. -ltem  Correct Index  Biser. It.  Total Low High  Biser. Key
Sc2_7 1-37 .23 .55 .57 A .23 .04 .58 .57 *
B .05 .05 .03 -.06
C .07 .05 .07 -.01
D .08 .07 .06 -.05
E .09 .08 .05 -.09
Other .49 .00 .00 -.46
Sc2_8 1-38 .23 .41 .40 A 15 10 .15 -.00
B .04 .04 .03 -.06
C .16 211 .18 .01
D 10 12 .04 -.14
E 23 07 .47 40 *
Other 32 00 .00 -.38
Sc2_ 9 1-39 .20 .47 .53 A 06 05 .05 -.04
B 08 06 .06 -.05
C 06 03 11 08
D 20 03 .51 53 *
E 04 03 .05 00
Other 56 00 .00 -.50
Sc2_10 1-40 .41 .61 .48 A 01 02 .00 -.08
B 02 .03 01 -.07
C 08 09 .06 -.08
D 41 14 .75 48 *
E 14 15 .09 -.11
Other 34 00 .00 -.43
Sc2_11 1-41 .18 .44 .51 A .05 04 .03 -.05
B .16 10 .18 03
C .03 05 01 -.09
D .04 .04 .05 01
E .18 03 .47 51 *
Other .54 00 .00 -.45
Sc2_ 12 1-42 .21 .45 .47 A .03 03 .02 -.04
B .21 04 .49 47 *
C .05 04 .04 -.03
D 17 08 .26 14
E .07 06 .06 -.04
Other .46 .00 00 -.53
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Item and Test Analysis Program (ITEMAN) Results (continued)

Item Statistics

Alternative Statistics

Seq.  Scale Prop.  Disc. Point Prop.  Endorsing  Point
No. -ltem  Correct Index  Biser. It.  Total Low High  Biser. Key
Sc2_13 1-43 .19 -39 .42 A .19 .04 .43 .42 *
B .05 .04 .04 .03
C .03 .03 .01 .08
D .07 .05 .06 .03
E .19 .08 .31 217
Other .47 .00 .00 .52
Sc2_15 1-44 .28 .62 .58 A .05 .03 .06 .01
B .06 .04 .04 .03
C .06 .04 .05 .02
D .28 .04 .66 .58 *
E .09 .04 .10 .02
Other .46 .00 .00 .60
Sc2_16 1-45 .48 .81 .61 A .48 .10 .91 .61 *
B .05 .06 .02 -09
C .03 .04 .01 -09
D .05 .05 .03 .07
E .03 .03 .01 .08
Other .36 .00 .00 .58
Sc2_17 1-46 .34 .74 .62 A .03 .03 .01 .08
B .09 .06 .08 .02
C .34 .05 .78 .62 *
D .03 .03 .01 .07
E .05 .02 .07 .05
Other .45 .00 .00 .62
Sc2_18 1-47 .37 .76 .62 A .06 .06 .03 -09
B .37 .06 .82 .62 *
C .06 .05 .03 .08
D .07 .06 .03 -09
E .07 .06 .05 .05
Other .37 .00 .00 .55
Sc2_19 1-48 .33 .59 .51 A .06 .07 .03 .10
B .05 .05 .02 .08
C 212 .07 212 -00
D .10 .09 .09 .04
E .33 .08 .68 .51 *
Other .35 .00 .00 .49
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Item and Test Analysis Program (ITEMAN) Results (continued)

Item Statistics Alternative Statistics

Seq.  Scale Prop.  Disc. Point Prop.  Endorsing  Point
No. -ltem  Correct Index  Biser. Alt. Total Low High  Biser. Key

Sc2_20 1-49 .32 .62 .53 A .02 .02 .01 -.05
B .03 .03 .02 -.04
C .04 .03 .04 -.01
D .06 .04 .04 -.04
E .32 .08 .69 .53 *
Other .54 .00 .00 -.52
Sc2_21 1-50 -39 .56 44 A .12 .14 .06 -.14
B -39 .14 .70 .44 *
C .09 .07 11 .02
D .07 .07 .06 -.06
E .05 .06 .03 -.08
Other .27 .00 .00 -.43
Sc2_22 1-51 .46 .67 .52 A 04 .05 .01 -.10
B 10 09 .06 -.08
C 06 07 .03 -.09
D 46 16 .83 52 *
E 04 05 .02 -.09
Other 30 00 .00 -.47
Sc2_23 1-52 .26 .48 43 A .05 06 .03 -.07
B .05 04 .06 04
C .10 08 .10 -.01
D .06 05 .04 -.04
E .26 06 .54 43 *
Other -49 00 .00 -.43
Sc2_24 1-53 .21 .40 42 A 10 .04 .20 19
B 07 08 .04 -.10
C 21 06 .46 42 *
D 10 07 .09 -.03
E 14 10 .10 -.07
Other 39 00 .00 -.46
Sc2_25 1-54 .22 .36 37 A 05 04 .04 -.03
B 12 05 .20 14
C 05 04 .03 -.05
D 22 08 .44 37 *
E 13 10 .14 00
Other 43 .00 00 -.47
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Item and Test Analysis Program (ITEMAN) Results (continued)

Item Statistics Alternative Statistics
Seq.  Scale Prop.  Disc. Point Prop. Endorsing Point
No. -ltem  Correct Index  Biser. Alt. Total Low High  Biser. Key
Sc2_26 1-55 .16 .36 .42 A .16 .03 .39 .42 *
B .16 .14 .15 -.04
C .06 .05 .05 -.04
D 11 .07 17 11
E .09 .07 .08 -.02
Other .42 .00 .00 -.43
Sc2_27 1-56 .24 .49 .50 A .04 .04 .04 -.01
B .03 .03 .02 -.06
C .03 .03 .01 -.06
D .24 .05 .54 .50 *
E .02 .02 .01 -.05
Other .65 .00 .00 -.46
Sc2_28 1-57 .22 .45 .47 A 10 07 11 00
B 22 06 .51 47 *
C 04 05 .02 -.07
D 19 14 .16 -.05
E 12 10 11 -.03
Other 33 00 .00 -.45
Sc2_29 1-58 .20 .38 .42 A .20 06 .44 42 *
B .05 04 .04 -.03
C .06 04 05 -.02
D .14 08 16 03
E .10 06 .12 04
Other .45 00 .00 -.46
Sc2_30 1-59 .33 .44 .35 A .15 10 .18 05
B .07 05 .07 00
C .06 06 .05 -.04
D .33 13 .57 35 *
E .06 05 .06 -.03
Other .33 00 .00 -.47

** Correlations have been corrected for spuriousness.
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Scale Statistics

Scale 1
N of Examinees 126,245
Mean 21.277
Variance 161.892
Std. Dev. 12.724
Skew .760
Kurtosis -.268
Minimum .000
Maximum 59.000
Median 18.000
Alpha 941
SEM 3.095
Mean P 361
Mean Item-Tot. 444
Mean Biserial .590
Max Score (Low) 12
N (Low Group) 37,142
Min Score (High) 28
N (High Group) 35,447

There were 126,245 examinees in the data file.
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APPENDIX C

