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ABSTRACT

THE ACQUISITION OF SCIENCE PROCESS SKILLS THROUGH
GUIDED (TEACHER-DIRECTED) INQUIRY

Koksal, Ela Ayse
PhD., Department of Secondary Science and Mathematics Education

Supervisor: Prof. Dr. Giray Berberoglu

June 2008, 246 pages

The international and national assessment results indicated that Turkish students’ conceptual
understanding in science and basic inquiry skills are far behind the expected levels. The
reason of low achievement could be attributed to many sources such as family background
characteristics, students’ attitudes, and teaching methodologies. The low socioeconomic
environment in the school and crowded classrooms are important facts that should be
somehow considered by the educational researchers. The way a teacher teaches in a crowded
classroom is important to help students’ understanding of concepts and development of

inquiry skills.

The present study aimed to propose a methodology that helps teachers to enhance students’
understanding of concepts and develop inquiry skills in many schools with various socio-
economic-status environments and large classrooms. The method proposed could be called
as guided (teacher-directed) inquiry to develop concepts, skills, and affective characteristics

of the students such as attitudes.

This study was conducted with 168 sixth grade public elementary school students in Ankara
in 2006-07 academic year. Repeated measures design was used in the study. Intact groups
received either traditional or teacher-directed inquiry instructions. The students in both
groups were measured with the unit achievement and science process skills tests, and
attitudes toward science questionnaire before and after the instructions, and repeatedly after

no treatment by a retention or delayed test.
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It was found that while the guided (teacher-directed) inquiry instruction made a difference on
student achievement in the first unit (Reproduction, Development and Growth in Living
Things), it could not make a difference on student achievement in the second unit (Force and
Motion). The instruction also made a difference on students’ science process skills test

performance and both the composite and individual attitude scores.

It is concluded that guided (teacher-directed) inquiry instruction generally helps students’
understanding of science concepts and results with achievement in science. It helps students’
development of scientific skills with authentic experiences. Guided (teacher-directed)
inquiry instruction also has an effect on students’ development of positive attitudes toward
science and technology course, specifically on self-concept, anxiety, interest, career,

enjoyment, and usefulness dimensions.

Keywords: Science Education, Guided Inquiry, Science Process Skills, Science

Achievement, Attitudes toward Science and Technology Course.
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OGRETMEN REHBERLIGINDEKI SORGULAYICI ARASTIRMA YONTEMI iLE
BILIMSEL SUREC BECERILERININ KAZANDIRILMASI

Koksal, Ela Ayse
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliumii

Tez Yoneticisi: Prof. Dr. Giray Berberoglu

Haziran 2008, 246 sayfa

Yapilan uluslararasi ve ulusal degerlendirme sonuclar1 Tiirk 6grencilerinin fen bilimlerindeki
kavramsal anlama ve temel sorgulayici arastirma becerilerinin beklenen diizeylerden geride
oldugunu gostermistir. Bu diisiik basarinin nedeni 6grencinin aile 6zelliklerine, tutumlarina
ve Ogretim yontemlerine baglanabilir. Okuldaki diisiik sosyoekonomik ¢evre ve kalabalik
siniflar egitim aragtirmacilarinin diistinmesi gereken Onemli gerceklerdir. Bir 6gretmenin
kalabalik bir smifta nasil O6gretim yaptigi, Ogrencilerin kavramlari anlamalarina ve

sorgulayici arastirma becerilerini gelistirmelerine yardim etmede 6nem tasimaktadir.

Bu calisma Ogretmenlere farkli sosyoekonomik ¢evre ve biiyiik siniflara sahip ¢cogu okulda
Ogrenim goren Ogrencilerin kavramlart anlamalarin1 ve sorgulayici arastirma becerilerini
gelistirmelerine yardim eden bir yontem &nermeyi amaclamustir. Ogrencilerin kavramlari,
becerileri ve tutumlar gibi duyussal ozelliklerini gelistirmek igin Onerilen bu yontem,

Ogretmen Rehberligindeki Sorgulayici Arastirma Yontemi olarak adlandirilabilir.

Vi



Bu caligma Ankara’da 2006-07 egitim ve 6gretim yilinda devlete ait ilkogretim okullarina
giden 168 altinc1 sinif dgrencisiyle gerceklestirilmistir. Calismada Tekrarli Olgiimler Deseni
kullanilmistir. Calismaya katilan mevcut smiflar ya geleneksel ya da Ogretmen
rehberligindeki sorgulayici arastirma yontemine tabi tutulmuslardir. Bu 6gretim yontemleri
uygulamadan 6nce ve sonra ve ardindan uygulama yokken kalicilik testi ya da gecikmis test
olarak gruplardaki G6grencilere unite basar1 ve bilimsel siire¢c becerileri testleri ile fen ve

teknoloji dersine yonelik tutumlar anketi uygulanmustir.

Bu calismanin bulgular sunlardir: Ogretmen rehberligindeki sorgulayici arastirma yontemi
ogrencilerin ilk iinitedeki (Canlilarda Ureme Biiyiime ve Gelisme) basarilarinda bir farka
neden olurken, ikinci iinitedeki (Kuvvet ve Hareket) basarilarinda bir farka neden
olamamustir. Ayrica bu yontem 6grencilerin bilimsel siire¢ becerileri test performanslari ile

tutum diizeylerinin genelinde ve alt boyutlarinda bir farka neden olmustur.

Bu calismadan cikan sonuglar sunlardir: Ogretmen rehberligindeki sorgulayici arastirma
yontemi genel olarak 6grencilerin fen kavramlarimi anlamalarina yardim etmekte ve fen
basarisina neden olmaktadir. Bu yontem yeni deneyimler aracilifiyla 6grencilerin bilimsel
becerileri gelistirmesine yardim eder. Ogretmen rehberligindeki sorgulayici arastirma
yontemi 6grencilerin fen ve teknoloji dersine yonelik olumlu tutumlar gelistirmelerinde,
ozellikle akademik 6z yeterlik, kaygi, ilgi, kariyer, zevk alma ve faydalilik boyutlarinda
etkilidir.

Anahtar Kelimeler: Fen Egitimi, Ogretmen Rehberligindeki Sorgulayici Arastirma Yontemi,

Bilimsel Siire¢ Becerileri, Fen Basarisi, Fen ve Teknoloji Dersine Yonelik Tutumlar
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CHAPTER 1

INTRODUCTION

The aims of science education are to develop students’ understanding of natural phenomena,
and the reasons underlying them; have students to be aware of the methodology that
involved in making sense of the natural phenomena; help students to appreciate that science
is a collective process of all human beings. Science education also aims to get attention of
students to the issues of science, technology, society, and environment and make them
interested in science and science related occupations for future. In other words, by affecting
students’ career choices, science education may initiate national development. Therefore
countries take some initiatives to support science education. For example, in Turkey, general
educational objectives are determined with Five-Year Development Plans, and specific
objectives are established with the science curricula developed by the Ministry of National
Education, and the universities (Keser, 2005). The relationship between importance given to
education and economic growth can be explained with the following example. A country,
which literacy score 1% higher than the international average, attains levels of labour
productivity and Gross Domestic Product (GDP) per capita that are 2.5% and 1.5% higher
than others (Coulombe, Tremblay, & Marchand, as cited in McGaw, 2006). On the other
hand, improved levels of education are also likely to lead to improved health and other social

outcomes (OECD, as cited in McGaw, 2006).

Besides the importance given to education, the value given to the quality of its outcomes is
also important for understanding educational productivity (McGaw, 2006). Although the
previous discussions often focused on international comparisons of levels of investment,
using the percentage of GDP spent on education as the indicator, currently the focus on
outcomes is supported by both national and international measurements of the knowledge
and skills of students (McGaw, 2006). There are national and international testing programs
that are used to give information about Turkish students’ performances on learning

outcomes. They are the Student Assessment Program (SAP, Ogrenci Basarilarinin



Belirlenmesi Sinavi, in Turkish), Third International Mathematics and Science Study
(TIMSS), Programme for International Student Assessment (PISA), and Progress in
International Reading Literacy Study (PIRLS).

In general, those studies report low student achievement in science (Berberoglu, 2008;
Kalender & Berberoglu, 2008; Ceylan & Berberoglu, 2007). The results of the international
studies were evaluated in terms of student achievement, teaching methods and techniques,
and teacher attitudes. Turkish students’ achievement is lower than that in European Union
countries; teachers’ use of classroom evaluation results (Turkish teachers’ preference to use
evaluation for summative reasons, i.e. to give grade, rather than formative, i.e. to feed-back),
their expectations from students (low rather than high), their motivation of students to use all
their capacities are different than those in European Union countries (Berberoglu, 2008). On
TIMSS-R our 8" grade students were number 33™ among 38 countries, whereas on PIRLS
our 4™ graders became number 28" among 35 countries (Tiirkiye Iktisat Kongresi, 2004). On

the other hand, on PISA our 15-year-olds were 33" out of 40 countries (EARGED, 2005).

The results of Turkish students’ performances in all these studies, especially in international
ones, showed the Ministry of National Education (MONE) to reform educational system, and
elementary school curricula were renewed for grades 1-5 in 2005-2006 academic year after a
pilot study a year ago (EARGED, 2005) especially for the courses of science, social science,
mathematics, and Turkish (Talim Terbiye Kurulu, as cited in Aksit, 2007). The reform has
also included elementary grades 6-8, which curricula were started to be renewed in 2006-
2007 academic year, and secondary school curriculum for the new 4-year high school (Talim
Terbiye Kurulu, as cited in Aksit, 2007). The following list shows some of the objectives
aimed by the curriculum reform (Talim Terbiye Kurulu, as cited in Aksit, 2007):

1. To lessen the amount of content and number of concepts,

2. To organize the units thematically,

3. To move from a teacher-centred didactic model to a student-centred constructivist model,
4. To integrate information and communication technologies into instruction,

5. To monitor student progress through formative assessment, and

6. To shift from traditional assessment of recall, and launch authentic assessment.

The MONE also determined both core and subject area specific teacher competencies in
order to guide teachers in new patterns of teaching. The core competencies are related to
students’ needs, interests and wants, the process of teaching and learning, observing

progress, and interaction with parents and community (OYEGM, as cited in Aksit, 2007).



Although our elementary science curriculum was revised according to the lessons gained
from the measurement studies, there are some factors that have an effect on Turkish
students’ achievement in science and should be considered first hand in order for the new
curriculum to be effective. In other words, some steps should be taken to improve these
conditions. These factors were determined by analysis of the national and international tests.

Here two studies will be outlined in order to present these factors.

The analysis of 2002 SAP data by Kalender & Berberoglu (2008) showed that there were
positive relationships between students’ socio-economic status and teacher-centred activities
with science achievement, and student-centred activities did not contribute to explain
achievement measures positively. The researchers suggested that the quality of student-

centred activities should be examined in detail.

Ceylan & Berberoglu (2007) investigated the factors related to Turkish students’ science
achievement in the TIMSS-R using Linear Structural Modelling, and found that there are
negative relation between our students’ perception of failure in science, student-centred
activities, and their attitudes toward science with their science achievement; and there are
positive relation between teacher-centred activities and science achievement. These studies
generally suggest that Turkish students’ performance in science is low due to teacher and

instructional methods. The reason might be the inability to apply student-centred activities

properly.

It should be noted that science teaching/learning effectiveness is likely a function of
compatibility between instructional outcomes, nature of the subject area, teaching strategy,

and the nature of students (Shymansky & Yore, as cited in Yore, 1984).

It is hard to cover all concepts in a science class when considering the limited time (Temiz &
Tan, 2003) and deepness of these concepts and principles (Berberoglu, 2004). In fact,
science is a process to describe and explain nature (Lawson, Rissing, and Faeth, 1990). Since
it is a process of learning (Lawson et al., 1990), science lessons should include and improve
some science related skills, i.e. science process, critical thinking, and scientific judgment,
rather than content coverage (Badders, Fu, Bethel, Peck, Sumners, Valentino, & Mullane, as

cited in Dokme & Ozansoy, 2004).



The method that can be used to support both science understanding and science related skills
is Inquiry. The following quotations present Inquiry’s emphasis on both process and

knowledge dimensions of science learning:

Inquiry is a multifaceted activity that involves making observations; posing
questions; examining books and other sources of information to see what is already
known in light of experimental evidence; using tools to gather, analyze, and interpret
data; proposing answers, explanations, and predictions; and communicating results.
Inquiry requires identification of assumptions, use of critical and logical thinking,
and consideration of alternative explanations.” (National Research Council, as cited

in Llewllyn, 2005, p. 4-5)

“Inquiry abilities require students to mesh these processes with scientific knowledge
as they use scientific reasoning and critical thinking to develop their understanding

of science.” (National Research Council, 2000, p. 18)

Inquiry is a combination of inquiry teaching and learning, and scientific inquiry, in a way
that:
“Teaching science as a process of inquiry requires teachers to set up learning
environments in which students can engage in discovery. Finally, learning as a
process of inquiry involves students in using science process skills to investigate and

discover patterns in the world.” (Rakow, as cited in Davison, 2000, p.18)

National Science Education Standards explains scientific inquiry as
“the diverse ways in which scientists study the natural world and propose
explanations based on the evidence derived from their work, and the activities of
students in which they develop knowledge and understanding of scientific ideas, as
well as an understanding of how scientists study the natural world.” (National

Research Council, as cited in Chang & Mao, 1999)

As a summary, inquiry as a teaching method serves the aims of science education better due
to its inclusion of scientific inquiry as a process to reach a sound understanding of science

concepts.



When the research studies summarized above and inquiry approach used in the science
classrooms are thought together in terms of enhancing the quality of educational practices in

science classes, educators should reconsider the role of teachers within the inquiry method.

In the new curricula the inquiry approach is emphasized frequently in the objectives
considered in different content dimensions. For example, new Turkish science curriculum
was prepared according to student-centred approach, but as observed in the previous 1992
and 2000 curricula, which also took students in the centre of learning process, teacher-
centred activities have been dominant (Akdeniz, Yigit & Kurt, as cited in Dede & Yaman,
2006), and teachers probably are going to continue this behaviour (Dede & Yaman, 2006).
Science teachers tend to use more teacher-centred activities when they perceive themselves
as the main factor in learning (Hansen, as cited in Dede & Yaman, 2006), or see themselves
as inadequate in teaching science (Cepni, Kiiciik, & Ayvaci, as cited in Dede & Yaman,

2006).

The preferences of teachers toward teaching and learning may reflect in their questioning
style. A study of the classification of elementary teachers’ questions with Bloom taxonomy
showed that the teachers tend to ask knowledge level questions in their classes (Baysen, as
cited in Afacan & Nuhoglu, 2007). Students’ understanding should be evaluated in all
cognitive domains and the evaluation will be fairer when students are assessed in the

learning process (Afacan & Nuhoglu, 2007).

The strategies used by Turkish science teachers also affect students’ achievement and
learning preferences. As the analyses of the performances of our students with respect to
their perceptions of science teaching strategies implemented in their science classes, teacher-
centred vs. student-centred, on both national (Kalender & Berberoglu, 2008) and
international (Ceylan & Berberoglu, 2007) studies, as explained previously, indicate there is
a positive relationship between teacher-centred activities and achievement. This finding is
also supported with another study by Dede & Yaman (2006) on science learning preferences
of 679 students attending grade 6-8 in Sivas showed that teacher-centred learning and
working with group was preferred more than individual learning. Students’ preference to
teacher-centred activities can be a consequence of their 5 year education with the same
classroom teacher, and they probably see this teacher as the only information source (Dede

& Yaman, 2006). Students, in transition from traditional to student-centred education, may



develop resistance to learn because they continue to be passive, can not take responsibility of

their own learning, and do not know how to learn (Akgiin, as cited in Dede & Yaman, 2006)

The previous paragraphs highlight the importance of teacher factor in determining the

implementation of science curriculum and assessing its effectiveness in Turkey.

Another factor that should be considered as a limitation to the implementation of inquiry
instruction is related to classroom management. The crowded classrooms, and physical
conditions of schools and situations of students, i.e. being a rural village school and low
socio-economic status, are the actual inadequacies stated by elementary science teachers (in
implementing the new science and technology curriculum) (Demirci Giiler & Lagin Simsek,

2007).

When considering these situations, which are specific to Turkey, and the importance of
teacher on student learning and achievement, the method that can be suggested for Turkish
context is guided or teacher-directed inquiry. Guided (teacher-directed) inquiry will also
provide teachers (and students) a transition from teacher-centred approach to student-centred

approach.

In guided-inquiry (Germann, Haskins, & Auls, 1996), teacher guides students in developing
problem, purpose, hypothesis, variables, procedures, conclusion, and other science
processes. Teacher prepares student for a skill, students individually attempt the skill, and
these attempts are evaluated so that they can see positive and negative examples of the skill,
students and teacher construct a model response, and the model is applied to subsequent
skills. Although teacher knows the outcomes, students construct their own knowledge of
problem as the experiment goes on. Consequently, teacher helps students negotiate their way
through the processes until they have the declarative and procedural knowledge to process

inquiry (Germann, et al., 1996).

1.1 Purpose of the Study

The purpose of the present study is to integrate teacher-directed inquiry approach into

Turkish science classes and assess its impact on various student outcomes. Thus this study

aims at investigating how effective is the guided (teacher-directed) inquiry approach in



enhancing content knowledge achievement, attitudes toward science and technology course,

and science process skill development of students at the elementary education level.

1.1.1 Statement of the Hypotheses

The following null hypotheses are the hypotheses of the statistical analysis that are tested at

the .05 level of significance:

Ho: There is no statistically significant difference between teacher-guided inquiry and
traditional instruction on the population means of the 6™ grade students’ “Reproduction,

Growth and Development in Living Things” unit achievement test scores.

Ho: There is no statistically significant difference between teacher-guided inquiry and
traditional instruction on the population means of the 6" grade students’ “Force and Motion”

unit achievement test scores.

Ho: There is no statistically significant difference between teacher-guided inquiry and
traditional instruction on the population means of the 6" grade students’ attitudes toward
science and technology course questionnaire scores in total and specifically in academic self-

concept, anxiety, interest, career, enjoyment, and usefulness dimensions.

Ho: There is no statistically significant difference between teacher-guided inquiry and
traditional instruction on the population means of the of 6™ grade students’ science process

skills tests scores

1.2 Definition of Terms

Inquiry: Engaging students into inquiry in which they investigate a natural phenomenon by

using science process skills.

Guided (Teacher-Directed) Inquiry: Guided (teacher-directed) inquiry is engaging students
in scientific inquiry by teacher-directed question. Teacher also provides students the
materials that will be needed during the inquiry. The guided (teacher-directed) inquiry used
in this study is a combination of the instructional models of guided discovery, learning cycle,

and using scientists as an inquiry model.



Traditional Instruction: This type of instruction is widely used in science classrooms. It is
also used as control treatment in studies investigating the effect of a teaching method
(Myers, 2004). In traditional instruction, teachers follow “Teacher Guide Book for
Elementary Grade 6 Science and Technology” prepared by Turkish Ministry of National
Education. This book directs teachers on how to give the subject matter, how to deal with
misconceptions, which student outcomes are desirable, etc. It also gives teachers the
autonomy to select among the alternative activities so that the activities fit the students, and

class and laboratory conditions.

Unit Achievement Test: This test is designed to assess students’ knowledge about the topic
and administered before and after the instruction on the unit. Since there were two units, the
number of unit achievement tests was two: Reproduction, Growth and Development in
Living Things, and Force and Motion. The tests were developed from the items from
Secondary School Institutions Student Selection and Placement Test, TIMSS as well as the
literature on the subject by considering the Grade 6 Science and Technology Lesson

Program. The approximate number of test questions in each unit was 25.

Science Process Skills: The skills and abilities required in science and ranges from simple

observation to interpreting data.

Science Process Skills Test: The test aimed to assess students’ total progress in the science
process skills list outlined by the Board of Education of the Ministry of National Education.

There are 3 parallel forms of the science process skills test.

Attitudes toward Science and Technology Course: Students’ affective orientation toward

science and technology as a course matter.

Attitudes toward Science and Technology Course Questionnaire: The test aimed to assess
students’ attitudes toward science and technology course, and consisted of academic self-

concept, anxiety, interest, career, enjoyment, and usefulness subtests.



CHAPTER 2

LITERATURE REVIEW

The previous chapter gave the rationale for evaluating the impact of teacher-guided inquiry
on science process skills, unit achievement and attitudes toward science of students. This
chapter will give both the theoretical and empirical site of the related studies. The literature
review was based on the publications in science education as the search results of various
databases and indexes by using “inquiry”, guided (teacher-directed) inquiry”, “science
process skills”, “achievement”, and “attitudes toward science” as keywords. This chapter
consists of the following titles:

1. Inquiry

2. Guided (Teacher Directed) Inquiry

3. Inquiry Instruction Models

4. Science Process Skills

5. Attitudes toward Science

6. Science Achievement

2.1 Inquiry

The National Science Education Standards use inquiry in three different senses, scientific

inquiry, inquiry learning, and inquiry teaching.

Scientific inquiry is those what scientists investigate nature and explain their observations. It
is related to how science proceeds and can be considered independent from educational

processes.

Inquiry learning is the active processes in which students are engaged in order to develop
their understanding of science. There is a relation between scientific inquiry and inquiry

learning. Student learning in school environment should reflect the nature of scientific



inquiry in the scientific world. As how the meaning of constructivism changes from one
person to another, so does the meaning of inquiry. In the National Science Education
Standards (NSES) book, inquiry is used in different meanings. It is used in the same meaning
with constructivism. Learning requires an active process. That is to say inquiry is the core of

learning.

Inquiry teaching is the thing that develops inquiry learning. It is not used as simple as talking
about teacher’s daily activities (Anderson, 2005). There are five characteristics of inquiry
teaching; students are engaged by scientifically oriented questions, give priority to evidence,
formulate explanations from evidence to address the questions, evaluate their explanations in
light of alternate explanations particularly those reflecting scientific understanding, and
communicate and justify their proposed explanations (National Research Council, as cited

Beerer & Bodzin, 2004). The explanations of what each feature mean are given next.

1. Learner Engages in Scientifically Oriented Questions: Scientifically oriented questions
base on objects, organisms, and events in the natural world. These questions are investigated
empirically and guide to gathering and using data to develop explanations for scientific
phenomena. There are two kinds of questions: Existence, and causal and functional
questions. Existence questions search origins and consist of many “why” questions: Why do
objects fall toward Earth? Why do some rocks enclose crystals? Why do human beings have
chambered hearths? Many “why” questions can not be answered by science. On the other
hand, causal and functional questions, which investigate mechanisms and include most of the
“how” questions: How do sunlight assist plants to grow? How are crystals formed? (Bybee,

Carlson Powell, & Trowbridge, 2008)

Students tend to ask why questions. These questions can be transformed into how questions
and are investigated with scientific inquiry. This change limits and sharpens inquiry and

makes it more scientific (Bybee et al., 2008).

A question, which is robust and fruitful enough to drive an inquiry, creates a need to know in
students, stimulating additional questions of how and why a phenomenon occurs. The initial
question may be initiated by the students, teachers, instructional materials, internet, some
other source, or some combination of these. The teacher plays a crucial role in guiding the
identification of questions particularly those of students. Productive inquiries are developed

from questions that are meaningful and relevant to students, but they also must be

10



answerable by students’ observations and the scientific information they obtain from reliable
sources. The knowledge and procedures that students use in order to answer the questions
should be accessible and manageable besides being appropriate to the students’ cognitive
developmental level. Skilful teachers help students focus their questions so that they can

experience both interesting and productive investigations (Bybee et al., 2008).

2. Learner Gives Priority to Evidence in Responding to Questions: Science differs from other
knowledge through use of empirical evidence as the base for explanations about how the
natural world works. Scientists try to get accurate data from observations of phenomena.
They acquire evidence from observations and measurements taken in natural settings such as
oceans, or in artificial settings such as laboratories. They use their senses, the instruments
improving their senses, such as telescopes, or measuring what they can not sense, i.e.
magnetic fields. Scientists sometime control variables in order to get evidence, sometime can
not, or the control alters the phenomena. Therefore scientists collect data over a wide range
of naturally occurring conditions and long enough period of time in order that they can
deduce what the influence of different factors might be. The precision of the evidence
collected is confirmed by checking measurements, repeating the observations, or drawing

different data from the same phenomena (Bybee et al., 2008).

Conversely students use evidence in building explanations for scientific phenomena. They
observe plants, animals, and rocks and cautiously express their characteristics. Students
measure temperature, distance, and time and carefully record them. They observe chemical
reactions and moon phases, and graph their progress. They obtain evidence to stimulate their
inquiries from various resources, such as their teacher, instructional materials, and the

internet (Bybee et al., 2008).

3 Learner Formulates Explanations from Evidence: Scientific explanations are centred on
reason. They present causes for effects and ascertain relationships based on evidence and
logical argument. Scientific explanations should be coherent with experimental and
observational evidence about nature. They obey rules of evidence, and open to criticism, and
necessitate the use of many cognitive processes, which are associated with science such as
classification, analysis, inference, and prediction, along with general processes such as

critical thinking and logic (Bybee et al., 2008).

11



Explanations are means to learn about what is unknown by relating what is observed to what
is already known. Consequently, they go beyond present knowledge and propose new
understanding. New ideas have been developed on existing knowledge base in science,
whereas they stem from current understandings of students in science education. For
example, students may use observational and other evidence to propose an explanation for
the phases of the moon, why plants die under certain conditions but live in others, and

relationship between diet and health (Bybee et al., 2008).

4 Learner Connects Explanations to Scientific Knowledge: To evaluate and eliminate or
revise explanations in terms of the evidence, research question, reasoning connecting
evidence and explanation, and other rational explanations is one feature that discerns
scientific inquiry from other forms of inquiry and subsequent explanations. Alternative
explanations may be re-evaluated as students engage in dialogues, compare results, or check

their results with those proposed by teacher or instructional materials (Bybee et al., 2008).

5 Learner Communicates and Justifies Explanations: Scientists communicate their
explanations in such a way that their results can be replicated. This needs clear
representation of the question, procedures, evidence, and proposed explanation and a review
of alternative explanations. It provides a foundation for further review and the opportunity

for other scientists to use the explanation in work on new questions (Bybee et al., 2008).

Having students share their explanations offers them an occasion to ask questions, examine
evidence, recognize faulty reasoning, reveal statements that go beyond the evidence, and
advise alternative explanations for the same observations. Sharing explanations can lead to
query or strengthen the connections students made among the evidence, existing scientific
knowledge, and their proposed explanations. At the end, students can resolve contradictions

and solidify an empirically based argument (Bybee et al., 2008).

2.1.1 Inquiry Continuum

The characteristics of inquiry teaching may be implemented in a science class either in a

structured format, where teachers and/or materials direct students toward known outcomes,

or an open-ended format, which is student-centred (Beerer & Bodzin, 2004).

12



Inquiry science teaching engages students in thinking skills and processes, i.e. formulating
questions and hypotheses, predicting, interpreting data, synthesizing information, and
making conclusions (Chin & Kayalvizhi, 2002). While these skills are known as higher
order, the processes in which students are appointed are open-ended investigations. Open-
ended means students both ask their own problems and find a way to answer these questions
(Chin & Kayalvizhi, 2002). This investigation represents the holistic nature of scientific
inquiry (Woolnough, as cited in Chin & Kayalvizhi, 2002). Open-ended investigation also
develop scientific problem solving skills of students (Hodson; Woolnough; Woolnough &
Allsop, as cited in Chin & Kayalvizhi, 2002). Open-ended investigation according to Lock
(as cited in Chin & Kayalvizhi, 2002) is an experimental study which involves students
actively and directs them toward providing evidence that answers the question and according
to Duggan & Gott (as cited in Chin & Kayalvizhi, 2002) is a genuine problem solving
method and allows student autonomy in problem solution. Open-endedness lies in one end of
a continuum where close-endedness is found in the opposite end (Garrett; Lock, as cited in
Chin & Kayalvizhi, 2002). In close ended investigation, teacher has control on any step in
the investigation (Garrett; Lock, as cited in Chin & Kayalvizhi, 2002). The continuum of

inquiry ranging from close-ended to open-ended is given in the Table 2.1.

As the Table 2.1 suggests, there are variations among inquiry instruction. According to

Tafoya, Sunal, & Knecht (as cited in Staver & Bay, 1987), inquiry has four categories:

1. Confirmation: A concept, principle, etc. is presented before the activity. The student carry
outs an exercise, which confirms it. The student knows the results in advance and follows a

carefully designed procedure.

2. Structured inquiry: The student is presented with a problem, but does not know the results
before the activity. Procedures are summarized and materials are selected for the students.
The activity is structured so that the student can discover a relationship and generalize from

the data collected.
3. Guided inquiry: The student is given only a problem to be investigated. The student plans

the procedures and methods of data collection. The student finds out results and

generalizations.
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4. Open inquiry: The student formulates the problem as well as the procedures for solving it.

The student collects and interprets data, and makes conclusions.

Table 2.1 Inquiry continuum

Feature

d
Direction from teacher or material -

»
»

Self-direction

Learner engages in
scientifically
oriented question

Learner engages in
question presented by
teacher, materials, or
other sources

Learner sharpens or
clarifies question
presented by teacher,
materials, or other
sources

Learner chooses
among questions, asks
new questions

Learner asks a
question

Learner gives
priority to evidence
in responding
questions

Learner is provided
data and told how to
analyse

Learner is provided
data and asked to
analyse

Learner is guided to
collect certain data

Learner decides
what constitutes
evidence and
collects it

Learner formulates
explanations from

Learner is provided
with evidence

Learner is provided
possible ways to use

Learner is guided in
the process of

Learner articulates
explanations after

evidence evidence to formulate ~ formulating summarizing
explanation explanations from evidence
evidence
Learner connects Learner is given all Learner is given Learner is directed Learner
explanations to connections possible connections toward areas and independently looks

scientific knowledge

sources of scientific
knowledge

at other resources
and forms the links
to explanations

Learner
communicates and
justifies
explanations

Learner is given steps
and procedures for
communication

Learner is provided
broad guidelines to
use to sharpen
communication

Learner is coached in
development of
communication

Learner develops
reasonable and
logical argument to
communicate
explanations

Note: From Essential Features of Inquiry, National Research Council, as cited in Bybee et al., 2008, p. 63).

2.1.2 The Research on Inquiry

In this part, the studies on the effectiveness of inquiry on various academic outcomes are

summarized.

Montgomery (1969) investigated the effect of the Biological Science Curriculum Study
materials and inquiry teaching method on 9" and 10" grade students’ achievement in biology
and science process. He chose teachers based on who employed Biological Science
Curriculum Study (BSCS) materials with inquiry, BSCS materials with traditional method,

traditional materials with inquiry, and traditional materials with traditional method. He
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randomly selected 12 students from each class and gave them the Nelson Biology Test and
the Processes of Science Test as pre-, post- and retention-tests. He analyzed data using pre-
test scores as covariate. He found that students of BSCS materials with inquiry class were
more successful; students of all BSCS classes had greater retention; students of traditional
materials with inquiry had greater retention on the Processes of Science Test than students of
traditional materials with traditional method. Tenth grade students were successful than ninth

graders.

Saunders & Shepardson compared two 6™ grade classes, one receiving traditional and the
other receiving inquiry instruction for nine months and found that students in inquiry class
scored 2 standard deviations higher in both reasoning abilities and science achievement in

the post-test (as cited in Davison, 2000, p. 28-29).

Hall & McCurdy (1990) compared a Biological Sciences Curriculum Study (BSCS) type
inquiry laboratory with traditional instruction at two private liberal-arts colleges. While the
BSCS instruction included basic and integrated science process skills, concept development
through questioning, and student judgment; the traditional instruction comprised structured,
prescriptive, teacher-oriented activities. The researchers used quasi-experimental research
design in the study. They selected their sample from the students attending to the laboratory
sections of introductory general biology course. Hall & McCurdy (1990) used pre-and post
test to get data on three dependent variables (achievement, reasoning ability, and attitudes
toward biology). The achievement was measured by the Test on Biology Laboratory
Concepts, reasoning ability was measured by the Group Assessment of Logical Thinking
(GALT), and attitude was measured by the Biology Students Behaviour Inventory. Analysis
of covariance on students’ tests scores showed that the experimental group (n=60) were
significantly more successful than the control group (n=59) on achievement (F (1, 14) =
4.07, p <.05), but on the reasoning ability, and attitude. On the other hand, students’ gain
scores on the GALT showed that both groups made a 15% increase in the number of formal
thinkers. Hall & McCurdy (1990) concluded that a BSCS type laboratory achieved the
learner outcomes at higher education, and laboratory can be used to advance students’ formal

reasoning.
Chang & Mao (1998) investigated the effect of inquiry instruction on Taiwanese ninth grade

students’ achievement in earth science. They used a quasi-experimental non-equivalent

control group design. Their sample was consisted of 232 students, who were 15 years-old

15



and attending six classes. While the experimental group was delivered inquiry-based
instruction, the control group was given traditional-instruction. The students in both groups
were given an achievement test both as pre-and post-tests. The test had 27 items and was
constructed from Taiwan Indicators of Educational Progress in Science Skills and Taiwan
Entrance Examinations for Senior High School. The cognitive processes of the test items
according to Bloom’s Taxonomy were factual (knowledge), comprehension, and integrated
(application). The researchers by using students’ pre-test scores as covariate conducted an
analysis of covariance to assess the effect of treatment. After the analysis, they found that
experimental group students were more successful on the post-test (F=6.75, p<0.05),
especially on comprehension-level (F=3.94, p<0.05), and integrated-level (F=6.47, p<0.05)

test items.

The following four meta-analyses also show the effectiveness of inquiry-based science

programs on many outcomes:

1. Lott (as cited in Costenson & Lawson, 1986) made a metaanalysis of 39 studies published
between 1957 and 1980. The researcher found that inquiry compared to traditional
instruction led to significantly better performance on higher order thinking skills, but equal

performance on lower order thinking skills.

2. Shymansky (as cited in Costenson & Lawson, 1986) did a metaanalysis of 302 studies
comparing the effectiveness of inquiry curricula over traditional ones. He found that
students’ performance with inquiry curricula was higher than that with traditional, and
among the inquiry curricula, Biological Sciences Curriculum Study (BSCS) was more
successful, such that an average BSCS student outperformed 84% of traditional students on
attitude, 81% of traditional students on process skills, 77% of traditional students on analytic

skills, and 72% of traditional students on achievement.

3. Bredderman made a meta-analysis of 57 research reports published after 1965 and used
13,000 students from 900 elementary classes using Elementary Science System, Science — A
Process Approach and Science Curriculum Improvement Study. He found that with a
weighted mean effect size of .35, a 14 percentile improvement was measured for an average

student who participated in these programs (as cited in Davison, 2000, p. 29).
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4. In a meta-analysis of the impact of the National Science Foundation-reform inquiry-
oriented science curricula on student performance; it was found that the science curricula
improved students' science achievement and process skills as well as their attitudes toward
science with larger effect sizes for biology (Shymansky, Kyle, & Alport, as cited in Chang &
Mao, 1999). Moreover, the re-synthesis of this study due to recent developments in the meta-
analysis indicated that the science programs of 1960’s and 70’s were effective in improving
student performance both in cognitive and affective domains (Shymansky, Hedges, &

Woodworth, as cited in Davison, 2000, p. 20-21).

The effectiveness of inquiry instruction was also studied by Turkish researchers. These

studies will be given in the following paragraphs.

Tatar (2006) in her PhD study investigated the effect of inquiry instruction in “Let’s Know
and Conserve our Blue Planet, Our Common Home with All Living Things” unit on 7"
grade students’ science process skills, achievement, and attitudes toward science. She used a
sample of 104 students attending two elementary schools in Cankaya, Ankara. In the study
Tatar applied quasi-experimental research design with pre- and post-test control group. She
administered the science process skills and achievement tests, and attitudes toward science
questionnaire to the students in order to get data. After analysis of data with repeated two
factors ANOVA, Tatar (2006) found that the inquiry instruction had more effect in
developing science process skills, academic achievement, and attitudes when compared to
the traditional instruction. According to this finding, she further suggested the need for both

in- and pre-service training of teachers, and revision of science curricula on inquiry.

Gengtiirk & Tiirkmen (2007) studied the effect of inquiry instruction on achievement of
fourth grade students attending an elementary school in Afyonkarahisar. The researchers
used quasi-experimental research design with two classes, one was experimental and the
other was control group. Both groups were given an achievement test on “Living Things are
diverse” unit before and after a seven-week-instruction by the same teacher. The analysis of
pre-test data with ANOVA showed that the groups were similar and both female and male
students performed similarly in the achievement test. On the other hand, the analysis of post-
test scores showed that the groups performed differently in the achievement test, and both
gender groups performed similarly. The comparison of pre- and post-test scores with paired

t-test showed that both groups performed well after the instruction.

17



2.2 Guided (Teacher-Directed) Inquiry

In guided (teacher-directed) inquiry, teacher presents a problem to students. Students have to
solve this problem by presenting different hypotheses and then by testing them (Aho,
Huopio, & Huttunen, 1993).

There are some limitations to implement an effective science instruction intended to increase
science literacy (Beck, Czerniak, & Lumpe, as cited in Black, 2003), which is aimed by
inquiry (Black, as cited in Black, 2003). The reason is teachers’ lack of experience in
constructivist teaching and learning. The lack of experience with this kind of teaching make
teacher feels discomfort and unfamiliarity, thus increases the time for a teacher to spend on
the duties not related with teaching. Therefore there is a need to understand and be familiar

with guided inquiry during pre-service (Beck et al., as cited in Black, 2003).

2.2.1 The Research on Guided (Teacher-Directed) Inquiry

The first study is of Germann, who investigated the effect of the directed-inquiry approach
on science process skills and scientific problem solving. The sample was four sections of
grade 9 and 10 general biology students. The students were grouped into experimental and
control groups according to their academic abilities, average ability students were included
in the experimental group, whereas above-average ability students were incorporated in the
comparison group. It was found that directed-inquiry had no significant effect on the
learning of science process skills or on cognitive development over traditional instruction (as

cited in Myers, 2004).

In the second study, Aho, Huopio, & Huttunen (1993) examined the effect of teacher-guided
inquiry on knowledge, enjoyment, and evaluation of learning of students attending to grade 2
and 4. There were 17 second grade and 31 fourth grade students participating to the study.
The researchers organized two science lessons each based on a problem of water absorption
in plants and floating of leaves of water plants. The students’ own teacher implemented the
treatment. The teacher presented the first problem of water absorption on tulip plant and
instruments, and then she discussed with the class what and how to study, which instruments
to use, and what the result would be. The second experiment was given in the written form
by which the students were instructed to how to set up an experiment in order to study the

problem of floating of leaves of water plants. During both experiments, the teacher helped
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students by asking why they were doing the experiment and what they would discover. After
the experiment she asked them what they learned. The students’ knowledge of water
absorption in plants and floating of leaves of water plants was assessed by two standard
school tests (in fact the first test measured students’ understanding of the concepts such as
what plants need to grow, why they need water, and how they get water; but the second test
assesses students’ knowledge of water lily and why the leaves of water plants float or sink,
and if the leaves of other plants will float or sink). Both tests administered two weeks prior
to the experiment as a pre-test and two weeks after the experiments as a post-test. The
second research question was studied according to the data from observations and videotapes
of the lesson, and the analyses of interactions among the students and among the students
and the teacher were done. The last research question was examined by asking the students
about their views on the experiments. The analyses of students’ performance on the pre-and
post-tests by t-test revealed that the understanding of plants’ water absorption did not
improve among the second graders but in the fourth grade (N=27 t-value 4.32, p=.000). On
the other hand, the students of each grade showed significant improvement in the second test
regarding floating of the leaves of water plants (for second grade N=15 r-value 4.07, p=.001,
and for fourth grade N=22 ¢-value 11.17, p=.000). Further analyses of students’ responses to
the first test items showed that students’ understanding increased after the experiments. For
example 29% of second grade students and 70% of fourth grade students gave the correct
answer to the item asking how plant obtains water in the pre-test. After the experiment, these
percentages raised to 46% for grade 2 students and to 78% for grade 4 students. On the other
hand, it was found that students use correct concepts only at grade 4 (or at grade 2 after the
experiment). For example the concept of “evaporation” was used by only 33% fourth graders
in the pre-test, and by only 15% second graders (and 82% fourth graders) in the post-test.
The analyses of classroom observations showed that at both grade, the students proposed
similar methodology on how to study the problems. However the students’ answers to the
inference questions, i.e. “Why the plant after being cut into two and put into water with
different colour has dyed these colours?” were showed second graders’ inability to describe
the phenomena. The analyses of students’ views on the lessons showed that 75% second
grade and 100% fourth grade students had positive attitudes towards the first experiment,
while all of them had positive attitudes toward the second experiment (although the fourth
graders found the second experiment simple). Aho et al. (1993) corroborated the previous
idea that inquiry tasks should be in line with students’ cognitive level, and concrete activities
support the formation of abstract concepts and suggested that when there are many concepts

to learn, students should be given the basic ones. The researchers stated that their result
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confirmed the idea of students’ need to get help from teacher during inquiry, which may
result from students’ inexperience with inquiry. The researchers also found that the
discussions during the experiment helped students to test and change their own ideas. On the
other hand, Aho et al. concluded that since the students’ metacognition was low, they
evaluated their own learning in knowledge terms rather than in process terms. The
researchers also suggested teachers to use appropriate materials in science classes in order to

avoid teacher-oriented instruction.

2.3 Inquiry Instruction Models

Instructional models suggest a particularly useful way for teachers to improve their
utilization of inquiry (National Research Council, 2000). Inquiry teaching makes use of
various models, such as learning cycle, guided discovery (Carin, Bass, & Contant, 2005, p.
105), and using scientists as an inquiry model. Although both learning cycle and guided
discovery have many common elements, guided discovery is more open and more

unstructured when compared to learning cycle (Carin et al., 2005, p. 111).

2.3.1 Learning Cycle

Learning Cycle assists students in understanding of science concepts and developing science
process skills (Matyas, 2000). Generally learning cycle has 3 steps: exploration, term
introduction, and concept application. The SE (and 4E, 7E, and 9E) is an extension of the
original three-phase learning cycle. For example the middle three phases of SE Learning
Cycle are similar to three-phases learning cycle (Carin et al., 2005, p. 111). Apart from these,
engagement intends to give a focus about the subject and allows teacher to probe students’
prior knowledge, and evaluation reveals contemporary ideas about ongoing assessment of

student performance and learning (Carin et al., 2005, p. 111).

The explanations of the steps of the three-phase learning cycle are as follows (though they
are formerly named as exploration, invention, and discovery by Karplus & Their, as cited in
(Lawson, 1995, p. 136):

Exploration: In this step, students are given a new situation so that they start to ask questions
about it and try to solve the problem with their experiences. When students see that their
ideas are in conflict with the new situation or not adequate, they generate alternative ideas

and discuss the applicability of these ideas to the problem. Students also make an analysis of
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the regularity pattern in the phenomena, and form hypotheses, for example heart rate
increases with temperature (Lawson, 1995, p. 136).

Term introduction: In this step, students are given the new concepts, which are used to refer
to the patterns realized in exploration, for example metabolism coldblooded or poikilotherm
by teacher, textbook, or other medium (Lawson, 1995, p. 136).

Concept application: In this step, students relate the new concept or pattern to additional
examples. For example, after teacher introduces the term cold-bloodedness, she/he asks
students to classify other invertebrates or vertebrates as coldblooded and warm-blooded

(Lawson, 1995, p. 137).

4E Learning Cycle: It is consisted of the phases of Explore, Explain, Expand, and Evaluate
(Yilmaz & Cavas, as cited in Cavas, 2004).

In exploration step, students interact with each other and material (Martin, Sexton &
Gerlowich, as cited in Cavas, 2004).

In explanation step, students interact with teacher in order to find the concept which comes
out from the observations and data in exploration phase (Martin et al., as cited in Cavas,
2004).

In expansion step, students are guided by teacher in applying the concept and expand their
ideas and science usage (Martin et al., as cited in Cavas, 2004).

In evaluation step, students are assessed formally or informally throughout the cycle (Martin

et al., as cited in Cavas, 2004).

5E Learning Cycle: It is consisted of the phases of Engage, Explore, Explain, Elaborate, and
Evaluate.

In engagement step, students’ interest is gained through a hands-on mini lab or
demonstration or a pre-test like KWL or concept map (Matyas, 2000).

In exploration step, students get concrete experiences on subject through laboratory activities
(by applying whole procedure or some steps of it such as collecting and analysing data)
(Matyas, 2000).

In explanation step, student questions are answered through using related sources for
example readings, web quests, lectures, discussions, and experts (Matyas, 2000).

In elaboration step, students utilize their subject knowledge and science process skills in
order to make use of the subject through a guided or open inquiry activity (Matyas, 2000).

In evaluation step, students are asked to apply their understanding to new situations through

use of some instruments such as the previous materials i.e., KWL, concept map, quiz, or new
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materials i.e., reflection papers. Evaluation can be also made with use of students’
performances on the previous instruments such as laboratory reports, presentations and
posters, home works and web quests, reflection papers, self and peer evaluation forms on

group work (Matyas, 2000).

7E Learning Cycle: It is consisted of the phases of Engage, Elicit, Explore, Explain,
Elaborate, Evaluate, and Extend (Eisenkraft, as cited in Mecit, 2006).

In engagement step, students’ interest is taken through a scenario or an experimental activity.
This leads students to form questions. Students’ prior knowledge is also measured by this
way (Eisenkraft, as cited in Mecit, 2006).

In elicitation step, students’ prior knowledge is learned (Eisenkraft, as cited in Mecit, 2006).
In exploration step, students are given materials, questions, and directions so that they start
their discoveries as a group by using materials. Students also discuss with group members
and teacher (Eisenkraft, as cited in Mecit, 2006).

In explanation step, students after organizing data, determining pattern, comparing, and
stating problems with the guidance of teacher construct their own understandings and
communicate these concepts. The concepts can be introduced in the form of scientific
terminology by students and teacher (Eisenkraft, as cited in Mecit, 2006).