Factor Analysis

Descriptive Statistics

Item Mean Std. Deviation Analysis N
Scl 1 .86 352 6,714
Scl 2 .81 391 6,714
Scl 3 71 452 6,714
Scl 4 .66 475 6,714
Scl 5 75 432 6,714
Scl 6 77 419 6,714
Scl 7 .60 489 6,714
Scl 8 .70 460 6,714
Scl 9 75 431 6,714
Scl 10 .58 494 6,714
Scl 11 .63 482 6,714
Scl 12 .79 410 6,714
Scl 13 .83 376 6,714
Scl 14 77 423 6,714
Scl 15 .69 463 6,714
Scl 16 76 425 6,714
Scl 17 79 407 6,714
Scl 18 73 443 6,714
Scl 19 1 455 6,714
Scl 20 .68 468 6,714
Scl 21 .63 483 6,714
Scl 22 .65 477 6,714
Scl 23 .83 378 6,714
Scl 24 73 444 6,714
Scl 25 .56 496 6,714
Scl 26 .81 395 6,714
Scl 27 .65 477 6,714
Scl 28 .70 459 6,714
Scl 29 12 321 6,714
Scl 30 52 .500 6,714
Sc2 1 7 420 6,714
Sc2 2 26 437 6,714
Sc2 3 72 450 6,714
Sc2 4 .60 490 6,714

Sc2 5 5 431 6,714




Descriptive Statistics (continued)

Item Mean Std. Deviation Analysis N
Sc2 6 42 493 6,714
Sc2 7 .68 466 6,714
Sc2 8 .56 496 6,714
Sc2 9 .64 480 6,714
Sc2 10 75 432 6,714
Sc2 11 .58 494 6,714
Sc2 12 57 495 6,714
Sc2 13 52 499 6,714
Se2 15 .68 465 6,714
Sc2 16 .79 406 6,714
Sc2 17 73 442 6,714
Sc2 18 74 439 6,714
Sc2 19 .68 465 6,714
Sc2 20 7 422 6,714
Sc2 21 .67 471 6,714
Sc2 22 78 417 6,714
Sc2 23 57 495 6,714
Sc2 24 53 499 6,714
Sc2 25 .54 498 6,714
Sc2 26 44 497 6,714
Sc2 27 74 440 6,714
Sc2 28 .58 494 6,714
Sc2 29 .56 497 6,714
Sc2 30 .59 492 6,714
Correlation Matrix (a)
Determinant 9.818E-11
KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 994
Bartlett's Test of Sphericity

Approx. Chi-Square 154,223.128
df 1,711
Sig. .000
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Communalities

Item Initial Extraction
Scl 1 1.000 421
Scl 2 1.000 464
Scl 3 1.000 227
Scl 4 1.000 .348
Scl 5 1.000 .620
Scl 6 1.000 448
Scl 7 1.000 .570
Scl 8 1.000 .344
Scl 9 1.000 444
Scl 10 1.000 447
Scl 11 1.000 409
Scl 12 1.000 435
Scl 13 1.000 401
Scl 14 1.000 493
Scl 16 1.000 .564
Scl 17 1.000 575
Scl 18 1.000 490
Scl 19 1.000 253
Scl 20 1.000 .342
Scl 21 1.000 434
Scl 22 1.000 .290
Scl 23 1.000 .390
Scl 24 1.000 351
Scl 25 1.000 405
Scl 26 1.000 426
Scl 27 1.000 424
Scl 28 1.000 205
Scl 29 1.000 766
Scl 30 1.000 .194
Sc2 1 1.000 490
Sc2 2 1.000 257
Sc2 3 1.000 .539
Sc2 4 1.000 265
Sc2 5 1.000 377
Sc2 6 1.000 .149
Sc2 7 1.000 531
Sc2 8 1.000 328
Sc2 9 1.000 416
Sc2 10 1.000 355
Sc2 11 1.000 398
Sc2 12 1.000 .349
Sc2 13 1.000 279

Sc2_15 1.000 435




Communalities (continued)

Item Initial Extraction
Sc2 16 1.000 .542
Sc2 17 1.000 461
Sc2 18 1.000 .548
Sc2 19 1.000 431
Sc2 20 1.000 .360
Sc2 21 1.000 281
Sc2 22 1.000 487
Sc2 23 1.000 216
Sc2 24 1.000 .280
Sc2 25 1.000 268
Sc2 26 1.000 .196
Sc2 27 1.000 448
Sc2 28 1.000 381
Sc2 29 1.000 .363
Sc2 30 1.000 192

Extraction Method: Principal Component Analysis



Total Variance Explained

Component Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Total % of Variance Cumulative % Total % of Variance Cumulative %  Total % of Variance Cumulative %

1 20.572 34.868 34.868  20.572 34.868 34.868 14.039 23.795 23.795
2 1.631 2.765 37.633 1.631 2.765 37.633 7.963 13.497 37.293
3 1.041 1.764 39.397 1.041 1.764 39.397 1.242 2.104 39.397
4 958 1.623 41.020

5 .942 1.597 42.617

6 .907 1.537 44.154

7 .881 1.493 45.648

8 .868 1.471 47.119

9 .860 1.458 48.577

10 .834 1.414 49.991

11 .803 1.360 51.351

12 799 1.354 52.705

13 793 1.344 54.049

14 782 1.325 55.374

15 776 1.315 56.689

16 769 1.304 57.993

17 754 1.279 59.271

18 746 1.264 60.535

19 726 1.230 61.765

20 122 1.224 62.989

21 714 1.210 64.199

22 708 1.200 65.399

23 .694 1.177 66.575
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Total Variance Explained (continued)

Component Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Total % of Variance Cumulative % % of Variance Cumulative %  Total % of Variance Cumulative%
24 .685 1.161 67.736
25 .665 1.126 68.862
26 .664 1.125 69.987
27 .650 1.102 71.089
28 .644 1.091 72.180
29 .638 1.082 73.262
30 634 1.075 74.337
31 623 1.055 75.392
32 610 1.033 76.426
33 .608 1.030 77.456
34 .602 1.020 78.476
35 593 1.006 79.482
36 584 .990 80.472
37 581 985 81.457
38 579 981 82.437
39 .569 965 83.402
40 561 950 84.352
41 555 .940 85.293
42 551 934 86.227
43 .549 931 87.158
44 .545 923 88.081
45 538 912 88.993
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Total Variance Explained (continued)

Component Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Total % of Variance Cumulative %  Total % of Variance Cumulative %  Total % of Variance Cumulative %
46 534 905 89.897
47 527 .893 90.791
48 513 .870 91.660
49 .503 .853 92.514
50 501 .849 93.363
51 493 .836 94.199
52 475 .806 95.004
53 468 793 95.798
54 456 772 96.570
55 431 730 97.301
56 417 .706 98.007
57 410 .696 98.703
58 398 .675 99.378
59 367 .622 100.000

Extraction Method: Principal Component Analysis
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Scree Plot

a0
20§
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=
<
>
o
(]
o
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10

Component
Component Matrix (a)
Component

1 2 3
Scl 5 .769 -.157 .063
Scl 16 741 -.104 .057
Sc2 18 739 -.038 .016
Scl 7 729 167 102
Sc2 3 728 -.087 .031
Scl 17 728 -.213 -.004
Sc2 7 724 .068 .049
Sc2 16 712 -.185 .021
Scl 14 .691 -.127 .006
Sc2 22 .689 -.109 -.019
Scl 18 .684 -.142 .031
Sc2 1 .680 -.163 .006
Sc2 17 .678 -.042 -.012
Sc2 27 .666 -.053 -.036
Scl 15 .660 .064 -.010
Sc2 15 .657 .051 .021
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Component Matrix (a) (continued)