In elaboration step, students are asked to offer alternative solutions to the problem. They
may repeat the whole or some parts of the activity by transferring their understanding into
new areas, and form new questions and hypotheses, which means that they start to a new
discovery, or learning cycle (Eisenkraft, as cited in Mecit, 2006).

In extension step, by offering students new experiences to transfer their understanding into
new problem areas, students can relate what they have learned to daily life applications
(Eisenkraft, as cited in Mecit, 2006).

In evaluation step, students are assessed on what they learned. Assessment is done by teacher

or student (Eisenkraft, as cited in Mecit, 2006).

2.3.1.1 The Research on Learning Cycle

In this part, the studies on the effectiveness of learning cycle on various academic outcomes

are summarized.

Kiiciikyilmaz (2003) explored the effect of three-stage learning cycle on 5" grade students’

achievement in “Sound and Light” unit. She made use of pre test-post test control group
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design in her study and took one of the classes in an elementary school as experimental and
the other as control group in the same school. The school was located in Eskisehir, Turkey.
The treatment took 6 weeks, during this time the experimental group received three-phase
learning cycle instruction whereas the control group received traditional instruction. She
measured the students’ achievement in the unit before and after the treatment, and after the
semester break as retention. She made the control and experimental group students equal by
eliminating the data from the students with diverse socio-economic status, and a high or low
score in the pre-achievement test and their previous science course grade point average. Thus
the original sample size of 69 (34 versus 35) decreased to 44 (22 in each group). She used
independent t-test for analyses and found that there was no significant difference between the
groups with respect to the mean achievement score after the treatment, but there was a
significant difference between the groups on the retention test, favouring the experimental
group students. The researcher concluded that learning cycle is effective on increasing the
level of remembrance of the students when compared to traditional instruction. She
concluded that in order to keep students’ retention of understanding, learning cycle should be
used; teachers and teacher candidates should be given some courses on learning cycle; when
applying learning cycle, class organization should be arranged in an order that permits
students to work independently and in group; and same kind of arrangements should be done

in school level so that students have rich experiences with interacting with materials.

Cavas (2004) investigated the effect of 4E learning cycle on 6" grade elementary students’
attitudes toward science and understanding of flowing electricity subject within the
“Electricity Directing Our Life” unit. She made use of pre test-post test control group design
in her study and took one of the classes in an elementary school as experimental and the
other as control group in the same school. The school was located in Izmir, Turkey. There
were a total of 79 students in the sample. The researcher herself applied the treatment to each
group (4E learning cycle instruction to the experimental and traditional instruction to the
control group). She measured the students’ achievement in flowing electricity subject before
and after the treatment. She used the percentages of correct responses in each item of the
flowing electricity test, and both dependent and independent t-tests for analyses. The
researcher found that although there was a significant difference between the mean pre test
and post test scores in each group, when the percentages of correct responses given to each
test item was considered, there was more gain in the experimental group from pre test to post
test; there was a significant difference between the groups with respect to the mean post test

score favouring the experimental group; there was a significant difference between the
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groups with respect to the difference between the post- and pre-test mean scores, in other
words the mean gain score, favouring the experimental group. On the other hand, when the
researcher analysed the data on attitudes toward science with independent t-test, she found
that although there was no significant difference between the mean pre- and post-attitudes
toward science score in the control group, there was a significant difference between the
mean pre- and post-attitudes toward science score in the experimental group; there was a
significant difference between the groups with respect to the mean post-attitudes toward
science test score favouring the experimental group. Moreover the researcher performed a
correlation analysis to find a relation between the achievement test and attitudes toward
science questionnaire scores and found that there was a significant correlation between both
tests, although the relationship was medium. The researcher concluded that 4E learning cycle
is effective in eliminating students’ misunderstandings in flowing electricity subject;
developing understanding and attitudes toward science due to its consideration of students’
prior knowledge and experiences; and providing a learning environment for students to make
discoveries on subject that result with increased interests and positive attitudes toward
science through active involvement of students. The researcher concluded that teachers after
getting acquaintance with constructivist teaching methods can prepare an effective learning
environment for their students and in-service training can help teachers in learning and

applying constructivist approaches.

Dogru Atay (2006) examined the effect of three-stage learning cycle on 8" grade students’
achievement in genetics concepts, and the main predictors of achievement with a pre test-
post test control group design. Her sample consisted of 213 students from eighth classes
attending two elementary schools in Ankara. The experimental group students received
learning cycle, whereas control group students received traditional instruction. She
administered a genetics achievement test to the students before and after the treatment. She
also used the Learning Approach Questionnaire to measure learning orientation, Test of
Logical Thinking for level of reasoning ability, Motivational Strategies for Learning
Questionnaire for determining self-efficacy, Locus of Control Scale for evaluating locus of
control, and Attitude towards Science Scale. She analysed the data with one-way ANOVA
and found that learning cycle instruction increased students’ achievement in genetics more
than traditional one. Moreover her analysis with stepwise multiple regression showed that
while in the learning cycle classes students’ meaningful learning orientation and attitudes
toward science are the main predictors of achievement; in the traditional classes students’

attitudes toward science and reasoning ability are the main predictors of achievement.
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2.3.2 Guided Discovery

Students start guided discovery learning with interesting question and concrete materials, by
working as individual or as a group they explore materials, make observations, and discover
answers to their questions, when teacher works as a facilitator and guide (Carin et al., 2005,
p. 105). Discovery activities motivate students during their search and discovery (Sears &
Kessen, as cited in Carin et al., 2005, p. 105). Discovery activities also help students to find
their own meanings and systematize their own ideas (Wiggins & McTighe, as cited in Carin

et al., 2005, p. 105).

2.3.2.1 The Research on Guided Discovery

Aktanus, Ergin, & Akpinar (2002) explored the effect of discovery on 8" grade students’
achievement, understanding, and attitudes in “Magnetism Affecting Our Life” unit. The
researchers made use of pre test-post test control group design in their study. Their sample
was consisted of 60 students at two classes (30 in each class) attending an elementary school.
Both groups were given a magnetism achievement test, a set of essay questions to determine
their understanding of magnetism concepts, and attitudes toward magnetism questionnaire
both before and after the treatment. The researchers also interviewed with the experimental
and control group students after the treatment in order to understand how the students
constructed their understanding during the instruction. Both discovery and traditional
instruction were given by the same science teacher to the groups for four weeks. After the
analyses of student data on the measures with independent and dependent t-test, the
researchers found that that there was a significant difference between the groups on the post
achievement mean score, post essay mean score, and post attitudes toward magnetism mean
score favouring the experimental group. The researchers concluded that since the students in
the experimental group actively involved and learned how to learn, they constructed their
own knowledge easily. The interviews with the students showed that the students could
easily comprehend the subject and relate it with daily life. The researchers also concluded
that since various teaching materials were used and the students actively involved into the
lessons, discovery treatment improved students’ attitudes toward magnetism. Therefore, the
researchers suggested using teaching materials developed from simple and low-cost

materials rather than complex and expensive ones.
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Unal & Ergin (2006) studied the effect of discovery on 7" grade students’ achievement,
learning approach and attitudes for “Pressures of Liquids and Gases” unit. The sample of this
study was consisted of 59 students from two classes (30 in the experimental class and 29 in
the control class) of an elementary school in Buca, Izmir. The school was purposively
selected for best representing the other schools in the same region. Moreover the classes
were selected for having the students with similar GPA scores. Both groups were given an
achievement test and attitudes toward science questionnaire, and a science learning approach
scale before and after the treatment. Both the discovery and traditional treatments were given
by the same science teacher to the groups for five weeks. The discovery treatment was
consisted of three stages: study with concrete material, concept introduction, and generalize.
The teacher started each activity with discussion questions and assigned the students groups
of 3-4 for studying with the concrete materials. The teacher then handed out the concrete
materials and worksheets to the groups and asked the students to answer the questions on the
sheet while they work with the concrete material. After the groups finished their work with
the materials, the teacher asked them to explain their observations and the reasons of these
observation results. The teacher guided the students on reaching the concepts underlying the
phenomena. The teacher again asked the students to revise their answers to the worksheet
questions. Then the teacher started asking the evaluation questions of the sheet, which were
related to the daily life applications, transferring and generalizations. After the analyses of
student data on the measures with independent and dependent t-test, the researchers found
that that there was a significant difference between the groups on the mean post achievement
scores favouring the experimental group, there was no significant difference between the
groups on the mean post learning approach score, and post attitudes toward science scores,
and there was a significant relationship between students’ scores in achievement and
learning approach, between students’ scores in achievement and attitudes toward science,
and between students’ scores in attitudes toward science and learning approach, though these
relationships are medium. The researchers concluded that the worksheets provided an
opportunity for working with concrete materials and increased students’ motivation, and the
concepts introduction and generalization parts of the activity (worksheet) improved students’
understanding and made relating the subject with daily life easy. Regarding no attitude and
learning approach change for both groups, the researchers concluded that the instruction was
short to make a difference in attitudes and learning approach, and they suggested that their

research should be replicated for a longer instruction time.

26



2.3.3 Using Scientists as an Inquiry Model

Through working directly with students, a scientist can be a role model for students and
encourage them in science (Board of Agriculture, 1998, p. 25). Moreover scientists can
encourage teachers to learn science as a process and help them improve their science content
understanding (Board of Agriculture, 1998, p. 12; Morrison & Estes, 2007), whereas
teachers can help scientists understand learning processes and diversity of students (Board of
Agriculture, 1998, p. 12-13). Besides modelling science as inquiry, scientists can also serve
up a resource for science subject and help teacher in classroom demonstration (Board of
Agriculture, 1998, p. 13). Science teachers can integrate content with daily life and provide
students both an educational and vocational orientation (Kesercioglu, Tiirkoguz, & Iscier,
2005) toward science by using scientists in their classrooms. The use of scientists as models
improves elementary students’ scientific attitudes (Demirbas & Yagbasan, as cited in
Demirbas & Yagbasan, 2005), which are consisted of attitudes toward thinking and
knowledge, i.e. curiosity, open mindedness; attitudes toward evaluation of thinking and
knowledge, i.e. critical thinking, objectivity, and testing hypotheses; and accepting special
scientific beliefs, i.e. commitment to reality (Byrne & Johnstone, as cited in Demirbag &

Yagbasan, 2005).

2.3.3.1 The Research on Using Scientists as an Inquiry Model

Marx, Honeycutt, Rahmati Clayton, & Moreno (2006) developed a set of inquiry lessons on
human anatomy called “The Elizabeth Towns Incident” with a partnership between a biology
teacher from the Houston Independent School District (HISD) and two graduate students
serving as content advisors from Baylor College of Medicine. This unit was a combination of
case-based teaching and laboratory, where the students could play a physican role. The unit
was implemented in Biology I classes of the HISD. The experiences gained during the
application of the unit showed that the collaboration increased students’ understanding of
human anatomy as assessed by the raise in the number of students passing the state mandated
Biology I test, helped to determine critical areas in collaboration, and assisted students’
change of their streotypes toward scientists, i.e., what scientists does, what to do to be a

scientist, etc.
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2.4 Science Process Skills

Terminology of science process skills are those used by scientists in solving problems. The

name “skills” are given to the steps involved in scientific method after the development of

“Science-A Process Approach” or “SAPA” in the US. Scientists were studied to determine

what they do (McComas, 1989).

Science process skills are classified into two groups as basic and integrated. Basic skills

provide a foundation for learning the more complex integrated ones (Padilla, as cited in

Myers, Washburn, Dyer, 2004). The following tables (Table 2.2 and 2.3) outline both basic

and integrated skills.

Table 2.2 Basic science process skills

Basic Skills

Observation: It is the process of gathering information by using sense organs and instruments that extend the senses, and
the various instruments used in medical diagnosis (Minnesota Mathematics and Science Teaching Project, as cited in Carin
et al, 2005, p. 38).

Using Numbers: It is the process of using quantitative relationships (Chiappetta & Koballa, as cited in Myers, Washburn,
Dyer, 2004).

Measurement: It is the process of quantifying observations through measurement (Carin et al, 2005, p. 41).

Classification: It is the process of organizing information, i.e., sorting objects according to their properties. There are two
kinds of classification, binary and multistage. Binary classification is organization of objects into two groups on the base
of common characteristics. On the other hand, multistage classification is organization of objects over and over again
(Carin et al, 2005, p. 41-42).

Using Space-Time Relationship: It is the process of describing changes in a parameter with time. The parameter can be
location, direction, shape, size, volume, weight and mass (Ministry of Education Malaysia, 2003).

Inference: It is the process of interpreting observations based on prior knowledge and experiences (Carin et al, 2005, p.
42).

Prediction: It is the process of forecasting a possible outcome based on knowledge of patterns in data. The difference
between inference and prediction is backward looking feature of inference (what happened), whereas forward looking
feature of prediction (what will happen) (Carin et al, 2005, p. 44).

Communication: It is the process of presenting and sharing the results of observation, investigation through oral, written,
and visual materials (TTKB, 2005)

Note: The table shows all the skills found in the literature.
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Table 2.3 Integrated science process skills

Integrated Skills

Defining and Controlling Variables: It is the process of identifying the independent, dependent and control variables for
investigation. A variable is a property of objects or events that can change and have various amounts, i.e., the time passed
during a candle burn, amount of fertiliser given to a plant. Independent variable is the manipulated or changed variable,
dependent variable is the responding variable as a result of change in independent variable, and control variable is the one
kept constant or unchanged during investigation so that not confounded the results (Carin et al, 2005, p. 45).

Planning Experiment: It is the process of suggesting an experiment in order to test the hypothesis (TTKB, 2005).

Knowing and Using Laboratory Materials: It is the process of selecting and using materials safely and effectively (TTKB,
2005).

Experimenting: It is the process of changing one variable at a time and observing the effect on another variable while
holding all other variables constant (Carin et al, 2005, p. 44).

Hypothesizing: It is the process of forming hypotheses, which are the statements of possible relationships between the
independent and dependent variables that might be identified through investigation (Carin et al, 2005, p. 44).

Collecting Information and Data: It is the process of gathering information from various sources via observation and
experiment, and using books, maps or information and communication technologies (TTKB, 2005).

Recording Data: It is the process of recording data in the form of writing, picture, table, and figure (TTKB, 2005).

Interpreting Data: It is the process of seeing the relationships and trend among data (Arthur as cited in Temiz & Tan,
2003).

Processing Data and Formulating Models: It is the process of presenting data in the forms of frequency distribution,
histogram, table, physical models, etc. (TTKB, 2005). There are many ways to form a model even for the same event. For
example, the melting of an ice cube can be shown with a graph, picture, three-dimensional object, video recording, table,
or photograph (Turgut, Baker, Cunningham, & Piburn, 1997).

Defining Operationally: It is the process of describing variables exactly with a measurement criterion (TTKB, 2005).

Note: The table shows all the skills found in the literature.

The following literature review is dealt with the studies on the effectiveness of instruction
and curriculum on science process skills; science process skills of students, and teachers, and

content analysis of textbooks with respect to these skills.

2.4.1 The Research on Effectiveness of Instruction on Science Process Skills

The first study is an investigation of science process skills development of university
students through computer-assisted instruction by Burchfield and Gifford (as cited in Myers,
2004). The sample was 92 students enrolled in General Biology I for Science Majors at a
small, rural community college in the south-eastern United States. The study found no
significant difference in the mean science process skill gain scores between students in the
traditional class and those in computer-assisted instruction class. It was also found no

significant effect of student academic aptitude, as measured by score on the Enhanced
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American College Testing Assessment, and gender on science process skill development

(Burchfield & Gifford, as cited in Myers, 2004).

The following studies were done in Turkey at elementary school level when our current

science curriculum is in action.

Karahan (2006) studied the effect of looked into the effect of science process skills based
learning on achievement, attitude, science process, and logical and creative thinking of
fourth grade students in Eregli, Zonguldak. She used quasi-experimental design with pre-
and post-test control group. There were a total of 76 students attending the same elementary
school in her study, 39 in the experimental, whereas 37 in the control groups. Karahan
(2006) used an achievement and attitude tests, a problem solving attitude inventory, the
Turkish version of Torrance’s Creative Thinking test and Tobin & Capie’s Test of Logical
Thinking and Science Process Skills tests, in her study. After the analysis of data with t-test,
Karahan (2006) found that the difference between both experimental and control groups
students’ post-test mean scores on logical and creative thinking skills tests were significantly
different than 0, on behalf of the experimental group, but the differences on problem-solving
attitude, science process skills, attitudes, and achievement. The researcher concluded that
because the new curriculum already based on science process skills, she could not observe

the change in most of the learning outcomes.

Bagdas (2007) investigated the effect of hands-on science learning in “Matter and Heat” unit
on sixth grade students’ science process skills, achievement, and motivation in his master’s
thesis. He used experimental research design with a treatment group and control group in one
elementary school, and one control group in another elementary school in Manisa Demirci.
The study was done when our current science curricula was in action. Therefore, while the
treatment group was receiving hands-on instruction, the control group was being instructed
with the new curriculum. There were 63 students in total (20 in experimental, 43 in control
groups). Basdas (2007) used a science process skills test, an academic achievement test, and
a motivation scale towards science learning in his study. He found that experimental group
students got significantly higher scores in all measures than those in control. His interviews
with experimental group teacher also showed that treatment was effective and sufficient in
developing students’ scientific attitude and behaviour. Bagdas (2007) suggested that science
lesson should include hands-on activities which will develop science process skills, because

as asked in the international examinations such as PISA and TIMSS, the aim of science is to

30



develop those skills, and inclusion of science process skills in science curriculum will bring
our science education to the international standards. Basdas (2007) stated that this also will
result with higher motivation and active involvement of students in science courses which
will turn out to be an increase in their career choices. Basdas (2007) also suggested same

revisions in both pre- and in-service training.

2.4.2 The Research on Science Process SKkills of Teachers

The first study was the investigation of the relation between science process skills and
attitudes toward science of pre-service elementary teachers. The sample was 46 pre-service
elementary teachers enrolled in a mathematics and science methods course before student
teaching. The study found that there is a moderately positive correlation (r = .39) between
the pre-service teachers’ competency levels of science process skill and attitudes toward

science (Downing, Filer, & Chamberlain, as cited in Myers, 2004).

In the second study Padilla, Okey, & Garrard studied how science teachers integrate process
skills to their sixth and eighth grade classrooms (as cited in Narode, Heiman, Lochead, &
Slomianko, 1987). These researchers used the following steps in their process skills based
instruction (it includes also what the previous research by both the first author (Padilla) and
Tobin and Capie utilized (as cited in Narode et al., 1987):

1. Teacher asks a researchable question, for example: “Are some body parts more sensitive
to touch than others?”

2. Students form hypotheses with the help of teacher, for example: “Fingertips are more
sensitive to touch than the palms”.

3. Students identify variables.

4. Students select independent and dependent variables and control others, for example:
operational definition for dependent variable is the ability to recognize the touch of a pencil,
and the tool and force used to touch fingertips and palms are controlled.

5. Students design the experiment and draw a proper table.

6. Students perform the experiment.

7. Students organize data onto a class chart and make generalizations in the form of
conclusion or new hypothesis.

The researchers found that this method was more effective after a two-week-introduction of
process skills (the total duration for the instruction took a semester). The study showed that

science process skills can be taught to middle school students and integrated into subject, and
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continued instruction on science process skills in various content areas are more effective

than short term instruction in process skills alone (as cited in Narode et al., 1987).

In another study, Demir (2007) tried to find the relationship between pre-service classroom
teachers’ science process skills and some variables (gender, parent education level, income,
university entrance test score, average of the science and quantitative course scores, GPA,
attitudes toward science, self-efficacy, and cognitive development). He sampled 277 senior
students who were attending primary education department at Gazi University. In order to
collect data, he made use of the Test of Integrated Process Skills II, Science Teaching
Attitude Scale II, Science Teaching Self-efficacy Beliefs of Classroom Teachers, Test of
Logical Thinking, and a demographic form. He employed path analysis with AMOS 5.0. He
found that:

1. The model explains 36% of the variance observed in pre-service teachers’ science process
skills scores. Among the variables, cognitive development level has the most effect (.58),
followed by income (.10), and attitudes (.9) in explaining variance in the science process
skills scores.

3. The variables in the model (gender, mother education level, university entrance exam
score, average score of science and quantitative courses, GPA, and science self efficacy), do
not have a direct but an indirect effect on science process skills scores. From these variables
university entrance exam score has the highest indirect effect on science process skills
(.178).

He suggested that pre-service programs should consider and develop students’ cognitive
development levels, and in pre-service science courses should include activities by which
students have a chance to improve their attitudes toward science, which will result with

development of science process skills.

2.4.3 The Research on Content Analysis of Textbooks with respect to Science Process
Skills

Content analysis is a technique to study human behaviour indirectly through analysis of their
communications, i.e., textbooks, newspapers, articles, speeches, advertisements, films,

pictures, musical compositions (Fraenkel & Wallen, 2005, p. 483).

Content analysis is a powerful and efficient approach to curriculum evaluation (Tamir &

Lunetta, 1981). Although analysis of the content of curriculum materials does not give direct
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data on student growth, it allows the researcher to find out the link between the actual
materials and the stated goals of the curriculum developers and others (Tamir & Lunetta,

1981).

Science process skills, along with critical thinking and scientific reasoning skills, take part
systematically in the textbooks of developed countries, and in both teacher, and student
books, this structure complete each other (Badders, Fu, Bethel, Peck, Sumners, Valentino, &

Mullane, as cited in D6kme, 2004b).

The first study by Tamir & Lunetta (1981) was a content analysis of laboratory handbooks of
selected high school curricula. Tamir & Lunetta (1981) content analysed the exercises of
some physics, chemistry, and biology laboratory handbooks with the Laboratory Structure
and Task Analysis Inventory (LAI). The LAI has two dimensions. Laboratory Organization,
and Laboratory Tasks. Laboratory organization part has 14 categories and consists of
Structure, Relation to Text, Cooperation Mode, and Simulations subparts. On the other hand,
laboratory tasks part has 24 categories and consists of Planning and Design, Performance,
Analysis, and Application subparts. The researchers coded every laboratory investigations in
the books with the LAI. When coding the Laboratory Organization categories, they checked
categories according to the classification of activities in each investigation. When coding the
Laboratory Task categories, the researchers checked the appropriate behavioural category
according to each statement of a laboratory investigation (if the statement called more than
one activity they put more checks). Tamir and Lunetta (1981) then counted the number of
the checks, and divided by the total number of investigations and represented this value in
percentages. After the analysis, the researchers found that investigations are highly
structured; while students are often asked to perform a variety of manipulative and
observational procedures and interpret the results of their investigations; they are rarely
asked to formulate a question and hypothesis, predict results, work according to their own
design, and both formulate new questions and apply an experimental technique after the
investigation. Tamir and Lunetta (1981) suggested that the LAI can be used to assess
laboratory curriculum; inquiry skills development of students; and selecting laboratory
activities and developing them by teachers. The researchers also mentioned that laboratory
experiences differentiate according to subject matter, for example inquiry skills in biology

are not same with those in chemistry, even in the same subject area variances occur.
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The following two studies were on the analysis of activities in our previous elementary
science textbooks for grades 4 and 7. Both of the studies were done by Dokme (2004a, 2004
b).

In the first study, Dokme (2004a) analysed the fourth grade science textbook of the previous
curriculum according to the definitions of the six basic science process skills stated in an
American textbook, Discovery Work by Badders et al. These six basic skills were
observation, classification, measuring and using numbers, communication, inference, and
prediction. She classified all 50 textbook activities from all 4 units into each of the six
science process skills, and made comparisons between the activities and science process
skills, and between the units and science process skills according to the frequencies of
science process skills acquired by the activity. According to her findings, inference is the
most stated skill with 94%, observation is the second with a percent of 82, and classification
is the third with a percent of 14 abundant skills. These skills are followed by communication

(12%), and prediction (11%).

In the second study, Dokme (2004b) evaluated the seventh grade science textbook of our
previous curriculum according to the definitions of the 12 science process skills stated in an
American textbook, Discovery Work by Badders et al. These six basic skills were
observation; classification; measuring and using numbers; communication; inference;
prediction; collecting, recording and analysing data; determining and controlling variables;
defining operationally; hypothesizing; experimenting; and making and using model. She
classified all 61 textbook activities from all 4 units into each of the 12 science process skills,
and made comparisons between the activities and science process skills, and between the
units and science process skills according to the frequencies of science process skills
acquired by the activity. According to her findings, half of the basic science process skills
are highly mentioned in the book: Inference (69%), measuring and using numbers (56%),
experimentation (54%), and observation (51%). The remaining three basic skills come
second in this order: Classification (8%), communication (23%) and prediction (14%). On
the other hand, determining and controlling variables (33%), collecting, recording and
analysing data (30%), defining operationally (26%), and communicating (23%) are also
highly mentioned in the book. Dokme emphasized that other skills such as formulating
hypothesis (2%), making and using model (8), controlling variables (33%), collecting data

(30%), and evaluating hypothesis are advanced and should be mentioned in the activities at
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the end of the units. And the textbook sections called “Diisiin ve Arastir” are regarded as

appropriate for her to include these skills.

Dokme (2004a; 2004b) in both of her studies suggested that:

1. Dokme suggested that communication, and prediction (and classification) skills should be
included more in the available activities or mentioned in the additional activities.

2. The activities should highlight the skills overtly, i.e., by emphasizing which skill to be
used through bold characters as “please observe the parts of the plant”.

3. In order to develop communication skills, students should prepare reports of their studies;
present their studies to their group members, class, teacher, or other listeners; and if needed
organize their studies in the format of graphic, table, and diagram; therefore the activities
should guide students to these actions with statements and these statement, as in the
mentioning the specific skills, should be obvious (and written bold).

3. The textbook activities should be revised for the purpose of improving science process
skills, and the review will support science teaching when integrated with teacher guide

books, student workbooks, and computer aided instruction.

2.4.4 The Research on Effectiveness of Curriculum with respect to Science Process
Skills

This part is dealt with the studies on the effectiveness of previous and current Turkish
science curricula with respect to science process skills. Three studies will be outlined here.
Although the third study explains clearly that the students were being instructed by both, the
second one does not say anything about when the students were tested, but the year of the

study implies that it deals with our previous science curriculum.

Aydogdu (2006) investigated the factors affecting science process skills at seventh grade
level in Buca, Izmir. These factors were academic achievement, attitudes toward science,
parent’s relevance, instructional methods, teachers’ usage level of science process skills, and
demographic characteristics. Aydogdu (2006) used a science process skills test for students
and science process skills test teachers, the attitudes toward science questionnaire and
perception toward parent attitude scale. He also made use of the course scores, which is the
mean of the students’ all science grades in the tests for the first semester and those in the
“Energy: The Meeting of Force and Motion” unit achievement test, and a teacher

observation form, by which he evaluated teacher use of science process skills as good,
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mediocre, and poor. Aydogdu administered these instruments to a sample of 176 students
and their teachers in 5 elementary schools. He found that there is a positive but medium
relationship between science process skills, academic achievement, attitudes towards science
and parent’s relevance; and there is a statistical difference between students’ acquisition of
science process skills and teachers’ usage level of science process skills, the education level

of parents, and having a computer.

Aydinlt (2007) studied Turkish 6-8 grade students’ basic and integrated science process
skills. She administered the Test of Integrated Process Skills test to the students attending an
elementary school in Ankara, and four elementary schools in Mus. Her sample consisted of a
total of 670 students. Aydinli (2007) also analysed her data with one-way ANOVA and
found that there is a significant difference among students’ performance in both basic and
integrated skills subtest scores according to following variables:

1. Grade: Seventh graders are more successful than eighth and sixth graders respectively, and
differences between the grades are significant except grade 7 and 8.

2. Gender: Females are significantly more successful than males.

3. Family income: The students with high socio-economic status are more successful than
those with medium and low socio-economic status and the differences between the socio-
economic levels are significant.

4. Father job: For the basic skills subtest, the students whose fathers are white-collar are
more successful than those whose fathers are self-employed, blue-collar, or farmer, and the
differences in the student performances with respect to father occupation are significant
except white-collar and self-employed group.

On the other hand, for the integrated skills subtest, the students whose fathers are white-
collar are more successful than those whose fathers are self-employed, blue-collar, or farmer
and the differences in the student performances with respect to father occupation are
significant except blue-collar and self-employed group.

5. Mother job: For the basic skills subtest, the students whose mothers are self-employed are
more successful than those whose mothers are white-collar, farmer, blue-collar, or house-
wife, and the differences in the student performances with respect to mother occupation are
significant between housewife and white-collar, housewife and self-employed, and blue-
collar and self-employed groups.

On the other hand, for the integrated skills subtest, the students whose mothers are self-
employed are more successful than those whose mothers are white-collar, farmer, house-

wife, or blue-collar, and the differences in the student performances with respect to mother
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occupation are significant between housewife and white-collar, housewife and self-
employed, blue-collar and white-collar, blue-collar and farmer, blue-collar and self-
employed groups.

6. Father Education: The students whose father are university graduate are more successful
than those whose father are graduated from high and elementary school, or not educated, and
the differences in the student performances with respect to father education level are
significant.

7. Mother Education: The students whose mothers are university graduate are more
successful than those whose mothers are graduated from high and elementary school, or not
educated, and the differences in the student performances with respect to mother education
level are significant except high school and university groups.

8. Family size: For the basic skills subtest, the students whose family consists of 2-3 persons
are more successful than those whose family consists of 4-7, 8-11, and more than 12 persons,
and the differences in the student performances with respect to family size are significant
except between 4-7 and more than 12, and 8-11 and more than 12 groups.

On the other hand, for the integrated skills subtest, the students whose family consisted of 2-
3 persons are more successful than those whose family consists of 4-7, more than 12, and 8-
11 persons, and the differences in the student performances with respect to family size are
significant except between 2-3 and 4-7, and 8-11 and more than 12. After analysis of data
with respect to number of correct responses in each grade level, Aydinli (2007) also found
that seventh graders are proficient in both basic and integrated skill subtests because 67.8%
of them answered correctly 6-10 items of basic skill subtest, and 56.9% of them answered
correctly 7-12 items of integrated skills subtest. Eighth graders are proficient in basic skills
subtest but not in integrated skills subtest, because 52.7% of them answered correctly 6-10
items of basic skill subtest and 39.8% of them answered correctly 7-12 items of integrated
skills subtest. Sixth graders are not proficient in both subtests, because 35.2% of sixth
graders correctly answered 6-10 items of the basic skills subtest, and 21.3% of sixth graders
correctly answered 7-12 items of the integrated skills subtest. Aydinli (2006) suggested that
teachers should do their best to achieve the requirements of new science curriculum and
motivate their students in importance of education, and further research is needed to study

the effect of instructional materials on student science process skill performance.
Our previous and current science curriculum with respect to science process skills were

compared by Basdag (2006) in her MSc thesis. Basdag (2006) investigated whether the

previous (2000 science curriculum) or current (2004 science curriculum) was more

37



successful on the students’ attainment of science process skills. She administered a science
process evaluation test to two groups of students, the ones being instructed by the 2000
curriculum and the others being instructed by the 2004 curriculum. The first group consisted
of the students in three elementary schools. On the other hand, the second included the
students in two elementary schools where the new curriculum was being piloted. Both
schools were located in Ankara. There were a total of 457 students. The researcher analysed
data with independent t-test, and found that the students of the 2004 science curriculum were
significantly performed well than those in the 2000 science curriculum on the whole and on
the items dealing with the following science process skills: observation, inference,
prediction, measuring, recording data, defining operationally, hypothesizing. However there
was a difference between the both curricula students on the mean scores of the following
science process skills; classification, number and space relation, experimenting, defining
variables, interpreting data, and model formation. Basdag (2006) also found that among the
students who were being instructed with the 2000 curriculum, the female students performed
well on the items measuring classification skill when compared to males, and the students
from the higher socio-economic status had higher scores on the test in total and on the
following skills: Classification, prediction, measuring, hypothesizing, interpreting data. On
the other hand, among the students who were being instructed with the 2004 curriculum, the
female students performed well on the items measuring classification skill when compared to
males, and students from the higher socio-economic status had higher scores from the test on
the following skills: recording variables, and interpreting data. The researcher concluded that
the 2004 curriculum are more successful than the 2000 curriculum; gender has no effect in
development of science process skills, the 2004 science curricula is more effective in
developing scientific skills of the students’ regardless of their socio-economic status than the
2000 curriculum. Moreover she suggested that tests can be developed for elementary and
secondary students; since teachers are important in developing science process skills, they
should be given in-service courses; studies on science process skills are needed, and these
can be used in curriculum development; and studies can be done with the students of 2004

curriculum.
2.5 Attitudes toward Science
Attitude is a phenomenon, which is acquired by learning, directs individual’s behaviours and

causes subjectivity in decision making process (Ulgen, as cited in Durmaz & Ozyildirim,

2005). It includes the behaviours of showing positive attitude toward a course or subject,
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being satisfied with answer, giving in positive part or value (Ozgelik, as cited in Durmaz &

Ozyildirim, 2005).

Science is the all information that is formed from the process that helps students to
understand the world by studying the nature and natural events and directed to examine the
nature, and its product, the systematic knowledge (Cilenti, as cited in Durmaz & Ozyildirim,
2005). In order for today’s human being to feel and interpret technological developments
she/he should be given a basic science culture. And for this instruction to have an effect the
factors that influence student learning should be determined and those that give rise to

negative attitudes toward science and should be keep minimal (Durmaz & Ozyildirim, 2005).

A study by Yager & Yager (as cited in Hall & McCurdy, 1990) showed that students’
interest to science begin to decline at 4th grade to university. And another study by Lucas &
Dooley (as cited in Hall & McCurdy, 1990) found that negative attitudes toward science

among pre-service elementary teachers may be drawn back to their school experiences.

To study students’ attitudes toward science is important for the following reasons:

1. Attitudes affect some behaviour, i.e. to select courses, visit museum, and support scientific
inquiry (Kaballa & Crowley, as cited in Weinburgh, 2000).

2. Attitudes are related to achievement. Attitudes influence achievement (Schibeci & Riley,
as cited in Weinburgh, 2000). In other words, attitudes both influence personal and social
decision-making (Millar, as cited in Johnston 1997) and performance in science courses
(National Curriculum Council; Johnston; Harlen, as cited in Johnston, 1997) and taking of

science in the future grade levels (Sears; Havard, as cited in Johnston, 1997).

Both the educational practices and research studies showed that attitudes toward science
should be developed not only in students, but also teachers, teacher candidates (Johnston,
Ahtee, & Hayes; Watters & Ginns, as cited in Johnston, 1997), and parents (the Association
for Science Education; Johnston, as cited in Johnston, 1997). It can be said that attitudes are
developed through earlier contacts with family, teachers, and peers, which are influenced by

unconscious prejudices, interests, and thoughts (Johnston, 1997).
The first contributor to the literature on attitudes toward science was Klopfer who in 1971

classified some affective behaviour in science education as:

-the demonstration of positive attitudes towards science and scientists;
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-the approval of scientific inquiry as a way of thought;

-the acceptance of scientific attitudes;

-the enjoyment of science learning experiences

-the growth of interest in science and related activities; and

-the growth of an interest in choosing a career in science and related jobs (as cited in

Osborne, Simon, and Collins, 2003).

The distinction between attitudes towards science and scientific attitudes was made by
Gardner (as cited in Osborne, Simon, and Collins, 2003). Scientific attitudes are a composite
of the wish to know and understand, a questioning approach to all statements, a search for
data and their meaning, a demand for verification, a respect for logic, a consideration of
premises and a consideration of results (Education Policies Commission, as cited in Osborne,
Simon, and Collins, 2003). Scientific attitudes characterize scientific thinking and relate to
cognitive domain Therefore scientific attitudes differ from attitudes towards science.
Attitudes toward science include the feelings, beliefs and values held about the enterprise of
science, school science, and the impact of science on society or scientists themselves

(Osborne, Simon, and Collins, 2003).

There are some factors that correlate with attitudes towards science. Some studies showed
that there is a positive correlation between attitudes toward science and achievement in it
(German; Hough & Piper, as cited in Durmaz & Ozylldlrlm, 2005), but some demonstrated
that in the elementary level, there is no relation with gender and attitude (Boylan; Dieck, as
cited in Durmaz & Czylldmm, 2005). The studies on attitudes toward science will be

summarized in the following part.

Durmaz & Ozyildirrm (2005) studied fourth and fifth grade students’ attitudes toward
science and its relation with school type (in terms of socio-economic status), gender, and
education level of both mother and father. They used a 16-item attitude questionnaire that
developed by themselves. There were 162 students in Edirne city participated to the study.
The researchers used both independent t-test (for comparing female and male students’
attitudes) and one way analysis of variance (for comparing students with different school
type, mother and father education level, and Scheffe Test in order to determine the group that
makes difference in the data analyses. They found that students’ attitudes toward science
differs with school type (p=.023, the higher socio-economic status the school has, the more

positive attitudes its students have) and father education level (p=.008 the higher education
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level the father has, the more positive attitudes his student has), but not with gender (p=.365)
and mother education level (p=295). The researchers concluded that the school’s socio-
economic status influence students’ attitudes toward science. Therefore, both school’s and
parents’ support should be increased in order to develop students’ positive attitudes toward
science. The study showed that gender has not an effect on science attitude due to young age
of students. The reason is the characteristics of this stage (students share their interests and
cooperate with each other and they learn by doing and experiencing) (Aral et al., as cited in
Durmaz & Ozyildirim, 2005), and the curriculum that values this learning style (Durmaz &
Ozyildirim, 2005). Another thing that the study showed is the effect of father’s education
level on attitude. The reason is again related to socio-economic level, as it increases with the

education level, so does student’ attitudes.

Inquiry teaching and curriculum materials develop students' attitudes toward science (Gabel,
Rubba, & Franz, Kyle, Bonnstetter, & Gadsden, as cited in Chang & Mao, 1999). As stated
“In an inquiry classroom there is a time for doing ... a time for reflection ... a time for feeling

. and a time for assessment" (Welch, Klopfer, Aikenhead, & Robinson, 1981, p. 35),
inquiry teaching may help students to appreciate that they are doing and feeling real science.

And this directs them to more positive attitudes toward science.

2.6 Science Achievement

“Learning achievement is the grasp of subject matter, in which the student
constructs her/his own meaning as she/he places the learning in the broader context
of an accumulated base of knowledge for retrieval when the students needs that
learning for unanticipated problem solving arising in the context of schools, work,

or life” (Palincsar & Winn, as cited in Izard, 1991, p. 3).

Achievement consists of two dimensions, content achievement, and lifelong achievement

(Nitko & Brookhart, 2007, p. 507).

1. Content achievement is a continuum which includes the specific declarative and
procedural learning targets (Marzano, Pickering, & McTighe, as cited in Nitko & Brookhart,
2007, p. 510). Declarative knowledge can be considered as information and can be
categorised somewhat hierarchically according to its generality. The facts about people,

things, and events are in the bottom, whereas the concepts and generalizations are in the top
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of this hierarchy. On the other hand, procedural knowledge can be considered as strategies or
skills. Similar to declarative knowledge, procedural knowledge can be classified
hierarchically according to its generality. Algorithms are in the bottom, whereas strategies
are in the top of this hierarchy. Algorithms are skills, and the procedures with steps that must
be executed in s set order. On the other hand, strategies apply to a variety of situations such
as the general strategy of analysing a novel problem, relating it to the familiar problems, and

identifying important differences (Marzano et al., 1993, p. 16-17).

2. Lifelong achievement is a category of achievement learning targets that cross curricula or
may be helpful out of school, such as complex thinking, information processing, effective
communication, cooperation/collaboration, and habit of mind (Marzano et al., 1993, p. 18-
19), which has in there categories: self-regulation, critical thinking, and creative thinking
(Ennis; Paul; Costa; Perkins; Flavell, Zimmerman; Amabile, as cited in Marzano et al., 1993,

p. 23-34).

Achievement is not measured directly. The measurement of achievement tries to identify
indications of the learning as it occurs or the outcomes at the end of a stage of learning. The
result of this measurement serves as the evidence to be considered when deciding whether or

not a change has occurred (Izard, 1991, p. 3).

Since inquiry curriculum has a positive effect on achievement, perception of science, and
some skills, i.e. science process skills, of students; students develop both science process
skills and interest in science in elementary school and these skills progress in secondary
school; and teachers who are trained in inquiry are more effective than traditional teachers
on achievement of their students (Shymansky, Hedges, & Woodworth, as cited in Davison,
2000, p. 31), it is worthwhile to explore the comparative efficiency between inquiry and
traditional teaching method in terms of the development of students’ science process skills in

typical elementary science classrooms.
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CHAPTER 3

METHODOLOGY

3.1 Research Design

The purpose of this study was to find the effect of teacher directed inquiry on students’
science process skills. Therefore the design of the study was Experimental Design. Since the
random assignment of the subjects to the experimental and control groups was not possible
due to the rigid course schedule of the participating schools, “non-equivalent control group
quasi experimental design” (Campbell & Stanley, as cited in Chang & Mao, 1999) was used

to at least randomize classes and schools.

Table 3.1 indicates the design used in this research:

1. Both experimental and control group students took the Pre Achievement Test in
Reproduction, Development, and Growth in Living Things (PreRDGLT), Attitudes toward
Science & Technology Course Questionnaire (Att), and Science Process Skills Test First
Form (SPC 1) as a pre-test before the instruction on the Reproduction, Development, and
Growth in Living Things unit.

2. The experimental group students were taught using the Treatment in Reproduction,
Development, and Growth in Living Things (TreRDGLT), where the guided (teacher-
directed) inquiry instruction was implemented along with the elementary grade 6 science and
technology curriculum. On the other hand, the control group students were taught only the
elementary grade 6 science and technology curriculum.

3. After the instruction on the Reproduction, Development, and Growth in Living Things
unit, both experimental and control group students took the Post Achievement Test in
Reproduction, Development, and Growth in Living Things (PostRDGLT), Attitudes toward
Science & Technology Course Questionnaire (Att), and Science Process Skills Test Second
Form (SPC 2) as a post-test; and the Pre Achievement Test in Force and Motion (PreFM) as

a pre-test before the instruction on the Force and Motion unit.
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4. The experimental group students were taught using the Treatment in Force and Motion
(TreFM), where the guided (teacher-directed) inquiry instruction was implemented along
with the elementary grade 6 science and technology curriculum. On the other hand, the
control group students were taught only the elementary grade 6 science and technology
curriculum.

5. After the instruction on the Force and Motion unit, both experimental and control group
students took the Post Achievement Test in Force and Motion (PostFM), Attitudes toward
Science & Technology Course Questionnaire (Att), and Science Process Skills Test Third
Form (SPC 3) as a post-test.

6. Both experimental and control group students were taught by the elementary grade 6
science and technology curriculum.

7. After the instruction on the Particulate Nature of Matter unit, both experimental and
control group students took the Delayed Achievement Test in Reproduction, Development,
and Growth in Living Things (DelRDGLT), Attitudes toward Science & Technology Course
Questionnaire (Att), and Science Process Skills Test Fourth Form (SPC 4), and Delayed

Achievement Test in Force and Motion (DelFM), as a retention test.

Table 3.1 Research design of the study

Groups  Tests Types of Tests Types of Tests Types of Tests
Treatment Treatment Treatment
Exp PreRDGLT TreRDGLT  PostRDGLT TreFM No Tre DelRDGLT
Att Att Att Att
SPS 1 SPS 2 SPS 3 SPS 4
PreFM PostFM DelFM
Con PreRDGLT PostRDGLT DelRDGLT
Att Att Att Att
SPS 1 SPS 2 SPS 3 SPS 4
PreFM PostFM DelFM

Note: The abbreviations mean the following (according to time and alphabetic order):

Exp: Experimental Group

Con: Control Group

PreRDGLT: Pre Achievement Test in Reproduction, Development, and Growth in Living Things
PostRDGLT: Post Achievement Test in Reproduction, Development, and Growth in Living Things
DelRDGLT: Delayed Achievement Test in Reproduction, Development, and Growth in Living Things
PreFM: Pre Achievement Test in Force and Motion

PostFM: Post Achievement Test in Force and Motion

DelFM: Delayed Achievement Test in Force and Motion

Att: Attitudes toward Science & Technology Course Questionnaire

SPC 1: Science Process Skills Test First Form

SPC 2: Science Process Skills Test Second Form

SPC 3: Science Process Skills Test Third Form

SPC 4: Science Process Skills Test Fourth Form

Tre: Treatment

No Tre: No Treatment

TreRDGLT: Treatment in Reproduction, Development, and Growth in Living Things

TreFM: Treatment in Force and Motion
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3.2 Population and Sample

Since the guided (teacher-directed) inquiry units were developed for the elementary science
and technology students and curriculum, the population of the study was determined as the
6" grade students attending to the public elementary schools in Ankara city. This was the

target population.

The accessible population of the study was those students attending to the public elementary

schools in the Etimesgut and Cankaya districts of the Ankara city.

The sample of the study consisted of the students attending a public elementary school at
Etimesgut district, and six public elementary schools at Cankaya district. The reasons to
select these schools were their low socio-economic status, and the researcher’s access to
these schools both for transportation and permission. Therefore sampling method was both

purposive and convenient.

The students involved in the population were and hence the sample was approximately 11
years old. They were graduated from the 1st level of their elementary schooling which was
formerly known as “Primary School” or “Ilkokul” in Turkish. Primary Schooling was
previously compulsory and was taking 5 years. In 1997-98 academic year (Giindem, 2007),
duration of the compulsory education became 8 years as a union of both 5 year primary and
3 year middle schooling. This means a student attending an elementary school has the same
classroom teacher for 5 years which corresponds to what is called “Ist Level” or “I.
Kademe” in Turkish informally, and then has many subject teachers for 3 years which
corresponds to the middle school and hence called ‘“2nd Level” or “2. Kademe” in Turkish

informally.

The students can be said to be in pre- or concrete operational stage (Gega; Simpson &
Anderson, as cited in Llyod & Contreras, 1985), which comes before formal operational
period characterized by abstract thinking, and controlling of variables, proportional,

hypothetico-deductive, and combinatorial reasoning (Staver, 1986).

When the district statistics (Cankaya MEM, 2007; Etimesgut MEM) were considered, the

number of the schools forming the population and sample were as follows:
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Table 3.2 Number of the schools in population and sample

District Population Sample
Etimesgut 38 1
Cankaya 103 6
Total 141 7

As seen from the Table 3.2, the sample consisted of 7 schools and formed 5% of the schools,
of which 3% from the schools in Etimesgut, and 7% from the schools in Cankaya districts.

On the other hand, the number of students in the sample was as follows:

Table 3.3 Number of classes, and students in the sample

District Schools Number of Class in  Number of Class in the Number of Students in the
the School Sample Sample
Etimesgut 1 5 5 38 +42 +36+40 + 40 =196
Cankaya 1 1 1 10
2 1 1 23
3 2 2 29 +27 =56
4 2 2 21 +21=42
5 1 1 31
6 8 2 37+32=69
Total 7 20 14 427

As seen from the Table 3.3, the sample consisted of 14 classes corresponding to 70% of the
total class number. This value corresponded to 100% of the classes in the school located in
Etimesgut district, and 60% of the classes in the six schools located in Cankaya district. On

the other hand, the total number of students in the sample was 427.

As stated in the research design, there were two treatments, and the aim was to repeatedly
test each student with pre, post, and delayed tests. However some conditions, such as a
student’ absence from the school , resulted from their illness, or class, due to her/his
responsibility in the school, during the administration of tests limited the participation of this
student to at least one of the tests. Therefore the number of the students who took each one

of the tests was lower than 427. This number is given in the following table (Table 3.4).
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Table 3.4 Number of students in the sample who took all of the tests

District Schools Number of Students in the Sample Number of Students in the Sample Who
Took All of the Tests
Etimesgut 1 38 +42 +36 +40 +40=196 22+16+3+27+ 18 =86
Cankaya 1 10 5
2 23 8
3 29 +27 =56 9+ 18 =27
4 21 +21=42 0
5 31 14
6 37 +32=69 15+ 13 =28
Total 7 427 168

As seen from the Table 3.4, the number of the students taking all the tests was 168, which is
39% of the sample participating to the study. It means that 61% of the students from the
original sample were missing. The missing value was in experimental group 64%, and in the
control group 65%. From the control group schools the missing values were as follows: the
first school 50%, the second school 65%, the third school 48%, the fifth school 100%, the
sixth school 65%, and the seventh school 59%.

The characteristics of the sample are given from Table 3.5 to Table 3.8.
As seen from the Table 3.5, the numbers of both female and male students were equal.

Furthermore, in the experimental group 48% of the students were female, 52% were male.

On the contrary, the females constituted 52%, males constituted 48% of the control group.

Table 3.5 Group and gender cross tabulation

Gender
Group Female Male Total
Experimental 41 45 86
Control 43 39 82
Total 84 84 168

The Table 3.6 shows that the majority of the students (116 out of 168, or 69%) were born in
1995. The students who were born in 1994 came second with 21% (35 out of 168). The
students who were born in 1993 were 2% (3 out of 168) and those who were born in 1996

were 1% (2 out of 168). There was no information about the year of birth for 7% (12 out of
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168) of the students. Moreover, in the experimental group the students who were born in
1995 were 68% (59 out of 86), students who were born in 1994 came second with 20% (17
out of 86). There was no student born in 1993 and 1996. There was no information about
12% (10 out of 86) of the students in the experimental group. On the other hand, in the
control group, the students who were born in 1995 were 70% (57 out of 82), those born in
1994 were 22% (18 out of 82). The students who were born in 1993 were 4% (3 out of 82),
and those who were born in 1996 were 2% (2 out of 82). There was no information about the

year of birth for 2% (2 out of 82) of the students in the control group.

Table 3.6 Group and birth year cross tabulation

Year of Birth
Group 1993 1994 1995 1996 unknown Total
Experimental 0 17 59 0 10 86
Control 3 18 57 2 2 82
Total 3 35 116 2 12 168

As seen from the Table 3.7, the majority of the students’ mother (91%, 152 out of 168) was
house-wife, followed by white-collar (6%, 8 out of 168). The frequencies for blue-collar,
self-employed, and other job categories were equal (1%, 2 out of 168). There was no
information about the mother occupation for 1% (2 out of 168). In the experimental group
the majority of the students’ mother (97%, 83 out of 86) was house-wife, 1% (1 out of 86)
was in blue-collar, and 2% (2 out of 86) of the mothers were working in the other jobs. In the
control group the majority of the students’ mother (85%, 69 out of 82) was house-wife,
followed by white-collar (10%, 8 out of 82). 1% (1 out of 82) was blue-collar, 2% (2 out of
82) was self-employed. There was no information about the mother occupation for 2% (2 out

of 82).

On the other hand, the Table 3.8 demonstrates that the majority of the students’ father (35%,
59 out of 168) was self-employed, followed by blue-collar (34%, 57 out of 168), white-collar
(22%, 36 out of 168), and other (5%, 8 out of 168). The frequencies for unemployed and not
reported job categories were equal (2%, 4 out of 168). In the experimental group the majority
of the students’ father was blue-collar (47%, 40 out of 86), followed by self-employed (24%,
21 out of 68), white-collar (23%, 20 out of 86), and other (4%, 3 out of 68). The frequencies
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for unemployed and not reported job categories were equal (1%, 1 out of 168). In the control
group the majority of the students’ father was self-employed (46%, 38 out of 82), followed
by blue-collar (21%, 17 out of 82) and white-collar (19%, 16 out of 82), and other (6%, 5 out
of 82). The frequencies for unemployed and not reported job categories were equal (4%, 3

out of 82).

Table 3.7 Group and mother occupation cross tabulation

Mother Occupation

Group Housewife Blue-collar White-collar Self-employed Other unknown Total
Experimental 83 1 0 0 2 0 86
Control 69 1 8 2 0 2 82
Total 152 2 8 2 2 2 168

Table 3.8 Group and father occupation cross tabulation

Father Occupation

Group Unemployed Blue-collar White-collar Self-employed Other unknown Total
Experimental 1 40 20 21 3 1 86
Control 3 17 16 38 5 3 82
Total 4 57 36 59 8 4 168

3.3 Instruments

There were five instruments used in the study; the first was student demographic form; the
second was science process skills test; the third instrument was attitudes toward science
questionnaire. The fourth and last instruments were ‘“Reproduction, Development and
Growth in Living Things” and “Force and Motion” units achievement tests. The second and

third instruments were developed through a pilot testing.
3.3.1 Demographic Form
This first instrument was a kind of checklist asking students some of their demographic such

as age; socio-economic status such as parents’ education. This instrument was administered

to the students at the beginning of 2006-07 academic year before the treatment began. Each
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student individually gave their responses to this form by checking each item’s alternatives.
When these alternatives did not apply to the students’ status, they could write down their

situation into the “others” part (See Appendix C for the demographic form).

3.3.2 Science Process SKkills Test

There are some measurements to assess students’ science process skills. For example Padilla,
Okey, & Garrard studied how science teachers integrate process skills to their sixth and
eighth grade classrooms and used the Test of Integrated Process Skills (as cited in Narode et
al., 1987). The Test of Integrated Process Skills (TIPS) assesses students’ hypothesizing,
identifying variables, constructing operational definitions, designing experiments, and
interpreting data abilities (Padilla, Okey, & Garrard, as cited in Narode, et al., 1987). Padilla,
Okey, & Garrard stated that the Test of Integrated Process Skills (TIPS) are reliable and
valid instrument for measuring science reasoning abilities of middle and high school students
(as cited in Narode, et al., 1987). The sample items from TIPS are as following (Padilla,
Okey, & Garrard, as cited in Narode, et al., 1987):

a. Hypothesize

John cuts grass for seven different neighbours. Each week he makes the rounds with his lawn
mover. The grass is usually different in the lawns-in some it is tall not in others. He begins to
make hypotheses about the height of grass. Which of the following is a suitable hypothesis
he could test?

A) Lawn moving is more difficult when weather is warm.

B) The amount of fertilizer a lawn receives is important.

C) Lawns that receive more water have longer grass.

D) The more hills there are in a lawn the harder it is to cut.

b. Define Operationally

Students in a science class did an experiment; in it they pointed a flashlight at a screen. They
put the flashlight at different distances from the screen. They then measured the size of the
lighted spot.

Which of the following would be an appropriate measure of the size of the lighted spot?

A) The diameter of the flashlight.

B) The size of the batteries in the flashlight.

C) The size of the screen.

D) The radium of the spot on the screen.
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On the other hand, the Processes of Science Test (POST), which was developed by the
Biological Science Curriculum Study, assesses students’ ability to use inquiry in biology

Montgomery (1969).

As these studies suggested, students’ science process skills can be measured by instruments,
and science process skills are consisted of many skills, such as hypothesize, and define

operationally.

The instrument, which was used to measure the science process skills of the sixth graders
students that participated to the study, was constructed by the researcher, due to abundance
of instruments employed to assess students’ science process skills, and being uncertain about
the appropriateness of them both for the sixth grade students, and our science curricula.
Although the information on how this instrument was developed is explained in the

following (Procedure) part, an overview is given here.

The Science Process Skills Test is consisted of three equal forms. Each form was
administered to the students as the first, second, and third science process skills test. A
combination of these three tests was administered as the fourth test during the study. The test
forms are all in Turkish. The first three science process skills tests have equal number of
items, each of which correspond to and intend to measure a science process skill outlined in
the 2005 Science and Technology Curriculum by the Board of Education for grades 6-8 in
Turkey except for the last 18" skill, which is communicating (presentation). On the other
hand, the last science process skills test has a total of 40 items since it consisted of the items
from the previous test forms (See Appendix A for the list of the science process skills for
grades 6-8, Appendix B for the science process skills test forms and their cognitive
processes). The science process skills are the cognitive processes of the science process
skills tests (and items). On the other hand, the subject matters of the tests (and items) are not

limited to a specific science subject area.

The items of the science process skills tests are in the multiple-choice with 3 to 5
alternatives, open-ended, matching, and hot-spot formats. The students gave their answers to
the multiple-choice items by selecting the alternative, which they thought the right answer,
and by writing the answer to the open-ended items right below the question. In other words
this test is a paper-and-pencil test. Table 3.9 shows the item characteristics of the test, along

with the dimensions.
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Table 3.9 Item types, scale and sample items from the science process skills test

Type

Scale

Sample Items

Multiple-choice
with
3 alternatives

Multiple-choice
with
4 alternatives

Multiple-choice
with
5 alternatives

Open-ended

Matching

Hot-spot

Inference

Observation

Prediction

Controlling
Variables

Classification

Knowing
Laboratory
Instruments,
and

Using Them

Madde A Madde B Madde C
Gosterilen ti¢ miknatisin her biri altindaki maddenin igine batiriliyor.

Hangi madde kahve olabilir?

Yandaki mum resmine bakiniz.

Hangi agiklama dogrudan g6z ile yapilan bir gozlemdir?
A) Mum, balmumundan yapilmustir.

B) Mum agirdur.

C) Mum yaniyor.

D) Alev sicaktir

Gezegen Giinesten Ortalama Uzakhk (kilometre)
Diinya 150 milyon
Jiibiter 778 milyon
Mars 228 milyon
Merkiir 58 milyon
Veniis 108 milyon
Tabloya gore, hangi gezegen en yiiksek sicakhiga sahip olur?

in

Bir dgrenci egik diizlemde sabit hizla ¢ekilen bir cisme uygulanan kuvvet ile
egim agisi arasindaki iliskiyi gostermek istiyor.

Bunun i¢in 6grenci yukaridaki deney diizeneklerini kuruyor, ancak amacina
ulagamryor.

Bu amaca ulagabilmek i¢in diizeneklerde hangi degisiklikleri yapip deneyi nasil
gerceklestirmelidir, neden?

Yanda resmedilen kuslar ayn1
bolgede yagamaktadir. Kuslardan
birinin ana besin kaynagi uzun
boru sekilli ¢igeklerdeki nektardir.
Diger kus kemiricilerle beslenir.
Ugiincii kus ise agaclarin
kabuklarini, igerdeki bocekleri
yakalamak icin gagalar. Bu bilgiye
dayanarak resimdeki kuslari ve
besinlerini eslestiriniz.

A. Biiyiiteg B. Pil

Giivenlik amaciyla kullanilan laboratuar malzemeleri hangileridir?
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The scoring of the science process skills tests is done by assigning 1 point to each correct
answer simply. In order to eliminate misinterpretations, the grading procedure is outlined in

Table 3.10.

Table 3.10 Scoring system of the science process skills test

Item type Marking Procedure
Multiple-choice with 3-5 alternatives 1 point for correct response

0 point for incorrect or no response
Open-ended 2 points for correct response

1 point for partially correct response
0 point for incorrect or no response

Matching 1 point for each correct matching
0 point for incorrect or no response
Hot-spot Each condition is regarded as separate item

1 point for each correct selection
0 point for incorrect or no response

After this item level scoring, the total test score can be calculated by counting the scores of

each items and dividing this value with the number of items in the test.

The Cronbach alpha reliability coefficients were found .744, .781, .739, and .870 after the

analyses of each science process skills test data with Reliability Analysis on SPSS.

3.3.3 Attitudes toward Science Lesson

In education, to assess affective characteristics of students besides their cognitive features is
wanted. One of the affective variables that are subject to measurement in education is
attitudes. Since attitudes are not observable directly, some actions which are thought to be

related to attitudes are measured by observation (Tezbasaran & Kelecioglu, 2004).

There are many attitude scales to assess students’ attitudes, such as Likert scales, two-point

scales, and semantics differentials (Kubiszyn & Borich, 2007, p. 452).

There are also some measurements to assess students’ attitude toward science. These can be
called as attitude toward science inventory. For example, Weinburgh (2000) made use of the
Attitude toward Science Inventory: Version A in order to examine grades 6 to 8 students’

attitudes toward science. The researcher employed The Attitude toward Science Inventory:
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Version A (ATSI) because of its construct related validity evidence reported by Goglin &
Swartz, and Weinburgh as well as content related validity evidence of its mathematic version
stated by Sandman (as cited in Weinburgh, 2000). The other reason to select ATSI was its
multidimensionality, having six factors: perception of the science teacher, anxiety toward
science, value of science in society, self-concept in science, enjoyment of science, and
motivation in science (Weinburgh, 2000). The ATSI is four-point-Likert scale (strongly
agree, agree, disagree, and strongly agree), and has 48 items. Weinburgh (2000) reported that
the alpha reliability coefficients range from .56 to .84 according to the gender, ethnicity, and
grade level of the students who took ATSI and were acceptable (Nunnelly, as cited in

Weinburgh, 2000).

In other study, Dhindsa & Chung (2003) employed an attitude towards science instrument in
order to assess Bruneian 14-years-olders’ attitudes toward science. Although this test was
originally developed by Aiken to assess Iranian secondary students’ mathematics attitudes,
by changing the term, mathematics, with “science”, the researchers made use of it. The test
had six scales; enjoyment, anxiety, importance, interest, confidence, and motivation, and in
five-point Likert type. After some validity (consulting scholars whether the name change
would not be biased), and reliability (piloting the test twice and comparing Cronbach-alpha
values of each scale, and looking at test-retest reliability coefficient) studies, the researchers

developed it.

As these studies suggested, students’ attitudes toward science can be measured by
instruments, and attitudes toward science are consisted of many attitudes, such as anxiety,
enjoyment, and motivation; and it is possible to develop an attitudes toward science

instrument.

The instrument, which was used to measure the attitudes toward science and technology
course of the sixth graders students that participated to the study, was constructed by the
researcher, due to abundance of instruments employed to assess students’ attitudes toward
science, and being uncertain about the appropriateness of them both for the sixth grade
students, and our science courses. Although the information on how the instrument was

developed is explained in the following (Procedure) part, an overview is given here.

The Attitudes toward Science and Technology Course Questionnaire is in Turkish, and has 6

factors and a total of 30 items. The students gave their answers to the item statements by
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using the five-point Likert type response format ranging from (1) Strongly Agree to (5)

Strongly Disagree next to the item. In other words this test is a paper-and-pencil test. The

following table (Table 3.11) shows its dimensions with their sample item statements.

Table 3.11 Scale, description and sample test items from “the attitudes toward science and

technology course” instrument

Scale Description Sample Items
Anxiety The extent to which student is anxious about science course. Fen Bilgisi dersinde yapilan
sinavlardan korkarim.
Career The extent to which student uses science now and want to use it  Fen Bilgisi dersinde 6grendiklerimi
in the future. ileride kullanmayi diistinityorum.
Enjoyment The extent to which student enjoys science course. Fen Bilgisi dersinden zevk alirim.
Interest The extent to which student develops interest in science and its  Fen Bilgisi dersi ile ilgili
related activities. televizyon programi ve CD
izlemekten hoglanirim.
Academic The extent to which student believe that her/his personal efforts Fen Bilgisi dersinde basarili olmak
Self-Concept influence her/his learning and achievement, hence is confident igin gerekli yetenege sahibim.
and successful doing science.
(The second explanation may be termed as “Confidence”)
Usefulness The extent to which student perceives that science is useful in  Fen Bilgisi dersi doga olaylarini

life.

daha iyi anlamama yarar.

(It may be termed as “Importance”)
Note: The table was constructed by using the following references: Harrington Lindberg, 1990; Dhindsa & Chung, 2003

The scoring of each item of the attitudes toward science and technology course questionnaire
is done by assigning 5 points to each positive response or to the selection of “Strongly
Agree, and 1 point to each negative response or to the selection of “Strongly Disagree”. In
this way, the “Neutral’ choice gets 3, “Agree” choice gets 4, and “Disagree” choice gets 2
points. This scoring is for positive statements of the questionnaire. For negative statements
the contrary is done. If there is no answer it should be coded as “Missing”. This grading is

outlined in the following table (Table 3.12).

After this item level scoring, total scale scoring and test scoring can be calculated. Total
scale score is found by counting the scores of each scale items and dividing this value with
the number of items in the scale. On the other hand, total test score can be found by either
adding up each scale score and dividing the addition by the number of scales or counting

each item score and dividing this total to the number of items.

55



Table 3.12 Scoring system of the attitudes toward science and technology course

questionnaire
Item type Marking Procedure
Positive Statements Strongly Agree: 5 points
Example: Fen Bilgisi dersinde 6grendiklerimi ailemle paylasirim. Agree: 4 points
Neutral: 3 points
Disagree: 2 points
Strongly Disagree: 1 point
Negative Statements Strongly Agree: 1 point
Example: Fen Bilgisi dersinde yapilan sinavlardan korkarim. Agree: 2 points

Neutral: 3 points
Disagree: 4 points
Strongly Disagree: 5 points

The Cronbach alpha reliability coefficients were found .894, .884, .893, and .905 after the
analyses of each attitudes toward science and technology course questionnaire test data with

Reliability Analysis on SPSS.

3.3.4 Achievement Tests

There were two achievement tests: Reproduction, Growth and Development in Living
Things, and Force and Motion. The researcher assumed that these tests measure students’
achievement for Reproduction, Growth and Development in Living Things, and Force and

Motion units.

Achievement test are the instruments chosen to assess students’ achievement. For example,
Montgomery (1969) employed the Nelson Biology Test for his study with ninth and tenth

grade students since is widely used and has the content of Biology courses.

As this study suggested, students’ achievement in science should be measured by any

instrument, which content is in line with the curriculum.

The instruments, which were used to measure the achievement in both “Reproduction,
Development, and Growth in Living Things”, and “Force and Motion” unit were constructed
by the researcher since there is no available test form. The researcher utilized the related
items from the national and international exams, such as Secondary School Institutions
Student Selection and Placement Tests, and TIMSS, and studies in science education

literature. The current science curriculum, and its objectives and subjects were taken as a
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base to select the items from these resources. Although the information on how the
instrument was developed is explained in the following (Procedure) part, an overview is
given here (See Appendix F for the form and blueprints (subject matters and cognitive
processes) of “The Reproduction, Development, and Growth in Living Things Unit

Achievement Test” and “The Force and Motion Unit Achievement Test™).

The first “Reproduction, Development, and Growth in Living Things Unit Achievement
Test” is in Turkish and a total of 25 items: 23 of them are in multiple-choice format with 4
alternatives, one is in fill-in-the-blank format, and one is in open-ended format. The students
gave their answers to the multiple-choice items by selecting the alternative, which they
thought the right answer, by filling the blanks with the given words, and by writing the
answer to the open-ended items right below the question. In other words this test is a paper-

and-pencil test. Table 3.13 shows the item characteristics of the test.

Table 3.13 Item types and sample items of the Reproduction, Development, and Growth in

Living Things Unit Achievement Test

Type Sample Items
Multiple- Bir yapraga konan kelebek, oraya yumurtalarini birakti. Asagida yumurtalarin gecirdigi degisim
choice goriilmektedir. Sizce bu degisiklikler hangi sirada gerceklesir?

2 —
=
2
A)1,2,3,4 B)1,3,2,4 C)1,4,3,2 D) 1,4,2,3
Fill-in-the- ~ Molekiil, atom ve bilesik kelimelerini kullanarak asagidaki ciimleyi olusturabiliriz:
blank Sekerler, atomlarin olusturdugu molekiillerden meydana gelen bilesiklerdir.
Organ, doku ve hiicre kelimelerini kullanarak agagidaki ciimleyi tamamlayiniz:
Akcigerler, ......... olusturdugu ............... meydana gelen ...........
Open- Siz biiytidiik¢e viicudunuzda hangi degisiklikler meydana gelir?
ended Gozlemlediklerinizi ve bildiklerinizi yaziniz.

The second “Force and Motion Unit Achievement Test” is also in Turkish. It has a total of

23 items, 17 of which are in multiple-choice format with 4 alternatives, 4 of which are in
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open-ended format (one of these questions has two parts), 1 is hot-spot, and the remaining
item has three parts, each of which is consisted of both multiple choice and open-ended
formats. The students gave their answers to the multiple-choice items by selecting the
alternative, which they thought the right answer by writing the answer to the open-ended
items right below the question, and by putting a mark, “X”, to the hot spot item. In other
words this test is a paper-and-pencil test. Table 3.14 shows the item characteristics of the

test.

Table 3.14 Item types and sample items of the force and motion unit achievement test

Type Sample Items

Multiple-choice  11. 30 m/s sabit siiratle hareket eden bir otomobil 10 dakikada kag km yol alir?
A) 18 B) 20 C)25 D) 30

Open-ended VA

) Sekiller Diinya’dan firlatilan ve sonra geri
donen bir roketi gostermektedir.
2 dunim Yercekimi roket iizerine etki eder mi? Hangi
durumlarda? Neden?

S—

A

3. durum

1 1. durum
l M
1™ ~
| -/
3
%
S |
|
Open-ended Buzlu bir yolda A noktasinda duran araba (motoru
with two parts caligmayan ve fireni tutmayan), sofor tarafindan sabit m
bir kuvvetle itilerek B’ye getiriliyor. I B °

a. Sizce araba nasil hareket etmigtir?
b. Sizce araba B’den C’ye gelir mi? Nasil?

Hot-spot Yercekimi hangilerine etki eder? Kutucuga carp1 koyunuz.

O = |

Yukari atilmig bir top Yukar: atilmis bir tugla

Multiple-choice  Diinyadaki yergekimini diisiinerek ve riizgarin direncini hesaba katmayarak asagidakileri cevaplayimiz.

and Open-

ended 1. Bir basketbol oyuncusu topu potaya firlatir. Asagidakilerden hangisi top en yukardayken topa etki
eden kuvvetleri gostermektedir. Neden?

3 N )

e

0 L] 0 Ll
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The scoring of the achievement tests is done by assigning 1 point to each correct answer
simply. In order to eliminate misinterpretations, the grading procedure is outlined in Table

3.15.

Table 3.15 Scoring system of the achievement tests

Item type Marking Procedure
Multiple-choice 1 point for correct response

0 point for incorrect or no response
Open-ended 2 points for correct response

1 point for partially correct response

0 point for incorrect or no response
Open-ended with two parts Each part is regarded as separate items

2 points for correct response

1 point for partially correct response

0 point for incorrect or no response

Fill-in-the-blank 1 point for all correct fillings
0 point for any incorrect filling or no response
Hot-spot Each condition is regarded as separate items

1 point for each correct selection
0 point for incorrect or no response
Multiple-choice and Open-ended 2 points when both multiple-choice and open-ended parts are answered correctly
1 point when either multiple-choice or open-ended part is answered correctly
0 point for all incorrect or no response

After this item level scoring, total test scoring can be calculated by counting the scores of

each item.

The Cronbach alpha reliability coefficients were found 770, .898, and .876 for the
Reproduction, Development, and Growth in Living Things Unit Achievement Test and .779,
.832, and .840 for the Force and Motion Unit Achievement Test after the analyses of each
test data with Reliability Analysis on SPSS.

3.4 Procedures

This part is consisted of two parts: Procedures on Instrument development and instructional

design.
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3.4.1. Instrument Development

All of the instruments that were used in the study were developed by the researcher. There
were two steps in developing instruments:

1. Developing both the Science Process Skills Tests and Attitudes toward Science and
Technology Course Questionnaire, and

2. Developing Student Demographic Form, and two of the Unit Achievement tests, one of
which is on “Reproduction, Development, and Growth in Living Things”, and the other is on

“Force and Motion”.

The information on both the first step, where two pilot studies were conducted, and the

second step will be explained in the following titles.

3.4.1.1 Developing the Science Process Skills Tests, and Attitudes toward Science and

Technology Course Questionnaire

3.4.1.1.1 Constructing the Science Process Skills Pilot Tests

The science process skills pilot test items were gathered from various resources, such as
Secondary School Institutions Student Selection and Placement Test (years 1998-2001,
2004, 2005), Private Schools Test (years 2001, 2005), State Tests (Devlet Parasiz Yatili ve
Bursluluk Smavlar1) (year 2001), TIMSS 1999, TIMSS-R, and Virginia State Science
Standards. The items were collected from these sources during the first semester of 2005-06
academic year (See Appendix B for the lists of reference for the items of “The Science

Process Skills Test™).

The reason to make use of Secondary School Institutions Student Selection and Placement
Test, and Private Schools Tests was their inclusion of items which consisted of both
knowledge and skills, and their aim to measure academic ability (Kutlu & Karakaya, 2004),
and their base on the elementary curricula (MEB, as cited in (Kutlu & Karakaya, 2004).
These tests, regardless of their subject matter, aim to assess students’ higher order thinking
skills i.e., whether to use, interpret, generalize, predict, discriminating among elements,
make relationships between elements, and evaluate information (EARGED, 1995). These
skills can be examined further as the cognitive processes of the achievement tests, which is

also a blue-print for the cognitive processes assessed through these tests by the Ministry of
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National Education (See Appendix F). To know which cognitive process the test tries to
measure is important for the validity of the test (Kutlu & Karakaya, 2004). The studies on
the factor structure (cognitive processes) of the Secondary School Institutions Student
Selection and Placement Tests supported the aim of this test (Aslan, as cited in Kutlu &

Karakaya, 2004; Kutlu & Karakaya, as cited in Kutlu & Karakaya, 2004; Koksal, 2002).

The items from these sources were selected in terms of science process skills explained in
the MONE’s list of science process skills in the Elementary Science and Technology
Curriculum for Grades 6-8 (See Appendix A for the list of “The Science Process Skills”).

Since there were more than 200 test items found in the resources, theSE items were grouped
according to the process skill acquired. Thus, 5 equal forms of science process skills test

forms were prepared.

3.4.1.1.2 Constructing the Attitudes toward Science and Technology Course Pilot

Questionnaire Forms

The researcher prepared Attitudes toward Science and Technology Course Pilot
Questionnaire, the second pilot test, by the use of related literature on attitudes and science.
Since the number of items found from this literature review was more than 60, the items
were grouped by the researcher according to the factor measured. The names of the factors
were also found from the literature. The grouping was based on the opinions of a group of
scholar (mostly research assistants from the Secondary Science and Elementary Education
departments, and one biology teacher at a science and arts centre). The researcher asked the
opinions of the group individually by presenting them the items and factor sheet by which
they could classify the items to a specific factor. Finally, she prepared two equal forms of

Attitudes toward Science Lesson Questionnaire forms.

3.4.1.1.3 The Pilot Testing of the Science Process Skills Test and Attitudes toward

Science and Technology Course Pilot Questionnaire Forms

The pilot study in developing the science process skills tests and attitudes toward science and
technology questionnaire was conducted with the grade 6-8 students attending three
elementary schools, one of which was located in the Etimesgut district, whereas the latter

two were located in the Cankaya District, at the end of the first semester and at the beginning
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of the second semester of 2005-06 academic year. The number of students in the sample was

as follows:

Table 3.16 Number of the schools in population and sample for the pilot study of science

process skills tests, and attitudes toward science and technology course questionnaire forms

District Population Sample
Etimesgut 38 1
Cankaya 103 2
Total 141 3

As seen from the Table 3.16, the sample, where both science process skills test forms, and
the attitudes toward science and technology questionnaire forms were piloted, consisted of 3
schools and formed 2% of the schools, 3% of which from the schools in Etimesgut, and 2%
from the schools in Cankaya districts. On the other hand, the distributions of students to the

grade levels were as follows:

Table 3.17 Grade levels of the students in the pilot study of the science process skills test

forms and attitudes toward science and technology questionnaire forms

Grades Total
6 7 8
356 264 147 767

As seen from the Table 3.17, the sample, where both science process skills test forms, and
the attitudes toward science and technology questionnaire forms were piloted, consisted of
767 students, 47% of whom were attending sixth grade, 34% were attending seventh grade,

and 19% were attending eighth grade.

3.4.1.1.3.1 The Pilot Testing of Science Process Skills Test Forms

Each test form was administered to grades 6-8 students in the three elementary schools, one
of which was located in the Etimesgut district whereas the latter two were located in the

Cankaya District. This pilot study was done at the end of the first semester and at the
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beginning of the second semester of 2005-06 academic year. On the other hand, the number

of students in the sample was as follows:

Table 3.18 School and grade cross tabulation for the pilot study of the science process skills

test forms
School Grades Total
6 7 8
Etimesgut 1 167 52 32 251
Cankaya 1 74 42 36 152
Cankaya 2 39 70 29 138
Total 280 164 97 541

As seen from the Table 3.18, the sample, where the science process skills test forms were
piloted, consisted of 541 students, 46% of whom were attending the school located in
Etimesgut district, and the remaining 54% were attending to the two schools (as 28%, and
26%) located in Cankaya district. The grade levels of the students were as follows: 52% at
grade 6, 30% at grade 7, and 18% at grade 8. At the sixth grade level, students’ distributions
to the districts were 60% to Etimesgut, 40% to Cankaya (26% to the first school, and 14% to
the second school). At the seventh grade level, students’ distributions to the districts were
32% to Etimesgut, 68% to Cankaya (26% to the first school, and 42% to the second school).
At the eighth grade level, students’ distributions to the districts were 33% to Etimesgut, 67%
to Cankaya (37% to the first school, and 30% to the second school).

The following tables (from Table 3.19 to Table 3.23) show the sample along with the science

process skills test forms.

Table 3.19 School and grade cross tabulation for the pilot study of the first science process

skills test form

School Grades Total
6 7 8

Etimesgut 1 35 0 0 35

Cankaya 1 0 0 36 36

Cankaya 2 0 34 9 43

Total 35 34 45 114
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As seen from the Table 3.19, the sample, where the first science process skills test form was
piloted, consisted of 114 students, 31% of whom were attending the school located in
Etimesgut district, and the remaining 69% of whom were attending to the two schools (as
31%, and 38%) located in Cankaya district. The grade levels of the students were as follows:
31% at grade 6, 30% at grade 7, and 39% at grade 8. At the sixth grade level, all students
were from the school in Etimesgut. At the seventh grade level, all students were from the
second school in Cankaya. At the eighth grade level, all students were from Cankaya, 80%

from the first school, and 20% from the second school.

Table 3.20 School and grade cross tabulation for the pilot study of the second science

process skills test form

School Grades Total
6 7 8

Etimesgut 1 37 18 0 55

Cankaya 1 38 0 0 38

Cankaya 2 0 6 15 21

Total 75 24 15 114

As seen from the Table 3.20, the sample, where the second science process skills test form
was piloted, consisted of 114 students, 48% of whom were attending the school located in
Etimesgut district, and the remaining 52% of whom were attending to the two schools (as
33%, and 19%) located in Cankaya district. The grade levels of the students were as follows:
66% at grade 6, 21% at grade 7, and 13% at grade 8. At the sixth grade level, 49% of the
students were from Etimesgut district, 51% were from the first school in Cankaya. At the
seventh grade level, 75% of the students were from Etimesgut district, 25% were from the
second school in Cankaya. At the eighth grade level, all students were from the second

school of Cankaya.

As seen from the Table 3.21, the sample, where the third science process skills test form was
piloted, consisted of 89 students, 66% of whom were attending the school located in
Etimesgut district, and the remaining 34% of whom were from the second school in
Cankaya. The students in Etimesgut formed the sixth grade sample with a percent of 66,
whereas those in the second school of Cankaya formed the seventh grade sample with a

percentage of 34. There were no students at grade 8.
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Table 3.21 School and grade cross tabulation for the pilot study of the third science process

skills test form

School Grades Total
6 7 8

Etimesgut 1 59 0 0 59

Cankaya 1 0 0 0 0

Cankaya 2 0 30 0 30

Total 59 30 0 89

Table 3.22 School and grade cross tabulation for the pilot study of the fourth science process

skills test form

School Grades Total
6 7 8

Etimesgut 1 0 0 32 32

Cankaya 1 36 0 0 36

Cankaya 2 39 0 4 43

Total 75 0 36 111

As seen from the Table 3.22, the sample, where the fourth science process skills test form
was piloted, consisted of 111 students, 29% of whom were attending the school located in
Etimesgut district, and the remaining 71% of whom were attending to the two schools (as
32%, and 39%) located in Cankaya district. The grade levels of the students were as follows:
68% at grade 6, and 32% at grade 8. There were no students at grade 7. At the sixth grade
level, all students were from Cankaya, 48% of who were in the first, 52% of who were in the
second school. At the eighth grade level, 89% of the students were from Etimesgut, and 11%

of them were from Cankaya.

Table 3.23 School and grade cross tabulation for the pilot study of the fifth science process

skills test form

School Grades Total
6 7 8

Etimesgut 1 36 34 0 70

Cankaya 1 0 42 0 42

Cankaya 2 0 0 1 1

Total 36 76 1 113
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As seen from the Table 3.23, the sample, where the fifth science process skills test form was
piloted, consisted of 113 students, 62% of whom were attending the school located in
Etimesgut district, and the remaining 38% of whom were attending to the two schools (as
37%, and 1%) located in Cankaya district. The grade levels of the students were as follows:
32% at grade 6, 67% at grade 7, and 1% at grade 8. At the sixth grade level all students were
from Etimesgut. At the seventh grade level, 45% of the students were from Etimesgut, while
55% were from the second school in Cankaya. At the eighth grade level, all students were

from the second school in Cankaya.

3.4.1.1.3.2 The Pilot Testing of Attitudes toward Science and Technology Course Pilot

Questionnaire Forms

There were two forms of Attitudes toward Science Lesson Questionnaire for pilot. Each test
form was administered by the researcher to 226 grades 6-8 students in the three elementary
schools one of which was located in the Etimesgut district, whereas the latter two were
located in the Cankaya District. This pilot study was done at the end of the first semester and

at the beginning of the second semester of 2005-06 academic year.

The Table 3.24 shows the sample along with the attitudes toward science and technology

questionnaire forms.

Table 3.24 Grade and test form cross tabulation for the pilot study of the attitudes toward

science and technology course questionnaire forms

Grades 1* Form 2™ Form Total
6 21 55 76

7 44 56 100
8 50 0 50
Total 115 111 226

As seen from the Table 3.24, the sample, where the attitudes toward science and technology
course questionnaire forms were piloted, consisted of 226 students, 34% of whom were
going to grade six, 44% were attending to grade seven, and the remaining 22% were at grade

eight. On the other hand, the sample, where the first attitudes toward science and technology
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course questionnaire form was piloted, consisted of 115 students, 18% of whom were at
grade six, 38% were going to grade seven, and the remaining 44% were attending to grade
eight. In addition, the sample where the second attitudes toward science and technology
course questionnaire form was piloted, consisted of 111 students, 50% of whom were
attending to grade six, and 50% were going to grade seven. There were no eighth grade

students.

3.4.1.1.4 The Analysis of the Pilot Testing of the Science Process Skills Test and

Attitudes toward Science and Technology Course Pilot Questionnaire Forms

The data from both the science process skills pilot tests and attitudes toward science and
technology course pilot questionnaires were analysed with the Statistical Package for Social
Sciences for WINDOWS (SPSS) program by both the Reliability Analysis, and Factor
Analysis, since reliability analysis gives information about each items in terms of the p (item
difficulty index) and r (corrected item-total correlation coefficient) values; and factor

analysis gives information about the factorial structure of test.

The p and r values stated above are important for test construction. When considering p,
which is the proportion of students who answered the item correctly, an item should not be
easy so that it is answered correctly or should not be hard so that it can not be answered
correctly by students. The ideal p should be between .20 and .80 (Kubiszyn & Borich, 2007,
p- 205, 207). On the other hand, r shows the extent to which an item separates students who
are successful on the overall test and those who are not. The ideal r should be positive, which
means that students who are successful on the overall test are also responded correctly to the
item (Kubiszyn & Borich, 2007, p. 205). When an achievement test is being developed both
p and r values are important. On the other hand, since there is no right answer in attitude

tests, only r should be looked at.

The reason to use factor analysis was the dimensionality of science process skills and
attitudes. Science process skills consist of various skills such as observation, prediction,
hypothesizing, etc. Attitudes toward science have also many features such as anxiety,

interest, enjoyment, etc.

For the pilot data, principal component analysis was selected as the extraction or factor

analysis method (Tinsley and Tinsley, as cited in Ashton, 2001). In this analysis, Kaiser’s
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Criterion, which is extracting only the factors with an eigenvalue over one is met (Kaiser, as
cited in Ashton, 2001). Moreover “Varimax” was used as the rotation method. Factor
analysis gives KMO and Bartlett's Test, Total Variance Explained Table, Scree Plot, and

Rotated (Varimax Factor Rotation) Component Matrix.

KMO is a measure of whether the distribution of values is adequate for conducting factor
analysis (George & Malllery, 2003, p. 256). The classification used to interpret KMO values
is below (George & Malllery, 2003, p. 256):

KMO > .9 marvellous,

KMO > .8 meritorious,

KMO > .7 middling,

KMO > .6 mediocre,

KMO > .5 miserable,

KMO < .5 unacceptable.

On the other hand, Bartlett Test of Sphericity should be significant, < .05. According to
George & Malllery (2003, p. 256) this means that the test data do not produce an identity

matrix and approximately normal, and acceptable for factor analysis.

The total variance explained table shows how many factors with eigenvalues over 1 are there

and how much these factors are responsible for the variance in the total test scores.

Scree Plot is a representation of factors according to eigenvalues. This criterion asks to look
at this graph and determine the breaks in the slope of the line (Tinsley & Tinsley as cited in
Ashton, 2001).

Rotated Component Matrix shows the items loaded to the factors when the data were
reanalyzed with varimax rotation. This rotation hypothesizes that if there are underlying

factors they will be highly correlated (Tinsley & Tinsley as cited in Ashton, 2001).

For the science process skills pilot tests, item selection was done by the researcher and
supervisor according to both p and r; and scale selection was done according to factor
analysis results in terms of KMO and Bartlett's Test, Total Variance Explained Table, Scree

Plot, and Rotated (Varimax Factor Rotation) Component Matrix.
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For the attitudes toward science and technology pilot questionnaires, item selection was done
by the researcher and supervisor according according to only r (item-total correlation
coefficient), and scale selection was done according to factor analysis results in terms of
KMO and Bartlett's Test, Total Variance Explained Table, Scree Plot, and Rotated (Varimax

Factor Rotation) Component Matrix.

3.4.1.1.5 The Results of the Pilot Testing of the Science Process Skills Test and

Attitudes toward Science and Technology Course Pilot Questionnaire Forms

The results of the science process skills pilot tests showed that many items worked well
(were in moderate difficulty and could differentiate between higher achievers and lower

achievers) and there were dimensions corresponding to each science process skills.

At the end the final forms were prepared by considering the p (or the mean) and r (item-total

correlation) values of the items (please see Appendix B); and factor structure.

3.4.1.2 Developing Student Demographic Form, “Reproduction, Development, and

Growth in Living Things” and “Force and Motion” Unit Achievement Tests

In the construction of “The Student Demographic Form”, the researcher made use of many
theses, and TIMSS-R student questionnaire (See Appendix C for the student demographic

form).

On the other hand, when developing the unit achievement tests (Reproduction, Development,
and Growth in Living Things, and Force and Motion), the researcher selected the related
items from many tests, such as Secondary School Institutions Student Selection and
Placement Tests (Ortadgretim Kurumlart Ogrenci Se¢cme ve Yerlestirme Sinavlari), Private
Schools Tests (Ozel Okullar Sinavlari), State Tests (Devlet Parasiz Yatili ve Bursluluk
Sinavlari), TIMSS 1999, TIMSS-R. The researcher also employed the related literature (See
Appendix F for the forms and references of the Reproduction, Development, and Growth in

Living Things and Force and Motion unit achievement tests).
The state tests, as stated earlier in the development of science process skills test, measure

higher order thinking skills and are consistent with the science curriculum, and therefore

these considered suitable for the achievement test by the researcher. On the other hand, the
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TIMSS include the items from the life science, physical science, chemistry, and the nature of
science content category (TIMSS, 1999a; TIMSS, 1999b), or subject matter, which are
coherent with the objectives and subject matters of the 6" grade curriculum. For example,
TIMSS life science subject which contains the items on living-nonliving, sprouting of seeds,
stages of plant growth, stages of caterpillar, butterfly and frog, pollination, animal-plant,
changes in children’s’ bodies (TIMSS, 1999a) and chemistry subject, which contains the
item on compounds, molecules, and atoms (TIMSS, 1999b), measure students’
understanding on those subject areas, which are also found in our elementary school science
curriculum. Moreover the cognitive processes or performance objectives are on
understanding simple and complex information; theorizing, analyzing, and solving problems;
using tools; routine procedures, and science processes; and investigating the natural world

(TIMSS, 1999a; TIMSS, 1999b).

The researcher selected the items from these sources in terms of the objectives, and subject
matter given in our new science and technology curriculum for grade 6 and Reproduction,
Development, and Growth in Living Things, and Force and Motion units (See Appendix F
for the blue-prints of the Reproduction, Development, and Growth in Living Things and

Force and Motion unit achievement tests).

Both the science process skills tests and attitudes toward science and technology course
questionnaire data were analysed with the Statistical Package for Social Sciences for
WINDOWS (SPSS) program. Item selection was done by the researcher and supervisor
according according to both p (item difficulty index) and r (item-total correlation
coefficient). On the other hand, scale selection was done according to factor analysis results
in terms of KMO and Bartlett's Test, Scree Plot, and Rotated (Varimax Factor Rotation)

Component Matrix.
The results of the analyses (KMO and Bartlett's Test, Factor analysis, Scree Plot, item
discriminations and difficulty), which were summarized in the previous methodology part,

are given in the appendices.

At the end the final forms were prepared by considering the p (or the mean) and r (item-total

correlation) values of the items (please see Appendix B)
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3.4.2 Instructional Design

When the researcher was preparing the guided (teacher-directed) inquiry instruction, she

considered the following points:

1. Inquiry when used with cooperative learning improves student achievement in science
classroom (Haukoos and Penick, as cited in Chang & Mao, 1999). Inquiry-oriented classes
tend to be more cooperative and should include a variety of cooperative activities (Johnson,

as cited in Chang & Mao, 1999).

2. Inquiry imposes an overload on the short term memory of students who simultaneously
have to attend to new subject, unfamiliar materials and problem-solving task (Case; Linn;
Pascual Leone, as cited in Rubin & Tamir, 1988). On the other hand, advance organizers
bridges students’ existing cognitive structure and the new content (Ausubel, as cited in
Rubin & Tamir, 1988). Therefore, as an invitation for students to inquiry (Scwab, as cited in
Rubin & Tamir, 1988), advance organizer tasks were found effective especially for average
and low achieving students (Rubin & Tamir, 1988). The following constitutes an example to
the advance organizer task (Rubin & Tamir, 1988):
The length of a kite’s tail

Students test the hypothesis that “the longer the tail in relation to the kite’s frame, the
higher the kite will rise.” They plan an adequate experiment and answer questions such as:

What is the problem?

What is the hypothesis?

What are the treatments?

How many replications are intended?

What is the dependent variable?

What is the independent variable?

Is it important that the size and shape of the kites used in different treatments be identical?

That weather conditions be identical?

That the kites are built of identical materials?
3. On the other hand, the environment of the school selected as experimental was taken into

account. This can be outlined as the physical class environment, laboratory facilities, science

and technology teachers’ choice to use laboratory for a classroom or instrumental source.
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There was no available space for the students’ cooperative work in the classrooms. Although

the school laboratory offered a variety of instruments, they had limited in number.

4. The age level of the students, and their experience with inquiry were also important for the

design.

In order to meet the criteria outlined in the related literature especially those by Carin et al.
(2005), a pilot study on teacher-guided inquiry was performed with the experimental school
students when they were at grade 5. The pilot was on Electricity Unit and a worksheet was
used as both an advance organizer and report form. This material is given in the Appendix J.

The form was revised then for the actual treatment.

The teacher-guided inquiry materials were also evaluated by using performance tasks and
coding categories of Solano-Flores & Shavelson (1997), and Lee & Butler Songer (2003).

An example to this analysis can be seen in the Appendix J.