Component

1 2 3
Sc2 19 .654 .058 .025
Scl 6 .653 -.142 .029
Scl 27 .649 .059 .000
Scl 12 .642 -.151 .002
Scl 9 .635 -.199 .035
Scl 2 .632 -.254 -.015
Scl 11 .630 .088 .065
Sc2 9 .628 133 .064
Scl 26 .626 -.179 -.042
Scl 21 .625 .186 .091
Sc2 5 .608 -.083 .019
Scl 25 .607 .190 -.013
Sc2 11 .607 .170 .035
Scl 10 .605 .269 .092
Sc2 10 593 -.049 -.017
Scl 13 591 -.228 -.005
Scl 24 .590 -.010 -.053
Scl 4 .588 -.031 .021
Scl 23 .586 -.207 -.063
Sc2 20 583 -.079 -.121
Scl 8 582 .045 .057
Scl 20 574 .097 .053
Scl 1 572 -.297 -.073
Sc2 28 S71 233 -.024
Sc2 8 .545 167 .060
Sc2 12 532 219 133
Sc2 21 525 -.070 -.009
Scl 22 523 -.120 -.041
Sc2 29 Sl 297 -.118
Scl 19 496 .031 -.078
Sc2 4 489 157 .013
Scl 3 ATS .036 -.009
Sc2 13 468 243 -.026
Sc2 23 461 -.059 -.022
Sc2 24 450 267 -.080
Scl 28 449 .016 -.060
Sc2 26 428 113 -.028
Sc2 25 402 311 -.099
Scl 30 .359 .089 -.239
Sc2 30 .346 .107 -.247
Sc2 6 298 242 .041
Sc2 2 216 452 .075
Scl 29 -.058 -.055 871

Extraction Method: Principal Component Analysis. a) 3 components extracted.
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Rotated Component Matrix (a)

Component

1 2 3
Scl 5 17 326 .005
Scl 17 713 249 .063
Sc2 16 .686 265 .039
Scl 16 .663 352 011
Scl 2 .660 159 .062
Sc2 1 .647 263 051
Sc2 3 .642 354 .036
Scl 18 .639 284 .029
Scl 1 .634 .082 110
Scl 14 .633 298 .055
Scl 9 .632 211 .015
Sc2 18 .621 .399 .056
Sc2 22 621 308 .081
Scl 6 .613 267 .027
Scl 13 611 157 .049
Scl 26 .610 213 .093
Scl 12 .608 250 .053
Scl 23 593 .164 107
Sc2 17 573 357 .077
Sc2 27 .569 338 .100
Sc2 7 .548 480 .028
Sc2 5 542 287 .037
Sc2 20 513 .260 174
Sc2 10 .508 302 .073
Sc2 15 .503 424 .049
Sc2 19 496 428 .045
Scl 15 496 433 .080
Scl 4 495 318 .036
Scl 22 493 201 .085
Scl 27 490 423 .070
Scl 24 481 327 12
Sc2 21 466 246 .057
Scl 11 461 443 .005
Scl 8 447 .380 .005
Sc2 23 407 216 .065
Scl 19 .380 303 129
Scl 3 363 303 .059
Scl 28 352 265 .106
Scl 10 336 578 -.013
Scl 7 497 .568 -.016
Scl 21 401 522 -.014
Sc2 29 235 522 .188
Sc2 28 325 516 .097
Scl 25 .380 .503 .087
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Rotated Component Matrix (a)

Component
1 2 3

Sc2 12 308 .500 -.064
Sc2 2 -.087 499 -.022
Sc2 11 393 492 .038
Sc2 9 433 478 .008
Sc2 25 .139 473 .160
Sc2 24 204 467 .143
Sc2 13 235 465 .089
Sc2 8 346 456 .006
Scl 20 410 417 .011
Sc2 4 .305 412 .047
Sc2 6 .101 373 .006
Sc2 26 279 335 .079
Scl 29 .022 .021 -.875
Sc2 30 207 258 287
Scl 30 229 253 279
Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a Rotation converged in 4 iterations.
Component Transformation Matrix

Component 1 2 3

1 .809 .579 .101

2 -.586 .808 .067

3 .042 114 -.993

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser

Normalization.
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APPENDIX D

One-way between Groups ANOVA

Test of Homogeneity of VVariances

Levene Statistic df1 df2 Sig.

2,453.613 5 126,239 .000

Dependent Variable: total science score

ANOVA

Sum of Squares df  Mean Square F  Sig
Between Groups 87,25,486.376 5 1,745,097.275 18,808.829  .000
Within Groups 11,712,549.063 126,239 92.781
Total 20,438,035.439 126,244

Dependent Variable: total science score
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Post Hoc Tests: Multiple Comparisons (Dunnett C)

(1) School Type (J) School Type Mean Difference (I-J) Std. Error 95% Confidence Interval
Lower Bound Upper Bound
GHS GPHS -6.9750(*) 29735 -7.8233 -6.1267
AHS -18.0942(*) 07567 -18.3099 -17.8786
GPHS_FLI -11.7055(*) 20821 -12.2991 -11.1119
SHS -27.6896(*) .16463 -28.1590 -27.2203
GHS FLP -8.1353(*) 07549 -8.3504 -7.9201
GPHS GHS 6.9750(*) 29735 6.1267 7.8233
AHS -11.1192(*) .30380 -11.9859 -10.2526
GPHS_FLI -4.7305(%) 36045 -5.7586 -3.7024
SHS -20.7146(*) 33715 -21.6764 -19.7529
GHS _FLP -1.1603(*) 30375 -2.0268 -.2937
AHS GHS 18.0942(*) 07567 17.8786 18.3099
GPHS 11.1192(*) .30380 10.2526 11.9859
GPHS_FLI 6.3888(*) 21733 5.7692 7.0083
SHS -9.5954(*) 17601 -10.0972 -9.0937
GHS_FLP 9.9590(*) .09786 9.6801 10.2379
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Post Hoc Tests: Multiple Comparisons (Dunnett C) (continued)

(1) School Type (J) School Type Mean Difference (I-J) Std. Error 95% Confidence Interval
Lower Bound Upper Bound
GPHS FLI GHS 11.7055(*) 20821 11.1119 12.2991
GPHS 4.7305(*) 36045 3.7024 5.7586
AHS -6.3888(*) 21733 -7.0083 -5.7692
SHS -15.9842(*) 26193 -16.7309 -15.2374
GHS FLP 3.5702(*) 21726 2.9508 4.1896
SHS GHS 27.6896(*) 16463 27.2203 28.1590
GPHS 20.7146(*) 33715 19.7529 21.6764
AHS 9.5954(*) 17601 9.0937 10.0972
GPHS_FLI 15.9842(*) 26193 15.2374 16.7309
GHS_FLP 19.5544(*) 17593 19.0528 20.0559
GHS FLP GHS 8.1353(*) 07549 7.9201 8.3504
GPHS 1.1603(*) 30375 2937 2.0268
AHS -9.9590(*) .09786 -10.2379 -9.6801
GPHS_FLI -3.5702(*) 21726 -4.1896 -2.9508
SHS -19.5544(*) 17593 -20.0559 -19.0528

* The mean difference is significant at the .05 level.



Tests of Between-Subjects Effects

Source Type 11l Sum of df  Mean Square F  Sig.  Partial Eta Noncent. Observed
Squares Squared Parameter  Power(a)

Corrected 8,725,486.376(b) 5 1,745,097.275 18,808.829  .000 427 94,044.146 1.000

Model

Intercept 22,554,970.728 1 22,554,970.728  243,099.682  .000 .658  243,099.682 1.000

School 8,725,486.376 5 1,745,097.275 18,808.829  .000 427 94,044.146 1.000

Type

Error 11,712,549.063 126,239 92.781

Total 77,589,188.000 126,245

Corrected 20,438,035.439 126,244

Total

Dependent Variable: total science score
a Computed using alpha = .05
b R Squared = .427 (Adjusted R Squared = .427
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APPENDIX E

Science Items in Student Selection Test 2006
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A

FEN BILIMLERI-1 TESTi (Fen-1)

1. Bu'testte sirasiyla,

Fizik (1-13)
Kimya (14-22)
Biyoloji (23-30)

ile ilgili 30 soru vardir.