3.5 Implementation of Instructional Design

The treatment, guided (teacher-directed) inquiry instruction was implemented on the
experimental group students during their lessons on “Reproduction, Development, and
Growth in Living Things” and “Force and Motion” units. These units were the first two units
of the elementary grade 6 science and technology curriculum in Turkey. The experimental
group students were from the same school in Etimesgut District of Ankara. There were 5
classes at this grade level in the school. There were two teachers responsible for teaching
elementary grade 6 science and technology course; one of them was instructing two of the

classes (A, and B), the other one was instructing the last three classes (C, D, and E).

The researcher explained the teachers about the aim of the present research study and guided
(teacher-directed) inquiry treatment at the beginning of the academic year and before the
lessons. Moreover, the researcher instructed both teachers on how they would implement the
guided (teacher-guided) inquiry treatment by giving the related lesson plans and activity
sheets to them before the class. Sometimes the researcher only gave verbal instruction to the
teachers on what they would do in the class. The researcher also helped the teachers during
their implementation of the method by serving as a model to the teachers for the future

implementation of the treatment to the other class(es) and other guided (teacher-directed)
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inquiry activities. Sometimes the researcher worked as co-teacher in the class and assisted to
the teacher and students. The teachers gave the guided (teacher-directed) inquiry instruction
to the students in the classroom or school laboratory according to the preferences of the
teachers to use either class or laboratory. The following paragraph gives an overview on how
guided (teacher-directed) inquiry treatment was implemented with a sample activity, which
was used in the experimental group in the Reproduction, Development, and Growth in

Living Things unit.

After revising the previous lesson on reproduction on flowering plants with the students, the
teacher inform the students that the present lesson is an inquiry activity based on what they

already know about this topic.

The teacher asks the research question “Is there a relationship between fruit size and number
of seed?” either verbally and by writing it to the white-board. The students give their

responses.

The teacher informs the students that they as a group will be using the activity sheets for
their inquires. The teacher hands out the activity sheets to the student groups and wants them
to follow the steps outlined in the paper. The teacher wants the students give answers to her
questions verbally and then write their responses to the related fields after the whole class
replied the question she asks. She further clarifies that one group member or all of the

members of the group can write the answer to the worksheet.

The teacher helps the students to form hypotheses on this relationship, and writes the
hypothesis statements on the board. She then determines the independent, dependent and
controlled variables with the students. The teacher asks over the students how they can study
to understand the relationship between the size of a fruit and the number of its seeds. After
listening the students’ answers, the teacher writes the summaries of the students’ proposed
methodology on the board. She then requests the names of the instruments to be used for the
study from the students. The teacher then asks the students which data they should collect
and record. Furthermore she asks how the students will control bias in the measurements
which may result from the instrument used, and the data collector and recorder. The teacher

writes the required information on these steps on the board too.
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The teacher gives the materials the students will use during their inquiries. She gives enough
time to the students for data collection, recording, and analysis. She helps the student groups
during this process, for example on their determination of the variable to be measured,

writing of measurement units correctly, and recording and analysing data in the correct form.

After giving enough time to the students for their inquiries, the teacher asks the student
groups what they find, whether their hypotheses are failed to reject or rejected. The teacher
wants the groups to make conclusions by using their previous knowledge and the books,
especially their own textbooks. Furthermore she asks the students to explain the terminology

they used during this activity.

The teacher poses the students that what they would like to study further and the things they
should consider for their future studies. She then asks the students to relate what they learned

from this activity with the ones they learned from other subject areas.

3.6 Analysis of Data

General Linear Model Repeated Measures (repeated analysis of variance) design was used in
analyzing the experimental data to answer if guided (teacher-directed) inquiry affected
students’ acquisition of science process skills, achievement in unit tests, and attitudes toward
science and technology course subtests, and if guided (teacher-directed) inquiry interacts
with time. This analysis was performed after checking it for the assumptions such as equal

variances (Hgjsgaard & Jgrgensen, 2001).

The independent variable is the method of instruction; the dependent variables are students’
science process skills, achievement, and attitudes toward science and technology course.
Students’ science process skills were measured by the science process skills test. Students’
achievement was measured by two unit achievement tests. Students’ attitudes were measured

by the attitudes toward science and technology course questionnaire.

Separate repeated analyses of variances (ANOVAs) were conducted to find any significant
difference between the experimental and control classes with respect to achievement and
science process skills. On the other hand, a repeated multivariate analysis of variance
(MANOVA) on the subtests of attitudes toward science and technology course was

performed in order to detect any significant differences between the experimental and
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control groups. Then separate repeated analyses of variances (ANOVAs) were conducted to
find any significant difference between the experimental and control classes with respect to
academic self-concept, anxiety, interest, career, enjoyment, and usefulness dimensions. The
level of confidence was set at .05. The analyses were conducted by using the Statistical

Package for the Social Sciences (SPSS) Version 15.0 for Windows computer program.
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CHAPTER 4

RESULTS

The results of the data analysis will be given in this part. First the descriptive statistics
regarding both experimental and control group students’ scores in achievement tests, science
process skills tests, and attitudes toward science and technology course questionnaire and its
subtests will be given in terms of means, and standard deviations. Then the inferential

statistics will be presented to determine the effect of instruction on these outcomes.

4.1 Descriptive Statistics

This part is devoted to give information about the descriptive statistics of the student
performances on the unit achievement tests, science process skills tests, and attitudes toward

science and technology course questionnaire.

Table 4.1 shows the means and standard deviations of students’ performances on
Reproduction, Development and Growth in Living Things (RDGLT) and Force and Motion
(FM) Unit Achievement Tests. As the table suggests, the mean of the students’ scores on the
Reproduction, Development, and Growth in Living Things Unit Achievement Tests were
medium when considering its total number of questions and correspondingly the maximum
score that can be taken from the test, which is 25. Both experimental and control group
students’ mean scores in the pre test were similar (10.72 versus 10.55). After the instruction
on the unit, the mean scores of both groups were increased in the post test (12.83 for the
experimental whereas 11.34 for the control group), especially that of the experimental group.
Then on the retention test, both groups’ mean scores on the Reproduction, Development, and
Growth in Living Things Unit Achievement Test were decreased (11.47 for the experimental
whereas 9.72 for the control group), especially that of the control group. On the other hand,
the mean of the students’ scores on the Force and Motion Unit Achievement Tests were low

when considering its total number of questions and correspondingly the maximum score that
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can be taken from the test, which are 34. Both experimental and control group students’
mean scores in the pre test were similar (11.00 versus 11.22). After the instruction on the
unit, the mean scores of both groups were decreased in the post test (10.22 for the
experimental whereas 8.07 for the control group), especially that of the control group. Then
on the retention test, both groups’ mean scores on the Force and Motion Unit Achievement
Test were increased (13.23 for the experimental whereas 11.87 for the control group),

especially that of the experimental group.

Table 4.1 Means and standard deviations of the students’ scores on the achievement tests

Variable Group Mean Std. Deviation N
RDGLT 1 1 10.72 3.886 86
2 10.55 3.349 82
Total 10.64 3.624 168
RDGLT 2 1 12.83 4.380 86
2 11.34 4.522 82
Total 12.10 4.498 168
RDGLT 3 1 11.47 4972 86
2 9.72 4.717 82
Total 10.61 4914 168
FM 1 1 11.00 5.062 86
2 11.22 4.792 82
Total 11.11 4919 168
FM 2 1 10.22 5.639 86
2 8.07 4.648 82
Total 9.17 5.274 168
M 3 1 13.23 5.873 86
2 11.87 5.447 82
Total 12.57 5.693 168

Note: The abbreviations mean the following (according to time and alphabetic order):
RDGLT: Reproduction, Development and Growth in Living Things Unit Achievement Test
RDGLT 1: Pre RDGLT

RDGLT 2: Post RDGLT

RDGLT 3: Delayed RDGLT

FM: Force and Motion Unit Achievement Test

FM 1: Pre FM

FM 2: Post FM

FM 3: Delayed FM

Group 1: Experimental Group

Group 2: Control Group

Table 4.2 shows the means and standard deviations of students’ performances on Science
and Process Skills Tests. As the table suggests, the mean of the students’ scores on the
Science Process Skills Tests were low when considering the percentage value of each item
and correspondingly the maximum score that can be taken from the test, which is 1 (the only
exception was the mean scores of the experimental group students on the second science

process skills test, which can be regarded as medium). Both experimental and control group
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students’ mean scores in the pre test were similar (.319 versus .338). After the instruction on
the Reproduction, Development, and Growth in Living Things unit, the mean scores of both
groups were increased in the second test (.467 for the experimental whereas 1.352 for the
control group), especially that of the experimental group. After the instruction on the Force
and Motion unit, the mean scores of the experimental group students were decreased to .392,
whereas the mean scores of the control group students were increased to .355 in the third
test. Then on the retention test, both groups’ mean scores on the science process skills test

were decreased (.385 for the experimental whereas .354 for the control group).

Table 4.2 Means and standard deviations of the students’ scores on the science process skills

tests

Variable Group Mean Std. Deviation N

SPS 1 1 319 157 86
2 .338 155 82
Total 328 156 168

SPS 2 1 467 157 86
2 352 .145 82
Total 411 162 168

SPS 3 1 392 154 86
2 .355 124 82
Total 374 141 168

SPS 4 1 .385 147 86
2 354 130 82
Total .370 .139 168

Note: The abbreviations mean the following (according to time and alphabetic order):
SPS: Science Process Skills Test

SPS 1: The First SPS

SPS 2: The Second SPS

SPS 3: The Third SPS

SPS 4: The Fourth SPS

Group 1: Experimental Group

Group 2: Control Group

Table 4.3 shows the means and standard deviations of students’ performances on the self-
concept, anxiety, interest, career, enjoyment, and usefulness attitudes toward science and

technology course subtests. Table 4.3 suggests the following:

1. The mean of the students’ scores on the Self-Concept subtest were high when considering
the number of response alternatives in the attitude scale and correspondingly the maximum
score that can be taken from the subtest, which is 5. Both experimental and control group

students’ mean scores in the first self-concept subtest were similar (4.13 versus 4.21). After
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the instruction on the Reproduction, Development, and Growth in Living Things unit, the
mean self-concept subtest scores of both groups were increased in the second test (4.29 for
the experimental whereas 4.34 for the control group). After the instruction on the Force and
Motion unit, the mean self-concept subtest scores of the experimental group students were
increased to 4.57, and the mean scores of the control group students were increased to 4.39.
Then on the retention self-concept subtest, both groups’ mean scores on the self-concept

subtest were decreased (4.45 for the experimental whereas 4.38 for the control group).

2. The mean of the students’ scores on the anxiety subtest were medium when considering
the number of response alternatives in the attitude scale and correspondingly the maximum
score that can be taken from the subtest, which are 5. Both experimental and control group
students’ mean scores in the first anxiety subtest were similar (3.64 versus 3.78). After the
instruction on the Reproduction, Development, and Growth in Living Things unit, the mean
anxiety subtest scores of the experimental group students were increased when the mean
anxiety subtest scores of the control group students were decreased (3.65 for the
experimental whereas 3.47 for the control group). After the instruction on the Force and
Motion unit, the mean anxiety subtest scores of both groups decreased (3.37 versus 2.84).
Then on the retention anxiety subtest, both groups’ mean scores on the anxiety subtest were

decreased (3.59 for the experimental whereas 3.32 for the control group).

3. The mean of the students’ scores on the interest subtest were high when considering the
number of response alternatives in the attitude scale and correspondingly the maximum score
that can be taken from the subtest, which are 5. Both experimental and control group
students’ mean scores in the first anxiety subtest were similar (3.98 versus 4.20). After the
instruction on the Reproduction, Development, and Growth in Living Things unit, the mean
interest subtest scores of both group students were increased (4.09 for the experimental
whereas 4.27 for the control group). After the instruction on the Force and Motion unit,
while the mean interest subtest scores of the experimental group increased, those of the
control group decreased to 4.41, and 4.14 respectively. Then on the retention interest subtest,
both groups’ mean scores on the interest subtest were increased (4.42 for the experimental

whereas 4.20 for the control group).
4. The mean of the students’ scores on the career subtest were high when considering the

number of response alternatives in the attitude scale and correspondingly the maximum score

that can be taken from the subtest, which is 5. Both experimental and control group students’
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mean scores in the first career subtest were similar (4.09 versus 4.24). After the instruction
on the Reproduction, Development, and Growth in Living Things unit, the mean career
subtest scores of both groups were increased in the second test (4.31 for the experimental
whereas 4.27 for the control group). After the instruction on the Force and Motion unit, the
mean career subtest scores of the experimental group students were increased to 4.42,
whereas the mean scores of the control group students were decreased to 4.16. Then on the
retention career subtest, while the mean scores of the experimental group decreased, the
mean scores of the control group increased (4.37 for the experimental whereas 4.28 for the

control group).

5. The mean of the students’ scores on the enjoyment subtest were high when considering
the number of response alternatives in the attitude scale and correspondingly the maximum
score that can be taken from the subtest, which are 5. Both experimental and control group
students’ mean scores in the first enjoyment subtest were similar (4.23 versus 4.34). After
the instruction on the Reproduction, Development, and Growth in Living Things unit, the
mean enjoyment subtest scores of the experimental group students were increased when the
mean enjoyment subtest scores of the control group students were decreased (4.38 for the
experimental whereas 4.30 for the control group). After the instruction on the Force and
Motion unit, the mean enjoyment subtest scores of the experimental group students were
increased when the mean enjoyment subtest scores of the control group students were
decreased (4.53 versus 4.17). Then on the retention enjoyment subtest, both groups’ mean
scores on the enjoyment subtest were increased (4.55 for the experimental whereas 4.43 for

the control group).

6. The mean of the students’ scores on the usefulness subtest were high when considering the
number of response alternatives in the attitude scale and correspondingly the maximum score
that can be taken from the subtest, which are 5. Both experimental and control group
students’ mean scores in the first usefulness subtest were similar (4.25 versus 4.46). After the
instruction on the Reproduction, Development, and Growth in Living Things unit, the mean
usefulness subtest scores of the experimental group students were increased but the mean
usefulness subtest scores of the control group students were remained same (4.48 for the
experimental whereas 4.46 for the control group). After the instruction on the Force and
Motion unit, while the mean usefulness subtest scores of the experimental group increased,
those of the control group decreased to 4.64, and 4.29 respectively. Then on the retention

usefulness subtest, while the mean scores of the experimental group students were decreased,
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the mean usefulness subtest scores of the control group students were increased (4.53 for the

experimental whereas 4.35 for the control group).

Table 4.3 Means and standard deviations of the students’ scores on the attitudes subtests

Variable Group Mean Std. Deviation N
Self-Concept 1 1 4.1308 .56974 86
2 4.2104 .58197 82
Total 4.1696 .57539 168
Self-Concept 2 1 4.2907 .62292 86
2 4.3415 .58599 82
Total 4.3155 .60390 168
Self-Concept 3 1 4.5698 .56315 86
2 4.3872 .61508 82
Total 4.4807 .59438 168
Self-Concept 4 1 4.4507 .62292 86
2 4.3841 .65522 82
Total 4.4643 .64179 168
Anxiety 1 1 3.6421 90979 86
2 3.7764 .80209 82
Total 3.7077 .85899 168
Anxiety 2 1 3.6460 .95695 86
2 3.4743 1.01746 82
Total 3.5622 98774 168
Anxiety 3 1 3.3708 1.18876 86
2 2.8388 1.06017 82
Total 3.1111 1.15182 168
Anxiety 4 1 3.5917 1.16876 86
2 3.3238 1.04293 82
Total 3.4610 1.11394 168
Interest 1 1 3.9826 713743 86
2 4.2043 79943 82
Total 4.0908 77403 168
Interest 2 1 4.2791 .59337 86
2 4.1921 .64226 82
Total 4.2366 .61740 168
Interest 3 1 44128 .69321 86
2 4.1402 .87409 82
Total 4.2798 79614 168
Interest 4 1 4.4186 73007 86
2 4.2043 .66797 82
Total 4.3140 70658 168
Career 1 1 4.0901 67618 86
2 4.2378 58122 82
Total 4.1622 .63407 168
Career 2 1 4.3140 .64190 86
2 4.2744 .60935 82
Total 4.2846 62467 168
Career 3 1 44215 .63739 86
2 4.1646 .83723 82
Total 4.2961 75057 168
Career 4 1 4.3663 .62860 86
2 4.2835 .69806 82
Total 4.3259 66271 168
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Table 4.3 (Cont’d)

Variable Group Mean Std. Deviation N
Enjoyment 1 1 42267 .68560 86
2 4.3445 .63785 82
Total  4.2842 66337 168
Enjoyment 2 1 4.3857 .67812 86
2 4.2988 .57794 82
Total  4.3423 .63077 168
Enjoyment 3 1 4.5320 .60609 86
2 4.1677 .83523 82
Total  4.3542 14746 168
Enjoyment 4 1 4.5465 .65250 86
2 44329 .68273 82
Usefulness 1 1 4.2488 .55471 86
2 4.4561 .53173 82
Total  4.3500 55186 168
Usefulness 2 1 4.4837 .51924 86
2 44610 51801 82
Total  4.4726 51721 168
Usefulness 3 1 4.6442 .53261 86
2 4.2878 76018 82
Total  4.4702 67572 168
Usefulness 4 1 4.5326 71397 86
2 4.3537 76871 82
Total  4.4452 74438 168

Note: The abbreviations mean the following (according to time and alphabetic order):
1: The First Subtest

2: The Second Subtest

3: The Third Subtest

4: The Fourth Subtest

Group 1: Experimental Group

Group 2: Control Group

4.2 Inferential Statistics

This part is intended to give information on the results of inferential statistics. For the first
hand, the result of groups’ equivalency in socio-economic status (ses) variables will be
given. The following parts are devoted to the results of the testing null hypothesis via GLM
Repeated Measures analysis. In this part, first the results on achievement will take place.
Then the findings will be presented along with the tests for science process skills. This part
will end with the findings on the overall attitude test and then results will be given for each

sub test.
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4.2.1 The Results of the Analysis on the Differences between Experimental and Control

Group Students’ Socio-Economic Status Variables

Socio-economic status is an important confounding variable that should be considered in
interpreting the results of experimental studies. In order to give evidence to the experimental
and control groups’ equivalency in terms of socio-economic status, students’ responses to
related socio-economic status items in the demographic form were analysed with exploratory
factor analysis. Two factors were found with this analyses, Wealth, and Impact of Mother.
After saving the regression factor scores of these two variables, the index values for wealth
and impact of mother variables were found. And these values were used in the analysis
comparing if there was difference among the groups when considering the means (The

results of these analyses can be found in the Appendix G).

Independent Samples t-test was done to compare experimental and control groups with
respect to the index values of the first two socio-economic status (ses) variables (The results
of the analyses on the assumptions can be found in the Appendix H). Table 4.5 shows the
results of independent t-test which was applied to find if there is a difference between the
experimental and control group students with respect to the mean socio-economic status

index.

Table 4.4 Result of independent t-test showing the differences between the experimental and

control groups mean scores on wealth and impact of mother indices

Group N Mean SD t df D
REGR factor score 1 for analysis 1 1 64 -,0202214 ,95172343 =225 129 .822
2 67 ,0193160 1,05086436
REGR factor score 2 for analysis 1 1 64 -,1449165 ,95444092 -1.631 129 105
2 67 ,1384277 1,02972311

Note: The data show the values for equal variances assumed

As the Table 4.4 suggests, independent t-test failed to reveal a statistically significant
difference between (1) the means of the experimental (X = -.02, s = .95) and control (X = -
.14, s = .95) groups on the wealth index, ¢ (129) = -.225, p = .822, a. = .05, and (2) the means
of the experimental (X = -.14, s = .95) and control (X = -.14, s = .95) groups on the impact of
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mother index, ¢ (129) = -1.63, p = .105, a = .05. These results mean that their corresponding

population distributions also do not differ.

4.2.2 The Results of the Effect of Teacher-Guided Inquiry vs. Traditional Instruction
on Students’ Achievement, Science Process, and Attitudes toward Science and

Technology Lesson

This part shows the results of the GLM Repeated Measures analyses that were used in testing
the null hypotheses regarding the effect of teacher-directed inquiry on some academic
outcomes (in order to save space, the analyses used in checking the assumptions of GLM

repeated measures analyses are given in Appendix H) .

In order to find the effect of instruction on students’ achievement, science process and
attitudes toward science and technology course, first the students who took all the tests
repeatedly were determined. The number of these students was 168. Missing data analysis
was done only for attitude questionnaire, because some students did not rated all the
questionnaire items. The analysis result showed that missing ratio (coded as 0) ranged from
.6 to 4.8 in percentage. The missings were replaced with the mode value in general, in one
case when there were two modes (bimodal distribution) the missing was replaced with the

one that close to 3 (see Appendix E for missings).

4.2.2.1 The Results of the Effect of Teacher-Guided Inquiry vs. Traditional Instruction

on Students’ Achievement

This part shows the GLM Repeated Measures ANOVA results for two hypotheses to be
tested: one for achievement in “Reproduction, Development and Growth in Living Things”

unit and the other is for “Force and Motion” unit.

4.2.2.1.1 The Results of the Effect of Teacher-Guided Inquiry vs. Traditional
Instruction on Students’ Achievement in Reproduction, Development and Growth in

Living Things Unit
Hy: There is no statistically significant effect between teacher-guided inquiry and traditional

instruction on the population means of the 6™ grade students’ “Reproduction, Growth, and

Development in Living Things” unit achievement test scores.
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In order to test this null hypothesis, within-subjects effect test results are used. The
interaction between the within subject variable (achievement in “Reproduction, Growth, and

Development in Living Things” unit) and between subjects variable (group) is considered.

Table 4.5 Result of glm repeated anova for the students’ scores on the reproduction,

development and growth in living things unit achievement tests

Source Type 11T df Mean F Sig. Partial Noncent. Observed
Sum of Square Eta Parameter Power"
Squares Squared

Between- 2228,92 167

subjects

group 53.975 1 53.975 4.120 .044 0.24 4.120 523

Error 2174945 166 13.102

Within- 3159,238 336

subjects

rdglt 242.015 2 121.007 14.059  .000 0.78 28.118 999

rdglt* 59.682 2 29.841 3467 .032 0.20 6.934 .647

group

Error (rdglt) 2857.541 332 8.607

Total 5388,158 503

a. Computed using alpha= .05
Note: The data show the values for sphericity assumed

As the Table 4.5 suggests, there was a significant interaction effect between Reproduction,
Development and Growth in Living Things achievement tests and instruction on students’
scores, F' (2, 332) = 3.47. In other words, Reproduction, Development and Growth in Living
Things achievement test scores of both experimental and control group students showed a
significant difference from the beginning of instruction to the end and retention. While the
experimental group increased their scores by 2.11 from pre-test (X = 10.72) to post-test (X =
12.83) and decreased their scores by 1.36 to retention test (X = 11.47), control group
increased their scores by .79 from pre-test (X = 10.55) to post-test (X = 11.34) and decreased
their scores by 1.62 to retention test (X = 9.72). Also, the treatment accounted for 20% of the

variance in the Development and Growth in Living Things Achievement Test change scores.
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Table 4.6 Result of tests of within-subjects contrasts for the students’ scores on the

reproduction, development and growth in living things unit achievement tests

Source Type 11T df Mean F Sig. Partial Eta  Noncent. Observed

RDGLT Sum of Square Squared Parameter Power"
Squares

rdglt

Level 1 vs. Level 2 352.371 1 352.371 23977  .000 126 23.977 998

Level 2 vs. Level 3 373.370 1 373.370  20.721  .000 11 20.721 995

rdglt*group

Level 1 vs. Level 2 72.252 1 72.252 4916  .028 .029 4916 597

Level 2 vs. Level 3 2.870 1 2.870 159 .690 .001 159 .068

Error(rdglt)

Level 1 vs. Level 2 2439.534 166 14.696

Level 2 vs. Level 3 2991.106 166 18.019

a. Computed using alpha = .05

The Table 4.6 revealed that students’ scores on the post-Reproduction, Development and
Growth in Living Things achievement test were significantly higher than the pre-test in the
experimental group (F (1, 166) = 4.92, r =.17). On the other hand students’ scores on the
delayed-Reproduction, Development and Growth in Living Things achievement test were

not significant than those on post-test in the experimental group (£ (1, 166) = .16, r =.03).
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Figure 4.1 Profile plot for the students’ scores on the reproduction, development and growth

in living things unit achievement tests



Looking at the interaction graph, this effect reflects that instruction (treatment) increased
post- Reproduction, Development and Growth in Living Things achievement test scores
significantly more in the experimental group than it did for the control group. All of the

groups’ scores decreased in the retention test.

4.2.2.1.2 The Results of the Effect of Teacher-Guided Inquiry vs. Traditional

Instruction on Students’ Achievement in Force and Motion Unit

Hy: There is no statistically significant effect between teacher-guided inquiry and traditional
instruction on the population means of the 6" grade students’ “Force and Motion” unit
achievement test scores.

In order to test this null hypothesis, within-subjects effect test results are used. The
interaction between within subject variable (achievement in “Force and Motion” unit) and

between subjects variable (group) is considered.

Table 4.7 Result of glm repeated anova for the students’ scores on the force and motion unit

achievement tests

Source Type I df Mean F Sig. Partial Noncent. Observed
Sum of Square Eta Parameter Power"
Squares Squared

Between- 2228,92 167

subjects

group 50.636 1 50.636 3.066 .082 0.18 3.066 413

Error 2741.584 166 16.516

Within- 3159,238 336

subjects

fm 979.382 2 489.691 29.029 .000 .149 58.058 1.000

fm*group 122.152 2 61.076 3.621  .028 0.21 7.241 .667

Error (fm) 5600.534 332 16.869

Total 5388,158 499

a. Computed using alpha= .05
Note: The data show the values for sphericity assumed

There was a significant interaction effect between Force and Motion achievement tests and
instruction on students’ scores, F (2, 332) = 3.621. In other words, Force and Motion
achievement test scores of both experimental and control group students showed a
significant difference from the beginning of instruction to the end and retention. While the
experimental group decreased their scores by 0.78 from pre-test (X = 11.00) to post-test (X =
10.22) and increased their scores by 3.01 to retention test (X = 13.23), control group
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increased their scores by 3.15 from pre-test (X = 11.22) to post-test (X = 8.07) and increased
their scores by 3.8 to retention test (X = 11.87). Also, the treatment accounted for 21% of the

variance in the Force and Motion Achievement Test change scores.

Table 4.8 Result of tests of within-subjects contrasts for the students’ scores on the force and

motion unit achievement tests

Source Type ITT df Mean F Sig. Partial Eta  Noncent. Observed

fm Sum of Square Squared Parameter Power®
Squares

fm

Level 1 vs. Level 2 646.805 1 646.805 18.006  .000 .098 18.006 988

Level 2 vs. Level 3 1943.441 1 1943.441 55.561  .000 251 55.561 1.000

fm*group

Level 1 vs. Level 2 235.234 1 235.234 6.548 011 .038 6.548 120

Level 2 vs. Level 3 25.607 1 25.607 732 393 .004 7132 136

Error(fm)

Level 1 vs. Level 2 5963.046 166 35.922

Level 2 vs. Level 3 5806.464 166 34.979

a. Computed using alpha = .05

The Table 4.8 revealed that students’ scores on the post-Force and Motion achievement test
were significantly higher than the pre-test in the experimental group (F (1, 166) = 6.548, r
=.19). On the other hand students’ scores on the delayed- Force and Motion achievement test
were not significant than those on post-test in the experimental group (F (1, 166) = .732, r

=.07).
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Figure 4.2 Profile plot for the students’ scores on the force and motion unit achievement tests

Looking at the interaction graph, this effect reflects that instruction (treatment) decreased
post-Force and Motion achievement test scores significantly less in the experimental group

than it did for the control group. All of the groups’ scores increased in the retention test.

4.2.2.2 The Results of the Effect of Teacher-Guided Inquiry vs. Traditional Instruction

on Students’ Science Process SKkills

Ho: There is no statistically significant effect between teacher-guided inquiry and traditional
instruction on the population means of the 6™ grade students’ “Science Process Skills Test”

scores.
In order to test this null hypothesis, within-subjects effect test results are used. The

interaction between within subject variable (achievement in the “Science and Process Skills”

test) and between subjects variable (group) is considered.
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Table 4.9 Result of glm repeated anova for the students’ scores on the science process skills

tests

Source Type 1T df Mean F Sig. Partial Noncent. Observed
Sum of Square Eta Parameter Power"
Squares Squared

Between- 2.080 167

subjects

group .070 1 .070 5822 017 0.34 5.822 .670

Error 2.010 166 .012

Within- 7,243 491,77

subjects

sps .557 2.927 190 14.667  .000 .081 42.934 1.000

sps* .388 2.927 133 10.229  .000 .058 29.941 998

group

Error (sps) 6.298 485.916 .013

Total 9,323 658,77

a. Computed using alpha= .05
Note: Data show the values for Huynh-Feldt estimate of sphericity

There was a significant interaction effect between Science Process Skills tests and
instruction on students’ scores, F' (2.93, 485.92) = 10.23. In other words, Science Process
Skills test scores of both experimental and control group students showed a significant
difference from the beginning of instruction to the end and retention. The experimental
group increased their scores by 0.148 from the first test (X = .319) to the second test (X =
.467), and decreased their scores by 0.075 to the third test (X = .392), and by 0.007 to the
fourth test (X = .385). On the other hand, the control group increased their scores by 0.014
from the first test (X = .338) to the second test (X = .352), and by 0.003 to the third test (X =
.355), and decreased by 0.001 to the fourth test (X = .354). Also, the treatment accounted for

5.8% of the variance in the Science Process Skills Test change scores.
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Table 4.10 Result of tests of within-subjects contrasts for the students’ scores on the science

process skills tests

Source Type 11T df Mean F Sig. Partial Eta  Noncent. Observed

sps Sum of Square Squared Parameter Power"
Squares

sps

Level 1 vs. Level 2 1.109 1 1.109  40.700  .000 197 40.700 1.000

Level 2 vs. Level 3 222 1 222 7.872  .006 .045 7.872 197

Level 3 vs. Level 4 .003 1 .003 110 740 .001 110 .063

sps*group

Level 1 vs. Level 2 758 1 758 27.835  .000 144 27.835 999

Level 2 vs. Level 3 .260 1 .260 9.220  .003 .053 9.220 .855

Level 3 vs. Level 4 .001 1 .001 .048 828 .000 .048 .055

Error(sps)

Level 1 vs. Level 2 4.522 166 .027

Level 2 vs. Level 3 4.688 166 .028

Level 3 vs. Level 4 3.944 166 .024

a. Computed using alpha = .05

The Table 4.10 revealed that students’ scores on the second Science Process Skills test were

significantly higher than the first test in the experimental group (F (1, 166) = 27.83, r =.38).

Additionally students’ scores on the third Science Process Skills test were significantly lower

than the second test in the experimental group (F (1, 166) = 9.22, r =.22). On the other hand

students’ scores on the fourth Science Process Skills test were not significant than those on

third test in the experimental group (F (1, 166) = .048, r =.02).
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Figure 4.3 Profile plot for the students’ scores on the science process skills tests
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Looking at the interaction graph, this effect reflects that instruction (treatment) first
increased, and then decreased the second and third Science Process Skills test scores
significantly more in the experimental group than it did for the control group. All of the

groups’ scores decreased in the retention test.

4.2.2.3 The Results of the Effect of Teacher-Guided Inquiry vs. Traditional Instruction

on Students’ Attitudes toward Science and Technology Lesson

Ho: There is no statistically significant effect between teacher-guided inquiry and traditional
instruction on the population means of the 6™ grade students’ “Attitudes toward Science &

Technology Course Questionnaire” scores.

In order to test this null hypothesis, within-subjects effect test results are used. The
interaction between within subject variables (time and attitudes) and between subjects

variable (group) is considered.

Table 4.11 Result of glm repeated anova for the students’ scores on the attitudes toward

science and technology questionnaires

Source Type IIT Sum df Mean F Sig. Partial Eta Noncent. Observed
of Squares Square Squared Parameter Power®

Between- 164.602 167
subjects
group 2.573 1 2.573 2.636  .106 .016 2.636 365
error 162.029 166 976
Within- 1324.941 825.681
subjects
att 444.497 2.261 196.563 148.206  .000 472 335.146 1.000
att*group 2.759 2.261 1.220 920  .409 .006 2.080 221
error(att) 497.864 375.384 1.326
time 8.056 2.814 2.863 3919 .010 .023 11.029 810
time*group 30.562 2.814 10.860 14.869  .000 .082 41.843 1.000
error(time) 341.203 467.147 730
Total 1489.543 1019.681

a. Computed using alpha= .05
Note: Data show the values of Greenhouse-Geisser estimate of sphericity for att, and Huynh-Feldt estimate of sphericity for
time.

There was a significant interaction effect between time and instruction on students’ scores, F'
(2.81, 467.15) = 14.87. In other words, attitude subtests scores of both experimental and

control group students showed a significant difference from the beginning of instruction to
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the end and retention. The experimental group increased their scores by 0.18 from the first
test (X = 4.05) to the second test (X = 4.23), by 0.09 to the third test (X = 4.32), and by 0.01
to the fourth test (X = 4.16). On the other hand, the control group decreased their scores by
0.03 from the first test (X = 4.20) to the second test (X = 4.17), and by 0.18 to the third test
(X =4.00), and increased by 0.17 to the fourth test (X = 4.38). Also, the treatment accounted

for 8.2% of the variance in the attitudes change scores.

Table 4.12 Result of tests of within-subjects contrasts the students’ scores on the attitudes

toward science and technology questionnaires

Source Type 11T df Mean F Sig. Partial Eta  Noncent. Observed

self Sum of Square Squared Parameter Power®
Squares

time

Level 1 vs. Level 2 5.522 1 5.522 4413 .037 .026 4413 551

Level 2 vs. Level 3 1.761 1 1.761 1.618 205 .010 1.618 244

Level 3 vs. Level 4 7.588 1 7.588 6.376  .013 .037 6.376 709

time*group

Level 1 vs. Level 2 11.169 1 11.169 8.925 .003 051 8.925 844

Level 2 vs. Level 3 18.123 1 18.123 16.650  .000 .091 16.650 982

Level 3 vs. Level 4 6.324 1 6.324 5314 .022 .031 5314 .630

Error(time)

Level 1 vs. Level 2 207.733 166 1.251

Level 2 vs. Level 3 180.683 166 1.088

Level 3 vs. Level 4 197.532 166 1.190

a. Computed using alpha = .05

The Table 4.12 revealed that the students’ scores on the second subtests were significantly
higher than the first subtests in the experimental group (F (1, 166) = 8.92, r =.22). Moreover,
the students’ scores on the third subtests were significantly higher than the second subtests in
the experimental group (F (1, 166) = 16.65, r =.30). On the other hand the students’ scores
on the fourth attitude subtests were significantly higher than those on the third attitude

subtests in the control group (F (1, 166) = 5.314, r =.18).

4.2.2.3.1 The Results of the Effect of Teacher-Guided Inquiry vs. Traditional

Instruction on Students’ Self-Concept Attitudes toward Science and Technology Lesson

Hy: There is no statistically significant effect between teacher-guided inquiry and traditional
instruction on the population means of the 6" grade students’ “Self-Concept Attitudes

toward Science & Technology Course Questionnaire” scores.
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In order to test this null hypothesis, within-subjects effect test results are used. The
interaction between within subject variables (self-concept scores) and between subjects

variable (group) is considered.

Table 4.13 Result of glm repeated anova for the students’ scores on the self-concept subtests

Source Type III df Mean F Sig.  Partial Eta Noncent. Observed

Sum of Square Squared Parameter Power®
Squares

Between-subjects 31,937 167

group 114 1 114 597 441 .004 597 120

error 31.823 166 192

Within-subjects 126,692 504

self 10.460 2.920 3.582 15.246  .000 .084 44,517 1.000

self*group 2.344 2.920 .803 3417 018 .020 9.977 760

Error 113.888 484.723 235

Total 158,629 671

a. Computed using alpha= .05
Note: Data show the values for Huynh-Feldt estimate of sphericity

There was a significant interaction effects between self-concept subtest scores and
instruction on students’ scores, F' (2.920, 484.723) = 3.417. In other words, self-concept
subtests scores of both experimental and control group students showed a significant
difference from the beginning of instruction to the end and retention. The experimental
group increased their scores by 0.16 from the first test (X = 4.13) to the second test (X =
4.29), and by 0.27 to the third test (X = 4.57), and decreased their scores by 0.03 to the fourth
test (X = 4.54). On the other hand, the control group increased their scores by 0.13 from the
first test (X = 4.21) to the second test (X = 4.34), and by 0.05 to the third test (X = 4.39), and
decreased by 0.01 to the fourth test (X = 4.38). Also, the treatment accounted for 2% of the

variance in the Self-Concept change scores.
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Table 4.14 Result of tests of within-subjects contrasts the students’ scores on the self-

concept subtests

Source Type 11T df Mean F Sig. Partial Eta  Noncent. Observed

self Sum of Square Squared Parameter Power®
Squares

self

Level 1 vs. Level 2 3.554 1 3.554 7.878  .006 .045 7.878 197

Level 2 vs. Level 3 4.428 1 4.428 12.687  .000 071 12.687 943

Level 3 vs. Level 4 .043 1 .043 104 747 .001 104 .062

self*group

Level 1 vs. Level 2 .035 1 .035 077 782 .000 077 .059

Level 2 vs. Level 3 2.285 1 2.285 6.548 011 .038 6.548 120

Level 3 vs. Level 4 .028 1 .028 .068  .794 .000 .068 .058

Error(self)

Level 1 vs. Level 2 74.892 166 451

Level 2 vs. Level 3 57.943 166 .349

Level 3 vs. Level 4 68.989 166 416

a. Computed using alpha = .05

The Table 4.14 revealed that students’ scores on the third Self-Concept Subtest were
significantly higher than the second test in the experimental group (F (1, 166) = 6.548, r
=.93). On the other hand students’ scores on the second Self-Concept Subtest were not
significant than those on first test in the experimental group (F (1, 166) = .077, r =.26), and
students’ scores on the fourth Self-Concept Subtest were not significant than those on third
test in the experimental group (F (1, 166) = .068, r =.25). However, these contrasts did yield

medium effect sizes.
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Figure 4.4 Profile plot for the students’ scores on the self-concept subtests
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Looking at the interaction graph, this effect reflects that instruction (treatment) increased the
third Self-Concept Subtest scores significantly more in the experimental group than it did for

the control group. All of the groups’ scores decreased in the retention test.

4.2.2.3.2 The Effect of Instruction on Students’ Anxiety Attitudes toward Science and

Technology Course

Hy: There is no statistically significant effect between teacher-guided inquiry and traditional
instruction on the population means of the 6™ grade students’ “Anxiety Attitudes toward
Science & Technology Course Questionnaire” scores.

In order to test this null hypothesis, within-subjects effect test results are used. The
interaction between within subject variables (anxiety scores) and between subjects variable

(group) is considered.

Table 4.15 Result of glm repeated anova for the students’ scores on the anxiety subtests

Source Type 11 df Mean F Sig. Partial Eta  Noncent. Observed
Sum of Square Squared Parameter Power"
Squares

Between- 104,063 167

subjects

group 1.840 1 1.840 2987 .086 .018 2.987 405

error 102.223 166 .616

Within-subjects 104,063 473,06

anx 33.301 2.816 11.826 19.118  .000 103 53.832 1.000

anx*group 9.532 2.816 3.385 5472 .001 .032 15.408 927

Error (anx) 289.154 467.428 .619

Total 208,126 640,06

a. Computed using alpha= .05
Note: Data show the values for Huynh-Feldt estimate of sphericity

There was a significant interaction effect between anxiety and group on students’ scores, F'
(2.816, 467.428) = 5.472. In other words, anxiety subtests scores of both experimental and
control group students showed a significant difference from the beginning of instruction to
the end and retention. The experimental group increased their scores by 0.01 from the first
test (X = 3.64) to the second test (X = 3.65), and decreased by 0.27 to the third test (X =
3.37), and increased their scores by 0.22 to the fourth test (X = 3.59). On the other hand, the

control group decreased their scores by 0.31 from the first test (X = 3.78) to the second test
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(X =3.47), and by 0.63 to the third test (X = 2.84); and decreased by 0.48 to the fourth test (X

= 3.32). Also, the treatment accounted for 3% of the variance in the Anxiety change scores.

Table 4.16 Result of tests of within-subjects contrasts for the students’ scores on the anxiety

subtests

Source Type IIT df Mean F Sig. Partial Eta  Noncent. Observed

anx Sum of Square Squared Parameter Power®
Squares

anx

Level 1 vs. Level 2 3.735 1 3.735 3.735  .055 .022 3.735 .485

Level 2 vs. Level 3 34.814 1 34.814 30.869  .000 157 30.869 1.000

Level 3 vs. Level 4 20.924 1 20.924 22.554  .000 120 22.554 997

anx*group

Level 1 vs. Level 2 3.932 1 3.932 3932  .049 .023 3.932 .505

Level 2 vs. Level 3 5.449 1 5.449 4832 .029 .028 4.832 .589

Level 3 vs. Level 4 2.929 1 2.929 3.157  .077 .019 3.157 423

Error(anx)

Level 1 vs. Level 2 165.993 166 1.000

Level 2 vs. Level 3 187.210 166 1.128

Level 3 vs. Level 4 154.000 166 928

a. Computed using alpha = .05

The Table 4.16 revealed that students’ scores on the second Anxiety Subtest were

significantly lower than the first test in both the experimental group, and control group (F (1,

166) = 3.932, r =.89). Moreover, students’ scores on the third Anxiety Subtest were

significantly lower than the second test in both the experimental group, and control group (¥

(1, 166) = 4.832, r =.91). On the other hand students’ scores on the fourth Anxiety Subtest

were not significant than those on the third test in both the experimental group, and control

group (F (1, 166) = 3.157, r =.87). However, these contrasts yielded large effect size.
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Looking at the interaction graph, this effect reflects that instruction significantly decreased
both experimental and control group students’ scores in the anxiety subtests, however this
decline was fewer in the experimental group when compared to the control group. Both

groups’ increased in the retention test.

4.2.2.3.3 The Effect of Instruction on Students’ Interest Attitudes toward Science and

Technology Course

Hy: There is no statistically significant effect between teacher-guided inquiry and traditional
instruction on the population means of the 6™ grade students’ “Interest Attitudes toward

Science & Technology Course Questionnaire” scores.
In order to test this null hypothesis, within-subjects effect test results are used. The

interaction between within subject variables (interest scores) and between subjects variable

(group) is considered.
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Table 4.17 Result of glm repeated anova for the students’ scores on the interest subtests

Source Type 111 df Mean F Sig. Partial Eta  Noncent. Observed
Sum of Square Squared Parameter Power®
Squares

Between- 46,188 167

subjects

group .325 1 325 1.178 279 .007 1.178 .190

error 45.863 166 276

Within- 172,796 171,274

subjects

int 4.614 2.637 1.750 4726  .004 .028 12.462 .866

int*group 6.126 2.637 2.323 6.275  .001 .036 16.545 948

Error (int) 162.056 437.691 370

Total 218,984 338,274

a. Computed using alpha= .05

Note: Data show the values for Huynh-Feldt estimate of sphericity for interest

There was a significant interaction effect between interest and group on students’ interest

scores, F' (2.637, 437.691) = 6.275. In other words, interest subtests scores of both

experimental and control group students showed a significant difference from the beginning

of instruction to the end and retention. The experimental group increased their scores by 0.30
from the first test (X = 3.98) to the second test (X = 4.28), by 0.13 to the third test (X = 4.41),
by 0.01 to the fourth test (X = 4.42). On the other hand, the control group decreased their
scores by 0.01 from the first test (X = 4.20) to the second test (X = 4.19), and by 0.05 to the
third test (X = 4.14), and increased by 0.0 to the fourth test (X = 4.20). Also, the treatment

accounted for 4% of the variance in the Interest change scores.

Table 4.18 Result of tests of within-subjects contrasts for the students’ scores on the interest

subtests

Source Type IIT df Mean F Sig. Partial Eta  Noncent. Observed

int Sum of Square Squared Parameter Power®
Squares

int

Level 1 vs. Level 2 3.393 1 3.393 4460 .036 .026 4.460 .556

Level 2 vs. Level 3 282 1 282 643 424 .004 .643 125

Level 3 vs. Level 4 .205 1 .205 383 537 .002 .383 .094

int*group

Level 1 vs. Level 2 4.000 1 4.000 5258 .023 .031 5.258 .625

Level 2 vs. Level 3 1.445 1 1.445 3301 .071 .019 3.301 439

Level 3 vs. Level 4 142 1 142 266 .607 .002 .266 .081

Error(int)

Level 1 vs. Level 2 126.302 166 761

Level 2 vs. Level 3 72.679 166 438

Level 3 vs. Level 4 88.723 166 .534

a. Computed using alpha = .05
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The Table 4.18 revealed that students’ scores on the second Interest Subtest were
significantly higher than the first test in the experimental group (F (1, 166) = 5.258, r = .84)
On the other hand students’ scores on the third (F (1, 166) = 3.301, r =.76), and fourth (F (1,
166) = .266, r =.21) Interest Subtests were not significant than those on previous ones in the

experimental group. However, these contrasts did yield very large and small effect sizes.
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Figure 4.6 Profile plot for the students’ scores on the interest subtests

Looking at the interaction graph, this effect reflects that the instruction increased
significantly the second Interest subtest scores in the experimental group than it did for the
control group. Although this rise continued till the third and fourth implementations of the
Interest test, it was not significant. On the other hand, control group students’ scores declined

till the third test after that it raised.

4.2.2.3.4 The Effect of Instruction on Students’ Career Attitudes toward Science and

Technology Course

Hy: There is no statistically significant effect between teacher-guided inquiry and traditional
instruction on the population means of the 6™ grade students’ “Career Attitudes toward

Science & Technology Course Questionnaire” scores.

100



In order to test this null hypothesis, within-subjects effect test results are used. The
interaction between within subject variables (career scores) and between subjects variable

(group) is considered.