2. Cevaplarinizi, cevap kagidinin Fen Bilimleri-1 Testi igin ayrilan kismina isaretleyiniz.

Sekil I

Sekil

Sekil | ve Il deki esit kollu teraziler, kefelerindeki
X, Y ve K cisimleri ile yatay dengede olduguna
gore,

I. Xin kiitlesi K ninkinden blyktir.
Il. Xin kitlesi Y ninkinden kiglktr.
I, Y nin kiitlesi K ninkinden kigiktir.

yargilanindan hangileri dogrudur?

A) Yalniz | B) Yalniz Il C) Yalmiz 11l
D)lvell E)lvelll '
Kiyi
-
S
A
Z w
WY
K L M N Kyl

Yere gore akinti hizi \a olan bir irmagin kiyisin-
daki K, L, M, N noktalarindan yiizmeye baglayan
X, Y, Z, W yiizilcillerinin suya gtre hiz vekttrleri

~ sekildeki gibidir.

Bu yiiziiciilerden hangi ikisi kars: kiylya ayni
noktadan gikar?
A) XileY B) XileW

D)YieWw E)ZileW

C)Yilez

21

ok
—_—
P

ik

Strtiinmesiz yatay bir dizlemde duran K cismini, ok

---- yatay

- =
ybntinde hareket ettiren sekildeki Fy, F, kuvvetleri
t stirede W igini yapiyor.

Buna gore, hareket yonii aym kalmak koguluyla,
-
. F; in biiyiikligind artirma
II. IE; nin biykligini azaltma
lll. K nin kitlesini azaltma

iglemlerinden hangisi yapilirsa, ayni t siirede
yapilan W isi artar? *

A) Yalniz | B) Yalmiz Il C) Yalmz Il .
D)lyadall E)lyadalll
Diger sayfaya geginiz.
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su basinci
L 4

o

P

3

» Zaman

ata + +
Yo 0 t 2t 3t 4t 5t

Sekil I
Digey kesiti Sekil | deki gibi olan silindir bigimli kap,
X bélmesine K muslugundan, Y bélmesine de L mus-
lugundan sabit debilerle akan suyla 5t slirede agzina
kadar dolduruluyor. Bu siirecte kabin N noktasindaki
su basincini zamana baglayan grafik de Sekil Il deki
gibi oluyor.

Sekil Il

X bolmesinin hacmi Y ninkine esit olduguna gbre,

I. K ve L musluklanndan akan sulann debileri
birbirine esittir.

il. K muslugu L muslugundan énce agilmighir.
. L muslugu K muslugundan énce agiimigtir.
yargilanndan hangileri dogrudur?
A) Yalmz |
D)lvell

B) Yalmz Il
E) I ve lil

C) Yalmz I

Birer ipe bagh X, Y cisimleri bir sivi iginde gekildeki -
konumda dengede kaliyor.

iplerdeki gerilme kuvvetlerinin Ty, T, bilyiikiiik-
leri sifir olmadidina gére,

I. Xin dzkitlesi Y ninkinden biyiiktir.
L. X in kiitlesi Y ninkinden biyiiktiir. .
L. T,,T, den bayoktor.
yargilanindan hangileri kesinlikle dogrudur?

A) Yalmz | B) Yalmz Il

E) It ve i

C) Yalmz Hl

D)Ivel)

7.

-yatay

Pistonlanimin alanlan S, 28 olan bir su cenderesi, pis-
tonlarimin Gizerine konan ézdes cisimlerle sekildeki
gibi dengede kaliyor.

Asagidaki islemlerden hangisi yapilirsa, yeni den-
ge konumunda kollardaki su yiikseklikleri birbiri-
ne esit olur?

(Pistonlarin sizdirmaz oldugu varsayilacak, agifikian
dnemsenmeyeceklir.)

A) Kve L pistonlarinin Gzerine ayni cisimlerden
birer tane daha koyma

B) Kve L pistonlarinin iizerinden birer tane cisim
alma

C) Yalnizca L pistonunun izerine ayni cisimden
bir tane daha koyma

D) Yalnizca K pistonunun tizerinden bir tane cisim
alma

E) Yalnizca L pistonunun dzerinden bir tane cisim
alma

Deniz kenaninda yapilan bir deneyde, isica yahtilmig
bir kapta bulunan 0°C taki suya, sicakligi 0°C in
altinda olan bir buz pargasi atiyor. Bir siire sonra
181l denge kuruluyor ve kapta su-buz kangimi oldugu

gizleniyor.
Buna gore,
I. Kaba atilan buzun bir kismi erimigtir.
Il. Kaptaki suyun bir kismi donmustur.
lll. Kaptaki suyun sicakhigi azalmigtir.

yargilanindan hangileri dogrudur?

A) Yalmz | B) Yalmz Il

D)l ve Il

C) Yaimz Il
E)llvelll

Digler sayfaya geginiz.
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Sl et e i

;' diizlem ayha
e

-
1
'
'
R
[l
I}

e it whal S

I
dizlem ayna |
it bl b SRR

4===

Sekil |

Karanlk ortamdaki perde ontine, bir top, noktasal
K 1sik kaynadi ve diizlem ayna Sekil | deki gibi yer-
lestirildiginde, perdedeki tam golgenin alarm Sy,
yarigblgenin alani da Sy oluyor.

Diizlem ayna Sekil Il deki konuma getirilirse Sy
ve Sy degerleri igin ne sdylenebilir?

Sr Sy
A) Biyir Blydr
B) - Biiylr Degismez
C) Biiydr Kigltr
D) Kiigtiltir Biytr
E) Kictldr Degigmez

23

10.

K kl.:'rtusui L kuitusu

b —t

Sekildeki K, L kutularina birer ayna yerlegtirilmigtir.
K kutusundaki aynaya gelen I 1sik isini sekildeki
yolu izleyerek diizenekten gikiyor.

Sekildeki x ekseni kiiresel aynalar icin asal ekse-
ni, diizlem aynalar igin de normalin dogrultusunu
gosterdigine gore, K ve L kutularindaki aynalarin
tiirii igin ne sdylenebilir?

K deki aynanin tiirti L deki aynanin tiirll

A) Duzlem Dizlem

B) Dizlem Cukur

C) Gukur Diizlem

D) Gukur Tiimsek

E) Timsek Cukur

hava gle hava normal
LS X
3]
M

Birbirine yapisik X, Y prizmalannin tepe agilan 6 dir.
X e gelen I 1gik 1gim S noktasina kadar gekildeki

_ yolu izliyor.

0=30" ve X in kirma indisi, Y ninkinden kiigiik
olduguna gére, bu 1sin S noktasindan sonra ke-
sikli gizgilerle belirtilen K, L, M yollanindan hangi-

lerini kesinlikle izleyemez?

A) Yalniz K yi B) Yalniz L. yi C) Yalniz M yi
D)KwveLyi E)KveMyi
Diger sayfaya geginiz.
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1.

12.

Sekildeki 5zdes K, L elektroskoplarindan K arti (+),
L eksi () elektrikle yiiklenmistir. K nin yapraklan
arasindaki Oy agisi, L nin yapraklan arasindaki 6,
agisindan kugiktur. Elektroskoplarin topuzlan birbiri-
ne dokundurulup ayrildiginda, her ikisinin de yaprak-
lan arasindaki ag1 6 oluyor.