Table 4.19 Result of glm repeated anova for the students’ scores on the career subtests

Source Type III df Mean F Sig. Partial Eta  Noncent. Observed
Sum of Square Squared Parameter Power®
Squares

Between- 38,619 167

subjects

group 141 1 141 607 437 .004 .607 121

Error 38.478 166 232

Within-subjects 147,84 470,246

career 2.581 2.799 922 3.022 .033 .018 8.459 .689

career* 3.476 2.799 1.242 4.070  .009 .024 11.392 .824

group

Error 141.783 464.648 .305

(career)

Total 186,459 637,246

a. Computed using alpha= .05
Note: Data show the values for Huynh-Feldt estimate of sphericity for career

There was a significant interaction effect between career and group on students’ scores, F'
(2.799, 464.648) = 4.070. In other words, career subtests scores of both experimental and
control group students showed a significant difference from the beginning of instruction to
the end and retention. The experimental group increased their scores by 0.22 from the first
test (X = 4.09) to the second test (X = 4.31), and by 0.11 to the third test (X = 4.42), and
decreased their scores by 0.06 to the fourth test (X = 4.36). On the other hand, the control
group increased their scores by 0.03 from the first test (X = 4.24) to the second test (X =
4.27); and decreased by 0.11 to the third test (X = 4.16); and increased by 0.12 to the fourth
test (X = 4.28). Also, the treatment accounted for 2% of the variance in the Interest change

SCOores.
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Table 4.20 Result of tests of within-subjects contrasts for the students’ scores on the career

subtests

Source Type 11T df Mean F Sig. Partial Eta  Noncent. Observed

career Sum of Square Squared Parameter Power"
Squares

career

Level 1 vs. Level 2 2.847 1 2.847 4954  .027 .029 4.954 .600

Level 2 vs. Level 3 .000 1 .000 .000 985 .000 .000 .050

Level 3 vs. Level 4 .170 1 .170 442 507 .003 442 101

career*group

Level 1 vs. Level 2 1.472 1 1.472 2561  .111 .015 2.561 356

Level 2 vs. Level 3 1.982 1 1.982 3466  .064 .020 3.466 457

Level 3 vs. Level 4 1.273 1 1.273 3.304 071 .020 3.304 439

Error(career)

Level 1 vs. Level 2 95.394 166 575

Level 2 vs. Level 3 94.955 166 572

Level 3 vs. Level 4 63.953 166 .385

a. Computed using alpha = .05

The Table 4.20 revealed that students’ scores on the second (F (1, 166) = 2.561, r =.71),
third (F (1, 166) = 3.466, r =.77), and fourth (F (1, 166) = 3.304, r =.76) Career Subtests

were not significant in the experimental group. However, these contrasts did yield very large

effect sizes.
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Figure 4.7 Profile plot for the students’ scores on the career subtests
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Looking at the interaction graph, this effect reflects that instruction increased both group of
students’ Career scores in the second test, and then while it continued to increase scores in
the experimental group, decreased the scores of the control group students in the third test.
Finally by the fourth test, experimental group students’ scores decreased, while the control

group scores increased.

4.2.2.3..5 The Effect of Instruction on Students’ Enjoyment Attitudes toward Science

and Technology Course

Hy: There is no statistically significant effect between teacher-guided inquiry and traditional
instruction on the population means of the 6™ grade students’ “Enjoyment Attitudes toward

Science & Technology Course Questionnaire” scores.
In order to test this null hypothesis, within-subjects effect test results are used. The

interaction between within subject variables (enjoyment scores) and between subjects

variable (group) is considered.

Table 4.21 Result of glm repeated for the students’ scores on the enjoyment subtests

Source Type 111 df Mean F Sig. Partial Eta  Noncent. Observed
Sum of Square Squared Parameter Power®
Squares

Between-

subjects

group .520 1 .520 2397 123 .014 2.397 .337

Error 35.991 166 217

Within-

subjects

enjoyment 3.801 3 1.267 4.025 .008 .024 12.075 .840

enjoyment* 4919 3 1.640 5209 .002 .030 15.626 926

group

Error 156.761 498 315

(enjoyment)

Total

a. Computed using alpha= .05
Note: Data show the values for sphericity assumed

There was a significant interaction effect between enjoyment and group on students’ scores
F (3, 498) = 5.209. In other words, enjoyment subtests scores of both experimental and

control group students showed a significant difference from the beginning of instruction to
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the end and retention. The experimental group increased their scores by 0.15 from the first
test (X = 4.23) to the second test (X = 4.38), by 0.15 to the third test (X = 4.53), and by 0.02
to the fourth test (X = 4.55). On the other hand, the control group decreased their scores by
0.04 from the first test (X = 4.34) to the second test (X = 4.30), and by 0.13 to the third test
(X =4.17); and increased by 0.26 to the fourth test (X = 4.43). Also, the treatment accounted

for 3% of the variance in the Enjoyment change scores.

Table 4.22 Result of tests of within-subjects contrasts for the students’ scores on the

enjoyment subtests

Source Type IIT df Mean F Sig. Partial Eta  Noncent. Observed

enjoyment Sum of Square Squared Parameter Power"
Squares

enjoyment

Level 1 vs. Level 2 519 1 519 910 342 .005 910 158

Level 2 vs. Level 3 .012 1 .012 .019  .890 .000 .019 .052

Level 3 vs. Level 4 3.286 1 3.286 5209 .024 .030 5.209 .621

enjoyment *group

Level 1 vs. Level 2 1.725 1 1.725 3.021 .084 .018 3.021 408

Level 2 vs. Level 3 3.276 1 3.276 5.102  .025 .030 5.102 .612

Level 3 vs. Level 4 2.638 1 2.638 4183  .042 .025 4.183 .529

Error(enjoyment)

Level 1 vs. Level 2 94.772 166 571

Level 2 vs. Level 3 106.575 166 .642

Level 3 vs. Level 4 104.713 166 .631

a. Computed using alpha = .05

The Table 4.22 revealed that students’ scores on the third (£ (1, 166) = 5.102, r =.83), and
fourth (F (1, 166) = 4.183, r =.89) Enjoyment Subtests were significantly different in the
experimental and control group students. On the other hand students’ scores on the second
Enjoyment Subtest were not significant than those on first test (F' (1, 166) = 3.021, r =.86).

However, this contrast yielded very large effect sizes.
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Figure 4.8 Profile plot for the students’ scores on the enjoyment subtests

Looking at the interaction graph, this effect reflects that:

1. While the experimental group increased its score in the second Enjoyment test, the control
group decreased its score in the second Enjoyment test; both of the groups did not differ in
their scores in the second Enjoyment test.

2. While the experimental group significantly increased its third Enjoyment score, the
control group significantly decreased its third Enjoyment score.

3. Although both of the groups significantly increased their scores in the fourth Enjoyment

test, the control group increased its score more than the experimental group.

4.2.2.3..6 The Effect of Instruction on Students’ Usefulness Attitudes toward Science

and Technology Course
Hy: There is no statistically significant effect between teacher-guided inquiry and traditional

instruction on the population means of the 6™ grade students’ “Usefulness Attitudes toward

Science & Technology Course Questionnaire” scores.
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In order to test this null hypothesis, within-subjects effect test results are used. The
interaction between within subject variables (usefulness scores) and between subjects

variable (group) is considered.

Table 4.23 Result of glm repeated anova for the students’ scores on the usefulness subtests

Source Type III df Mean F Sig. Partial Eta  Noncent. Observed
Sum of Square Squared Parameter Power®
Squares

Between- 32,44 167

subjects

group 323 1 323 1.668  .198 .010 1.668 250

Error 32.117 166 .193

Within- 136,111 504

subjects

usefulness 1.549 3 516 2.019 .110 .012 6.056 519

usefulness* 7.208 3 2.403 9.396 .000 054 28.188 997

group

Error 127.354 498 256

(usefulness)

Total 168,551 671

a. Computed using alpha= .05
Note: Data show the values for sphericity assumed

There was a significant interaction effects between usefulness and group, F (3, 498) = 9.396,
on students’ scores. In other words, usefulness subtest scores of both experimental and
control group students showed a significant difference from the beginning of instruction to
the end and retention. The experimental group increased their score by 0.59 from the first
test (X = 4.25) to the second test (X = 4.48), and by 0.16 to the third test (X = 4.64), and
decreased their score by 0.11 to the fourth test (X = 4.53). On the other hand, the control
group remained same from the first test (X = 4.46) to the second test (X = 4.46); then
decreased their score by 0.17 to the third test (X = 4.29); and increased by 0.06 to the fourth
test (X = 4.35). Also, the treatment accounted for 5% of the variance in the Usefulness

change scores.
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Table 4.24 Result of tests of within-subjects contrasts for the students’ scores on the

usefulness subtests

Source Type 11T df Mean F Sig. Partial Eta  Noncent. Observed

usefulness Sum of Square Squared Parameter Power"
Squares

usefulness

Level 1 vs. Level 2 2413 1 2413 6.090 .015 .035 6.090 .689

Level 2 vs. Level 3 .007 1 .007 015 .903 .000 .015 .052

Level 3 vs. Level 4 .088 1 .088 156 .693 .001 156 .068

usefulness *group

Level 1 vs. Level 2 2.221 1 2.221 5.605 .019 .033 5.605 .653

Level 2 vs. Level 3 4.672 1 4.672 10.286  .002 .058 10.286 .890

Level 3 vs. Level 4 1.322 1 1.322 2350 .127 .014 2.350 .332

Error(usefulness )

Level 1 vs. Level 2 65.773 166 .396

Level 2 vs. Level 3 75.407 166 454

Level 3 vs. Level 4 93.413 166 .563

a. Computed using alpha = .05

The Table 4.24 revealed that students’ scores on the second (F (1, 166) = 5.605, r =.92), and
third (F (1, 166) = 10.286, r =.95) Usefulness Subtests were significantly different in the
experimental and control group. On the other hand students’ scores on the fourth Usefulness
Subtest were not significant than those on third test (F (1, 166) = 2.350, r =.83). However,

this contrast yielded very large effect size.
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Figure 4.9 Profile plot for the students’ scores on the usefulness subtests
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Looking at the interaction graph, this effect reflects that:

1. Students’ usefulness scores significantly increased in the experimental group when
compared to the control group in the second test.

2. While the experimental group significantly increased its score, the control group
significantly decreased its score in the third usefulness test.

3. While the experimental group decreased its score, the control group increased its score in

the fourth usefulness test.
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CHAPTER 5

DISCUSSION

The aim of the present study was to evaluate the effect of a teacher-guided inquiry
instruction on 6" grade students’ achievement, science process skills, and attitudes toward
science and technology course. To accomplish this aim the following steps were followed:

1) Two achievement tests, which were on “Reproduction, Development and Growth in
Living Things” (RDGLT) and “Force and Motion” (FM) units, were developed and
validated.

2) Three science process skills tests (SPS 1, SPS 2, and SPS 3) were developed and
validated.

3) An attitudes toward science and technology course questionnaire (ATT) was developed
and validated.

4) Teacher-guided activities on “Reproduction, Development and Growth in Living Things”
and “Force and Motion” units were developed and implemented in the experimental group.
5) RDGLT and FM achievement tests, SPS 1-3, and ATT were administered in order to
collect data.

6) Data were analysed by using GLM Repeated Measures ANOVA and MANOVA

statistical analyses.

5.1 Summary of the Experiment

424 grade 6 students participated to the study. The students were attending 7 elementary
schools, 1 in Etimesgut and 6 in Cankaya districts of Ankara city during the 2006-2007
academic year. From these schools, the one in Etimesgut was the experimental group,
whereas the others in Cankaya served as the control group of the study. There were 196

students in the experimental group, and 231 students in the control group.
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The treatment was consisted of two instructions corresponding to the first two units of the
grade 6 elementary science and technology curriculum:
1. The instruction in Reproduction, Development, and Growth in Living Things unit, and

2. The instruction in Force and Motion unit.

Both experimental and control group students received the pre-tests (RDGLT, ATT, and
SPS) before the instruction in Reproduction, Development, and Growth in Living Things
unit. The experimental group was instructed with teacher-guided inquiry besides the new
science and technology curriculum, whereas the control group was instructed with the new
science and technology curriculum only. At the end of this unit, both experimental and
control group students were given the post-tests (RDGLT, ATT, and SPS) plus FM as a pre-

test.

The second instruction was on Force and Motion. Similar to the first treatment, the
experimental group experimental group was instructed with teacher-guided inquiry besides
the new science and technology curriculum, whereas the control group was instructed with
the new science and technology curriculum only. At the end of this unit, both experimental

and control group students were given the post-tests (FM, ATT, and SPS).

After the instruction in the third unit on Particulate Nature of Matter with new science and
technology curriculum, both groups were given delayed tests (RDGLT, FM, ATT, and SPS
4).

5.2 Limitations

5.2.1 Internal Validity

The degree to which the observed differences on the dependent variable are directly related
to the independent variable but the other variables is called internal validity. When a study
lacks internal validity, its’ results are explained by an alternative hypothesis or some
hypotheses. These alternative hypotheses are called threats to internal validity (Fraenkel &
Wallen, 2006, p. 169). The possible treats to the internal validity were tried to be minimized
by the researcher via some techniques as the followings (the names of the treats is in accord

with the classification of Fraenkel & Wallen, 2006, p. 170-185):
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1. The research design of the study was a pre-test post-test quasi experimental research
design. Since the subjects were not assigned randomly to the both groups there might be
differences in terms of the characteristics between experimental and control group students.
As the information obtained from students’ demography variables such as age, gender, and
parents’ occupation showed, both groups have similar distribution. In addition to these, the
independent t-test result showed that the groups have no difference in socio-economic status.

Therefore subject characteristics can not be threat to the present study.

2. The research design of the study was also repeated measurements design, which requires
measuring the subjects several times. Due to their absence from the class, many students
were unable to take all the tests. The students could not attend the class because of illness,
business and relocation of family, requirement to work as an officer of the guard, and to
participate as a member to many club activities at the school. Thus, although the sample
consisted of 424 students, the analyses were made with only 168 of them, who participated
to all test administrations. In other words 61% of the students were lost from the study. The
comparison of the experimental and control groups with respect to this missing student
percentages showed that while 65% of the students from the experimental group were
missing from any one of the tests, 64% of the students from the control group were missing
from any one of the tests. These values show that both groups have nearly similar missing
ratio. This implies that the missings were random. Therefore mortality or loss of subjects can

not be threat to the present study.

3. Almost all the data were collected from the students when there were in their own classes.
The classes, where both the experimental and control group students were being instructed,
had similar physical structure consisting of a teacher table and many student desks; some
closets for books; some bulletin boards on the walls, on which student products could be
presented; a wide window from one wall to another, where a radiator took place right below;

and fluorescent lamps on the ceiling for lighting.

On the other hand, some tests were collected from the experimental group students while
they were in the laboratory. This was the case for just one class or two classes. The teachers
of the experimental group sometimes preferred to instruct their students in the laboratory,
and this made the researcher to give the tests when the students were already in the
laboratory. However the laboratory was not a new location for the students since they were

accustomed to being there for some of the science and technology lessons, and its’ physical
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structure is similar to their classes. All materials of the laboratory were found in the inner
room and therefore not accessible by the students, and the only new material there was a TV.

For these reasons, location can not be threat to the present study.

4. There were several instruments used in this study to gather data. From these instruments
the attitudes toward science and technology course questionnaire was a Likert-scale
requiring students to select among choices. The multiple-choice questions of the
achievement tests, and science process skills tests had the same response type. And the
researcher could score these questions by using the answer key. On the other hand, for the
matching, open-ended, fill-in-the-blank, and hot-spot type questions of the achievement and
science process skills tests, the researcher did the scoring by using the evaluation criteria and
answer keys given in the related appendices. These scoring techniques provided the

standardization of the scoring process.

As stated earlier the data were collected mainly by the researcher. Besides collecting data,
the researcher tried to attend all science and technology course lessons of both experimental
and control group classes in order to get acquainted by the students. Very few data were
collected by the students’ own science and technology teacher due to the large number of
classes participated to the study and due to the researcher’s study schedule which did not

permit her to be more than one place at the same time.

When collecting data, the researcher did not behave differently to the students regarding
being in the experimental or control groups. The data were collected from the students when
they were in the science and technology course, and mainly when the science and technology
teacher of the class was present. On the other hand, for some of the times, the data were
collected when the students in the other lessons. The reason was the schedule of the science
and technology teachers, which required them to teach a specific lesson in order to be in line
with the time schedule outlined in the 6" grade science and technology curriculum as
suggested time line for the units. When this was the case, the teacher tried to get help from
this course teacher to be with her during data collection in order to standardize the data

collection procedure, and to minimize the disruptive student behaviours.

As the above procedures suggest, instrumentation can not be threat to the present study.
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5. In this study, the students were tested before and after the instruction in order to assess the
effect of the instruction on some outcomes, and tested one more time in order to assess the
durability of these gains. Since both groups were following the elementary science and
technology curriculum (although in addition to this the experimental group included teacher-
guided activities), the time periods between the administrations of the tests were already
outlined by the curriculum. This means that for the first treatment there was at least one and
a half month time period, for the second treatment there was at least one month duration, and
finally for no treatment there was at least 2 months period. In other words, the time periods
between the tests were long enough to eliminate the students’ remembrance of the test items.
The use of the parallel forms for the science and technology test was also a technique to

overcome the testing threat.

6. The researcher tried to administer all the tests to each class where the students attend at
least in the same week in order to minimize the history threat. On the other hand, sometimes
the teachers of both groups could not come to the class due to illness, seminar attendance,
etc., but this happened randomly. As was the case for all teachers, when they came to the
class they made the necessary changes in order to catch up with the curriculum. In this case,
the researcher applied the post-tests after the unit was completely finished, or applied the
pre-tests before the unit was started or just started. Moreover, one of the teachers from the
control group was transferred to another school a new teacher started to teach the class, but

this occurred during the third unit when there was no treatment.

7. This study was conducted for one and a half semester, and the subjects of the study were
grade 6 students who were in the period of puberty. Because of the length and subjects’
characteristics, maturation could be thought to be in effect. But the inclusion of the control

group as a comparison, maturation threat was tried to be controlled.

8. The students, who participated to the study, were from diverse schools. The students in the
experimental group were attending the same school, whereas the students in the control
group were attending to 6 different schools. Therefore there was no interaction between the

groups to cause “attitude of subjects” threat or Hawthorne effect.
. This study was conducted wi e rade students, who were attending to the public
9. This study ducted with th 6‘hgd tudent h ttending to the publ

elementary schools in Ankara city, Turkey. In Turkey all school children are instructed with

the same curriculum regardless of their academic ability, and there is no track. Therefore, the
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students, who participated to this study, had similar educational background. Although
tracking is not a case for Turkish schools, some of the schools may have already constructed
a special class for their high achieving students. For none of the schools in the study, it is
known that there was such a grouping. On the other hand, the use of intact classes and

presence of a control group lessen regression threat.

10. This study aimed to investigate the effect of teacher-guided inquiry on some academic
outcomes, such as achievement; therefore required implementation of a treatment, in this
case two. The treatments were administered to the experimental group by two science and
technology teachers, and the researcher. There were 5 intact classes in the experimental
group. The first teacher was instructing two classes, whereas the second had three classes to
instruct. In order to minimize implementation threat, which would have resulted from the
characteristics of these teachers, the researcher instructed both teachers on teacher-guided
inquiry by first explaining the research aim, and guided (teacher directed) inquiry, and then
giving the lesson plans and activity sheets to them before the class. The researcher also
helped the teachers during their implementation of the method by serving as a model or co-
teacher. Sometimes the researcher just set and observed the class. On the other hand, the
teachers in the control group were 6, each with different background. The researcher also
tried to minimize implementation threat, which would have resulted from the characteristics
of these teachers, by observing their lessons. As stated earlier, although all these teachers
differed in their ability to teach, the requirement to use the same curriculum materials
minimized this effect, and also helped the researcher to be sure that implementation threat

was not a problem.

5.2.2 External Validity

The degree to which the results obtained from a study are generalizable to the population
where the sample was drawn, population generalizability; and other settings different from
the one the study was conducted, ecological generalizability, is called external validity
(Fraenkel & Wallen, 2006, p. 104, 106).

5.2.2.1 Population Generalizability

The target population of the study was all 6" grade students attending to the public

elementary schools in Ankara city. The accessible population was those in both Etimesgut
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and Cankaya districts of Ankara. On the other hand, since the study aimed to propose a
teacher-guided inquiry instruction for our average classes, both purposive and convenient
samplings were used to select the sample as the 6™ grade students with middle class socio-
economic status. Therefore the results of the study can be generalizable to the other 6" grade

students having similar characteristics.

5.2.2 Ecological Generalizability

The present study was conducted in 6™ grade elementary science and technology classes of
city schools. The student population of the classes was ranging from 10 to 42, with an
average of 31. Moreover each science and technology class was being instructed by a science
and technology teacher with the same science and technology curriculum. The teachers made
use of Teacher Guide Book generally, whereas the students used both the textbook and
workbook. The teachers also used laboratory facilities of their school or made use of their
own materials. The teachers sometimes instructed their students in the school laboratory, or
sometimes borrowed some materials from the laboratory and brought to the classroom. The
results of this study can be generalizable to the other science and technology classes having

the similar settings.

5.3 Conclusions

1. The instruction made a difference on student achievement in Reproduction, Development
and Growth in Living Things unit test (F=3.467; p<.05).

2. The instruction could not make a difference on student achievement in Force and Motion
unit test (F=3.621; p<.05).

3. The instruction made a difference on student performance in science process skills test
(F=10.229; p<.05).

4. The instruction made a difference on students’ attitude scores in self-concept subtest
(F=3.417; p<.05).

5. The instruction made a difference on students’ attitude scores in anxiety subtest (F=5.472;
p<.05).

6. The instruction made a difference on students’ attitude scores in interest subtest (F=6.275;
p<.05).

7. The instruction made a difference on students’ attitude scores in career subtest (F=4.070;

p<.05).
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8. The instruction made a difference on students’ attitude scores in enjoyment subtest
(F=5.209; p<.05).
9. The instruction made a difference on students’ attitude scores in usefulness subtest

(F=9.396; p<.05).

5.4 Discussions

The present study showed that guided (teacher-directed) inquiry instruction in general is
successful when developing students’ achievement in content knowledge and science
process skills (though there were differences between the experimental and control groups
with respect to their mean pre-, post- and retention- force and motion achievement test
scores, and among them the one between the pre- and post-test was significant, they are not
in the intended directions). These findings are similar to the results of the other studies on
inquiry. In the previous studies, which compared inquiry with traditional instruction, it was
found that the students in the inquiry group developed their science achievement and
reasoning abilities from the pre test to post test more than that the traditional group
(Saunders & Shepardson, as cited in Davison, 2000, p. 28-29). When pre-test scores were
controlled as a covariate, students in inquiry were still more successful on achievement
(Chang & Mao, 1998), especially on higher order thinking skills (Chang & Mao, 1998; Lott,
as cited in Costenson & Lawson, 1986). Moreover, inquiry had a positive effect on science
process skills (Tatar, 2006). Therefore it can be concluded that like inquiry, guided (teacher-
directed) inquiry helps students to understand science concepts and develop this
understanding, which will result with an increase in science achievement (Edelson, Gordin,
& Pea, 1999; Bredderman, as cited in Weinburgh, 2000; Shymansky, Hedges, &
Woodworth, as cited in Weinburgh, 2000). Through including students into authentic
experiences, guided (teacher-directed) inquiry also grows students’ scientific skills (Edelson
et al, 1999). Therefore guided (teacher-directed) inquiry instruction improves both

understanding and inquiry skills of students.

On the other hand, this study showed that guided (teacher-directed) inquiry instruction is
effective when developing students’ science process skills. These finding is contrary to the
previous finding that teacher-directed inquiry had no effect on science process skills and
cognitive development of the students at grade 9 and 10 (Germann, as cited in Myers, 2004).
This success can be attributable to the appropriateness of the guided (teacher-directed)

inquiry instruction to the cognitive level of the 6" grade students in this study. When the
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instruction fits the cognitive level of the students, they can understand the inquiry task and
improve their science process skills. As Aho et al. (1993) found in their studies with grade 2
and 4 students, guided inquiry instruction although increased both grade students’
understanding of science concepts from pre test to post test, this increase was significant at
grade 4. In other words, students’ understanding of concepts is affected by their cognitive
level. Moreover both grade students proposed similar methodology to how to study the
problems. However students’ answers to the inference questions, i.e. “Why the plant, which
cut into two and each part has put into water with different colour, has dyed these colours?”

were showed second graders’ inability to describe the phenomena.

When the results of the presents study is evaluated in terms of the instructional models used
in the guided inquiry treatment applied, the use of learning cycle helped the students in the
experimental group to develop their understanding of science concepts and science process
skills as suggested by Matyas (2000). The improvement in the science understanding can be
attributable to the emergence of students’ prior knowledge about the phenomenon, which
might created a cognitive conflict for the student who holds that framework, and they could
generate alternative ideas and apply these ideas into the problem during engagement and
exploration steps (Lawson, 1995, p. 136). Moreover, since the naming and introducing the
concept took place after the students explored the patterns in the data (Lawson, 1995, p.
136), the students constructed their own understandings of the concept and made a link
between what they explored and what the term given to them meaned. After this stage, the
students were asked to relate the new concepts to new situations (Lawson, 1995, p. 137),
which provided both the transfer of learning and evaluating their own knowledge, thus better
refinement of students’ own understanding. The studies by Cavas (2004) and Dogru Atay
(2006) showed that learning cycle is effective in developing students’ understanding of
various subjects (flowing electricity and genetics). Contrary to the results of Kiigiikyillmaz
(2003) regarding the effect of three-stage learning cycle on durability (retention) of some
science concepts, the guided (teacher-directed) inquiry instruction in the present study failed
to give evidence to the durability of the concepts. On the other hand, guided discovery
instruction required active involvement of students into learning process, and as a result the
students improved their understanding and transfered it to new situations (Aktamis et al,
2002). The use of worksheets during discovery activites provided a guide for the students in
their explorations with concrete materials to understand concepts better and make

generalizations (Aktamis et al., 2002).
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This study also showed that guided (teacher-directed) inquiry instruction is successful when
developing students’ attitudes toward science and technology course. This finding is similar
to the results of the other studies on inquiry (Shymansky, Kyle, & Alport, as cited in Chang
& Mao, 1999; Tatar, 2006). When the results of the presents study is evaluated from the
instructional models point of view, similar to the studies of Cavas (2004) and Dogru Atay
(2006) learning cycle has an effect on developing attitudes toward science. It can be said that
the significant improvement on the attitudes can be attributable to the ability of the activities
to consider students’ prior knowledge and experiences, and provide a positive environment
to them, get students’ interest and develop positive attitudes toward science and technology
course (Cavas, 2004). On the other hand, although the previous studies with guided
discovery failed to show a difference from pre test to post treatment due to the short duration
of the treatment (Unal & Ergin, 2006), this sturdy could show the effect of guided discovery
instruction on students’ attitudes toward science and technology course. The length of the

present study could make a difference in finding a transformation in the attitudes.

One of the best things in this study was the use of subtests of attitudes toward science and
technology course. The previous studies took attitudes toward science as a whole measure.
The present “Attitudes toward Science and Technology Course Questionnaire” was
developed by the researcher and supervisor for this study specifically. The assessment of
students’ performances on these subtests could help the researcher to explain the effect of the
instruction on these attitudes separately. When the attitudes are considered individually, it

can be said that:

1. Though the guided (teacher-directed) inquiry had a positive effect on the experimental
group students’ self-concept scores, the one on force and motion unit was significant on
developing students’ self-concept. It should be kept in mind that instruction could not make

an effect on students’ achievement in force and motion.
2. Although the guided (teacher-directed) inquiry had a negative effect on the experimental
group students’ anxiety scores and caused a decrease on them, this decrease was not much as

did the traditional instruction on the control group students.

3. The guided (teacher-directed) inquiry positively affected students’ interest scores for two

units.
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4. The guided (teacher-directed) inquiry had a positive effect on the experimental group

students’ career scores.

5. Though the guided (teacher-directed) inquiry increased students’ enjoyment scores, the
significant differences between the scores were found during the implementation of force

and motion unit and during the retention.

6. The guided (teacher-directed) inquiry positively affected students’ usefulness scores

during the units it was implemented.

As the above studies suggest, there is a relation between science process skills and
instruction, science achievement, and attitudes. The existence of this relationship was also
supported by Aydogdu (2006) for Turkish context. Moreover Dogru Atay’s study (2006)
also showed the predictability of students’ achievement in science with their attitudes toward
science. The stepwise multiple regression analyses in her study showed that attitudes toward
science are the main predictor of achievement in genetics regardless of the treatment used. If
we take a science curriculum as the base instruction, we can evaluate the effectiveness of
that curriculum. In a study by Basdag (2006), who compared our new curriculum with the
old one, found that 2004 science curriculum were significantly more successful than the
2000 science curriculum on total and the following science process skills: observation,

inference, prediction, measuring, recording data, defining operationally, and hypothesizing.

5.5 Implications

It is suggested that since students’ cognitive level is important for their understanding of
science concepts, therefore there should be concrete activities so that students understand
abstract concepts; students’ should get help from teacher during inquiry when they are
inexperienced in inquiry; and teachers should use appropriate materials in science classes in
order to avoid teacher-oriented instruction. The use of familiar materials and equipment from
the environment also provide an opportunity for science courses when considering the
scarcity of laboratory equipments. The employment of these materials works well and

motivates students to plan different ways to complete experiments (Aho et al., 1993).
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Teachers attend both the processes of science and the reorganization of content based on the
curriculum. Therefore teacher training and in-service training should be given importance

(Aho et al., 1993).

It is expected that this research has a high “research utilisation”, the extent to be applicable
in the classes (Kempa, 2002), especially elementary science and technology classes in

Turkey.

5.6 Recommendations for Future Research

There are several suggestions for future studies in the same topic. Firstly this study should be
replicated by other researchers in other settings, for example in a village school; other grade
levels; other subjects within the same discipline for example Systems in Our Body unit of
biology, or Light and Sound unit of physics or in the other disciplines, for example chemistry

or earth science; and schools with low or high socio-economic status.

120



REFERENCES

Afacan, O., & Nuhoglu, H. (2007, April). TIMSS-R projesi: Canlt bilimi ile ilgili sorularin
fen dgretimi agisindan degerlendirilmesi. Paper presented in VI. Ulusal Simf Ogretmenligi
Egitimi Sempozyumu [The 6™ National Classroom Education Symposium], Anadolu
University, Eskisehir. http://w3.gazi.edu.tr/web/okocabas/yayinlar/anadoluposter.doc, last
accessed date: 11 June, 2008.

Aho, L., Huopio, J., & Huttunen, S. (1993). Learning science by practical work in Finnish
primary schools using materials familiar from the environment: a pilot study. International

Journal of Science Education, 15(5), 497-507.

Aksit, N. (2007). Educational reform in Turkey. International Journal of Educational
Development, 27, 129-137.

Aktamuis, H., Ergin, 0., & Akpmar, E. (2002, September). Yapisalct kurama oOrnek bir
uygulama. Paper presented in V. Ulusal Fen ve Matematik Egitimi Kongresi [The 5"
National Science and Mathematics Education Congress], Middle East Technical University,
Ankara. http://www.fedu.metu.edu.tr/UFBMEK-5/b_kitabi/PDF/Fen/Bildiri/t58d.pdf, last
accessed date: 19 June, 2008.

Ashton, K. R. (2001). The public image of psychologists: Development and validation of an
attitudes toward psychologists scale (Doctoral Dissertation, Ohio State University, 2001).
(UMI No. 3059195)

Aydmnli, E. (2007). Ilkogretim 6, 7 ve 8. sumif ogrencilerinin bilimsel siire¢ becerilerine
iliskin performanslarimin degerlendirilmesi [Evaluation of science process skill study on the
6, 7 and 8. grade students]. Unpublished master’s thesis, Gazi University, Ankara.
http://www.acikarsiv.gazi.edu.tr/dosya/emek_aydinli__tez.pdf, last accessed date: 19 June,

2008.

121



Aydogdu, B. (2006). Ilkogretim fen ve teknoloji dersinde bilimsel siire¢ becerilerini
etkileyen degiskenlerin belirlenmesi [Identification of variables effecting science process
skills in primary science and technology course]. Unpublished master’s thesis, Dokuz Eyliil

University, [zmir.

Basdag, G. (2006). 2000 yu: fen bilgisi dersi ve 2004 yuli fen ve teknoloji dersi ogretim
programlarimin bilimsel siire¢ becerileri yoniinden karsilastirilmast [The comparison of the
2004 science and technology curriculum with the 2000 science curriculum in their effects on
developing the students’ scientific process skills]. Unpublished master’s thesis, Gazi

University, Ankara.

Bagdas, E. (2007). likogretim fen egitiminde, basit malzemelerle yapilan fen aktivitelerinin
bilimsel siire¢ becerilerine, akademik basariya ve motivasyona etkisi [The effect of hands-on
science learning method in the education of science in primary school on the science process
skills, academic achievement and motivation]. Unpublished master’s thesis Celal Bayar

University, Manisa.

Berberoglu, G. (2004). Personal Communication. December 17, 2004

Berberoglu, G. (2008). Uluslararast Durum Belirleme Calismalar1 Kapsaminda Tiirkiye nin
Dikkate Almasi Gereken Sonuclar.
http://siteresources.worldbank.org/INTTURKEY/Resources/361616-
1142415001082/Giray_Berberoglu_TR.pdf, last accessed date: 27 May, 2008.

Berry, A., Gunstone, R., & Loughran, J. (2007). Using laboratory work to teach about the
practice of science. http://www.ipn.uni-kiel.de/projekte/esera/book/007-ber.pdf, last
accessed date: 11 June, 2007.

Black, K. (2003). Science in the trenches: An exploration of four pre-service teacher’s first
attempts at teaching science in the classroom. Paper presented at the Annual Meeting of the
Association for the Education of Teachers of Science (St. Louis, MO, January 30-February,
2003). (ERIC Document Reproduction Service No. ED472953)
http://eric.ed.gov/ERICDocs/data/ericdocs2sql/content_storage_01/0000019b/80/1a/c1/8a.pd
f, last accessed date: 11 June, 2007.

122



Board of Agriculture (1998). Agriculture’s role in K-12 education: Proceedings from a
forum on the national science education standards. National Academy of Sciences —
National Research Council, Washington, DC. (ERIC Document Reproduction Service No.
ED425933)
http://eric.ed.gov/ERICDocs/data/ericdocs2sql/content_storage_01/0000019b/80/17/27/02.p
df, last accessed date: 11 June, 2007.

Bybee, R. W. (2007). Science teaching and international assessments. Science Teacher,

74(8), 41-48.

Bybee, R. W., Carlson Powell, J., & Trowbridge, L. W. (2008). Teaching Secondary School
Science: Strategies for Developing Scientific Literacy (9th ed.). Colombus, Ohio: Pearson

Education, Inc., Upper Saddle Pearson Prentice Hall.

Carin, .A. A., Bass, J. E., & Contant, T. L. (2005). Methods for teaching science as inquiry
(9th ed.). New Jersey: Pearson/Merrill Prentice Hall, Upper Saddle River.

Cavalcante, P. C., Newton, L. D., & Newton, D. P. (1993). Primary science teaching-facts

or procedures? Do different teaching approaches influence children's learning?

http://www.leeds.ac.uk/educol/documents/000000056.doc, last accessed date: 27 May, 2008.

Ceylan, E., & Berberoglu, G. (2007). Ogrencilerin fen basarisim agiklayan etmenler: Bir
modelleme calismasi [Factors related with students’ science achievement: A modelling

study]. Egitim ve Bilim, 32(144), 36-48.

Chang, C-Y., & Mao, S-L. (1998, April). The effects of an inquiry-based instructional
method on earth science students’ achievement. Paper presented at the annual meeting of the
National Association for Research in Science Teaching, San Diego, CA. (ERIC Document

Reproduction Service No. ED418858)

Chin, C., & Kayalvizhi, G. (2002). Posing problems for open investigations: What questions
do pupils ask? Research in Science & Technological Education, 20(2), 269-287.

Costenson, K., & Lawson A. E. Why isn't inquiry used in more classrooms? The American

Biology Teacher, 48(3), 150-158.

123



Cankaya MEM (2007).
http://cankaya.meb.gov.tr/index.asp?frame=&part=0&page=okullar/resmi.htm, last accessed

date: 7 January, 2007.

Cavas, P. H. (2004). Ilkogretim fen bilgisi dersinde yer alan yasamimizi yonlendiren elektrik
linitesinin ogrenme dongiisiine gore islenmesi [Teaching the unit “electricity which directs
our life” in the scence lessons of primary school within the approach of learning cycle].

Unpublished master’s thesis, Ege University, izmir.

Dede, Y., & Yaman, S. (2006). Ilkbgretim ogrencilerinin fen ve teknoloji ile matematik
dersini 0grenme tercihleri [Science and mathematics learning preferences primary school
students]. International Journal of Environmental and Science Education,1(2), 172-180.

http://www.ijese.com/Dede.pdf, last accessed date: 4 June, 2008.

Demir, M. (2007). Swnif dgretmeni adaylarinin bilimsel siire¢ becerileriyle ilgili yeterliklerini
etkileyen faktorlerin belirlenmesi [The factors affecting the pre-service primary teachers’
adequacies on science process skills]. Unpublished doctoral dissertation, Gazi University,
Ankara. http://www.acikarsiv.gazi.edu.tr/dosya/metin_demir_tez.pdf, last accessed date: 19

June, 2008.

Demirbag, M., & Yagbasan, R. (2005, September). Ilkigretim égrencilerinin fen bilgisi
dersindeki bilimsel tutumlarimin belirlenmesi ve gelistirilmesine yonelik Oneriler. Paper
presented in XIV. Ulusal Egitim Bilimleri Kongresi [The 14™ National Educational Sciences

Congress], Pamukkale University, Denizli.

Demirci Giiler, M. P., & Lagin Simsek, C. (2007, April). 2005 Fen ve Teknoloji Og‘retim
Programina Yonelik Ogretmen Goriisleri. Paper presented in VI. Ulusal Simf Ogretmenligi
Egitimi Sempozyumu [The 6™ National Classroom Education Symposium], Anadolu

University, Eskisehir.

Dhindsa, H. S., & Chung, G. (2003). Attitudes and achievement of Bruneian science

students. International Journal of Science Education, 25(8), 907-922.

124



Dogru Atay, P. (2006). Relative influence of cognitive and motivational variables on genetic
concepts in traditional and learning cycle classrooms. Unpublished doctoral dissertation,

Middle East Technical University, Ankara.

Dokme, I. (2004a, September). Milli Egitim Bakanhgi (MEB) ilkogretim 4. sinif fen bilgisi
ders kitabinin temel bilimsel siire¢ becerileri yoniinden degerlendirilmesi. Paper presented in
VI. Ulusal Fen ve Matematik Egitimi Kongresi [The 6" National Science and Mathematics

Education Congress], Marmara University, Istanbul.

Dokme, 1. (2004b, September). Milli Egitim Bakanligi (MEB) ilkogretim 7. sinif fen bilgisi
ders kitabinin bilimsel siire¢ becerileri yoniinden degerlendirilmesi. Paper presented in XIII.
Ulusal Egitim Bilimleri Kurultayr [The 13" National Educational Sciences Congress], inonii

University, Malatya.

Dokme, 1., & Ozansoy, U. (2004, September). Fen dgretiminde bilimsel iletisim kurabilme
becerisi [Communicating in science education]. Paper presented in XIII. Ulusal Egitim
Bilimleri Kurultayr [The 13" National Educational Sciences Congress], inonii University,

Malatya.

Durmaz, H., & Ozyildirnim, H. (2005). ilkégretim birinci kademe 6grencilerinin fen bilgisi
ders ve fen bilimlerine iliskin tutumlarinin incelenmesi [An investigation on the elementary
school students’ attitudes toward science course and science]. Cagdas Egitim, 30(323), 25-

31.

EARGED (1995). Egitimi Arastirma ve Gelistirme Dairesinin Durum Tesbiti Faaliyetleri ve

Fen Bilgisi Durum Tesbiti Sonuglari.

EARGED (2003). PIRLS 2001 Uluslar Arasi Okuma Becerilerinde Gelisim Projesi ulusal
rapor [PIRLS Progress in International Reading Literacy Study] T. C. Milli Egitim
Bakanligi, Egitimi Arastirma ve Gelistirme Dairesi Bagkanligi [Republic of Turkey, Ministry
of National Education, Directorate of Educational Research and Development].
http://earged.meb.gov.tr/htmlsayfalar/birimlerimiz/olcmedeg/dokuman/PIRLSulusrap.rar,
last accessed date: 28 May, 2008.

125



EARGED (2005). OECD PISA-2003 arastirmasuun Tiirkiye ile ilgili sonuglart PISA 2003
projesi ulusal nihai rapor [The results of OECD PISA-2003 study related to Turkey PISA
2003 project national Final Report]. T. C. Milli Egitim Bakanligi, Egitimi Arastirma ve
Gelistirme Dairesi Baskanligi [Republic of Turkey, Ministry of National Education,
Directorate of Educational Research and Development].
http://earged.meb.gov.tr/pisa/dokuman/2003/rapor/PISA_RAPOR_2003.pdf, last accessed
date: 28 May, 2008.

Edelson, D. C., Gordin, D. N., & Pea, R. D. (1999). Addressing the challenges of inquiry-
based learning though technology and curriculum design. The Journal of the Learning

Sciences, 8(2-3), 391-450.

Etimesgut MEM. (2007). http://etimesgut.meb.gov.tr/egitim_kurumlari.html, last accessed
date: 7 January, 2007.

Field, A. (2005). Discovering statistics using SPSS (2nd ed.). London: SAGE.

Field, A. (2008). A bluffer’s guide to ... sphericity. BPS-MSC Newsletter, 6(1), 13-24.
Retrieved June 10, 2008 from http://www.statisticshell.com/sphericity.pdf

Fraenkel, J. R., & Wallen, N. E. (2005). How to Design and Evaluate Research in Education
(6th ed.). Milan: McGraw-Hill.

Gengtiirk, H. A., & Tiirkmen, L. (2007). llkogretim 4. sinif fen bilgisi dersinde sorgulama
yontemi ve etkinligi tizerine bir ¢alisma [A study of effectiveness and application of inquiry
method in a 4" grade science course). GU, Gazi Egitim Fakiiltesi Dergisi, 27(1), 277-292.
http://www.gefad.gazi.edu.tr//window/dosyapdf/2007/1/2007-1-277-292-17-
haticeahugenctcrkvelctfullahtcrkmen.pdf, last accessed date: 10 June, 2008.

George, D., & Malllery, P. (2003). SPSS for windows step by step: A simple guide and
reference 11.0 update (4th ed.). Munich: Allyn & Bacon.

Germann, P. J., Haskins, S., & Auls, S. (1996). Analysis of nine high school biology

laboratory manuals: Promoting scientific inquiry. Journal of Research in Science Teaching,

33(5), 475-499.

126



Giindem. (2007). A’dan Z’ye 8 yu. Kamuran Zeren Ankara. 24 Temmuz 1997.
http://webarsiv.hurriyet.com.tr/1997/07/24/2307 .asp, last accessed date: 7 January, 2007.

Hale, R. (2008). Two sample tests.
http://espse.educ.psu.edu/edpsych/faculty/rhale/statistics/Chapters/Chapter10/Chap10.html,
last accessed date: 10 June, 2008

Hall, D. A., & McCurdy, D. W. (1990). A comparison of a Biological Sciences Curriculum
Study (BSCS) laboratory and a traditional laboratory on student achievement at two private

liberal arts colleges. Journal of Research in Science Teaching, 27(7), 625-636.

Hargreaves, J., & Hargreaves, T. (1983). Some models of school science in British
curriculum projects, and their implications for STS teaching at the secondary school level.
Social ~ Studies of Science, 13(4), 569-604. http://links.jstor.org/sici?sici=0306-
3127%28198311%2913%3A4%3C569%3 ASMOSSI%3E2.0.CO%3B2-B, last accessed
date: 5 March, 2005.

Harrington Lindberg, D. (1990). What goes ‘round comes ‘round doing science. Childhood
Education, 67(2), 79-81.

Harris, S. (1997, September). The Third International Mathematics and Science Study
(TIMSS) summary of national results. Paper presented at the British Educational Research
Association Annual Conference, University of York.

http://www.leeds.ac.uk/educol/documents/000000464.doc, last accessed date: 27 May, 2008.

Henson, K. T. (1986). Inquiry learning: A new look. Contemporary Education. 57(4), 181-
183.

Hgjsgaard, S, & Jgrgensen, E. (2001). Repeated measurements.
http://www.cc.jyu.fi/~aphalo/YMP235/failsYMP235_8a.pdf, last accessed date: 5 March,

2005.

Izard, J. F. (1991). Assessment of learning in the classroom. Geelong, Victoria: Deakin

University Press.

127



Johnston, J. (1997). Measuring attitudes in science: What exactly are we measuring and
why? Paper presented at the annual conference of the British Educational Research
Association (BERA) Department of Primary Education, the Nottingham Trent University.
http://www.leeds.ac.uk/educol/documents/000000318.htm, last accessed date: 28 May, 2008.

Kalender, 1., & Berberoglu, G. (2008). An assessment of factors related to science

achievement of Turkish students. International Journal of Science Education, 1-16.

Karahan, Z. (2006). Fen ve teknoloji dersinde bilimsel siire¢ becerilerine dayali dégrenme
yaklasiminin ogrenme iiriinlerine etkisi [Within the science and technology lesson, the effects
of scientific process skills based learning on learning products]. Unpublished master’s

thesis, Celal Bayar University, Manisa.

Keser, O. F. (2005). Recommendations towards developing educational standards to improve
science education in Turkey. The Turkish Online Journal of Educational Technology, 4(1),

46-53. http://www.tojet.net/volumes/v4il.pdf, last accessed date: 27 May, 2008.