Buna gére, agagidaki yargilardan hangisi kesin-
likle yanhstir?

A) 8=6, B) 6=0, C) 80,
D) 8<0, E) 0<6,
K L
T

s N1 M
@ oy
+o
—I'_
Ozdes K, L, M, N lambalarindan olugan sekildeki

devrede S anahtan agikken K, L, M lambalar 151k
veriyor.

S anahtan kapatilirsa K, L, M lambalarnindan han-
gilerinin parlakhd artar?

{Uretecin igdirenci 6nemsenmeyecektir.}

A) Yalmz Knin_ - - B) Yalniz L nin
C)K ve L nin D) L ve M nin
E).K, L ve M nin -

2A

13.

Sekil | Sekil 1l

Ozdes K, L gubuk miknatisiari tavana Sekil | deki gibi
asildiginda, X, Y iplerindeki gerilme kuvvetlerinin bii-
yiiklikleri sirastyla Ty, Ty oluyor.

L miknatisi ters cevrilerek Sekil Il deki gibi asilir-
sa, Ty ve Ty degerleri i¢in ne soylenebilir?

T L
A) Artar _Arbar
.B) Artar Degismez
C) Azalir Azalir
D) Degismez Degismez

E) Degismez Artar

Diger sayfaya geginiz.
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14. Oda sicaklifinda, bir kaptaki ar suya esit kiitlelerde

15.

gay sekeri ve etil alkol konarak kabin agzi kapatiliyor,
cay sekeri ve etil alkoliin tamamimin ¢éziinmesi sag-
lamiyor.

Bu géziinme tamamlandiginda, oda sicakliginda
olan kaptaki ¢géziinmiis maddelerin asagidaki
tzelliklerinden hangisinin géziinme Sncesine
gire dedismesi beklenir?

A) Kitleleri

B) Molekil sayilan

C) Molekul kitleleri

D) Kimyasal yapilan

E} Molekiiller arasi etkilegimleri

Kiitlesi bilinen fakat formiilii bilinmeyen, ideal
davramigta gaz halindeki bir bilegigin mol sayisi,
agadidaki bilgilerden hangisiyle dodru olarak
hesaplanamaz?

A) Mol kitlesi

B) Molekiil sayisi

C) Normal kosullardaki hacmi
D) Atomlanmin mol kiitlesi

E) Normal kogullarda bir graminin hacmi

16. X ve Y element atomlan birleserek |. ve Il. bilesikleri

17.

25

olusturmaktadir. Bu bilesiklerle ilgili grafikler ve agik-
lamalar asagida verilmisgtir.

'g Yandaki grafik, 1. bilegik-
£= teki X in kiitlesinin Y nin
= kitlesiyle degigimini

gostermektedir.
7
4 Y nin
kitlesi
I. Bilegik

K Yandaki grafik, Il. bilegik-

EE teki X in kiitlesinin bu bi-

lesigin kitlesiyle degisi-
mini géstermektedir,

60 Bilesigin
kutiesi

Il. Bilesik
Bu grafiklere gdre, aym miktar X ile birlesen |. bi-

lesgikteki Y miktarinin Il. bilegikteki Y miktanna
orami kagtr?

1 1
A) — B) —
)5 B

s

C) D) 1 E)4

2

Asagidaki iyonlann hangisinde toplam elektron
sayisi dierlerinden farkhdir?

(H, 6C. 7N, gO)

A) NH,' B) CN™ C) OH~

Dy N3 E) 02

Diger sayfaya geginiz.
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A

18. Asadida atom numaralan verilen element giftle- 20. Atomlar ve molekiiller arasindaki baglaria ilgili
rinden hangisindeki |. element ile Il. element, peri- asagidaki durumlardan hangisi, kargisinda veri-
yodik tablonun aym grubunda yer almaz? len nedenle agiklanamaz?

l.element  |l. element Durum Nedeni
A) 4 22 A) Potasyumun erime Potasyumdaki metalik
sicakhid sodyumnun- bagin sodyumndakin-
B) 3 19 kinden kigktdr. den daha zayif olmasi
c) 10 36 B) lyot kat, flor gazdir. Florun iyonik bagh bile-

giklerinde yalniz nega-
tif degerlik almasi

D) 5 13
C) H az, H-0O da hidrojen bagi-
E) 8 34 ) HeS g 20 d jen bagd
Ho0 sividir. nin etkin olmasi
D) Sulu gozeltilerinde, Hidrojen ile flor arasin-
HF zayif asit, daki bagjin daha kuv-
HCI kuvvetli asittir. vetli olmasi
E) Grafit, eimastan Grafitin tabakal yapida
daha yumusgaktir, olmasi ve tabakalan

arasinda zayif van der
Waals kuvvetlerinin
bulunmasi

19. 49X element atomuyla ilgili,

|. Elektronlanmin orbital semasi . e L -
21. Bir X katisinin sudaki ¢ozOndrdgindn sicaklikia degi-

A1 @ @ @ @ @ @ gimi grafikteki gibidir.
T4s 3d .

bigimindedir.

Cozundrilik
(g/100 cm?su)

~ . X" iyonunun elektron dagihmi [Ar] 3d'"? dur.

IIl. 3p, orbitalindeki elektronlarinin bulunma olasi-
liklarimin dagilimi

Sicaklik ('C)
Bu grafikle ilgili,
I. a noktasinda gozelti doymustur.

Il. b noktasinda gozelti doymamusgtir.

lll. ¢ noktasinda gbzelti agin doymustur.
seklindedir. yargilarindan hangileri dogrudur?

yargilarindan hangileri dogrudur? A) Yalniz | B) Yalmz Ii C) Yalmz Il
(18Ar) D) Il ve il E)1, Il ve lll
A)Yalmzl . - B)Yamzll C)lvell
D) livelll E}L, llvelll
Diger sayfaya geginiz.
26
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A

22. Asagidaki |. grafik, bir X katisinin sudaki ¢ézinirii-
ginin sicaklikla dedigimini, II. grafik de Ty, To, Ty si-
cakliklarinda cézlinme slresince bu katinin kitlesinin
zamanla degisimini gostermektedir.

—T

-—

Gozlnlrlik
(9/100 cm? su)
Katinin kiitlesi

— g _Ti

o

Sicaklik (*C)
L grafik

Zaman
IL. grafik

Bu grafiklere gbre, agagidaki yargilardan hangisi
yanhstir?

A) X in ¢bzUnUriigl ekzotermiktir.
B) X in doygun ¢bzeltisi Isitiirsa gokelme olur.
C) Sicakhklar arasinda Tg < To < Ty iligkisi vardir.

D) T, Ta, Ty sicakliklarindaki ¢ozeltiler t aminda
doygun haldedir,

E) Xin Ty sicakhfindaki ¢ézindrligd T, ve Ty te-
kinden fazladir.

23. Hiicrede gergeklesen biyokimyasal olaylarla ilgili,

I. Hucre igi enerji Ureten reaksiyonlarin baglamasi
icin enerji gerekir.

Il. Metabolik bir yolda yer alan enzimler birbirini
izleyerek iglev gorir.

Ill. Reaksiyonun baglamasi i¢in enzimin bulunmasi
her zaman yeterlidir.

agiklamalanndan hangileri degrudur?
A) Yalmz |

B) Yalmz Il C)lvell

D) Ivelll E)llvelll

27

24. Asagidakilerden hangisi turgor basinci yiiksek
olan bir bitki hiicresinin turgor basincinin azal-
masini sadlar?

A) Hicrenin izotonik bir ortama konmasi

B) Hiicrenin, sitoplazmasindaki ¢dziinmiis madde-
leri dis ortama atmasi

C) Hucrenin hipotonik bir ortama konmast

D) Hucrenin, ozmotik basinci yliksek bir ortama
konmasi

E) Hucrenin ATP kullanarak suyu igine almasi

25. Niikleik asitlerin,
I. organel yapisinda yer alma,
Il. protein sentezinde rol oynama,
lIl.  aminoasitleri tanima

dzelliklerinden hangileri RNA gesitlerinin tiimiin-
de bulunur?

A) Yalniz | B) Yalmz Il C) Yalmz 1l

D)ivell E) Il ve Il

Diger sayfaya geginiz.
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26. Normal gevre kosullarinda, bitkilerin kloroplast-
lannda-agsagidaki olaylardan hangisi gergekles-
mez?

A) Enzimlerin kullamimasi
B) ATP dretimi

C) DNA nin eslenmesi

D) Organik madde tretimi

E) Yag depolanmasi

27. Kapal bir deney ortaminda, deneyin baglangicindan
24 saat sonra, karbondioksit ve serbest azot miktar-
nin azaldig, oksijen miktarimin arthi gézleniyor.

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

A) Yesil bitki —Mantar

B) Parazit bitki — Mantar

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

E) Mantar — Glriikgiil bakteriler

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

I. viicut i¢ sicakliginda artma,
1. terleme,
I, doku sivisindaki tuz miktarinda azalma

olaylan, agagidakilerin hangisinde verilen siraya
gbire gergeklesir?

A l=1=1
C)it=1-1i

B)I-lIl—1I
Dy —1-1
Ey -1l -1

28

29. Aymi tirden kirmizi gigekli iki bitki arasinda yapilan

birinci gaprazlama sonucunda % 0 kirmizi gigekli,
% U beyaz gigekli olan F; déli elde edilmigtir. F
déliinden alinan kirmizi gigekli iki bitkiyle yapilan ikin-
ci gaprazlamadan elde edilen F, ddlindeki tim bitki-

ler kirmizi gigekli olmustur.
Buna gore,

I. Birinci gaprazlamaya alinan bireylerin ikisi de . .
heterozigottur. - -

fl. F; doliindeki bireylerin bir kismi homozigot bir
kismi heterozigottur.

Hl. lkinci gaprazlamaya alinan bireylerin ikisi de
heterozigottur.

ifadelerinden hangileri kesinlikle dogrudur?

A) Yalmz 1 B) Yalmz Il C) Yalriz 11l
D)lvell E) live Ill
30.
|. Adaptasyon
Il. Mutasyon

Ill. Kaltsal varyasyon

Bir populasyondaki bireyler, yukandakilerden
hangilerini “dogal secilim’le kazamir?

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

D) lve Il E)livell

FEN BILIMLERI-1 TESTI BITTL
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A

FEN BILIMLERI-2 TESTI (Fen-2)

R

1. Bu testte sirasiyla,

Fizik {1-13)
Kimya {14-22)
Biyoloji {23-30)

He ilgili 30 soru vardir.

3. Cevaplannizi, cevap kadidimin Fen Bilimleri-2 Testi igin ayrilan kismina igarctieyiniz.

¥

6 R

5K L

a4

IfTMINEP

2

11R|IS|T

" X

0 1234586

. ....yatay
Tirdes ve dzdes 10 kareden olugan sekildeki diiz-
gin ince levhanin L, M, N, R, 5, T pargalari tek; K, P K nokiasinda durgun iken serbest birakilan bir bilye,
pargalari da ¢ift katlidir. . diigey kesiti sekildeki gidi olan egik dizlemle L nok-

. N . . tasinda esnek garpigma yaparak M noktasina ulagi-

Buna gére, bu levhanin kiitle merkezinin koordi- yor

natlar (x,y) asadidakilerden hangisidir?

Bilye KL yolunu t stirede aldi§ina gdre, LM volu-
A) (2,2) B) (2.3) C) (2.4} nu kag t stirede alir?
D) (3:3) E) 34) [sin45° =cosd5 =%— 1 g=10 m/sz}

Al 242 B2 O N2 D) 1 E)Ls

Diger sayfaya geginiz.
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3. Ozdes X, Y yé‘yl"ar; ile kiltle-
feri sirastylam, 2molan K, L
cisimleri sekildeki gibi birbiri-
ne bagtanarak tavana asihyor.
Denge konumunda X yayinda
depolanan (esneklik) potansi-
yel enerji Ex , Y yaymnda de-

polanan da Ey oluyor.

E
Buna gdre, TEL oram kagiir?

Y

(Yaylarin kiitleleri onemsenmeyecektir.)

9 3 2 1 1
. A)— B})— C)— D) — E) —
) 2 ) 7 ) 3 } > ) 2
— ~—
,, —= n 7 -yatay
P
Sekil |
- —
ll_sr/lllﬂl._'l.u I~ ’yatay
P
Sekil Il

Siiftinmesiz yatay bir ray {izerinde birbirine dogru
sabit hizlaria gelen K, L cisimlerinin t, =0 aninda-
ki konumu Jekil | deki gibidir. Bu cisimler, t; =0
anindan 1 siire sonra P noktasinda carpigsyor ve bu
carpigmadan t stire sonra da Sekil Il deki konuma
geliyor.

Buna gdre,
1. K nin kiitlesi L ninkine esittir.
li. Carpigma esnektir.

. Carpismadan énce, K nin momentumunun
- buyiikigo L ninkine egittir.

yargilarindan hangileri dogrudur?

(Bélmeler esit aralikhidir.)

A) Yalniz | B) Yalnz [t Cilvell

E) Il ve il

D) ve Il

51

Elektrikle yiikli iletken ¥, L kirelerinin konumu ve
bunlara iligkin kuvvet ¢izgilerinin bigimi ile yoni ge-
kildeki gibidir.

¥ nin ylikiinin bly(ikligi gy, L ninki g ve

d, > d, olduguna gére, g, ve q nin biiyiikiik-
leri ve isaretleri igin agadidakilerden hangisi

dogrudur?

A) g =g, ikisi de - isaretlidir.
B) gg <q, ikisi de — igaretlidir.
C) qg>q, ikisi de - isaretlidir.
D) oy >q., iKisi de + igaretlidir.

E) gy <q., ikisi de + igaretlidir.

Diger sayfaya geginiz.
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7.
S 5 S

+K " R L &
+ X direng makara  kondansatbr
J B 4

i L

-0 S O
M A
R
¥ N
QE A Sg, 8L, S¢ anahtartar agik ofan sekildeki RLC dev-

resinden sabit frekans alternatif akum gegiyor.

K, L, M Gretecleri, X lambasi ve dzdes R direnglerin- Asa@idaki islemierden hangisi yapilirsa devre-

den olusan §eki_ideki glektrik devresinde, X lambasin- den gecen alternatif akimin etiin degeri Kesinlikle
dan akim gegmiyor. artar? .

Buna gore,
A} Yalmiz Sy yi kapaimak
I. K nin elektromotor kuvveti M ninkinden

bityiiktar. B) Yalniz S yikapatmak

it. K nin elekiromotor kuvveti L ninkinden c)

blyaktir. Yalmiz Sg yi kapatmak

IIl. L nin elektromotor kuvveti M ninkinden D) Sgve S vibirikie kapatmak

blryUktir. o
W ) E) Sg ve S vibirlikie kapatmak
yargilarindan hangileri kesinlikle dogrudur?