Kesercioglu, T., Tiirkoguz, S., & Iscier, E. (2005, September). Fen bilgisi egitiminin
ilkogretimin 8. siniflarimin egitsel ve mesleki yonlendirilmelerine olan etkisi. Paper presented
in XIV. Ulusal Egitim Bilimleri Kongresi [The 14" National Educational Sciences

Congress], Pamukkale University, Denizli.

Koksal, E. A. (2002). The assessment of the biology items in the 1998-2001 secondary
school institutions student selection and placement tests. Unpublished master’s thesis,

Middle East Technical University, Ankara.

Kubiszyn, T., & Borich, G. (2007). Educational testing and measurement: Classroom

application and practice (8th ed.). Hoboken, New Jersey: John Wiley & Sons, Inc.

Kutlu, O., & Karakaya, I. (2004, September). Orta dgretim kurumlart Ggrenci secme ve
yerlestirme sinavimin (OKOSYS) faktor yapilarina iligkin bir arastirma. Paper presented in
XIII. Ulusal Egitim Bilimleri Kurultay: [The 13" National Educational Sciences Congress],

Inonii University, Malatya.

128



Kiigtikyilmaz, E. A. (2003). Fen bilgisi dersinde dgrenme halkast yaklasuminin dgrencilerin
akademik basarilarina ve hatirlama diizeylerine etkisi [The effect of learning cycle approach
on students’ academic achievement and recall level in science classes]. Unpublished

doctoral dissertation, Anadolu University, Eskisehir.

Lawson, A. E. (1995). Science teaching and the development of thinking. Belmont,

California: Wadsworth Publishing Company.

Lawson, A. E., Rissing, S. W., and Faeth, S. H. (1990). An inquiry approach to nonmajors
biology. Journal of College Science Teaching, 19(6), 340-346.

Lee, H-S. & Butler, Songer, N. (2003). Making authentic science accessible to students.
International Journal of Science Education 25(8), 923-948.

Llewllyn, D. (2005). Teaching high school science through inquiry: A case study approach.
Thousand Oaks, California: Corwin Press & National Science Teachers Press (A Joint

Publication).

Llyod, C. V., & Contreras, N. J. (1985, December). The role of experience in learning
science vocabulary. Paper presented at the annual meeting of the National Reading

Conference, San Diego, CA. (ERIC Document Reproduction Service No. ED281189)

Marx, J. G., Honeycutt, K. A., Rahmati Clayton, S., & Moreno, N. P. (2006). The Elizabeth
Towns incident: An inquiry-based approach to learning anatomy developed through high

school-university collaboration. The American Biology Teacher, 68(3), 140-147.

Marzano, R. J., Pickering, D., & McTighe, J. (1993). Assessing student outcomes.
performance assessment using the dimensions of learning model. Alexandria, Virginia:

Association for Supervision and Curriculum Development.
Matyas, M. L. (2000). Teaching and learning by inquiry. The American Physiological

Society. http://www.the-aps.org/education/2005rts_Archive/doc/Inquiry%?20Article.doc, last
accessed date: 26 May, 2008.

129



McGaw, B. (2006). Improving the effectiveness, efficiency and equity of education. In C.
Hughes (Ed.), Secondary education at the crossroads.
http://www.springerlink.com/content/v127588633568028/fulltext.pdf, last accessed date: 28
May, 2008.

MEB (2005). Iktisadi Isbirligi ve Gelisme Teskilati (OECD) Tiirkiye temel egitim politikast
incelemesi on rapor [The Organisation for Economic Co-operation and Development
(OECD) Turkey primary education policy evaluation pre report]. T. C. Milli Egitim
Bakanlig1 [Republic of Turkey Ministry of National Education].
http://digm.meb.gov.tr/uaorgutler/OECD/OECD_onrapor_TRMart06.pdf, last accessed date:
28 May, 2008.

MEB (2008). T. C. Milli Egitim Bakanhigi, Egitimi Arastirma ve Gelistirme Dairesi
Baskanlig1 [Republic of Turkey, Ministry of National Education, Directorate of Educational
Research and Development]. http://www.designtrain-

Idv.com/activitiel/presentationofministryofnationaleducation.ppt, last accessed date: 28

May, 2008.

Mecit, O. (2006). The effect of 7e learning cycle model on the improvement of fifth grade
students’ critical thinking skills. Unpublished doctoral dissertation, Middle East Technical

University, Ankara.

Ministry of Education Malaysia. (2003). Integrated curriculum for secondary schools.
curriculum  specifications  science form 3. Curriculum Development Centre.
http://myschoolnet.ppk.kpm.my/sp_hsp/sains/kbsm/hsp_sn_f3a.pdf, last accessed date: 18
June, 2008.

Monaghan, C. (1995). Science teaching methods in relationship to student knowledge and
attitude. (Unpublished master’s thesis, the Texas Woman’s University, 1995). (UMI No.
1375859)

Montgomery, J. I. (1969). A comparison of BSCS versus traditional teaching methods by
testing student achievement and retention of biology concepts. (ERIC Document

Reproduction Service No. ED033866)

130



Moore, J. M. (2001). The effects of inquiry-based summer enrichment activities on rising
eight graders’ knowledge of science processes, attitude toward science, and perceptions of
scientists. (Unpublished doctoral dissertation, University of Mississippi, Oxford, 2001).
(UMI No. 3011938)

Morrison, J. A., & Estes, J. C. (2007). Using scientists and real-world scenarios in
professional development for middle school science teachers. Journal of Science Teacher

Education, 18(2), 165-184.

Myers, B. E. (2004). Effects of investigative laboratory integration on student content
knowledge and science process skill achievement across learning styles. Dissertation

Abstracts International, 65(06), 2061A. (UMI No. 3128779)

Myers, B. E., Washburn, S. G., & Dyer, J. E. (2004). Assessing agriculture teachers’
capacity for teaching science integrated process skills. Journal of Southern Agricultural
Education Research 54(1), 74-85. http://pubs.aged.tamu.edu/jsaer/pdf/Vol54/54-01-074.pdf,
last accessed date: 19 June, 2008.

Narode, R., Heiman, M., Lochead, J., & Slomianko, J. (1987). Teaching thinking skills:
science. (ERIC Document Reproduction Service No. ED320755)

National Research Council (2000). Inquiry and national science education standards: A
guide for teaching and learning. Centre for Science, Mathematics, and Engineering

Education, National Research Council. Washington, D.C.: National Academy Press.

Nitko, A. J., & Brookhart, S. M. (2007). Educational assessment of students (5th ed.). Upper
Saddle River, New Jersey: Pearson/Merrill Prentice Hall.

Osborne, J., Simon, S., and Collins, S. (2003). Attitudes towards science: a review of the
literature and its implications. International Journal of Science Education, 25(9), 1049 —

1079. http://dx.doi.org/10.1080/0950069032000032199, last accessed date: 5 January, 2008.

Shepardson, D. P. (2002). Bugs, butterflies, and spiders: children's understandings about
insects. International Journal of  Science Education, 24(6), 627-643.
http://dx.doi.org/10.1080/09500690110074765, last accessed date: 5 January, 2008.

131



Shan, G. B. (2008). Assignment expectations.
http://people.uleth.ca/~g.shan/Format%200f%20Lab%20Reports.htm, last accessed date: 5
May, 2008.

Solano-Flores, G., & Shavelson, R. J. (1997). Development of performance assessments in
science: conceptual, practical, and logistical issues. Educational Measurement: Issues and

Practice, Fall 1997, 16-25.

Staver, J. R. (1986, September). The constructivist epistemology of Jean Piaget: Its
philosophical roots and relevance to science teaching and learning. Paper presented at the
United States-Japan Seminar on Science Education, Honolulu, HI. (ERIC Document

Reproduction Service No. ED278563)

Staver, J. R., & Bay, M. (1986). Analysis of the project synthesis goal cluster orientation and
inquiry emphasis of elementary science textbooks. Journal of Research in Science Teaching,

24(7), 629 — 643.

Stevens, J. (2002). Applied multivariate statistics for the social sciences (4th ed.). London:

Lawrence Erlbaum Associates, Inc.

Tatar, N. (2006). Ilkogretim fen egitiminde arastrmaya dayali ogrenme yaklasiminin
bilimsel siire¢ becerilerine, akademik basariya ve tutuma etkisi [The effect of inquiry-based
learning approaches in the education of science in primary school on the science process
skills, academic achievement and attitude]. Unpublished doctoral dissertation, Gazi

University, Ankara.

Tezbasaran, A., & Kelecioglu, H. (2004, September). Madde-olgek korelasyonlarina, alt-iist
grup ortalamalarina ve asamali tepki modeline gore gelistirilen sigaraya iliskin tutum
olceginin madde ve olgek ozelliklerinin incelenmesi. Paper presented in XIII. Ulusal Egitim
Bilimleri Kurultayr [The 13™ National Educational Sciences Congress], inonii University,

Malatya.
TIMSS (1999a). TIMSS IEA’s Third International Mathematics and Science Study TIMSS

science items: Released set for population 1 (third and fourth grades).

http://timss.bc.edu/timss19951/TIMSSPDF/ASitems.pdf, last accessed date: 28 May, 2008.

132



TIMSS (1999b). TIMSS 1999 science items released set for eighth grade.
http://timss.bc.edu/timss1999i/pdf/t99science_items.pdf, last accessed date: 28 May, 2008.

TTKB (2005). [lkigretim fen ve teknoloji dersi 6gretim programi ve kilavuzu: 6-7-8. sumiflar
taslak basim. T.C. Milli Egitim Bakanligi Talim ve Terbiye Kurulu Bagkanligi. Ankara: Ders
Kitaplar1 Miidiirliigii.

Turgut, M. F., Baker, D., Cunningham, R., & Piburn, M. (1997). flkogretim fen ogretimi.
Ogretmen Egitimi Dizisi. Ankara: YOK/Diinya Bankas1 Milli Egitimi Gelistirme Projesi

Hizmet Oncesi Ogretmen Egitimi.

Turpin, T. J. (2000). A study of the effects of and integrated, activity-based science
curriculum on student achievement, science process skills, and science attitudes.
(Unpublished doctoral dissertation, University of Louisiana at Monroe, 2000). (UMI No.
9993727)

Tiirkiye Iktisat Kongresi (2004). Egitim ve insangiicii ¢alisma grubu raporlar: Calisma
grubu raporlari-1V. http://ekutup.dpt.gov.tr/ekonomi/tik2004/cilt14.pdf, last accessed date:
28 May, 2008.

Unal, G., & Ergin, O. (2006). Bulus yoluyla fen ogretiminin ogrencilerin akademik
basarilarina, O6grenme yaklagimlarina ve tutumlarina etkisi. Tiirk Fen Egitimi Dergisi
[Journal of Turkish Science Education], 3(1), 36-52.
http://www.tused.org/internet/tufed/arsiv/v3/il/metin/tufedv3ils3.pdf, last accessed date: 19
July, 2008.

Weinburgh, M. H. (2000). Gender, ethnicity, and grade level as predictors of middle school
students’ attitudes toward science. (ERIC Document Reproduction Service No. ED442662)

Wilder, M., & Shuttleworth, P. (2005). Cell inquiry: A SE learning cycle lesson. Science
Activities, 41(4), 37-43.

133



APPENDIX A

SCIENCE PROCESS SKILLS FOR GRADES 6-8

Table A.1 Science process skills for grades 6-8

Beceriler Beceriye Yonelik Kazanim

Gozlem Nesneleri (cisim, varlik) ve olaylart duyu organlarini veya gozlem arag gereglerini kullanarak
gozlemler.
Bir cismin sekil, renk, biiyiikliik ve yiizey ozellikleri gibi duyusal 6zelliklerini belirler.
Gozlem icin uygun ve gerekli arag,gereci segip bunlar beceriyle kullanir.

Karsilagtirma- Nesneleri siniflandirmada kullanilacak nitel ve nicel 6zellikleri belirler.

Siiflama Nesneler veya olaylar arasindaki belirgin benzerlikleri ve farkliliklar1 saptar.

Gozlemlere dayanarak bir veya birden fazla 6zellige gore karsilastirmalar yapar.
Benzerlik ve farkliliklara gore grup ve alt-gruplara ayirma seklinde siniflamalar yapar.

Cikarim Yapma

Olmus olaylarin sebepleri hakkinda gozlemlere dayanarak aciklamalar yapar.

Tahmin Gozlem, ¢ikarim veya deneylere dayanarak gelecege yonelik olast sonuglar hakkinda fikir 6ne
sirer.

Kestirme Olay ve nesnelere yonelik kiitle, uzunluk, zaman, sicaklik ve adet gibi nicelikler i¢in uygun
birimleri de belirterek yaklagik degerler hakkinda fikirler one siirer.

Degiskenleri Verilen bir olay veya iliskide en belirgin bir veya birka¢ degiskeni belirler.

Belirleme Verilen bir olaydaki bagimli degiskeni belirler.

Verilen bir olaydaki bagimsiz degiskeni belirler.
Verilen bir olaydaki kontrol edilen degiskenleri belirler.

Hipotez Kurma

Verilen bir olaydaki bagimsiz degiskenin bagimli degisken iizerindeki etkisini denenebilir bir
onerme seklinde ifade eder.

Deney Tasarlama

Kurdugu hipotezi stnamaya yonelik bir deney onerir.

Deney
Malzemelerini, Arag
ve Gereglerini
Tanima ve Kullanma

Basit aragtirmalarda gerekli malzeme, ara¢ ve gerecleri segerek emniyetli ve etkin bir sekilde
kullanir.

Deney Diizenegi
Kurma

Verilen malzemeleri kullanarak kurdugu hipotezi sinamaya yonelik tasarladigi deneyi
gergeklegtirecegi bir diizenek kurar.

Degiskenleri Kontrol
Etme ve Degistirme

Hipotezle ilgili olan degiskenlerin disindaki degiskenleri sabit tutar.
Bagimsiz degiskeni degistirerek bagimli degisken iizerindeki etkisini belirler.

Islevsel Tanimlama

Degiskenlerin birden fazla anlama gelebilecegi, sinirlart tam ¢izilmemis durumlarda arastirmanin
amacina (hipotez) uygun degiskenleri kesin olarak ve dl¢gme kriteri ile birlikte tanimlar.

Olgme Cetvel, termometre, tart: aleti ve zaman Slger gibi 6lgme araglarini tanir.

Biiyiikliikleri,uygun 6l¢gme araglan kullanarak belirler.

Biiyiikliikleri, birimleri ile ifade eder.
Bilgi ve Veri Degisik kaynaklardan yararlanarak bilgi (cevrede, sinifta gézlem ve deney yaparak, fotograf,
Toplama kitap, harita veya bilgi ve iletisim teknolojilerini kullanarak) toplar.

Kurdugu hipotezi sinamaya yonelik nitel veya nicel veriler toplar.

Verileri Kaydetme

Gozlem ve 6l¢iim sonucunda elde edilen arastirmanin amacina uygun verileri yazil ifade, resim,
tablo ve ¢izim gibi cesitli yontemlerle kaydeder.

Veri Isleme ve
Model Olusturma

Deney ve gozlemlerden elde edilen verileri derleyip isleyerek gozlem sikligi dagilimi, gubuk
grafik, tablo ve fiziksel modeller gibi farkli formlarda gosterir.
Grafik ¢izmeyle ilgili kurallari uygular.

Yorumlama ve Sonug
Cikarma

Islenen verileri ve olusturulan modeli yorumlar.
Elde edilen bulgulardan desen ve iliskilere ulasir.

Sunma

Gozlem ve arastirmalari ve elde ettikleri sonuglar sozlii, yazili ve/veya gorsel malzeme
kullanarak uygun sekillerde sunar ve paylasir.

Note: From Tablo-2.2 6, 7 ve 8. Simif Diizeyleri icin “Bilimsel Siire¢ Beceri” Kazanimlari (TTKB, 2005).
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APPENDIX B

THE SCIENCE PROCESS SKILLS TEST FORMS AND ATTITUDES TOWARD
SCIENCE AND TECHNOLOGY COURSE QUESTIONNAIRE DEVELOPED FROM
THE PILOT STUDY

B.1 The Science Process Skills Tests Developed From the Pilot Study

B.1.1 The Science Process Skills Test Forms Developed From the Pilot Study

B.1.1.1 First Science Process Skills Test Form

1. Yandaki mum resmine bakiniz. Hangi a¢iklama dogrudan goz ile yapilan bir gézlemdir?
A) Mum, balmumundan yapilmistir. B) Mum agirdir.  C) Mum yaniyor. D) Alev sicaktir.

2. Yanda resmedilen kuglar ayn1 bolgede yagamaktadir. Kuglardan birinin ana
besin kaynagi uzun boru sekilli ¢igeklerdeki nektardir. Diger kus kemiricilerle
beslenir. Uciincii kus ise agaglarin kabuklarini, igerdeki bocekleri yakalamak
icin gagalar. Bu bilgiye dayanarak resimdeki kuslart ve besinlerini
eslestiriniz.

3. Gosterilen ii¢ miknatisin her biri altindaki maddenin i¢ine batiriliyor.
Hangi madde kahve olabilir?

£ L ;
Madde A Madde B Madde C

Bilinmeyen Sivilarin Yogunluklart

siv1 yag (yogunluk 0.85 mL)
Swvilar Yogunluk (g/mL)

-
ol

su (yogunluk 1.00 g/mL) A Omegi 102
B Ornegi  0.96
musir surubu (yogunluk 1.02 g/mL) COmegi 115

D Omegi  0.82

Yogunluk Siitunu
Fen Bilgisi dersinde 6grenciler 4 sivi 6rneginin yogunlugunu 6lgiip kayit ettiler. Yukaridaki yogunluk siitununu ve verileri
kullanarak hangi sivi 6rneginin siv1 yag uistiinde yiizecegini tahmin ediniz.

5. Yetiskin bir insanin ayak uzunlugu 20 ___ ‘ye yakindir. Bosluga asagidakilerden hangisi gelmelidir?
A) milimetre B) santimetre C) metre D) dekametre
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6. Can ve Emel sofra tuzunun bitki gelismesine etkisini bir deneyle aragtirmaktadir. Deneylerinde her giin ayn1 miktar tuzlu su
ile bitkileri sularlar. Can ve Emel deneylerini gelistirmek i¢in asagidaki yollardan hangisini izlemelidir?

A) Suya eklenen tuz miktarini her giin artirarak.

B) Bitkilerin yarisini saf su, yarisini tuzlu su ile sulayarak.

C) Tuzun ne kadar hizl bitkilere gegecegini gormek i¢in gida boyas: ekleyerek.

D) Bitkileri sulamadan once tuzlu suyu sogutarak.

7. Yandaki resimler Draceana bitkisiyle yapilan bir deney diizenegini
gostermektedir.

Deneyin test ettigi hipotez asagidakilerden hangisidir?
A) Sicaklik artarsa bitki daha fazla biiyiir.
B) Isik parlaksa bitki daha fazla biiyiir.

C) Saks1 genisse bitki daha fazla yaprak olusturur.
D) Bitkilerin hepsi yesil yapraklara sahiptir.
s

i’arlak 1s1kta A bitki;i Los 1s1kta B bitkisi

8. Bilinen Laboratuar Malzemeleri

A. Bityiite: i ~
e Bl C. Eldiven D. Miknatis
R |
\ - K N RRSN RN RN SRR R Y |
=/ \‘_)J: (o \ ,‘?
/
E. Gozliik H. Damlalhik
F. Cetvel
J. Termometre K. Kronometre M. Terazi
. N P. Prizma
N. Biiret 0. Anemometre R. Steteskop
l 7
iy ‘m
s A
S. Erlen _ < ] ) Z. Fotograf makinesi
T. Ispirto ocag1 ve sacayak . Fotograt makinesi

U. Teleskop
a. Guivenlik amaciyla kullanilan laboratuar malzemeleri hangileridir?
b. Beyaz 15181 renklerine ayirmakta kullanilan laboratuar malzemeleri hangileridir?

9. Ahmet Bey menekse yetistirmektedir. Bu menekselerin altis1 kirmizi, altisi beyaz ¢igek agmaktadir.

Bir arkadagi ona sabah giinesi aldiklarinda menekselerin daha fazla ¢igek actiklarini sdyler. Ahmet Bey sonra su hipotezi kurar:
“‘Menekseler aksam giinesinden ziyade sabah giinesi aldiginda daha fazla ¢icek agar.”” Ahmet Bey hipotezini sinamak igin
asagidakilerden hangisini yapmalidir?

A) Menekselerin hepsini sabah giinesi alan bir yere koyar. Bir ay boyunca her bir meneksenin olusturdugu ¢icekleri sayar.

B) Uc beyaz menekseyi sabah giinesi alan bir yere, iic beyaz menekseyi ise aksam giinesi alan bir yere koyar. Kirmizi
menekselere bir sey yapmaz. Dort hafta boyunca her bir beyaz meneksenin olusturdugu ¢icek sayisini hesaplar.

C) Menekselerin hepsini dort hafta boyunca sabah giinesi alan bir yere koyar. Bu zaman siiresince olusan ¢iceklerin sayisini
hesaplar. Sonra tiim bitkilerini dort hafta boyunca aksam giinesi alan bir yere koyar. Bu zaman siiresince olusan ¢igeklerin
sayisint hesaplar.

D) Ug kirmiz1 ve ii¢ beyaz menekseyi sabah giinesi alan bir yere, ii¢ kirmiz1 ve iic beyaz menekseyi ise aksam giinesi alan bir
yere koyar. Dort hafta boyunca her bir bitki tarafindan olusturulan ¢igeklerin sayisini hesaplar.
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10. Bir 6grenci egik diizlemde sabit hizla cekilen bir cisme
uygulanan kuvvet ile egim agist arasindaki iliskiyi gostermek
istiyor. Bunun icin 6grenci yukaridaki deney diizeneklerini
kuruyor, ancak amacina ulagamiyor. Bu amaca ulagabilmek i¢in
diizeneklerde hangi degisiklikleri yapip deneyi nasil
gergeklestirmelidir, neden?

11. ki ayr1 fabrika basketbol topu iiretmektedir. Her iki fabrika da en yiiksege sigrayan topu kendisinin iirettigini avunmaktadir.
Hangi fabrikanin iirettigi basketbol topunun en yiiksege sigradigina karar vermede kullanilacak en bilimsel kanit sagidakilerden
hangisidir?
A) 12 Dev Adam’dan Tbrahim Kutluay toplar1 yukartya firlatirken her bir topun ne kadar yiiksege giktiginin lciilmesi.
B) Bir makine toplart ayni kuvvetle yukariya firlatirken her bir topun ne kadar yiiksege ¢iktiginin 6lgiilmesi.
C) Fabrikalarin kendi toplarmin ne kadar yiiksege ¢iktigini belirlemek icin yapmig oldugu deneyin sonuglarinin okunmasi.
D) 12 Dev Adam’a toplarin ne kadar yiiksege ¢iktiginin sorulmast.
Ogrencilerin Bir Futbol Topunu Atabildikleri Uzakhk
12. Fen Bilgisi dersinde Deniz, arkadaglarinin bir futbol topunu
ne kadar uzaga atabildiklerini belirlemek igin bir deney Ogrenci Atilan Uzaklik

yapmistir. Deniz, deneyinde elde ettigi Olgme sonuglarini 1 15
asagidaki tabloda gostermistir. Hangi Ogrenciye ait Ol¢iim 2 75
olagan digidir? Neden? 3 10
4 16
5 8

13. Yeni bulunan bir ilag, kan pihtilarini eritmektedir. Fakat ila¢ ¢ok fazla kullanildiginda, asirt kanamaya neden olmaktadir.
Alinmasi gereken en uygun ila¢ miktarini belirlemek icin asagidaki yontemlerden hangisini kullanirsiniz?

A) Ilac1 farkhi zamanlarda vererek, zamanlamanin kanamaya etkisini belirlemek.

B) Deneklerin ilagla birlikte ¢ok ¢esitli yiyecekler yemelerini saglamak.

C) Tlac1 farkli yaslardaki insanlarda uygulamak.

D) Herseyi sabit tutarken sadece ilacin miktarini degistirmek.

14. Tahullarin kilo almaya etkisini bulmak i¢in farelerle bir deney yapilmistir. Deneyde musir ile beslenen bir farenin 20 g, piring
ile beslenen bir farenin 15 g, bugday ile beslenen bir farenin 18 g ve misir-piring-bugday karisimi ile beslenen bir farenin de 22
g kilo aldig1 goriilmiistiir. Baslangigta musir ile beslenen fare 95 g, piring ile beslenen fare 98 g, bugday ile beslenen fare 92 g,
musir-piring-bugday karisim ile beslenen fare de 90 g idi. Bu verileri kullanarak bir tablo ¢iziniz.

15. Amonyak gazinin sudaki ¢oziiniirligii sicaklik arttikca azalir. Bu bilgiye gore, amonyak gazinin sicaklik-¢oziintirliik
grafigini ¢iziniz.

16. Giines sistemindeki bazi gezegenlerin yer cekimi ile Gezegen  Yer Cekimi  Sicrama Yiiksekligi

sigrama yiiksekligi degerleri yandaki tabloda verilmistir: Merkiir 0.38 250
Veniis 0.90 184
Diinya 1.00 100
Satiirn 1.15 87
Jiipiter 240 43

Bu degerlere gore yer ¢ekimi ile sicrama yiiksekligi arasinda

yandaki grafikte gosterilen bir iligki vardir: e 300
Yer c¢ekimi ile sicrama yiiksekligi iliskisi hakkinda ne 3
sOyleyebilirsiniz? 2D 00
E
=
2 10
<
£
< i
o . | . i . |
« o 1 2

3
Yer Cekimi
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B.1.1.2 Second Science Process Skills Test Form

1. Bu fotograftan hangisi gozlemlenebilir?
A) Ay kiire seklindedir.

B) Ay ekseni etrafinda doner.

C) Ay kat1 bir kayadur.

D) Ay’da ¢ok az hava vardir.

B C 2. Bitki tohumlan anne bitkiden ayrilip ¢ogalmay saglamak igin
farkli sekillerde olurlar. Bazi tohumlar anne bitkinin yakininda
gezinen hayvanlarin kiirkiine yapisirken, bazilar riizgarla uzaklara
tagmir. Yandaki tohumlardan hangileri hayvanlarla, hangileri
riizgarla taginir?

Hayvanlarla Tasinan Tohumlar:

Riizgirla Tasman Tohumlar:

3. Yazin bir deney yapmak isteyen 6grencilerin sinayacaklari en iyi hipotez asagidakilerden hangisidir?
A) Hangi etkenler y1l boyunca bitki bityiimesini etkiler? C) Neden bitkiler yazin daha ¢ok biiyiir?
B) Farkli miktarlarda suyun bitki biiytimesine etkisi nedir? D) Miknatislar nasil ¢aligir?

4. Bir ciftci yetistirdigi cilek bitkisinin yesil renkte meyveler olusturdugunu gozlemler. Asagidakilerden hangisi ¢ift¢inin
cilekleriyle ilgili yapacagi bir tahmindir?
A) Yesil renkli ¢ilekler kirmizi renkli ¢gileklere doniiseceklerdir. C) Yesil ¢ilekler yeni bir ¢ilek turtidiir.

B) Cilek bitkisinin mese agacinin altinda gelismektedir. D) Cilek bitkisine yeterince sulanmamaktadir.
5. Yandaki tabloya gore, hangi gezegen en yiiksek sicakliga sahip olur? Gezegen Giinesten Ortalama Uzaklik

(kilometre)

Diinya 150 milyon

Jiibiter 778 milyon

Mars 228 milyon

Merkiir 58 milyon

Veniis 108 milyon

6. Giil, fasulye tohumlarinin ¢imlenmesiyle olusan filizlerin uzunlugunu neyin etkiledigini bulmak ister. On benzer deney
tiipiiniin her birine nemli bir kg1t mendile sarili fasulye tohumu yerlestirir. Deney tiiplerinin besini bir tiipliige dizerek giinesli
bir pencereye yerlestirir. Geri kalan bes deney tiipiinii de baska bir tiipliige dizerek karanlik bir buzdolabina yerlestirir. Bir hafta
sonra her bir gruptaki fasulye filizlerinin uzunlugunu 6lger. Bu deneyde asagidaki degiskenlerden hangisi fasulye filizlerinin
uzunlugunu etkiler?

A) Sicaklik ve nem. B) Nem ve deney tiipiiniin uzunlugu. C) Isik ve sicaklik. D) Isik ve zaman

7. 50 metrelik bir yarig1 kosmadan 6nce ve kostuktan sonra, nabziniz ve nefes alip verme oranlarimz olgiilityor. Nabiz ve nefes
alip verme oranlarinda hangi degisikliklerin olmasin1 beklersiniz?
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8. Bilinen Laboratuar Malzemeleri

A. Biiyiite i -
yiles B.Pil C. Eldiven D. Miknatis
N RRSN RN RN SRR R Y f;
EX J /
"7
E. Gozliik H. Damlalik
F. Cetvel
J. Termometre K. Kronometre L. Dereceli silindir M. Terazi
r_,-"‘“}‘.:;,
.’"{.’ f*
7
94
P. Prizma

O. Anemometre R. Steteskop

E i
% A\ &Eﬁ
] ) Z. Fotograf makinesi

T. Ispirto ocag1 ve sacayak U. Teleskop

a. Bir tagin kiitlesini 6lgmede kullanilan laboratuar malzemeleri hangileridir? (flgili kutulardaki harfleri yaziniz)
b. 250 mL’lik suyu tam olarak 6l¢mekte kullanilan laboratuar malzemeleri hangileridir?

S. Erlen

9. soruyu cevaplamak icin asagidaki metni ve resmi kullanimz.
Su farkli tiirdeki topraklardan ne kadar siiratte geger? Bir 6grenci bu soruya cevap bulmak i¢in bir deney diizenegi hazirladi.
Ogrencinin deneyinde kullandig1 arag-gerecler asagida goriilmektedir:

Su kap  kronometre  kalem filtre kagidi

A topragi B topragi C topragi

It

Ogrencinin deney diizenegi kurmada izledigi basamaklar sunlardir:

1. Bir kalemin ucun kullanarak kagit bardagin tabaninda bir delik ac.

2. Filtre kagidindan daire seklinde bir parca keserek, bu parcayla bardagin icindeki deligi kapat.

3. Bardag1 A toprag ile doldur.

4. Deligi parmaginla kapatirken, bardaga 20 mililitre su ekle.

5. Tkinci bir bardag birincisinin altina dogru tut. Parmagini gevset. Suyun ne kadar siirede bogaldigini 6lg.
6. iki bardag1 da bosalt. B ve C topraklari icin 2.-5. basamaklar1 tekrarla.

9. Bu deneyde filtre kagidinin kullanilma amact nedir?

A) Topragi bardagn i¢inde tutarken suyun siiziilmesine imkan vermek. D) Suyu bardakta tutmak.
B) Topragin igindeki hava bosluklarini temsil etmek.  C) Ogrencilerin bardagin icini gérmelerini saglamak.
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10. Bir 6grenci kullanilan giibre miktarinin bitkilerin biiyiimesine olan etkisini incelemek
istemektedir. Bu dgrenci ayni ortamda bulunan I. saksiya diizenli olarak bir miktar giibre
koyarken agagidakilerden hangisini yaparsa arastirdigi soruya cevap verebilir?

A) II. sakstya hi¢ giibre koymadan, her iki saksiy1 ayni lgiide sulayarak.

B) II. sakstya I. saks1 ile ayn1 miktarda giibre koyarak her iki saksiy1 ayni ol¢iide sulayarak.
C) II. sakstya I. saksidakinin yaris1 kadar giibre koyarak her iki saksiy1 ayni1 ol¢iide sulayarak.
D) II. saksiya I. saksinin iki kati kadar su ve giibre koyarak.

11. K, M, N ve O tiirleri birbiriyle beslenmeyen tiirlerdir.

Y tiirii, bu tiirlerle dort ayn ortamda bir araya
kondugunda, sayisindaki artis ve azalig tablodaki gibi

gozleniyor. Buna gore hangi tiir canlinin Y tiirii canli ile

beslendigi soylenebilir?

12. Yandaki sekiller Abdullah’in farkli biiyiikliikte tekerlekleri
olan  arabalarla  yaptigi  denemeleri  gdstermektedir.
Denemelerinde arabalarmi farkli yiiksekliklerdeki rampalardan
asagiya birakan Abdullah’in arabalara ekledigi tahta bloklarin
kiitlesi birbirlerine esittir. Abdullah “Araba ne kadar agirsa,
rampanin asagisindaki hizt o kadar fazladir” hipotezini test
etmek istemektedir. ~Abdullah hangi ¢ denemeyi
karsilagtirmalidir? Neden?

0O 1 2 3 4 5

CM

14. Bir belediye sehirdeki hava kirliligini kars1 onlem almaya gerek olup olmadigint belirlemek icin hava ol¢iimleri apmaktadir.

Y thrd Y tlrG canhlarla ayni ortamda bulunan
canli sayis! canlilar
Artiyor K, M, N
Azaliyor M, N,O
Azaliyor O, K
Artiyor N, M
G o R
[ T u
W X

Asagidakilerden hangisi hava kirliligini 6l¢mek icin en uygun zamandir?

A) Giinde bir defa, trafigin yogun oldugu is gidisi veya ¢ikisinda.
C) Havanin en az kirli oldugu geceleri.

13. Yanda goriilen iribas sathasindaki kurbaganin boyu ne kadardir?

B) Yilda bir defa trafigin az oldugu bir giinde.
D) Giinde birkag defa, her tiirlii hava kosulunda.

15. Bir maddenin 1 cm? iiniin kiitlesine yogunluk denir. Madde Maddenin kiitlesi Maddenin hacmi
Buna gore tabloda gosterilen maddelerin hangisinin T 11.0 gram 24 santimetrekiip
yogunlugu en yiiksektir? \ 11.0 gram 12 santimetrekiip
Y 5.5 gram 4 santimetrekiip
Z 5.5 gram 11 santimetrekiip
Odadaki Nem
16. Yandaki grafik bir sabah bir sinifta kaydedilen nemliligi gostermektedir. 50
Grafikte gosterilen sabah, saat 6:00 ile 12:00 arasinda nemlilik ka¢ kez tam i ’
olarak yiizde 20 idi? g 0
§ /
T 20 | 4
- 10 / :
# |
6 7 8 9 10 11 I288kyin
Zaman (sabah) saat
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B.1.1.3 Third Science Process Skills Test Form

1. Asagidakilerden hangisi bir gézlem olmay1p, sonugtur?
A) Resimdeki ay1 soguk iklimde yasar. PR
B) Resimdeki ayinin disleri bityiiktiir. C R
C) Resimdeki ayinin pengeleri siyahtir. s o |
D) Resimdeki aymin kulaklart ve gozleri kiigiiktiir. \/ ﬁj‘}
P -

2. Asagidakilerden hangisinin kiitlesi bir raptiyenin kiitlesine yakindir?

A@ B% c@ D@
)

3. Bir 6grenci asagidaki agzi agik kaplarin her birine 100 ml su koyuyor ve bu kaplari 1 giin giineste birakiyor. Buharlagma
nedeniyle en ¢ok su kayb1 hangi kapta olur?

B) C)

4. Ridvan ve Sabahat, 6zdes pil ve 6zdes ampul kullanarak birer el feneri yapiyorlar. Yapilan el feneri asagidaki sekilde

goriilmektedir.

Sonra el fenerine agagidaki sekillerde gosterildigi gibi karton reflektor ekliyorlar. Ridvan’in reflektorii beyaz kartondan,
Sebahat’inki ise siyah kartondandir.

siyah reflektor
4

Ridvan ve Sebahat sonra el fenerlerini agtyorlar.

a) Hangi el feneri iki metre uzakliktaki duvar tizerine daha fazla 1g1k diisiiriir?

Ridvan’inki (beyaz reﬂektbrlii)l:l Sebahat’inki (siyah reflektorlii) I:I

5. Bir agacin enine kesitinde goriilen biri acik biri koyu renk olan iki halka o agacin
bir yillik bilyiimesine karsilik gelmektedir. Resimde goriilen agacin kag biiyiime
halkas1 vardir?

b) Cevabiniz1 yaziniz.
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6.- 9. sorular su durumla ilgilidir:
Beyaz siganlarla bir laboratuar aragtirmasi yapilmaktadir. Arastirmayr yapan bilim insani, anne si¢anlarin aldigt A Vitamini
miktarinin dogan yavru sayisini etkileyip etkilemedigini bilmek istemektedir. Bilim insani, aragtirmasinda aymi tiir sicanlart
kullanir. Her sicana ayn1 miktar besin verir ve giinliik egzersiz uygular. Tiim kafeslerdeki sicakligi da ayni tutar.
6. Bilim insan1, arastirmasinda asagidaki degiskenlerden hangisini kontrol etmektedir?
A) A vitamini miktari, besin miktar1 ve egzersiz miktari B) Besin miktari, egzersiz miktar1 ve sicaklik
C) Sigan tiirii, A vitamini miktar1 ve sicaklik D) Egzersiz miktari, sigan tiirii ve A vitamini miktart
7. Bilim insaninin arastirmasinda sinadig: hipotez asagidakilerden hangisidir?
A) Kafesteki sicaklik arttikca, anne siganin dogurdu@u yavru sayisi artar.
B) Anne sigan ne kadar ¢ok A vitamini alirsa, o kadar ¢cok yavruya sahip olur.
C) Anne sicanlar ne kadar fazla egzersiz yaparsa, o kadar ¢cok yavruya sahip olur.
D) Anne siganlar giinliik ne kadar ¢ok besin alirsa, o kadar ¢ok yavruya sahip olur.
8. Bilim insaninin arastirmasindaki bagimsiz degisken asagidakilerden hangisidir?

A) Her bir sigana verilen besin miktari. B) A vitamini miktar1 C) Anne siganlar1 sayisi D) Dogan yavru sayis1.
9. Bu caligmadaki bagimli degisken asagidakilerden hangisidir?
A) Her bir sigana verilen besin miktar1 B) A vitamini miktar1 C) Anne siganlarin sayist D) Dogan yavru sayist

10. Asagidakilerden hangisi tuzlu suyun tatli sudan daha hizli kaynadigini bulmak i¢in en iyi yoldur?
tuzlu su B) tatl su tuzlu su

e

A)  tathsu

151 kaynagi 151 kaynagi

C) tatli su tuzlu su D) tath su

———

151 kaynagi

. C. Eldiven D. Miknatis
N RRSN RN RN SRR R Y Q
o J /
!
E. Gozliik H. Damlalik
F. Cetvel
J. Termometre K. Kronometre

P. Prizma

N. Biiret 0. Anemometre R. Steteskop
i % .
e
[ - =
\ m__{i_ﬂ [
S. Erlen T. Ispirto ocag1 ve sacayak i . Z. Fotograf makinesi

U. Teleskop
Sicaklik 6l¢gmede kullanilan laboratuar malzemeleri hangileridir? (Ilgili kutulardaki harfleri yaziniz)
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12. Ogrenci deneyinde bitkilerini esit oranda su ile sulamakta ve ayni oranda giines 15181 almalarim saglamaktadir. Ayrica
bitkilere her hafta bir fincan dolusu siv1 giibre vermektedir. Ogrenci, her bir bitkiye verdigi giibreyi dogru olarak 6l¢mek igin,
giibrenin hacmini hangi birimle ifade etmelidir?

A) Santimetrekiip B) Mililitre C) Metre kiip D) Kilolitre
13. A agirhigim dengelemek icin B agirliginin ne kadar olmasi gereklidir?
A) 20 kilogram
B) 2000 miligram
C) 0.2 kilogram
D) 20 gram

A B

14. Fisun Fen Bilgisi dersinde yaptigi deneyde iki elini birbirine siirtmek Deneme Sicaklik (°C)
suretiyle elini 1sitt1. Sonra elinin sicakligini 6lgtii. Fiisun bu deneyi dort defa 1 41
tekrarladi.  Yandaki tablo, Fiisun’'un yaptigt deneyin sonuglarim 2 40
gostermektedir. Tablodaki verilere gére denemelerin hangisi normal degildir? 3 31
Neden? 4 42

15. Birkag 6grenci, mahallelerinde bulunan kus tiirlerini ve her bir tiirdeki kus sayisin1 hesapladi. Ogrencilerin ¢alismalarda
topladiklari bu verileri gosterecekleri en uygun grafik sekli sizce nasildir?

16. Asagidaki tabloda verilen bilgilerle asagidaki sonuglardan hangisine ulasilamaz?
A) Gebelik siiresi bityiik viicutlu canlilarda daha uzundur. B) Cogalma miktart kiiciik viicutlu canlilarda daha fazladir.

C) Ureme s1klig1 cevre kosullari ile iligkilidir. D) Bir dogumdaki yavru sayisi en biiyiik viicutlu canlida en azdir.
Canlr tiirii Ureme siklig1 (y1lda) Bir dogumdaki yavru sayis1 (en fazla) Yaklasik gebelik siiresi (giin)
Ev faresi 7-8 13 21
Tavsan 6-7 6 42
Kopek 2 10 60
Fil 2 yilda bir 1 660
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B.1.2 Science Process Skills Test Key

B.1.2.1 First Science Process Skills Test Key

1.C

2. Coding Guide

Code

Response

Correct Response

20

Sinek Kusu: Uzun boru sekilli ¢iceklerdeki nektar
Atmaca: Kemiriciler
Agackakan: Agaclarin kabuklarinin icindeki bocekler

Partial Response

10

Sinek Kusu: Uzun boru sekilli giceklerdeki nektar

11

Atmaca: Kemiriciler

12

Agackakan: Agaglarin kabuklarinin i¢indeki bocekler

Incorrect Response

70

Sinek Kusu: Kemiriciler, Atmaca: Agaglarin kabuklarinin i¢indeki bocekler, Agackakan: Uzun boru

sekilli giceklerdeki nektar.

Sinek Kusu: Agaglarin kabuklarinin i¢indeki bocekler, Atmaca: Uzun boru sekilli ¢igeklerdeki nektar

Agackakan: Kemiriciler

No Response

99

BLANK

Nownkw
WwwonN

8. a. Coding Guide

Code

Response

Correct Response

20

C. Eldiven ve E. Gozliik

Partial Response

10

C. Eldiven

11

E. Gozliik

Incorrect Response

70 Other incorrect (including crossed out/erased, stray marks, illegible, or off task).
No Response
99 BLANK
8.b.
Code Response
Correct Response
10 P. Prizma

Incorrect Response

70 Other incorrect (including crossed out/erased, stray marks, illegible, or off task).
No Response
99 BLANK

9.D
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B.1.2.1 (Cont.’d)

10. Coding Guide

Code Response
Correct Response
10 Acilar farkly, kiitleler ve yiizeyler ayni.

Diizeneklerdeki agilart sirasi ile o, 20 ve 3o yaparak tiim diizeneklerdeki kiitleleri esitlerim (m veya
2m) ve siirtiinen ytizeyleri ayn1 yaparim (tahta ya da mermer).

F> m olmalidir. F,’nin egim agist 2o olmalidir. F; tahta olmalidir. Ciinkii burada

3. Diizenekte tahta kullanmali. 2. Diizenekte kiitleyi m’e diigiirtmeli. 2. Diizenekte egim agisin1 2a’ya
¢ikartmali. Ciinkii, egim agisinin etkisini bulmak istiyor. Egim agis1 diginda tiim etkenler esit olmal.

Incorrect Response

10 Tahta: Tahta kisa oldugu i¢in ve ¢ok hafif oldugu i¢in ¢ekince diiser. 2m tahta: 2 m tahta uzun ama o
da hafif c¢ekilince herhangi bir cisme takilinca diiser. Mermer: Mermer agir ve dortgen oldugu igin
herhangi bir cisme takilinca diismez.

No Response

99 BLANK

12. Coding Guide

Code Response
Correct Response
20 2. Ogrenci 75. Ciinkii cok uzaga atiyor.
Partial Response
10 2. Ogrenci 75
Incorrect Response
70 5 ¢iinkii ¢ok az atmustir.
No Response
99 BLANK
13.D
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B.1.2.1 (Cont.’d)

14. Coding Guide

Code Response

Correct Response

20
Tahil Baglangic g Aldiklart g Toplam g
Misir 95g 20g 115¢g
Piring NBg 15¢g 113 g
Bugday 92¢g 18¢g 110 g
Misir Piring Bugday (Hepsi) | 90 g 22g 112 g

Partial Response

10

Veriler sadece bir tabloda kaydedilmis, analiz edilmemis:

Beslendigi Tahil Eski kg Aldig1 kg
Misir 95 20
Piring 98 15
Bugday 92 18
Misir-bugday-Piring 90 22
Incorrect Response
70 Verilerden tablo cizilmeye ¢aligilmis:
20g 9N0¢g
15¢g Piring
95¢g Bugday
98 g Bugday
N¢g piring
No Response
99 BLANK
15. Coding Guide
Code Response
Correct Response
10 ¢oziiniirliik
—>
sicaklik
Incorrect Response
70 fliski yaziyla ifade edilmis:
Amonyak gazi | Sonra da

arttikca azalir

bekledikten sonra
¢ogalir.

No Response

99

BLANK
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B.1.2.1 (Cont.’d)

16. Coding Guide

Code

Response

Correct Response

10

Yer ¢ekimi ne kadar azsa sigrama yiiksekligi o kadar fazladir.

Partial Response

10

Merkiir’de yer ¢ekimi az oldugu i¢in sigrama yiiksekligi artar.

Incorrect Response

70

Yercekimi sigcramadan daha da agagidadir.

No Response

99

BLANK
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B.1.2.2 Second Science Process Skills Test Key

1.LA

2. Coding Guide

Code

Response

Correct Response

20

Hayvanlarla Taginan Tohumlar: A, C, F
Riizgérla Taginan Tohumlar: B, D, E

Partial Response

10

Hayvanlarla Taginan Tohumlar: A

11 Hayvanlarla Taginan Tohumlar: C
12 Hayvanlarla Taginan Tohumlar: F
13 Riizgérla Taginan Tohumlar: B
14 Riizgérla Taginan Tohumlar: D
15 Riizgérla Taginan Tohumlar: E

Incorrect Response

70

Hayvanlarla Taginan Tohumlar: B, D, E; Riizgérla Tasinan Tohumlar: A, C, F

No Response

99 BLANK
3.C
4. A
5. Coding Guide
Code Response
Correct Response
10 Merkiir
Incorrect Response
70 Others
No Response
99 BLANK
6.C
7. Coding Guide
Code Response

Correct Response

20

Yarigtan 6nce nabiz ve soluk alip verme normalken, yaristan sonra nabiz ve soluk alip verme
oranlarinda artig olur.