(Ureteclerin igdirencleri tnemsenmeyecektir )

A) Yalmz 1 B) Yalnz il C)ivell

D) Ive E)llvelll

Diger sayfaya geginiz.
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8. 10. Karanlik cdada yapilan bir Young deneyinde (gift ya-
Xyayl Y yayt nikta girisim) kullanilan igtk kaynags, yalniz tek dalga-
CETTTTY T [ boylu kirmizt ile tek dalgaboylu yesil renklerin karisi-

=] f j\ O R rmindan olusan i1sik yaytyor.

Bu deneyde kullanulan beyaz perdede, aga@idaki-
Sekil | ) ferden hangisi clusmaz?

A} Kirrmizi aydinhik sagak

B} Yesil aydinlk sagak

: oMo
P i 0 I B . R C) San aydinlik sacak
4 K kl./ D) Beyaz aydinlik sacak
Sekil 1 E) Karanlk sagak

O noktasinda ug uca eklenmis, farkh kalinhiktaki

Xve Y yaylan P, R duvarlan arasina gerilmistir.

ty =0 aninda hareket ydnleri ve bigimleri Sekil | deki
gibi olan iki atmanin, t, aninda Sekil I de belirtilen
K, L, M atmalarina déniismiis oldugu gérililyor.

Buna gire, K, L, M atmalarindan hangilerinin ha-
reketi ok yonindedir?

A} Yalmz K nin B) Yalmz L nin
C) Yainiz M nin D)Kve Lnin
E} L ve M nin

11. Compton olayinda, 7. daigaboylu bir foton, elektronla

Cooen

etkilegtikten sonra, momentumunun biyikIiginin

% ind kaybederek sagiliyor.

| E—

5 2
Sekildeki ditzenekte noktasal K 1s1k kaynaginin per- Buna gére, sagilan fotonun dalgaboyu kag A dir?

dedeki M noktast gevresinde olusturdugu aydinlanma

4 2 9 3
siddeti, dizenekte diizlem ayna varken E,, diizlem A) 9 B) 3 e D) 4 B) 2
ayna yokken de E, oluyor.
Buna gbre, mEEil orani kagtir?
2
sind5’ = cos 45 =£—
2
1 1 3
A) — B) —— c) =
2 Y )2
1 1
D) 1+ — E) 2+——
N 2
Diger sayfaya geciniz.
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i2.

perde

E e S S

-
1
'

ol

Diisey kesiti sekildeki gibi olan diizenekte, iletken
K, L levhalan arasindaki elektrik alaninin blyUkiigu
E,, iletken M, N levhalan arasindakinin de E, dir.
K levhasi éniinden ik hizsiz harekete baglayan bir
proton d kadar saparak, perdeye Q' noktasinda
Garplyor.

Levhalarin ve perdenin konumlanm degistirme-
den, E, ve E, igin aga@ndaki iglemlerden hangisi
yapihirsa d uzakiig kesinlikle kicilir?

A) Yainiz E, i azaltmak

B) Yalmz E; iartirmak

C) Yalnz E, yiartirmak

D) Hem E, i hem de E, yi azaltmak

E) E, iazaltip E, yiartirmak

54

13.

=
2
= /
c
13,60 iyonlagrma siniri
13,064+——— =%
12,757 n=4
12,091 n=3
10,204 n=2
g— n=1 taban durumu

Hidrojen atomunun enerji dizeylerinden bazilan
sekildeki gibidir. Hizlandinlmig bir elekiron, taban
enerji durumundaki 2 hidrojen atomu ile etkilegiyor.

Bu hidrojen atomlarinin ikisinin birden iyonlaga-
bilmesi igin, elektronun en az kag eV luk kinetik
enerji tagimasi gerekir? .

A) 27.20 B) 26,12 ) 25,50

D) 24,18 E) 20,40

Digjer sayfaya geginiz.
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4.

Bir X, gazinin 0,5 molil, ayni mol sayisinda Y,
gaziyla tam olarzk birlesip potansiyel enerjisi
70 kkal/mol olan X, Y, bilegigini olugturmus ve

tepkime sonucunda 200 kkal 1s1 agiGa cikmistir.
Buna gire,
. X, Y, bilesiginin olusum entalpisi
400 kkal/rmol dr.
Il. Tepkimeye girenlerin potansiyel eneriisi
- 470 kkal dir.

fil. Tepkime 1s1s1 (AH) 200 kkal/mal dir.

yargilanndan hangileri dogrudur?

A} Yalniz il B) Yalniz Il C)lveli

D) velli E) I, Itve 1l

15. Asagidakilerin hangisinde verilen 1. ¢dzeltiyle

II. gdzelti esit hacimlerde kanstinldifinda, olugan
gozeltinin pH si 7 olur?

{Olugan gbzeltinin hacmi, karistirlan gozeltilerin ha-
cimlerinin toplamina esittir.)

I gozelti Il. gbzelti
A) pOH=1 [H+}=1x10_13 M
+ -2
B) pH=2 [H ]:mo M
C) pH=13 [OH‘}:mo'1 M
D) pH=4 pH=10
E) pH=3 pOH =11

A

55

18.

17.

iki basamaktan olusan bir tepkimedeki yavag ve hizl
adimiarin tepkime denklemieri gdyledir:

X{g)+Ya (@) = XYz (g) )

X¥a{g)+X(g) = 2XY(g)

yavag
hizh
Bu tepkimeyle ilgili agadidaki ifadelerden hangisi
dogrudur?
A) Toplam tepkime denklemi;

2X(g)+ Yz (g) = 2XY (g} dir.

B) Tepkimenin iz bagmtist Ty = k[XY,][X] dr.

C) Tepkimenin fuz1 Y, nin derigimine bagh degildir.

Yavas adimda esik enerjisini gegen molekiil sa-
yisi daha fazladir,

E) Sicakhk degisimi tepkimedeki basamaklarin hizi-

n etkiiemeﬁz.

Kimyasal bir denge tepkimesinde tepkime kabinin
hacmi degistirildiginde dengenin etkilenmedigi, ayni
tepkimede sicaklik artirild1inda ise denge sabitinin
biyudiigu bilinmektedir.

Bu denge tepkimesi agafidakilerden hangisi
olabilir?

A) Ny (g)+3H,(g) = 2NH; (g)+22,0 kkal

B) C{k)+H,0{g)= CO(g)+H,(g)

AH = +31,4 kkal/mol

N, (9)+0; (9)+ 43,5 kkal = 2NO(g)

2805 (g) =250, (g)+ 0, (g)
AH = - 47,0 kkal/mol

Ho(g)+1x(g) = 2HI(g)  AH=-4,0 kkal/mot

Diger sayfaya geginiz.
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56

8. X ile Y nin indirgenme gerilimleri séyledir: 20. Kapah formilli C4Hg olan X ve kapali forrniilix
2 _ . C4Hg olan Y bilesikleri diiz zindirli doymamis hidro-
X" (suda)+2¢” - X(k) E =-040V karbonlardir. Uygun kosullarda, bir mol X e bir mol
Y+2{suda) +26” 5 Y(K) E° =080V H,0 nun katilma tepkimesi sonucunda keton, bir mol
Y ye bir mol H,O nun katilma tepkimesi socnucunda
Buna gore, X ve Y ile olusturulan X-Y piliyle il- ise alkol bilesiklerinin clustugu bilinmeltedir.
gili agagidaki ifadelerden hangisi yanhstir? :
Buna gdre,
. . +2 .
A} X ylkseltgenir, ¥ indirgenir. 1. Bir mol X e iki mol HBr katilr.
B) X elektrodu katot, Y elektrodu anottur. II. Xikitane = bagi, Y ise bir tane = bagi igerir.
C) Gozeltideki Y™ iyonlarinin derigimi zamanla I, Bir mol Y ye bir mol H, katidiginda n-biitan
LU olusur. '
D) Xelektrodunun kitlesi zamanla azalir. yargilarindan hangileri dogrudur?
E) Dis devrede elektronlar X ten Y ye dogru gider. A) Yalniz Il B) Yalnfz n C)lvelt
D) tve il E} L, lve lii
19. Alkanlarla (G Hy,, ) ilgili asagidaki ifadslerden
hangisi yanhstir?
A)  Karbon atomu sayisi ardigik olan iki alkan mole-
kUlG arasindaki fark CH, dir.
B) Karbon atomlarn 5p3 hibritlesmesi yapar.
C) ki farkh alkil halojenir kullanilarak Wiirtz sente-
ziyle li¢ dedisik alkan elde edilebilir.
D) Apolar yapilarindan dolayi suda gézlinmeleri
beklenmez.
E) Karbon sayisi Ug olan alkamin iki yapi izomerisi
vardir.
Diger sayfaya geginiz.