Partial Response

10

Yarig1 kogsmadan once ve sonrasindan bahsedilmez:
Nefes alip verme hizlanir.

11 Sadece nabizdaki degisiklikten bahsedilir:
Nabzimiz bir yerde otururken nabzimiz rahat olur. Bir yeri kosarak gidersek nabzimiz ve kalbimiz
¢ok fazla artar.

12 Sadece soluk alip vermedeki degisiklikten bahsedilir:

50 metreyi kosunca nefes alip verme oranlarimiz ¢ogalir. Nefes nefese kaliriz.

Incorrect Response

70

Yavas yavas atmasini beklerim.

No Response

99

BLANK
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B.1.2.2 (Cont.’d)

8. a. Coding Guide

Code Response
Correct Response

10 M Terazi
Incorrect Response

70 Others
No Response

99 BLANK

8.b Coding Guide

Code Response

Correct Response

10 L. Dereceli Silindir
Incorrect Response

70 Others

No Response

99 BLANK

9.A
10.C

11. Coding Guide

Code Response
Correct Response

10 (6]
Incorrect Response

70 Others
No Response

99 BLANK

12. Coding Guide

Code Response

Correct Response

20 S, T, U. Bos oldugunda, 1 tahta oldugunda ve 2 tahta oldugunda ne oldugunu ve ne kadar hizi
oldugunu 6grenmek igin.

21 S, T ve U’dan 2’si:

U ile S harfini karsilastirmalidir. Ciinkii Abdullah araba ne kadar agirsa, rampanin asagisindaki hizi
o kadar fazladir dedigi icin U harfi ile S harfini 6rnek verebiliriz.

Partial Response

10 S, TveU

Incorrect Response

70 Others

No Response

99 BLANK
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B.1.2.2 (Cont.’d)

13. Coding Guide

Code Response
Correct Response
10 3.1 cm.
11 3 cm.
12 3.5 cm.
Incorrect Response
70 Others
No Response
99 BLANK
14.D
15. Coding Guide
Code Response
Correct Response
10 Y
Incorrect Response
70 Others
No Response
99 BLANK
16. Coding Guide
Code Response

Correct Response

10

7:00, 10:00 ve 11:30
3 kez

11 7:00 ve 10:00
2 kez

Incorrect Response

70 Others

No Response

99 BLANK
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B.1.2.3 Third Science Process Skills Test Key

hedi il
a P >

4. Coding Guide

Code Response

Correct Response

20 Ridvan’inki. Beyaz reflektor 15181 daha ¢ok yansitir.
Partial Response

10 Ridvan’mki.

Incorrect Response

70 Others

No Response

99 BLANK

5. Coding Guide

Code Response
Correct Response
10 8
16
Incorrect Response
70 Others
No Response
99 BLANK
6.B
7.B
8. B
9.D
10. A

11. Coding Guide

Code Response
Correct Response
10 J
Incorrect Response
70 Others
No Response
99 BLANK
12.B
13.C
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B.1.2.3 (Cont.’d)

14. Coding Guide

Code Response

Correct Response

20 3. deneme. Ciinkii; elimizi siirttikge 1sinir.
Partial Response

10 3

Incorrect Response

70 Others

No Response

99 BLANK

15. Coding Guide

Code Response
Correct Response
10 Stitun grafigi.
Siitiin grafigi ¢izilmis.
11 Cizgi grafigi ¢izilmis.
Incorrect Response
70 Others
No Response
99 BLANK
16.C

152



B.1.3 Cognitive Processes of the Science Process Skills Test Forms

Table B.1 Cognitive processes of the science process skills tests

First Second Third Fourth
1 Gozlem Gozlem Gozlem Gozlem
2 Karsilastirma-Siniflama Kargilagtirma-Siniflama Karsilagtirma-Siniflama Kargilastirma-Siniflama
3 Cikarim Yapma Cikarim Yapma Cikarim Yapma Cikarim Yapma
4 Tahmin Tahmin Tahmin Tahmin
5 Kestirme Kestirme Kestirme Kestirme
6 Degiskenleri Belirleme Degiskenleri Belirleme Degiskenleri Belirleme Degiskenleri Belirleme
7 Hipotez Kurma Hipotez Kurma Hipotez Kurma Hipotez Kurma
8 Deney Malzemelerini ve Deney Malzemelerini ve Degiskenleri Belirleme Deney Malzemelerini
Arag-Gereglerini Tanima Arag-Gereglerini Tanima ve Arag-Gereglerini
ve Kullanma ve Kullanma Tanima ve Kullanma
9 Deney Diizenegi Kurma Deney Tasarlama Degiskenleri Belirleme Deney Diizenegi Kurma
10 Degiskenleri Kontrol Etme  Deney Diizenegi Kurma Degiskenleri Kontrol Etme  Degiskenleri Kontrol
ve Degistirme ve Degistirme Etme ve Degistirme
11 Islevsel Tanimlama Degiskenleri Kontrol Etme  Deney Malzemelerini ve Islevsel Tanimlama
ve Degistirme Arag-Gereglerini Tanima
ve Kullanma
12 Olgme Islevsel Tanimlama fslevsel Tanimlama Olgme
13 Bilgi ve Veri Toplama Olgme Olgme Bilgi ve Veri Toplama
14 Verileri Kaydetme Bilgi ve Veri Toplama Bilgi ve Veri Toplama Verileri Kaydetme
15 Veri Isleme ve Model Veri Isleme ve Model Veri Isleme ve Model Veri Isleme ve Model
Olusturma Olusturma Olusturma Olusturma
16  Yorumlama ve Sonug Yorumlama ve Sonug Yorumlama ve Sonug Yorumlama ve Sonug
Cikarma Cikarma Cikarma Cikarma
17 Gozlem
18 Kargilastirma-Siniflama
19 Cikarim Yapma
20 Tahmin
21 Kestirme
22 Degiskenleri Belirleme
23 Hipotez Kurma
24 Deney Diizenegi Kurma
25 Degiskenleri Kontrol
Etme ve Degistirme
26 Islevsel Tanimlama
27 Olgme
28 Bilgi ve Veri Toplama
29 Veri Isleme ve Model
Olusturma
30 Yorumlama ve Sonug

Cikarma
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B.1.4 References for the Items of the Science Process Skills Test Forms

Table B.2 Reference of the first science process skills test

Item Source

No

1 Illinois Standards Achievement Test Science Samples
http://www.isbe.net/assessment/pdfs/2008/ISAT_Sample_Book_Gr_7_s.pdf

2 2003 VDOE Released Items Grade 8: Science
http://www.iq.poquoson.org/2003vasol/8sci03v5.html

3 TIMSS 1999 Science Items Released Set for Eighth Grade DO2
http://timss.bc.edu/timss 1999i/pdf/t99science_items.pdf

4 Virginia Standards of Learning Assessments Spring 2001 Released Test Grade 8 Science
http://www kidsnewsroom.org/resources/sol/VA/G08S01.pdf

5 Grade 5: Science (2000 VDOE Released Items)
http://www.iq.poquoson.org/5sci00v5.htm

6 Grade 8: Science - VDOE 2004 Released Items
http://www.iq.poquoson.org/2004vasol/8sci/8sci04v5.html

7 McGraw-Hill Science © 2000, Texas Edition TAKS Practice Test Grade 5, Chapter 1 The Importance of Plants
http://www.mhtexas.com/correlations/pdf/G5_C01_SciTAKS.pdf

8 Grade 5: Science - VDOE 2004 Released Items
http://www.iq.poquoson.org/2004vasol/5sci/5sci04vS.html
Grade 5: Science (2002 VDOE Released Items)
http://www.iq.poquoson.org/5sci02v5.htm
Illinois Standards Achievement Test Science Samples
http://www.isbe.net/assessment/pdfs/2008/ISAT_Sample_Book_Gr_4_s.pdf

9 Utah State Office of Education Biology Standard 8 Objective 1
http://www.usoe.k12.ut.us/curr/Science/core/assess/bio/8-1.html

10 2001 Ozel Okullar Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/OzelOkullar2005/20010zelOkullarSnv.pdf

11 Tllinois Standards Achievement Test Science Samples
http://www.isbe.net/assessment/pdfs/2008/ISAT_Sample_Book_Gr_7_s.pdf

12 Grade 5: Science (2003 VDOE Released Items)
http://www.iq.poquoson.org/2003vasol/5sci03v5.html

13 Grade 8: Science (2002 VDOE Released Items)
http://www.iq.poquoson.org/8sci02v5.htm

14 Comprehensive Science Review (2002 VDOE Released Items)
http://www.iq.poquoson.org/compscirevhs02v5.htm

15 2001 Devlet Parasiz Yatili ve Bursluluk Sinavlart 91011/9.simf
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2001/Dpy9_Test2001.pdf

16 Grade 5: Science - VDOE 2004 Released Items

http://www.iq.poquoson.org/2004vasol/5sci/5sci04vS.html
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Table B.3 Reference of the second science process skills test

Item Source
No
1 Grade 5: Science (2003 VDOE Released Items)
http://www.iq.poquoson.org/2003vasol/5sci03v5.html
2 Grade 5: Science (2002 VDOE Released Items)
http://www.iq.poquoson.org/5sci02v5.htm
3 Test of Integrated Process Skills (Dillashaw & Okey, as cited in Moore 2001, p. 77-92; Turpin, 2000, p. 99-104.)
4 Grade 5: Science (2002 VDOE Released Items)
http://www.iq.poquoson.org/5sci02v5.htm
5 2003 VDOE Released Items Grade 8: Science
http://www.iq.poquoson.org/2003vasol/8sci03v5.html
6 Test of Integrated Process Skills (Dillashaw & Okey, as cited in Moore 2001, p. 77-92; Turpin, 2000, p. 99-104.)
7 TIMSS 1999 Science Items Released Set for Eighth Grade XO3
http://timss.bc.edu/timss 1999i/pdf/t99science_items.pdf
8 Grade 5: Science (2002 VDOE Released Items)

http://www.iq.poquoson.org/5sci02v5.htm

Grade 5: Science (2000 VDOE Released Items)
http://www.iq.poquoson.org/5sci00v5.htm

Grade 5: Science (2002 VDOE Released Items)
http://www.iq.poquoson.org/5sci02v5.htm

9 McGraw-Hill Science © 2000, Texas Edition TAKS Practice Test Grade 5, Chapter 9 Earth, Your Home
http://www.mhtexas.com/correlations/pdf/G5_C09_SciTAKS.pdf

10 1999 Orta Ogretim Kurumlar1 Ogrenci Segme ve Yerlestirme Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Ook/O0ok 1999/00k 1999Test_Key.pdf

11 2001 Orta Ogretim Kurumlar1 Ogrenci Se¢me ve Yerlestirme Smnavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Ook/Ook2001/00k2001Test_Key.pdf

12 TIMSS Released Set for Population 2 (Seventh and Eighth Grades) 112
http://timss.bc.edu/timss 19951/ TIMSSPDF/BSitems.pdf

13 Grade 5: Science (2002 VDOE Released Items)
http://www.iq.poquoson.org/5sci02v5.htm

14 Grade 8: Science - VDOE 2004 Released Items
http://[www.iq.poquoson.org/2004vasol/8sci/8sci04v5.html

15 TIMSS 1999 Science Items Released Set for Eighth Grade BO3
http://timss.bc.edu/timss 1999i/pdf/t99science_items.pdf

16 Test of Integrated Process Skills (Dillashaw & Okey, as cited in Moore 2001, p. 77-92; Turpin, 2000, p. 99-104.)
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Table B.4 Reference of the third science process skills test

Item Source
No
1 Grade 5: Science (2000 VDOE Released Items)
http://www.iq.poquoson.org/5sci00v5.htm
2 Grade 5: Science (2003 VDOE Released Items)
http://www.iq.poquoson.org/2003vasol/5sci03v5.html
3 TIMSS 1999 Science Items Released Set for Eighth Grade JO4
http://timss.bc.edu/timss 1999i/pdf/t99science_items.pdf
4 TIMSS 1999 Science Items Released Set for Eighth Grade N10
http://timss.bc.edu/timss 1999i/pdf/t99science_items.pdf
5 Grade 5: Science (2000 VDOE Released Items)
http://www.iq.poquoson.org/5sci00v5.htm
6 Test of Integrated Process Skills (Dillashaw & Okey, as cited in Moore 2001, p. 77-92; Turpin, 2000, p. 99-104.)
7 Test of Integrated Process Skills (Dillashaw & Okey, as cited in Moore 2001, p. 77-92; Turpin, 2000, p. 99-104.)
8 Test of Integrated Process Skills (Dillashaw & Okey, as cited in Moore 2001, p. 77-92; Turpin, 2000, p. 99-104.)
9 Test of Integrated Process Skills (Dillashaw & Okey, as cited in Moore 2001, p. 77-92; Turpin, 2000, p. 99-104.)
10 Grade 5: Science - VDOE 2004 Released Items
http://www.iq.poquoson.org/2004vasol/5sci/5Ssci04v5.html
11 Grade 5: Science (2000 VDOE Released Items)
http://www.iq.poquoson.org/5sci00v5.htm
Grade 5: Science (2002 VDOE Released Items)
http://www.iq.poquoson.org/5sci02v5.htm
12 Comprehensive Science Review (2002 VDOE Released Items)
http://www.iq.poquoson.org/8sci02v5.htm
13 Test of Integrated Process Skills (Dillashaw & Okey, as cited in Moore 2001, p. 77-92; Turpin, 2000, p. 99-104.)
14 Grade 5: Science (2002 VDOE Released Items)
http://www.iq.poquoson.org/5sci01v5.htm
15 Comprehensive Science Review (2002 VDOE Released Items)
http://www.iq.poquoson.org/8sci02v5.htm
16 2000 Orta Ogretim Kurumlar1 Ogrenci Se¢gme ve Yerlestirme Sinavi

http://egitek.meb.gov.tr/Sinavlar/Sorular/Ook/Ook2000/00k2000Test_Key.pdf
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B.1.5 Item difficulty (p) and corrected item-total correlation coefficient (r) values of the

items of the science process skills test forms developed from the pilot study

Table B.5 Item difficulty (p) and corrected item-total correlation coefficient (r) values of the

items of the science process skills test forms developed from the pilot study

First Second Third
b r p r p r
1 .64 ,401 .53 ,245 .60 ,195
2 .35 ,599 14 541 .85 216
47 484 15 .506
48 528 .07 263
.10 457
13 494
.19 .537
3 .64 ,396 47 ,383 71 351
4 43 ,382 14 ,370 .26 ,364
5 .67 421 .59 S12 27 ,104
6 .35 ,324 42 ,352 .26 122
7 43 517 49 437 57 ,348
8 43 ,612 .56 312 25 216
22 .500 25 468
9 .30 ,297 29 ,446 31 -,006
10 21 ,543 32 ,143 25 710
11 45 ,398 13 ,504 31 ,455
(not in the pilot) (not in the pilot)
12 .35 ,309 .26 ,379 .09 425
13 .35 ,370 .55 ,246 46 ,540
14 .09 ,450 40 ,263 .19 ,502
15 23 472 27 ,356 22 271
16 28 ,529 31 ,491 48 ,319
.19 706

(items combined) (items combined)
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B.2 The Attitudes toward Science Lesson Questionnaire Developed from the Pilot Study

B.2.1 The Attitudes toward Science Lesson Questionnaire Form (and Its’ Subtests)

Developed from the Pilot Study

Anxiety

Fen Bilgisi dersinde bagarili olmak i¢in gerekli yetenege sahibim.

Fen Bilgisi dersini kolayca anlayabiliyorum.

Fen Bilgisi dersi konularma yakin oldugumu diistinityorum.

Lise ve iiniversitede Fen Bilgisi ile ilgili derslerde basarisiz olacagimi diistinityorum.
Fen Bilgisi dersinde yapilan sinavlarda kendimi rahat hissederim.

Fen Bilgisi dersinde yapilan sinavlardan korkarim.

Interest/Curiosity

Fen Bilgisi dersi ile ilgili televizyon programi ve CD izlemekten hoslanirim.
Fen Bilgisi dersinde 6grendiklerimi arkadagslarimla paylagirim.

Fen Bilgisi dersinde 6grendiklerimi ailemle paylagirim.

Okulumda Fen Bilgisi toplulugu olsaydi iiye olmak isterdim.

Career

Bilim, teknoloji ve gevre ilgili sorunlar1 ¢ozmek i¢in bilim insanlari ile ¢aligmak isterim.

Fen Bilgisi ile ilgili sahip olabilecegim meslekleri §grenmek isterim.

Bana hediye olarak fen bilgisi dersi ile ilgili bir kitap ya da oyuncak verilmesinden hoslanirim.
Fen Bilgisi dersinde 6grendiklerimi ileride kullanmay: diisiiniiyorum.

Enjoyment

Fen Bilgisi dersinden zevk alirim.

Fen Bilgisi dersine ¢aligmaktan hoslanirim.

Fen Bilgisi dersi sikicidir.

Fen Bilgisi dersinde rahatimdir.

Fen Bilgisi dersine karsi ilgiliyimdir.

Fen Bilgisi dersi eglenceli degildir.

Fen Bilgisi dersi beni huzursuz eder.

Fen Bilgisi dersinden hoslanmiyorum.

Calisma zamanimin 6nemli bir kismin1 Fen Bilgisi dersine ayirmak isterim.
Aldigim diger dersler Fen Bilgisi dersinden daha ilgi ¢ekicidir.
Fen Bilgisi dersini sevmiyorum.

Motivation

Fen Bilgisi dersi 6devlerini, ne kadar zor olursa olsun yapmay1 denerim.

Fen Bilgisi dersinde iyi olmaya caligirim.

Fen Bilgisi dersinde sorulan sorularin cevaplarini ¢esitli kaynaklardan (kitap, internet gibi) arastiririm.

Relation to Daily Life.

Fen Bilgisi dersinde sorulan sorular gergek hayatla ilgilidir.
Fen Bilgisi dersi doga olaylarin1 daha iyi anlamama yarar.

Fen Bilgisi dersinde sorulan sorularn cevaplamaktan hoslanirim.

Importance

Fen Bilgisi dersinin gereksiz oldugunu diisiinityorum.
Fen Bilgisi dersi diisiinme yetenegimi gelistirir.
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B.2.2 Corrected item-total correlation coefficient (r) values of the items of the attitudes

toward science and technology course questionnaire in the pilot study

Table B.6 Corrected item-total correlation coefficient (r) values of the items of the attitudes

toward science and technology course questionnaire in the pilot study

Items T
1 ,642
2 521
3 ,694
4 S14
5 ,600
6 429
7 ,504
8 ,504
9 481
10 527
11 454
12 470
13 ,490
14 ,618
15 , 706
16 737
17 ,673
18 ,530
19 , 746
20 ;704
21 721
22 ;707
23 ,545
24 ,499
25 ,603
26 ,539
27 ,504
28 522
29 410
30 413
31 ,568
32 ,634
33 ,597
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APPENDIX C

DEMOGRAPHIC FORM
1993 1994 1995 1996
Dogum tarihiniz nedir?
< _
2 N
= [ ]
Anne ve babamizin g £ IS
meslegi nedir? g 5 2 2
- 3 - 5 £ 5
@ & Z = 3 A
Annem
Babam
= =
Anne ve babamzin egitim oy 2 E
Lo o < 3 <
diizeyi nedir? 5 5 3
£ 2 3
S N R 213z
o o Bl S| & S| 3 8
2 | | 2| 2| E| 8| 2| 2z
o o = ©) = = ) > Q
Annem
Babam
Hig yok 1 2 3 4 5 ve 5’ten fazla

Kac kardesiniz var?
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Ailenizin aylik geliri yaklasik ne kadar olabilir? (YTL olarak)

E
3
o =) =) ks
=) e S @A ]
=) =) S IS o) ~ 5]
o ? e S D = = =
2 i O = -~ i i =
sl — — — [} 'e) =3 vy
| n ) n S a g} ™~
o o wy o~ — — — —
Evinizde asagidakilerden hangisi bulunmaktadir? Var
Kullandigimiz bir bulagik makinesi
Bilgisayar
Kendime ait bir ¢aligma odasi
. A Evet Hayir
Asagidaki sorular1 cevaplaymz.
Okul dis1 zamaninizda para kazanmak i¢in ¢alistyorum.
Okul 6ncesi egitim (ana okulu) aldim.
5 6 7 8 9 10 11
ilk6gretim 1. sinifa ka¢ yasinda basladimz?
0-10 11-25 26-100 101-200 200’den fazla kitap

Evinizde kac tane kitap vardir?

Evet Hayir

Evinize gazete, dergi almiyor mu?
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APPENDIX D

ATTITUDES TOWARD SCIENCE AND TECHNOLOGY COURSE
QUESTIONNAIRE FORM

Self-Concept

Fen Bilgisi dersinde basarili olmak i¢in gerekli yetenege sahibim.
Fen Bilgisi dersini kolayca anlayabiliyorum.

Fen Bilgisi dersi konularma yakin oldugumu diistinityorum.

Fen Bilgisi dersinde yapilan sinavlarda kendimi rahat hissederim.

Anxiety

Lise ve iiniversitede Fen Bilgisi ile ilgili derslerde basarisiz olacagim diisiiniiyorum.
Fen Bilgisi dersinde yapilan sinavlardan korkarim.

Fen Bilgisi dersi sikicidir.

Fen Bilgisi dersi beni huzursuz eder.

Fen Bilgisi dersinden hoglanmiyorum.

Fen Bilgisi dersi eglenceli degildir.

Aldigim diger dersler Fen Bilgisi dersinden daha ilgi ¢ekicidir.

Fen Bilgisi dersini sevmiyorum.

Fen Bilgisi dersinin gereksiz oldugunu diisiinityorum.

Interest

Fen Bilgisi dersi ile ilgili televizyon programi ve CD izlemekten hoslanirim.

Okulumda Fen Bilgisi toplulugu olsaydi iiye olmak isterdim.

Bilim, teknoloji ve ¢evre ilgili sorunlar1 ¢c6zmek i¢in bilim insanlart ile ¢aligmak isterim.

Bana hediye olarak fen bilgisi dersi ile ilgili bir kitap ya da oyuncak verilmesinden hoslanirim.

Career

Fen Bilgisi dersinde 6grendiklerimi ailemle paylasirim.

Fen Bilgisi ile ilgili sahip olabilecegim meslekleri 6grenmek isterim.

Fen Bilgisi dersinde 6grendiklerimi ileride kullanmay: diisiiniiyorum.
Calisma zamanimin 6nemli bir kismin1 Fen Bilgisi dersine ayirmak isterim.

Enjoyment

Fen Bilgisi dersinden zevk alirim.

Fen Bilgisi dersine ¢aligmaktan hoslanirim.
Fen Bilgisi dersinde rahatimdir.

Fen Bilgisi dersine kars1 ilgiliyimdir.

Usefulness

Fen Bilgisi dersinde iyi olmaya galigirim.

Fen Bilgisi dersinde sorulan sorular gercek hayatla ilgilidir.
Fen Bilgisi dersi doga olaylarin1 daha iyi anlamama yarar.

Fen Bilgisi dersinde sorulan sorular cevaplamaktan hoslanirim.
Fen Bilgisi dersi diigiinme yetenegimi gelistirir.
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APPENDIX E

MISSING DATA IN ATTITUDES TOWARD SCIENCE AND TECHNOLOGY
COURSE QUESTIONNAIRE

E.1 Missing Data in the First Attitudes toward Science and Technology Course

Questionnaire
yetenek1
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
3 20 11,9 11,9 13,1
4 73 43,5 43,5 56,5
5 73 43,5 43,5 100,0
Total 168 100,0 100,0
anlamat
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
2 4 2,4 2,4 3,6
3 17 10,1 10,1 13,7
4 70 41,7 41,7 55,4
5 75 44,6 44,6 100,0
Total 168 100,0 100,0
basarisiz1
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 18 10,7 10,7 11,9
2 15 8,9 8,9 20,8
3 46 27,4 27,4 48,2
4 46 27,4 27,4 75,6
5 41 24,4 24,4 100,0
Total 168 100,0 100,0
sinavdarahat1
Cumulative
Frequency | Percent Valid Percent Percent
Vald 0 4 2,4 2,4 2,4
1 6 3,6 3,6 6,0
2 10 6,0 6,0 11,9
3 29 17,3 17,3 29,2
4 58 34,5 34,5 63,7
5 61 36,3 36,3 100,0
Total 168 100,0 100,0
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E.1 (Cont.’d)

korkmat
Cumulative
Frequency | Percent | Valid Percent Percent
Vald 0 4 2,4 2,4 2,4
1 17 10,1 10,1 12,5
2 12 71 71 19,6
3 25 14,9 14,9 34,5
4 53 31,5 31,5 66,1
5 57 33,9 33,9 100,0
Total 168 100,0 100,0
tvedi
Cumulative
Frequency | Percent | Valid Percent Percent
Vald 0 3 1,8 1,8 1,8
1 11 6,5 6,5 8,3
2 14 8.3 8,3 16,7
3 21 12,5 12,5 29,2
4 48 28,6 28,6 57,7
5 71 42,3 42,3 100,0
Total 168 100,0 100,0
aile1
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 3 1,8 1,8 1,8
1 4 2,4 2,4 4,2
2 8 4,8 4,8 8,9
3 25 14,9 14,9 23,8
4 58 34,5 34,5 58,3
5 70 41,7 41,7 100,0
Total 168 100,0 100,0
uyelik1
Cumulative
Frequency | Percent Valid Percent Percent
Vald 0 4 2,4 2,4 2,4
1 6 3,6 3,6 6,0
2 4 2,4 2,4 8,3
3 47 28,0 28,0 36,3
4 46 27,4 27,4 63,7
5 61 36,3 36,3 100,0
Total 168 100,0 100,0
bimnsncalismai
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 4 2.4 2,4 2,4
1 6 3,6 3,6 6,0
2 2 1,2 1,2 71
3 25 14,9 14,9 22,0
4 39 23,2 23,2 452
5 92 54,8 54,8 100,0
Total 168 100,0 100,0
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E.1 (Cont.’d)

meslek1
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 3 1,8 1,8 1,8
1 1 6 6 2,4
2 5 3,0 3,0 54
3 18 10,7 10,7 16,1
4 48 28,6 28,6 44,6
5 93 55,4 55,4 100,0
Total 168 100,0 100,0
kitapoyuncak1
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 3 1,8 1,8 1,8
1 7 4,2 4,2 6,0
2 10 6,0 6,0 11,9
3 15 8,9 8,9 20,8
4 52 31,0 31,0 51,8
5 81 48,2 48,2 100,0
Total 168 100,0 100,0
ileridekullanma1
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 3 1,8 1,8 1,8
1 1 ,6 ,6 2,4
2 5 3,0 3,0 54
3 23 13,7 13,7 19,0
4 50 29,8 29,8 48,8
5 86 51,2 51,2 100,0
Total 168 100,0 100,0
zevkalmat
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 3 1,8 1,8 1,8
1 2 1,2 1,2 3,0
2 5 3,0 3,0 6,0
3 11 6,5 6,5 12,5
4 59 35,1 35,1 47,6
5 88 52,4 52,4 100,0
Total 168 100,0 100,0
hoslanma1
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 7 42 42 4.2
1 2 1,2 1,2 54
2 1 ,6 ,6 6,0
3 11 6,5 6,5 12,5
4 62 36,9 36,9 49,4
5 85 50,6 50,6 100,0
Total 168 100,0 100,0
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E.1 (Cont.’d)

sikici1
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 8 4,8 4,8 4,8
1 12 71 71 11,9
2 14 8,3 8,3 20,2
3 18 10,7 10,7 31,0
4 39 23,2 23,2 54,2
5 77 45,8 45,8 100,0
Total 168 100,0 100,0
dersterahat1
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 3 1,8 1,8 1,8
1 3 1,8 1,8 3,6
2 6 3,6 3,6 71
3 20 11,9 11,9 19,0
4 57 33,9 33,9 53,0
5 79 47,0 47,0 100,0
Total 168 100,0 100,0
ilgili1
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 1 ,6 ,6 ,6
1 9 5,4 5,4 6,0
2 6 3,6 3,6 9,5
3 18 10,7 10,7 20,2
4 65 38,7 38,7 58,9
5 69 41,1 41,1 100,0
Total 168 100,0 100,0
huzursuz1
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 4 2,4 2,4 2,4
1 15 8,9 8,9 11,3
2 9 54 54 16,7
3 18 10,7 10,7 27,4
4 37 22,0 22,0 49,4
5 85 50,6 50,6 100,0
Total 168 100,0 100,0
hoslanmamak1
Cumulative
Frequency | Percent | Valid Percent Percent
Vald 0 5 3,0 3,0 3,0
1 33 19,6 19,6 22,6
2 13 7,7 7,7 30,4
3 14 8,3 8,3 38,7
4 29 17,3 17,3 56,0
5 74 44,0 44,0 100,0
Total 168 100,0 100,0
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E.1 (Cont.’d)

eglenceliolmamai

Cumulative
Frequency Percent Valid Percent Percent
Vald 0 8 4,8 4,8 4.8
1 8 4,8 4,8 9,5
2 16 9,5 9,5 19,0
3 18 10,7 10,7 29,8
4 35 20,8 20,8 50,6
5 83 49,4 49,4 100,0
Total 168 100,0 100,0
ayirmai
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 1 6 6 ,6
1 5 3,0 3,0 3,6
2 9 54 54 8,9
3 45 26,8 26,8 35,7
4 59 35,1 35,1 70,8
5 49 29,2 29,2 100,0
Total 168 100,0 100,0
ilgicekici1
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 3 1,8 1,8 1,8
1 20 11,9 11,9 13,7
2 37 22,0 22,0 35,7
3 70 41,7 41,7 77,4
4 18 10,7 10,7 88,1
5 20 11,9 11,9 100,0
Total 168 100,0 100,0
sevmeme1l
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 8 4,8 4,8 4,8
1 40 23,8 23,8 28,6
2 29 17,3 17,3 45,8
3 9 54 54 51,2
4 23 13,7 13,7 64,9
5 59 35,1 35,1 100,0
Total 168 100,0 100,0
iyiolma1
Cumulative
Frequency | Percent Valid Percent Percent
Vald 0 3 1,8 1,8 1,8
1 2 1,2 1,2 3,0
3 10 6,0 6,0 8,9
4 52 31,0 31,0 39,9
5 101 60,1 60,1 100,0
Total 168 100,0 100,0
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E.1 (Cont.’d)

gercekhayat1
Cumulative
Frequency | Percent | Valid Percent Percent
Vald 0 2 1,2 1,2 1,2
1 1 ,6 ,6 1,8
2 1 ,6 ,6 2,4
3 34 20,2 20,2 22,6
4 57 33,9 33,9 56,5
5 73 43,5 43,5 100,0
Total 168 100,0 100,0
iyianlama1
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 4 2,4 2,4 2,4
1 6 3,6 3,6 6,0
2 2 1,2 1,2 7.1
3 22 13,1 13,1 20,2
4 46 27,4 27,4 47,6
5 88 52,4 52,4 100,0
Total 168 100,0 100,0
cevaphoslanmai
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 4 2,4 2,4 2,4
1 1 6 ,6 3,0
2 3 1,8 1,8 4,8
3 20 11,9 11,9 16,7
4 64 38,1 38,1 54,8
5 76 45,2 45,2 100,0
Total 168 100,0 100,0
gereksiz1
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 4 2,4 2,4 2,4
1 17 10,1 10,1 12,5
2 11 6,5 6,5 19,0
3 8 48 48 23,8
4 24 14,3 14,3 38,1
5 104 61,9 61,9 100,0
Total 168 100,0 100,0
dusunmegelistirme1
Cumulative
Frequency | Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 2 1,2 1,2 2,4
2 3 1,8 1,8 4,2
3 18 10,7 10,7 14,9
4 44 26,2 26,2 41,1
5 99 58,9 58,9 100,0
Total 168 100,0 100,0
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E.2 Missing Data in the Second Attitudes toward Science and Technology Course

Questionnaire
anlama2
Cumulative
Frequency | Percent | Valid Percent Percent
Vald 0 2 1,2 1,2 1,2
2 2 1,2 1,2 2,4
3 12 71 71 9,5
4 63 37,5 37,5 47,0
5 89 53,0 53,0 100,0
Total 168 100,0 100,0
yakinolma2
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 5 3,0 3,0 3,0
1 2 1,2 1,2 4,2
2 2 1,2 1,2 54
3 27 16,1 16,1 21,4
4 48 28,6 28,6 50,0
5 84 50,0 50,0 100,0
Total 168 100,0 100,0
basarisiz2
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 3 1,8 1,8 1,8
1 29 17,3 17,3 19,0
2 19 1.3 11,3 30,4
3 34 20,2 20,2 50,6
4 30 17,9 17,9 68,5
5 53 31,5 31,5 100,0
Total 168 100,0 100,0
sinavdarahat2
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 3 1,8 1,8 1,8
1 5 3,0 3,0 4,8
2 8 4,8 4,8 9,5
3 22 13,1 13,1 22,6
4 59 35,1 35,1 57,7
5 71 42,3 42,3 100,0
Total 168 100,0 100,0
korkma2
Cumulative
Frequency | Percent | Valid Percent Percent
Vald 0 4 2,4 2,4 2,4
1 29 17,3 17,3 19,6
2 24 14,3 14,3 33,9
3 17 10,1 10,1 44,0
4 29 17,3 17,3 61,3
5 65 38,7 38,7 100,0
Total 168 100,0 100,0
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E.2 (Cont.’d)

tved2
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 1 6 6 ,6
1 3 1,8 1,8 2,4
2 12 71 71 9,5
3 21 12,5 12,5 22,0
4 45 26,8 26,8 48,8
5 86 51,2 51,2 100,0
Total 168 100,0 100,0
uyelik2
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 5 3,0 3,0 4,2
2 5 3,0 3,0 71
3 45 26,8 26,8 33,9
4 43 25,6 25,6 59,5
5 68 40,5 40,5 100,0
Total 168 100,0 100,0
blmnsncalisma2
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 4 2,4 2,4 2,4
1 1 6 ,6 3,0
2 5 3,0 3,0 6,0
3 22 13,1 13,1 19,0
4 31 18,5 18,5 37,5
5 105 62,5 62,5 100,0
Total 168 100,0 100,0
meslek2
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 2 1,2 1,2 2,4
2 7 4,2 4,2 6,5
3 10 6,0 6,0 12,5
4 40 23,8 23,8 36,3
5 107 63,7 63,7 100,0
Total 168 100,0 100,0
kitapoyuncak2
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 2 1,2 1,2 2,4
2 8 4.8 48 7.1
3 18 10,7 10,7 17,9
4 48 28,6 28,6 46,4
5 90 53,6 53,6 100,0
Total 168 100,0 100,0
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E.2 (Cont.’d)

ileridekullanma2

Cumulative
Frequency | Percent Valid Percent Percent
Valid 0 3 1,8 1,8 1,8
1 3 1,8 1,8 3,6
2 4 2,4 2,4 6,0
3 18 10,7 10,7 16,7
4 44 26,2 26,2 42,9
5 96 57,1 57,1 100,0
Total 168 100,0 100,0
zevkalma2
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 6 3,6 3,6 3,6
1 1 6 6 4.2
2 3 1,8 1,8 6,0
3 12 7.1 7.1 13,1
4 46 27,4 27,4 40,5
5 100 59,5 59,5 100,0
Total 168 100,0 100,0
hoslanma2
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 8 4,8 4,8 48
1 5 3,0 3,0 7,7
2 5 3,0 3,0 10,7
3 12 71 71 17,9
4 42 25,0 25,0 42,9
5 96 57,1 57,1 100,0
Total 168 100,0 100,0
sikici2
Cumulative
Frequency | Percent | Valid Percent Percent
Vald 0 4 2,4 2,4 2,4
1 26 15,5 15,5 17,9
2 14 8.3 8,3 26,2
3 15 8,9 8,9 35,1
4 19 11,3 11,3 46,4
5 90 53,6 53,6 100,0
Total 168 100,0 100,0
dersterahat2
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 5 3,0 3,0 3,0
1 6 3,6 3,6 6,5
2 3 1,8 1,8 8,3
3 21 12,5 12,5 20,8
4 44 26,2 26,2 47,0
5 89 53,0 53,0 100,0
Total 168 100,0 100,0

171




E.2 (Cont.’d)

ilgili2
Cumulative
Frequency | Percent Valid Percent Percent
Vald 0 2 1,2 1,2 1,2
1 8 4.8 4.8 6,0
2 6 3,6 3,6 9,5
3 15 8,9 8,9 18,5
4 59 35,1 35,1 53,6
5 78 46,4 46,4 100,0
Total 168 100,0 100,0
huzursuz2
Cumulative
Frequency | Percent | Valid Percent Percent
Vald 0 4 2,4 2,4 2,4
1 27 16,1 16,1 18,5
2 10 6,0 6,0 24,4
3 11 6,5 6,5 31,0
4 26 15,5 15,5 46,4
5 90 53,6 53,6 100,0
Total 168 100,0 100,0
hoslanmamak2
Cumulative
Frequency | Percent | Valid Percent Percent
Vald 0 5 3,0 3,0 3,0
1 29 17,3 17,3 20,2
2 18 10,7 10,7 31,0
3 16 9,5 9,5 40,5
4 15 8,9 8,9 49,4
5 85 50,6 50,6 100,0
Total 168 100,0 100,0
eglenceliolmama2
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 6 3,6 3,6 3,6
1 22 13,1 13,1 16,7
2 19 11,3 11,3 28,0
3 10 6,0 6,0 33,9
4 22 13,1 13,1 47,0
5 89 53,0 53,0 100,0
Total 168 100,0 100,0
ayirma2
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 5 3,0 3,0 3,0
1 9 5,4 54 8,3
2 5 3,0 3,0 11,3
3 30 17,9 17,9 29,2
4 46 27,4 27,4 56,5
5 73 43,5 43,5 100,0
Total 168 100,0 100,0
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E.2 (Cont.’d)

ilgicekici2
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 7 4,2 4,2 4,2
1 32 19,0 19,0 23,2
2 41 24,4 24,4 47,6
3 49 29,2 29,2 76,8
4 23 13,7 13,7 90,5
5 16 9,5 9,5 100,0
Total 168 100,0 100,0
sevmeme2
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 44 26,2 26,2 27,4
2 20 11,9 11,9 39,3
3 15 8,9 8,9 48,2
4 18 10,7 10,7 58,9
5 69 411 411 100,0
Total 168 100,0 100,0
iyiolma2
Cumulative
Frequency | Percent Valid Percent Percent
Valid 0 5 3,0 3,0 3,0
1 2 1,2 1,2 4,2
2 4 2,4 2,4 6,5
3 5 3,0 3,0 9,5
4 32 19,0 19,0 28,6
5 120 71,4 71,4 100,0
Total 168 100,0 100,0
gercekhayat2
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 4 2,4 2,4 2.4
1 1 6 ,6 3,0
2 2 1,2 1,2 4,2
3 25 14,9 14,9 19,0
4 41 24,4 24,4 43,5
5 95 56,5 56,5 100,0
Total 168 100,0 100,0
iyianlama2
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 3 1,8 1,8 1,8
1 1 6 6 2,4
2 5 3,0 3,0 54
3 21 12,5 12,5 17,9
4 37 22,0 22,0 39,9
5 101 60,1 60,1 100,0
Total 168 100,0 100,0
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E.2 (Cont.’d)

cevaphoslanma2

Cumulative
Frequency Percent Valid Percent Percent
Valid 0 5 3,0 3,0 3,0
1 2 1,2 1,2 4,2
2 3 1,8 1,8 6,0
3 14 8,3 8,3 14,3
4 50 29,8 29,8 44,0
5 94 56,0 56,0 100,0
Total 168 100,0 100,0
gereksiz2
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 1 ,6 ,6 ,6
1 30 17,9 17,9 18,5
2 15 8,9 8,9 27,4
3 11 6,5 6,5 33,9
4 10 6,0 6,0 39,9
5 101 60,1 60,1 100,0
Total 168 100,0 100,0
dusunmegelistirme2
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 3 1,8 1,8 1,8
2 2 1,2 1,2 3,0
3 18 10,7 10,7 13,7
4 45 26,8 26,8 40,5
5 100 59,5 59,5 100,0
Total 168 100,0 100,0
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E.3 Missing Data in the Third Attitudes toward Science and Technology Course

Questionnaire
yetenek3
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 1 6 ,6 ,6
2 1 6 ,6 1,2
3 17 10,1 10,1 1.3
4 32 19,0 19,0 30,4
5 117 69,6 69,6 100,0
Total 168 100,0 100,0
yakinolma3
Cumulative
Frequency | Percent | Valid Percent Percent
Vald 0 3 1,8 1,8 1,8
1 3 1,8 1,8 3,6
2 1 ,6 ,6 4,2
3 20 11,9 11,9 16,1
4 46 27,4 27,4 43,5
5 95 56,5 56,5 100,0
Total 168 100,0 100,0
basarisiz3
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 1 6 6 ,6
1 51 30,4 30,4 31,0
2 27 16,1 16,1 47,0
3 27 16,1 16,1 63,1
4 21 12,5 12,5 75,6
5 41 24,4 24,4 100,0
Total 168 100,0 100,0
sinavdarahat3
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 3 1,8 1,8 3,0
2 3 1,8 1,8 4,8
3 23 13,7 13,7 18,5
4 38 22,6 22,6 41,1
5 99 58,9 58,9 100,0
Total 168 100,0 100,0
korkma3
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 34 20,2 20,2 21,4
2 26 15,5 15,5 36,9
3 15 8,9 8,9 45,8
4 26 15,5 15,5 61,3
5 65 38,7 38,7 100,0
Total 168 100,0 100,0
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E.3 (Cont.’d)

tved3
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 1 6 6 ,6
1 5 3,0 3,0 3,6
2 11 6,5 6,5 10,1
3 23 13,7 13,7 23,8
4 24 14,3 14,3 38,1
5 104 61,9 61,9 100,0
Total 168 100,0 100,0
blmnsncalisma3
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 4 2,4 2,4 2,4
1 7 4,2 4,2 6,5
2 7 4,2 4,2 10,7
3 20 11,9 11,9 22,6
4 25 14,9 14,9 37,5
5 105 62,5 62,5 100,0
Total 168 100,0 100,0
meslek3
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 1 ,6 ,6 ,6
1 2 1,2 1,2 1,8
2 6 3,6 3,6 54
3 17 10,1 10,1 15,5
4 35 20,8 20,8 36,3
5 107 63,7 63,7 100,0
Total 168 100,0 100,0
ileridekullanma3
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 1 ,6 ,6 ,6
1 2 1,2 1,2 1,8
2 5 3,0 3,0 4.8
3 17 10,1 10,1 14,9
4 36 21,4 21,4 36,3
5 107 63,7 63,7 100,0
Total 168 100,0 100,0
zevkalma3
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 3 1,8 1,8 3,0
2 8 4.8 4,8 7,7
3 12 7.1 7.1 14,9
4 31 18,5 18,5 33,3
5 112 66,7 66,7 100,0
Total 168 100,0 100,0
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E.3 (Cont.’d)

sikici3
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 2 1,2 1,2 1,2
1 39 23,2 23,2 24,4
2 18 10,7 10,7 35,1
3 13 7,7 7,7 42,9
4 21 12,5 12,5 55,4
5 75 446 446 100,0
Total 168 100,0 100,0
dersterahat3
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 8 4,8 4,8 6,0
2 3 1,8 1,8 7,7
3 21 12,5 12,5 20,2
4 28 16,7 16,7 36,9
5 106 63,1 63,1 100,0
Total 168 100,0 100,0
ilgili3
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 2 1,2 1,2 1,2
1 8 4,8 4,8 6,0
2 7 4,2 4.2 10,1
3 20 11,9 11,9 22,0
4 40 23,8 23,8 45,8
5 91 54,2 54,2 100,0
Total 168 100,0 100,0
huzursuz3
Cumulative
Frequency | Percent Valid Percent Percent
Vald 0 3 1,8 1,8 1,8
1 36 21,4 21,4 23,2
2 17 10,1 10,1 33,3
3 22 13,1 13,1 46,4
4 19 11,3 11,3 57,7
5 71 42,3 42,3 100,0
Total 168 100,0 100,0
hoslanmamak3
Cumulative
Frequency | Percent Valid Percent Percent
Vald 0 1 ,6 ,6 ,6
1 52 31,0 31,0 31,5
2 24 14,3 14,3 45,8
3 13 7,7 7,7 53,6
4 20 11,9 11,9 65,5
5 58 34,5 34,5 100,0
Total 168 100,0 100,0
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E.3 (Cont.’d)

eglenceliolmama3

Cumulative
Frequency Percent Valid Percent Percent
Valid 0 1 6 6 6
1 40 23,8 23,8 24,4
2 17 10,1 10,1 34,5
3 20 11,9 11,9 46,4
4 22 13,1 13,1 59,5
5 68 40,5 40,5 100,0
Total 168 100,0 100,0
ayirma3
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 5 3,0 3,0 3,0
1 7 4,2 4,2 7.1
2 9 54 54 12,5
3 32 19,0 19,0 315
4 31 18,5 18,5 50,0
5 84 50,0 50,0 100,0
Total 168 100,0 100,0
sevmeme3
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 7 4,2 4,2 4,2
1 55 32,7 32,7 36,9
2 18 10,7 10,7 47,6
3 19 11,3 11,3 58,9
4 11 6,5 6,5 65,5
5 58 34,5 34,5 100,0
Total 168 100,0 100,0
iyiolma3
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 1 6 6 6
1 1 6 6 1,2
2 3 1,8 1,8 3,0
3 14 8,3 8,3 11,3
4 29 17,3 17,3 28,6
5 120 71,4 71,4 100,0
Total 168 100,0 100,0
iyianlama3
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 2 1,2 1,2 1,2
1 2 1,2 1,2 2,4
2 6 3,6 3,6 6,0
3 17 10,1 10,1 16,1
4 22 13,1 13,1 29,2
5 119 70,8 70,8 100,0
Total 168 100,0 100,0