122



21.

Asagida yapisal formilleri verilen bilesiklerden
hangisinin IUPAC sistemine gtre adi kargisinda
verilen degildir?

Yapisal formli Adi

CHy—CH
A} TR on 2-Bitanol
CHy~
i
B) CHs—CH-C—CHs
|
CH,

2-Metil-3-biitanon

OH

<) Siklohekzan-1,3,5-triol

OH

3-Metilsiklepenten

E) CH,

CH,

HO

1,1-Dimetilsiklopropan

A

57

22. Asagidakilerin hangisinde verilen iki bilesik birbi-

rinin yapi izomeri degildir?
A *CH_CH, . CHy—CH,—CH,—CH
_CH — CH,—CH,—
GH, 3 3 3 2 2 3

n
B) CH,—CH,-C=0 , CH,—CH,—CH,—C—OH
OCH;

€} CHy—~CH,—OH , CH,—O—CH,

O OH
D} CH,—C=CH, , CH;—CH—CH,

s
E) CHy—CHy—CHo—CHy—CHg CHa—C—CHg

CHj

Diger sayfaya geginiz.
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23. Fotosentszde aym klorofil molekiiliniin tekrar

tekrar kullanilabilmesini agagidakilerden hangisi

sadlar?

A)
B)
]

D)

E)

Ortamda ADP molekillerinin bulunmasi
Cksijenin sudan ayriimast

Yiiksek enerjili elekiron enerjilerinin ATP lerde
utulmasi

P ~5C ~ P bilesgiginin serbest karbondioksiti
tutmasi

Elektron tagima sistemine elektron aktarimasi

24. Stomalarin gece kapanmasiny, kilit hiicrelerinde,

1
1.
1.
V.

glukozun nigastaya gevrilmesi,
ozmotik basincin dilgmesi,
hticre iginde karbondioksit birkmesi,

suyun komsu epidermis hiicrelerine gegmesi

olaylaninin hangi sirayla gergeklesmesi saglar?

A) =1l — IV Il
Yl =1—1= IV

B I=ll=1 =1V
D)V —t—ll—11
E)IV -1 =1l -1

A

58

25. Kapal tohumlu diploit bir bitkide,

1.
IL
Hi.
V.

mikrospordan tip ¢ekirdeginin clugmasi,
triploit endosperm gekirdedinin olusmasi,
zigottan embriyo olusmasi,

Uretken {generatif} gekirdekten sperm
gekirdeklerinin olusmasi

olaylarindan hangileri mitozla gergekiesir?

Aylvell

B) Il ve il C)live v

D)1, M ve IV E} 11, 11l ve IV

26. insanda, kan plazmasimin ozmotik basincinin
artmasi, asagidakilerden hangisine neden olur?

A)
B)
C)
D)
E)

Atilan idrar miktarinin azalmasina
Kanda glukoz miktarimin artmasina
_Idrarda glukoz miktarinin azalmasina
Idrarla atifan tuz miktarinin artmasina

Idrarla atilan (re miktarinin artmasina

Difer sayfaya geginiz.
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27. 28. Botoks, insanda uygulandi§ bdlgede sadece motor
: o8 E'Lopguk cevresi sinirjerdeki iletimi engellemek igin kullanilan bir mad-
safra kanal dedir.
Buna giire, botoks, uygulandifn bélgede,
@ Safra kanalcidi
I, uyanlann alinarak merkezi sinir sistemine iletii-
@ . " . mesi,
Karaciger hiicresi
. . i olugmasi,
Merkez 1i. tepki organinda cevap olus
toplardamart 1. uyartlann merkezi sinir sisteminde algilanmasi
@ Sinusler islevlerinden hangilerini engelier?
A) Yalmz | B) Yalmz Il C) Yalnz i
Yukandaki semada, insan karacigerini olusturan lop- D)lvell E) llve Il
guklardan biri, numaralanmig bazi damarlari, kanal-
lart ve bir kisim hiicreleriyle gésterilmigtir. Karacigerin
lopguklarinda gerceklesen olaylar arasinda,
I, dretilen safra sivisinin uzaklastirilmasi,
II. depolanmis 6nciil A vitamininden olusturulan
A vitamininin kan dolagimina génderilmesi
olaylan da vardir,
Lopguklarda I. ve Il. olaylarla ilgili madde alusimin
gergeklestigi yapilar ve bu yapiarin madde akigi-
na gore siralamg! agagidakilerin hangisinde dog-
ru olarak verilmistir?
|. olay II. olay
A) 123 3524
B) 245 1—+4-3
C) 3554 25351
D}y 3521 35534
E) 4531 5524
Diger sayfaya geginiz.
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28,

A

- [: Fenotipinde, izlenen
1. 2. dzellik gbrilmeyen
™ erkek birey

Q : Fenotipinde, izlenen
dzellik goriimeyen
disi birey

Fenotipinde, izlenen
dzellik goriilen erkek
birey

Yukaridaki soyadacl, eseye bagh olarak kahitilan bir
ozelligi gostermektedir.

izlenen szellik balimindan, bu soyagacindaki bi-
reylerle ilgili agadidaki ifadelerden hangisi dogru-
dur?

A} 1. ve 8. bireylerin izlenen dzellikle ilgili genotip-
leri aynidir,

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

leri farkhdir.
C) 3. bireyde izlenen 6zellikle ilgili allel bulunmaz.
D) 5. birey tasiyicidir,

E) 7. birey homozigottur.

60

&0. Himalaya tavsanlarinda kuyruk, kulak ve ayak uclan

siyah, viicudun diger kisimlar beyaz renklidir. Bir de-
neyde, bir Himalaya tavsaninin sirt bolgesindeki bir
alan tirag edilip bu kisma buz yastig konmusgtur. Bu
bolgede yeni cikan killarin siyah oldugu goriimustir.

BPeneyin bundan sonrzki agsamalannda:

|. Yukarda s6zii edilen tavgan, sirt bélgesinde ¢i-
kan siyah killar tirag edildikten sonra, dogal or-
tama birakildiginda bu bélgede tekrar beyaz
kiflarin cikmasi

. Bagka bir tavganin sart killan tirag edilip bu bél-
geye sicak yastik uygulanmasi sonucunda bél-
gede beyaz killarin gikmasit

It Sitinda siyah bélge olusturulan bagka bir tay-
sanin dogal tireme ortaminda liremesiyle olu-
san yavrutann kol renklerinin Himalaya tavsan-
lartimin nermal kil renklerinde olmasi

dururnunda, bunlardan hangileri modifikasyon
kaniti olarak kullanidabilir?

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

DYive lll E) lve lil

FEN BIiLIMLERI-2 TESTI BITTI.
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