178



E.3 (Cont.’d)

cevaphoslanma3

Cumulative
Frequency Percent Valid Percent Percent
Vald 0 1 6 6 6
1 3 1,8 1,8 2,4
2 5 3,0 3,0 54
3 17 10,1 10,1 15,5
4 33 19,6 19,6 35,1
5 109 64,9 64,9 100,0
Total 168 100,0 100,0
gereksiz3
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 1 6 6 6
1 54 32,1 32,1 32,7
2 16 9,5 9,5 42,3
3 16 9,5 9,5 51,8
4 16 9,5 9,5 61,3
5 65 38,7 38,7 100,0
Total 168 100,0 100,0
dusunmegelistirme3
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 1 ,6 ,6 ,6
1 7 4.2 4,2 4,8
2 6 3,6 3,6 8,3
3 16 9,5 9,5 17,9
4 23 13,7 13,7 31,5
5 115 68,5 68,5 100,0
Total 168 100,0 100,0
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E.4 Missing Data in the Fourth Attitudes toward Science and Technology Course

Questionnaire
anlama4
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 1 ,6 ,6 ,6
1 2 1,2 1,2 1,8
2 2 1,2 1,2 3,0
3 14 8,3 8,3 11,3
4 42 25,0 25,0 36,3
5 107 63,7 63,7 100,0
Total 168 100,0 100,0
yakinolma4
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 1 ,6 ,6 ,6
1 1 ,6 ,6 1,2
2 3 1,8 1,8 3,0
3 20 11,9 11,9 14,9
4 35 20,8 20,8 35,7
5 108 64,3 64,3 100,0
Total 168 100,0 100,0
sinavdarahat4
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 5 3,0 3,0 4,2
2 7 4,2 4,2 8,3
3 14 8,3 8,3 16,7
4 45 26,8 26,8 43,5
5 95 56,5 56,5 100,0
Total 168 100,0 100,0
korkma4
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 30 17,9 17,9 19,0
2 16 9,5 9,5 28,6
3 16 9,5 9,5 38,1
4 26 15,5 15,5 53,6
5 78 46,4 46,4 100,0
Total 168 100,0 100,0
uyelik4
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 6 3,6 3,6 4,8
2 5 3,0 3,0 7,7
3 27 16,1 16,1 23,8
4 36 21,4 21,4 45,2
5 92 54,8 54,8 100,0
Total 168 100,0 100,0
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E.4 (Cont.’d)

blmnsncalisma4

Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 1 6 ,6 ,6
1 4 2,4 24 3,0
2 4 2,4 2.4 54
3 18 10,7 10,7 16,1
4 35 20,8 20,8 36,9
5 106 63,1 63,1 100,0
Total 168 100,0 100,0
meslek4
Cumulative
Frequency Percent Valid Percent Percent
valid 0 2 12 12 12
! 5 3,0 30 42
2 4 24 24 66
3 17 10,1 10,2 16,8
4 33 196 19,8 36,5
5 107 63,1 63,5 100,0
Total 168 99,4 100,0
ileridekullanma4
Cumulative
Frequency | Percent Valid Percent Percent
Valid 0 1 6 ,6 ,6
1 1 6 6 1,2
2 5 3,0 3,0 42
3 18 10,7 10,7 14,9
4 34 20,2 20,2 35,1
5 109 64,9 64,9 100,0
Total 168 100,0 100,0
sikici4
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 1 6 6 ,6
1 23 13,7 13,7 14,3
2 24 14,3 14,3 28,6
3 13 7,7 7,7 36,3
4 15 8,9 8,9 45,2
5 92 54,8 54,8 100,0
Total 168 100,0 100,0
dersterahat4
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 1 6 ,6 ,6
1 4 2,4 2,4 3,0
2 8 4,8 4,8 7,7
3 11 6,5 6,5 14,3
4 39 23,2 23,2 37,5
5 105 62,5 62,5 100,0
Total 168 100,0 100,0
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E.4 (Cont.’d)

huzursuz4
Cumulative
Frequency Percent Valid Percent Percent
Vald 0 2 1,2 1,2 1,2
1 29 17,3 17,3 18,5
2 20 11,9 11,9 30,4
3 10 6,0 6,0 36,3
4 19 11,3 11,3 47,6
5 88 52,4 52,4 100,0
Total 168 100,0 100,0
hoslanmamak4
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 2 1,2 1,2 1,2
1 43 25,6 25,6 26,8
2 18 10,7 10,7 37,5
3 14 8,3 8,3 45,8
4 16 9,5 9,5 55,4
5 75 44,6 44,6 100,0
Total 168 100,0 100,0
ilgicekici4
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 0 1 ,6 ,6 ,6
1 58 34,5 34,5 35,1
2 32 19,0 19,0 54,2
3 45 26,8 26,8 81,0
4 13 7,7 7,7 88,7
5 19 11,3 11,3 100,0
Total 168 100,0 100,0
iyiolma4
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 1 6 ,6 ,6
1 1 6 6 1,2
2 4 2,4 2,4 3,6
3 13 7,7 7,7 11,3
4 31 18,5 18,5 29,8
5 118 70,2 70,2 100,0
Total 168 100,0 100,0
iyianlama4
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 1 6 ,6 ,6
1 5 3,0 3,0 3,6
2 3 1,8 1,8 54
3 11 6,5 6,5 11,9
4 38 22,6 22,6 34,5
5 110 65,5 65,5 100,0
Total 168 100,0 100,0
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E.4 (Cont.’d)

cevaphoslanma4

Cumulative
Frequency Percent Valid Percent Percent
Vald 0 1 6 ,6 ,6
1 4 24 2,4 3,0
2 8 4,8 4.8 7,7
3 16 9,5 9,5 17,3
4 28 16,7 16,7 33,9
5 111 66,1 66,1 100,0
Total 168 100,0 100,0
gereksiz4
Cumulative
Frequency | Percent Valid Percent Percent
Vald 0 2 1,2 1,2 1,2
1 31 18,5 18,5 19,6
2 23 13,7 13,7 33,3
3 8 4,8 4,8 38,1
4 13 7,7 7,7 45,8
5 91 54,2 54,2 100,0
Total 168 100,0 100,0
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APPENDIX F

UNIT ACHIEVEMENT TESTS

F.1 Unit Achievement Test Forms

F.1.1 Reproduction, Development, and Growth In Living Things Achievement Test Form

1. Asagidaki seceneklerden hangisi sadece canlilart icermektedir?

A) bulutlar, ates, akarsular B) ates, akarsular, agaclar C) akarsular, kuslar, agaglar D) kuslar, agaglar, solucanlar

2. Bir civciv, yumurtadan ¢ikmadan 6nce, onun i¢inde 21 giin gelisir. Sizce civeiv yumurtadan ¢ikmadan 6nce besinini nereden

alr?
A) Civciv kendi besinini kendisi yapar. B) Civciv anne tavuk tarafindan beslenir.
C) Civciv yumurtanin kabugunu yer. D) Civciv yumurtanin igindeki besini kullanir.

3. Can, bir tabagin icine birka¢ tane tohum koydu, tizerlerine pamuk yerlestirerek bastirdi, sonra pamugu suyla 1slatti. Mert de
kendi tohumlarini ayni sekilde ekip, tabagini Can’in tabaginin yanina yerlestirdi ama pamugu suyla 1slatmak yerine, tabagi
suyla doldurdu. Tki giin sonra Can’in ektigi tohumlar filizlenirken, Mert’in ektigi tohumlar filizlenmedi. Sizce bunun nedeni
asagidakilerden hangisidir?

A) Mert’in ektigi tohumlarin daha fazla havaya ihtiyaci vardi. C) Mert tabag sicak bir yere koymadi.

B) Mert’in ektigi tohumlarin daha fazla 1s18a ihtiyaci vardi. D) Mert farkli bir tohum tiirii kullanmalrydi.

4. Bir yapraga konan kelebek, oraya yumurtalarini birakti. Asagida yumurtalarin gegirdigi degisim goriilmektedir. Sizce bu

degisiklikler hangi sirada gergeklesir?

L7,

AT

|

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

5. Mikroskopta hayvan hiicresini inceleyen bir 6grenci asagidaki kisimlardan hangisini géremez?

A) Hiicre zan B) Cekirdek C) Kloroplast D) Sitoplazma

6. Asagidakilerden hangileri bitki tohumlarmin yayilmasinda etkilidir?

I- Riizgar II- insan I1I- Hayvan
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A) Yalniz I B)I-1TI O)II-II D)I-T-1I

7. Bir hiicredeki kisimlarin distan ice dogru siralanisi asagidakilerin hangisinde verilmistir?

A) Cekirdek - Sitoplazma - Hiicre zar1 B) Sitoplazma - Hiicre zart — Cekirdek
C) Hiicre zar - Sitopldzma — Cekirdek D) Cekirdek - Hiicre zar - Sitoplazma
SV

Ty

A L

AT
)

{ W)

8. Yanda bir bocegin agacin ¢igeklerinden aldigi ¢igek tozlarim (polen)

kiigiik bitkinin cigeklerine nasil tagidigr goriilmektedir. Sizce bitkiden
olusacak yavrular ne olacaktir?

A) Agacin yavrulari bitkiye benzeyecektir.

B) Bitkinin yavrulart agaca benzeyecektir.

C) Bitkinin yavrular1 hem agaca hem de bitkiye benzeyecektir.

D) Hicbir sey olmayacaktir ¢iinkii hi¢ bir yavru olugsmayacaktir.

1 2 3 4

Asagidakilerden hangisi kurbaganin gelisme evrelerini genglikten yasliliga dogru en dogru siralanmasidir?

A)1,2,3,4 B)2,3,4,1 0)3,4,2,1 D)4,1,3,2

2

10. Yandaki ¢icekte tohum kag numarali kisimda olusur?

A)l B)2 )3 D)4
11. Yandaki ¢igekte polen ka¢ numarali kisimda olusur?
A)l B)2 )3 D)4

12. Asagidakilerden hangisi tiim canlilarin ortak 6zelligidir?

A) Hiicreli olma B) Besin yapma C) Eseyli tireme D) Yer degistirme

13..Hiicrede canlilik olaylarini kontrol eden ve kalitsal maddeyi iceren kisim nedir?

A) Sitoplazma B) Cekirdek C) Hiicre zan D) Hiicre duvari

Cenek

14. Gelismis bitkilerin tohumlarinda ¢enek denilen yapilar vardir.
Cenekler, tohum ¢imlenirken embriyoya besin saglar. Asagida bir }
1] m

fasulye tohumunun ¢imlenerek geng bir bitki haline gelmesi
Evreler | v

gosterilmistir.

Buna gore tohumun ¢imlenerek geng fideyi olusturmasina kadar ¢eneklerindeki besin miktarinin evrelere gore degisimi hangi

grafikteki gibi olur?
Besin Miktan Besin Miktan Besin Miktan Besin Miktan
A) B) OF—— D)
Evreler Evreler ——+—+——>Evreler Evreler
1w L nmw L L

15. Bir dgrenci, agagidakilerden hangisinin hiicresini incelediginde hiicre duvarini goriir?

A) Karacigerin B) Bagirsagin C) Kurbaga derisinin D) Uziim yapragmin
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16. Polenlerin, disi organ iizerindeki yapigkan boliime tasinmasina ne denir?
A) Tozlagsma B) Mayalanma C) Déllenme D) Baskalagim
17. Mikroskopta hiicreleri inceleyen bir 6grenci yandaki sekli gormiistiir. Bu sekle bakip hiicreyle ilgili
hangi soruya cevap verebilir? @
A) Kag kisimdan olusur? B) Hangi canliya aittir? @
C) Nasil boliiniir? D) Nasil beslenir?
18. Asagidakilerden hangisi tohumun kisimlarindan degildir?
A) Embriyo B) Yumurtalik C) Cenek D) Tohum kabugu (kilift)

19. Asagidakilerden hangileri cimlenmeyi etkiler?
I- Ist 1I- Oksijen II- Nem

A) Yalniz I B) LI C) IL-IIT D) LIL-III

20. Asagidakilerden hangisi tohum olusturmaz?

A) Egrelti B) Gelincik C) Papatya D) Bugday

21. Asagidakilerden hangisi dogurarak ¢ogalir?
A) Kurbaga B) Alabalik C) Kertenkele D) Fare

22. Asagidakilerden hangisi kulugkaya yatar?

A) Kanarya B) Kertenkele C) Kaplumbaga D) istavrit
CANLILAR
x & 23. Tabloda bazi canlilarin embriyolarinin gelisim evreleri verilmistir. Tabloyu
-]
g ?§1 § < inceleyen bir grenci asagidaki sonuclardan hangisine ulasamaz?
rfl 2 & £

A) L. evredeki tiim embriyolar benzerdir.

B) II. evrede balik embriyosu belirgin olarak farklidir.

ﬂ“ﬁoﬁ @ Balik
AN

C) Her embriyo III. evrede kendi tiirtiniin belirgin 6zelliklerinin ¢oguna sahiptir.

D) Her embriyo I. evreyi ayni siirede tamamlar.

24. Molekiil, atom ve bilesik kelimelerini kullanarak asagidaki ciimleyi olusturabiliriz:
Sekerler, atomlarim olusturdugu molekiillerden meydana gelen bilesiklerdir.
Organ, doku ve hiicre kelimelerini kullanarak asagidaki ctimleyi tamamlayiniz:

Akcigerler, ......... olusturdugu ............... meydana gelen ...........

25. Siz bityiidiik¢e viicudunuzda hangi degisiklikler meydana gelir? Gozlemlediklerinizi ve bildiklerinizi yaziniz.
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F.1.2 Force and Motion Achievement Test Form

Siinger Lastik 5 . s . o . .
1. Sekil L, II ve IIT’te verilen durumlarin hangilerinde cisimlere etkiyen
kuvvet digerlerinden farklidir?
~:r A) Yalmiz 1 B) Yalmz IT C)lvell D)Ivelll

2. Ali ile Ayse evlerinden ayn1 anda cikarak sekildeki yollardan giderek okula 20 dakikada
ulagiyorlar. Buna gére Ayse ile Ali’nin hareketi i¢in asagidakilerden hangileri aynidir?

I- Siiratleri II- Yer degistirmeleri III- Aldiklari yollar

A) Yalmiz I B) Yalmz IT C)lvell D)Ilvelll

3. Siirtiinmesiz yatay bir diizlemdeki cisme F1 ve F2 kuvvetleri sekildeki gibi etkirse,
cisim Z noktasina geliyor. Bu duruma gore asagidakilerden hangisi soylenemez?

A) F1 kuvveti F2 den biiyiiktiir. B) Bileske kuvvet F1 yontindedir.

C) F2 bileske kuvvet ile zit yondedir. D) Bileske kuvvet F2’ye esittir.

4. Bir cismin birim zamanda aldig1 yola siirat denir. Buna gore hangisindeki hareketlinin siirati en fazla olur?

A) 40. km’den 60. km’ye 30 dakikada kosan sporcu. B) 10. m’den 15. m’ye 2 dakikada varan karinca.
C) 100 km’yi 25 saatte alan helikopter. D) 40. km’den 140. km’ye 25 saatte varan traktor.

Képek
ey

5. Sekildeki hayvanlar ayn1 anda kosuya baslayip, ayn1 anda yollarini tamamliyor.
Buna gore hayvanlarin siiratlerinin bityiikten kiiciige gore siralanigt hangisinde
verilmistir?

100 m

A) Kopek, kedi, kertenkele

Kertenkele X
% B) Kertenkele, kopek, kedi
m C) Kopek, kertenkele, kedi

D) Kedi, kertenkele, kopek
Kedi

N

50m

6. Tabloda K, L, M ve N araglarinin gesitli siirelerde aldiklar Araglar Gegen Zaman(saniye) Alinan Yol(metre)

yol verilmektedir. Tabloya gore, hangi aracin siirati en K 40 40
biiyiiktiir? L 180 40
A)K B)L OM D)N M 180 100
N 40 100
2 ) 7. Bir 6grenci, AB yolunu 40 s de, BC yolunu ise 50 s de durmaksizin
B SN yiiriiyor.
/! v / ' Buna gore, asagidakilerden hangisi kesinlikle dogrudur?
L 1'\ 00 * 0 1 A) AB yolunu sabit siiratle ytiriimiistiir.
m B m ¢ B) BC yolunu sabit siiratle yiirimustiir.
C) AB yolunu daha siiratle yiirimiistiir.
D) BC yolunu daha siiratle yiirimiistiir.
8. Sekilde halat ¢gekme yarisi yapan Ayhan ve Fevzi’nin dengede kalabilmesi
60N 30N icin hangisinin ¢cekme yoniine kag N’luk kuvvet eklenmelidir?

i A) Ayhan’a, 30 B) Fevzi’ye, 30 C) Ayhan’a, 60 D) Fevzi’ye, 60
Ayhan 0 Fevzi
9. A sehri ile B sehri arasindaki mesafeyi sabit siiratle gidip gelen bir otomobilin alinan yol(x)-gecen zaman(t) grafigi

hangisinde verilmistir?

A) tx B) tX C) +x D) 4%
0 t 0 t 0 rt 0 t
ivme 10. Ivme, siiratin birim zamandaki degismesidir. Buna gore yandaki grafik asagidaki hareketlerden
hangisi i¢in dogru olabilir?
— A) Yiiksekten diisen bir kutu B) Otoyolda sabit siiratle giden bir araba
C) Sabit siiratle giderken ani fren yapan otobiis D) Duran bir top
0 Zaman
11. 30 m/s sabit siiratle hareket eden bir otomobil 10 dakikada ka¢ km yol alir?
A) 18 B) 20 C)25 D) 30
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F F, 12. Yatay_Fl ve F2 kltl.VVCt.lCI‘i, sekildeki gil?i m Fismine uyg_ul_a.nd1g1nda, cisim F1 yoniinde
hareket ediyor. Buna gore bileske kuvvet asagidakilerden hangisi ile bulunur?
A)Fl +F2 B) FI/F2 C) F2/F1 D) Fl - F2

13. Diisey dogrultuda asagiya dogru atilan tas ile ilgili bilgilerden hangisi dogrudur?
A) Tlk siirati ile son siirati birbirine esittir. B) Siirati aldig yola bagh olarak azalir.
C) Birim zamanda aldig: yol siirekli artar. D) Yer degistirme siiresince siirati sabit kalir.

14. Baslangi¢ cizgisinden ayn1 anda kogmaya baslayan Metin ve Mustafa 100 metrelik dogrusal yol boyunca yarisarak bitis
¢izgisine varmaktadirlar. Yapilan yarisla ilgili asagidakilerden hangisi kesinlikle yanlis olur?

A) Bitis ¢izgisine vardiklarinda Metin ve Mustafa’nin yer degistirmeleri esit olur.

B) Metin yaris1 Mustafa’dan daha 6nce bitiriyorsa, Metin’in siirat ortalamas: daha biiyiiktiir.

C) Siiratleri esitse, Metin yarigi daha 6nce bitirir.

D) Mustafa’nin yaris1 6nce bitirmesi i¢in Metin’den daha siiratli kogsmasi gerekir.

15. Siiratin tam olarak bilinmesi i¢in bilyiikliigiiniin yaninda baslangi¢ noktasinin, dogrultusunun ve yoniiniin de belirtilmesi
gerekir. Buna gore, siirat agagidaki olaylarin hangisinde tiim 6zellikleriyle verilmistir?

A) Araba, Bolu Ankara karayolunda 90 km/saat siiratle gidiyor. B) Ucak, kuzeyden giineye gidiyor.
C) Bogaz vapuru, Uskiidar’dan Besiktas’a 40 km/saat siiratle gidiyor. D) Araba, saatte 50 km yol aliyor.
Q Q Q 16. Dinamometre ile yukaridaki olgiimleri yapan bir Ogrenci, asagidaki
1,5 35 45 sonuglardan hangisine ulasir?
Newton Newton Newton A) K ve L cisimleri esit agirhiktadir.
B) Agirligi en kiigiik olan cisim K’dir.
K K K C) Agirligr en kiigiik olan cisim M’dir.
L L D) L ve M cisimleri esit agirliktadir.
M

17. Bir 6grenci agirligi 6nemsenmeyen esit bolmeli, homojen ¢ubuga asilhi K ve L bos kovalarim
dinamometre ile O noktasindan kaldirdiginda cubugun yatay konumda kaldigim goriiyor. Ogrenci,
bu deneyle asagidaki sonuglardan hangisine ulasamaz?

A) O noktasi sistemin denge noktasidir.

B) K kovasi L kovasindan agirdir.

C) Dinamometreden okunan deger K ve L kovalarinin agirliklar toplami kadardir.

D) K ve L kovasinin kiitleleri birbirinden farklidir.

18. Sekiller Diinya’dan firlatilan ve sonra geri donen bir roketi ra BN
gostermektedir. Yercekimi roket tizerine etki eder mi? Hangi [
durumlarda? Neden?

=]

FAN 7
2. durum |
i A
| N

11 3. durum
4k

) i /\ | y

A ) "

e A,

| N —

oA

] | 4. durum

s A K

k q

:\\ __/: = AY

X

A

]

|V A B

A0 A

M =

|| 1

o

|| t

uzaklik
{cm)
19. Yandaki grafik diiz bir ¢izgi boyunca hareket eden bir
karincanin yaptig1 hareketi gostermektedir.
6
Eger bu karinca ayni siiratte gitmeye devam ederse 30 saniye
5 sonunda ne kadar uzaga gitmis olur?
4
3 »
2
1
0 510 15 20 25 30

zaman (saniye)
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20. Buzlu bir yolda A noktasinda duran araba (motoru ¢aligmayan ve

fireni tutmayan) sofor tarafindan sabit bir kuvvetle itilerek B’ye
m getiriliyor.

a. Sizce araba neden hareket etmistir?

b. Sizce araba B’den C’ye gelir mi? Nasil?

21. Yercekimi hangilerine etki eder? Kutucuga ¢arpt koyunuz.

O = | b O

Yerdeki bir top

Yukart atilmig bir top Yukari atilmig bir tugla | Tramplende sigrayan bir gocuk

Rl - o | R

|
Asag diisen bir Asag atlayan bir - 'l
top cocuk Asag diisen tugla

Kayiktaki bir cocuk | Topraga gomiilii bir tugla

22. Bir cismin kiitlesini baskiil ve esit kollu terazi ile diinyada ve ayda 6lcersek ayni degeri mi buluruz? Neden?

23. Diinyadaki yercekimini diisiinerek ve riizgarin direncini hesaba katmayarak asagidakileri cevaplayiniz.

Bir basketbol oyuncusu topu potaya firlatir.
Asagidakilerden hangisi top en yukardayken topa etki eden kuvvetleri gostermektedir.

| & o
] ] O O

a b c

na}_.__{._

Q Raketini kotii bir sekilde tutan bir tenis oyuncusu topu yukar1 dogru vurur.
* Asagidakilerden hangisi top en yukardayken topa etki eden kuvvetleri gostermektedir.
Neden?

=

W; & i‘ 8

‘SR L] L] L]
= a b c d
Bir beysbol oyuncusu sopasiyla topa yatay olarak vurur.
@ Asagidakilerden hangisi hareketi sirasinda topa etki eden kuvvetleri
gostermektedir.
- 1 Neden?
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F.2. Unit Achievement Tests Key

F.2.1 Reproduction, Development, and Growth in Living Things Unit Achievement Test Key

= Y
ocoQCounwrou

3
OrUrPUI>PUIE > > U

24. Coding Guide

Code Response

Correct Response

10 Hiicre-Doku-Organ
Incorrect Response

70 Hiicre-Organ-Doku
71 Doku-Organ-Hiicre
72 Doku-Hiicre-Organ
73 Organ-Hiicre-Doku
74 Organ-Doku-Hiicre
79 Other incorrect (including crossed out/erased, stray marks, illegible, or off task).
No Response

99 BLANK

Note: Developed from “JO3 Coding Guide”, TIMSS 1999 Science Items Released Set for Eighth Grade.
Retrieved February 1, 2006 from http://timss.bc.edu/timss1999i/pdf/t99science_items.pdf, last
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F.2.1 (Cont.’d)

25. Coding Guide

Code

Response

Correct Response

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Refers to growth such as increases in height, weight, strength. Example: They get bigger.
Kollarimiz, bacaklarimiz, dislerimiz, kafamiz, ayaklarimiz vb. gibi degisiklikler oluyor. En &nemlisi
biiyliyoruz.

Refers to sexual maturation. Explanation may include secondary sexual features such as voice, hair.
Koltuk altinda killanma cinsel bolgede killanma .

Refers to appearance [Use code 10, 11 for those explicitly mentioned above.]

Examples: Their nails grow. Their hair might darken.

Biiyiiyiince sivilceler ¢ikar.

Refers to both growth and sexual maturation.

Gogiis belirginlesme, boyumuzun uzamasi, kilo almamiz.

Refers to both appearance and sexual maturation.

Sivilce, koltuk alt1 ve cinsel bolgelerde killanma vb.

Refers to growth, appearance and sexual maturation.

Biz biiyiidiik¢e boyumuz uzar, sivilcelerimiz ¢ikar, hormonlarimiz ¢alismaya baslar.
Refers to both growth and appearance

Sesimiz degisir. Boyumuz uzar. Yiiz seklimiz degisebilir.

Other acceptable. Example: They lose teeth.

Dislerim, Viicudum ve Sesim degisir.

Refers to both growth and other

Boyum uzar. Kollarim ve bacaklarim uzar. Eski disler yerine yeni disler gelir.

Refers to both growth, sexual maturation and other

Boyum uzar, eller, ayaklar bityiir. Killanmaya baslariz. Dislerim ¢ikar.

Ilnesses associated with becoming old.

Alerji, ¢igek oldugunu gordiim.

Refers to both growth and emotional or intellectual changes.

Boyumuz uzar, iyiyi kotiiyii daha iyi ayirt ederiz daha ¢abuk gelisiriz.

Refers to both appearance and other

Sivilee ¢ikal, dislerimiz dokiiliir.

Refers to both sexual maturation and emotional or intellectual changes.

Koltuk altinda killanma, sivilcelerin ¢ikmasi, duygusallik meydana gelen degisikliklerdir.
Refers to both growth, emotional or intellectual changes and sexual maturation.
Viicudumuzda bedensel ve ruhsal degisiklikler meydana gelir. Boyumuz uzar, kilomuz artar, sivilceler
¢ikar, derimiz yaglanir. Kizlar adet goriir.

Incorrect Response

70

71

72

76

77

78

79

Refers to emotional or intellectual changes. Examples: The don't cry.

Their minds expand in intelligence.

Biiyiirler. Herkes biiyiidiigiinii sanirlar.

Refers to social changes.

Examples: They can decide more themselves. They wear fashion clothes.
Biiytidiigimiizde 7 yasina geldgimizde okula gider sonra daha da bilyiidiigiimiizde ergen oluruz.
Refers to changes associated with aging such as losing hair.

Boyumuz artik sabit olur. Kilomuz da sabit olur.

Repeats information in the stem, such as referring to children becoming adults.
Example: They get older.

Olgunlaginz.

Biz biiyiidiik¢e bedenimiz kilomuz uzunlugumuz degisir.

Ergenlik ¢agina.

Refers to emotional or intellectual changes and repeats information in the stem, such as referring to
children becoming adults.

Konusmamiz davranislarimiz degisir. Bircok degisiklige ugrariz

Refers to changes not associated with aging.

Ben viicudumda karnim agriyor falan.

Other incorrect. Example: Bones.

Viicudumuzun koltuk altinda olur.

Kemikleri, viicudu.

No Response

90

99

Crossed out/erased, illegible, or impossible to interpret.
Siit, yogurt, Danone bunlardan bazilari.
BLANK

Note: Developed from “Y-2 Coding Guide”, TIMSS Released Set for Population 1 (Third and Fourth Grades).
http://timss.bc.edu/timss 19951/ TIMSSPDF/ASitems.pdf, last accessed date: 20 February, 2006.
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F.2.2 Force and Motion Unit Achievement Test Key

A

S i i

18. Coding Guide

Code Response
Correct Response
20 1., 2. ve 3. durumlarda. Ciinkii ...
Eder. Yer ¢ekimi her maddeye etki eder.
21 Etki eder. Uzay’a firlatilirken gii¢ yercekimin yener. Inerken yer cekimi kuvveti etki eder.
Partial Response
10 1,2,3.
Hepsinde.
11 Eder. Yercekiminin kuvveti coktur.
Incorrect Response
70 Situation 1 (with explanation).
Yercekimi roket tizerinde etki eder. 1. durumda ciinkii roket hala hareket etmemis olur.
71 Situation 2 (with explanation).
2. durum
72 Situation 3 (with explanation).
3. durum
73 Situation 1 and 2 (with explanation).
Etki eder. 1. 2. durumda. Ciinkii 3. durumda parasiit kullanildigi i¢in.
74 Situation 2 and 3 (with explanation).
Yercekimi roket tizerine etki eder. Gelinis ve gidinis durumundadir. Ciinkii gelis ve gidisi aynidir.
75 Situation 1 and 3 (with explanation).
Hayir. 1. durumda eder. 2. durumda etmez. 3. durumda eder.
76 Situation 2 (with explanation).
2. durum. Ciinkii yukar: ¢ikarken yer ¢ekimi etki eder.
77 Situation 3 (with explanation).
Etki eder. Ciinkii roket asagiya iniyor.
78 Situation 1 (with explanation).
Evet. Roket hareket halinde degilken.
79 In no situation.

Etmez. Ciinkii onu goze alarak roketler yapilmistir.

No Response

90 Crossed out/erased, illegible, or impossible to interpret.
Evet. Kuvvetle. Mesela bir ... attigimizda, yere diiser. Buna yercekimi denir.
99 BLANK
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F.2.2 (Cont.’d)

19. Coding Guide

Code Response

Correct Response

20 6 cm uzaga gitmis olur.

21 30 saniyede 60 cm gidiyor.

2 santimetre uza@a gitmig olur.

Partial Response

10 6’ya kadar gider.

11 Grafikte gosterilmis

Incorrect Response

70 Other responses
S5cm

No Response

90 Crossed out/erased, illegible, or impossible to interpret.
Capraz gider.

99 BLANK

20. a. Coding Guide

Code Response

Correct Response

10 itme kuvvetiyle b’ye getirilmistir.
11 Buzlu yol oldugu i¢in kayarak gider.

Arabanin el freni inik ve vites bostaysa gider.
Incorrect Response

70 A’dan B’ye gelebilir.

71 Benzinlikten benzin alarak

No Response

90 Crossed out/erased, illegible, or impossible to interpret.
99 BLANK

20. b. Coding Guide

Code Response

Correct Response

10 Gelir. Yine itilerek.

11 Gelir. Kayarak.
El frenini indirip vitesi bosa alinca araba B’den C’ye gider.

12 Gelmez. Kuvveti yetmez.

Incorrect Response

70 Gelir.

71 B’den C’ye gider. Benzinlikten benzin alarak

72 Gelmez.

No Response

90 Crossed out/erased, illegible, or impossible to interpret.
C noktas1 daha

99 BLANK
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F.2.2 (Cont.’d)

21. Coding Guide

Code Response
Correct Response
20 All

Partial Response
21 T
Yukart atilmus bir top

i %

m Tramplende sigrayan bir ¢ocuk

22

Yukar atilmis bir tugla

» O
Yerdeki bir top
25 2
l Kayiktaki bir cocuk
26 —_—
(- Topraga gomiilii bir tugla
27

O l Asag diisen bir top

i X

29

Asagi atlayan bir ¢cocuk

o

Asag diisen bir tugla

No Response
99 BLANK

22. Coding Guide

Code Response
Correct Response
10 Ciinkii ayda sadece agirlik degisir.

Ayni degeri buluruz. Uzayda isi havada kalacak ama ikisi ayni olacak. E
Evet. Ciinkii kiitle degismeyen madde miktandir.

Partial Response

17 Ayni kiitlede bulunur. Agirligina fazla bir madde koymadigimiz i¢indir.
Incorrect Response
70 Yes or no type answers.
Buluruz.
Bulamayiz.
71 No with explanations:
Bulamayiz. Ciinkii ayda yer ¢ekimi yoktur.
No Response
90 Crossed out/erased, illegible, or impossible to interpret.
Yercekiminden.
99 BLANK
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F.2.2 (Cont.’d)

23. 1. Coding Guide

Code

Response

Correct Response

10

A with explanation.
En yukardayken asagi iner. Yer ¢cekimi ¢eker.

Partial Response

17

A.

Incorrect Response

70

71

A with incorrect explanation

A. Ciinkii hizli giden bir top yer ¢ekimidir.
Others

B. Hava onu kaldirp attigs igin.

No Response

90 Crossed out/erased, illegible, or impossible to interpret.
Ciinkii kuvvet uygulaniyor.
99 BLANK
23. 2. Coding Guide
Code Response

Correct Response

10

A with explanation.
A. Top yukardayken agag iner. Yer cekimi ¢eker.

Partial Response

17

A.

Incorrect Response

70

71

A with incorrect explanation

A’drr. Ciinkii tenis topuna vururken kuvvetle yukartya gider.
Others

B diizdiir o yiizden.

No Response

90 Crossed out/erased, illegible, or impossible to interpret.
Ciinkii topa daha hizli varmustur.
99 BLANK
23. 3. Coding Guide
Code Response

Correct Response

10

D with explanation.
D. Tekrar agagiya diiser. Ciinkii; yer ¢cekimi vardir.

Partial Response

17

D.

Incorrect Response

70

71

D with incorrect explanation

D. Adam topa ¢ok hizli vuruyor.
Others

B. Ciinkii cok hizli gidiyor.

No Response

90

99

Crossed out/erased, illegible, or impossible to interpret.
Sopanin giicii oldugu igin.
BLANK
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F.3 Unit Achievement Test Blueprints

Table F.1 Reproduction, development, and growth in living things achievement test blueprint

Items

Subject Matters

Cognitive Processes

1

2

3

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Canlilik Hiicreyle Bagslar
(Hiicre)

Hayvanlarda Ureme, Biiyiime ve Gelisme

(Hayat Dongiisii)
Tohumdan Fidana
(Cimlenme)

Hayvanlarda Ureme, Biiyiime ve Gelisme

(Bagkalagim)

Canlilik Hiicreyle Bagslar
(Organel)

Cicekli Bitkilerde Ureme
(Tozlagma)

Canlilik Hiicreyle Baglar
(Organel)

Cigekli Bitkilerde Ureme
(Tozlasma)

Hayvanlarda Ureme, Biiyiime ve Gelisme

(Hayat Dongtisii)

Cigekli Bitkilerde Ureme
(Tohum)

Cigekli Bitkilerde Ureme
(Tozlasma)

Canlilik Hiicreyle Baglar
(Hiicre)

Canlilik Hiicreyle Baglar
(Organel)

Tohumdan Fidana
(Cimlenme)

Canlilik Hiicreyle Baglar
(Organel)

Cicekli Bitkilerde Ureme
(Tozlasma)

Canlilik Hiicreyle Baslar
(Hiicre)

Cigekli Bitkilerde Ureme
(Tohum)

Tohumdan Fidana
(Cimlenme)

Cicekli Bitkilerde Ureme
(Tohum)

Hayvanlarda Ureme, Biiyiime ve Gelisme

(Hayat Dongiisii)

Hayvanlarda Ureme, Biiyiime ve Gelisme

(Hayat Dongiisii)

Hayvanlarda Ureme, Biiyiime ve Gelisme

(Hayat Dongtisii)
Canlilik Hiicreyle Baglar
(Organizma)

Insanlarda Ureme, Biiyiime ve Gelisme

Knowledge

(Knowledge of classifications)
Knowledge

(Knowledge of facts)
Comprehension

(Prediction)

Knowledge

(Knowledge of sequences)
Knowledge

(Knowledge of classifications)
Knowledge

(Knowledge of facts)
Knowledge

(Knowledge of sequences)
Comprehension

(Prediction)

Knowledge

(Knowledge of sequences)
Knowledge

(Knowledge of classifications)
Knowledge

(Knowledge of classifications)
Knowledge

(Knowledge of facts)
Knowledge

(Knowledge of facts)
Comprehension

(Translation of knowledge from one form into another)
Comprehension

(Giving Example)

Knowledge

(Knowledge of teminology)
Science Process

(Recognition of a problem)
Knowledge

(Knowledge of classifications)
Knowledge

(Knowledge of facts)
Knowledge

(Knowledge of classifications)
Knowledge

(Knowledge of classifications)
Knowledge

(Knowledge of classifications)
Science Process

(Conclusion according to evidences)
Knowledge

(Knowledge of sequences)
Science Process

(Description of observation)
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Table F.2 Force and motion achievement test blueprint

ftems Subject Matters Cognitive Processes
1 Kuvveti Kesfedelim Knowledge
(Kuvvet) (Knowledge of classifications)
2 Yasamimizdaki Siirat Comprehension
(Siirat) (Comment)
3 Kuvvetler Is Baginda (Net, Bileske Comprehension
Kuvvet) (Comment)
4 Yasamimizdaki Siirat Solving Problem
(Siirat) (Show the answer in required form)
5 Yasamimizdaki Siirat Comprehension
(Stirat) (Prediction)
6 Yasamimizdaki Siirat Comprehension
(Siirat) (Prediction)
7 Yasamimizdaki Siirat Comprehension
(Siirat) (Prediction)
8 Kuvvetler s Basinda Solving Problem
(Dengelenmis Kuvvet) (Finding required principle for solution)
9 Yasamimizdaki Siirat Comprehension
(Siirat) (Translation of knowledge from one form into another)
10 Yasamimizdaki Siirat Comprehension
(Siirat) (Translation of knowledge from one form into another)
11 Yasamimizdaki Siirat Solving Problem
(Siirat) (Show the answer in required form)
12 Kuvvetler Is Baginda Comprehension
(Net (Bileske) Kuvvet) (Identification of knowledge in a new context)
13 Yasamimizdaki Siirat Comprehension
(Siirat) (Relation)
14 Yasamimizdaki Siirat Comprehension
(Siirat) (Relation)
15 Yasamimizdaki Siirat Comprehension
(Siirat) (Identification of knowledge in a new context)
16 Kuvveti Kesfedelim Comprehension
(Dinamometre) (Translation of knowledge from one form into another)
17 Kuvveti Kesfedelim Comprehension
(Dinamometre) (Prediction)
18 Agirlik Bir Kuvvettir Comprehension
(Kiitle Cekim Kuvveti) (Comment)
19 Yasamimizdaki Siirat Comprehension
(Siirat) (Translation of knowledge from one form into another)
20. a Kuvvetler s Basinda Comprehension
(Dengelenmis Kuvvet) (Explanation)
20.b Kuvvetler s Basinda Comprehension
(Dengelenmmemis Kuvvet) (Prediction)
21 Agirlik Bir Kuvvettir Comprehension
(Kiitle Cekim Kuvveti) (Identification of criteria in a given information)
22 Agirlik Bir Kuvvettir Comprehension
(Kiitle Cekim Kuvveti) (Explanation)
23 Agirlik Bir Kuvvettir Comprehension
(Kiitle Cekim Kuvveti) (Explanation)
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F.4 Subject Matters of Units

Table F.3 Subject matters of reproduction, development, and growth in living things unit

Subject Matters Subject
Canlilik Hiicreyle Baslar Hiicre
Organel
Organizma
nsanlarda Ureme, Biiyiime ve Gelisme Yumurta
Sperm
Biiytime
Olgunlasma
Gelisme
Cocuk Degilim Artik Ergenlik
Ergen
Hayvanlarda Ureme, Biiyiime ve Gelisme Hayat Dongiisii
Bagkalasim
Cigekli Bitkilerde Ureme Tohum
Meyve
Tozlasma
Tohumdan Fidana Cimlenme

Organik Tarim

Table F.4 Subject matters of force and motion unit

Subject Matters Subject
Yasamimizdaki Siirat Stirat
Hareket Enerjisi
Kuvveti Kesfedelim Kuvvet
Dinamometre
Kuvvetler Is Basinda Net (Bileske) Kuvvet

Dengelenmis Kuvvet

Dengelenmemis Kuvvet
Agurlik Bir Kuvvettir Agirlik

Kiitle Cekim Kuvveti
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F.5 Cognitive Processes

Table F.5 Cognitive processes

Cognitive Processes

Objective

Knowledge

Knowledge of facts

Knowledge of terminology

Knowledge of concepts

Knowledge of classifications

Knowledge of sequences

Knowledge of techniques and procedures
Knowledge of principles and laws
Knowledge of theories

Comprehension

Identification of knowledge in a new context
Explanation

Summarization

Giving example

Identification of criteria in a given information
Relation

Comment

Translation of knowledge from one form into another
Prediction

Solving Problem

Finding required principle for solution

Bringing knowledge, law, and principle together
Using formula and algorithms

Using units correctly and making transition
Show the answer in required form

Science Process

Observing

Description of observation

Comparison of results of observation

Classification of results of observation

Selection of appropriate measuring instrument

Recognition of a problem

Relation between elements of problem

Formulation of a hypothesis to solve the problem

Proposing procedure to verify (test) the hypothesis

Design of experiment/think/formulate in figure

Collection of data

Processing/analyzing/interpreting data

Discussing and evaluating hypotheses according to evidences

Conclusion according to evidences

Generalization (formulating models) and proposing new research questions
Application of observation and research results to daily life or new situation

Note: It is developed from “Taxonomy of Educational Objectives” by the MONE, EARGED, 1995,
43 using Bloom’s terminology.
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F.6 References of Unit Achievement Tests

Table F.6 Reference of the reproduction, development, and growth in living things unit

achievement test

Item  Source
TIMSS Released Set for Population 1 (3rd and 4th Grades):
http://timss.bc.edu/timss 19951/TIMSSPDF/ASitems.pdf

—_

2 TIMSS Released Set for Population 1 (3rd and 4th Grades):
http://timss.bc.edu/timss 19951/TIMSSPDF/ASitems. pdf
3 TIMSS Released Set for Population 1 (3rd and 4th Grades):
http://timss.bc.edu/timss 19951/TIMSSPDF/ASitems. pdf
4 TIMSS Released Set for Population 1 (3rd and 4th Grades):
http://timss.bc.edu/timss 19951/TIMSSPDF/ASitems.pdf
5 2006 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2006/DPY6SinifATesti_2006.pdf
6 2006 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2006/DPY 6SinifATesti_2006.pdf
7 2006 Devlet Parasiz Yatililik ve Bursluluk Sinavi:

http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2006/DPY 6SinifATesti_2006.pdf

8 TIMSS Released Set for Population 1 (3rd and 4th Grades):
http://timss.bc.edu/timss 19951/TIMSSPDF/ASitems.pdf

9 TIMSS Released Set for Population 1 (3rd and 4th Grades):
http://timss.bc.edu/timss 19951/ TIMSSPDF/ASitems.pdf

10 2006 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2006/DPY 6SinifATesti_2006.pdf

11 2003 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2003/DPY6Test_key2003.pdf

12 2004 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2004/2006DPY _6SinifATesti_key.pdf

13 2003 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2003/DPY4Test_key2003.pdf

14 2003 Orta Ogretim Kurumlar1 Ogrenci Se¢me ve Yerlestirme Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Ook/O0k2003/00k2003Test_Key.pdf

15 Devlet Parasiz Yatililik Ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2003/DPY4Test_key2003.pdf

16 Devlet Parasiz Yatililik Ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2003/DPY4Test_key2003.pdf

17 2003 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2003/DPY 6 Test_key2003.pdf

18 2002 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2002/DPY 6 Test_key2002.pdf

19 2001 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2001/Dpy4_Test2001.pdf

20 2000 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2000/DPY4Test_key2000.pdf

21 2000 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2000/DPY4Test_key2000.pdf

22 1998 Devlet Parasiz Yatililik ve Bursluluk Sinavi:
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy1998/DpyTest_4_1998.pdf

23 2003 Ozel Okullar Sinavi: http://egitek.meb.gov.tr/Sinavlar/Sorular/OzelOkullar2005/20030zelOkullarSnv.pdf

24 TIMSS 1999 Science Items Released Set for 8th Grade: http://timss.bc.edu/timss1999i/pdf/t99science_items.pdf

25 TIMSS Released Set for Population 1 (3rd and 4th Grades):
http://timss.bc.edu/timss 19951/TIMSSPDF/ASitems.pdf

200



Table F.7 Reference of the force and motion unit achievement test

Item Source

No

1 2006 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2006/DPY5SinifATesti_2006.pdf

2 2005 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2005/2007_DPY7_SINIF_A_TESTLpdf

3 2004 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2004/2006DPY _7SinifATesti_key.pdf

4 2004 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2004/2006DPY _7SinifATesti_key.pdf

5 2003 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2003/DPY5Test_key2003.pdf

6 2002 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2002/DPY 5 Test_key2002.pdf

7 2002 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2002/DPY5Test_key2002.pdf

8 2002 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2002/DPY7Test_key2002.pdf

9 2001 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2001/Dpy6_Test2001.pdf

10 2002 Orta Ogretim Kurumlar1 Ogrenci Se¢me ve Yerlestirme Smavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Ook/Oo0k2002/00k2002Test_Key.pdf

11 2001 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2001/Dpy6_Test2001.pdf

12 2000 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2000/DPY 8 Test_key2000.pdf

13 1998 Devlet Parasiz Yatihlik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy1998/DpyTest_6_1998.pdf

14 2005 Ozel Okullar Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/OzelOkullar2005/20050zelOkullarSnv.pdf

15 2005 Ozel Okullar Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/OzelOkullar2005/20020zelOkullarSnv.pdf

16 2005 Devlet Parasiz Yatililik ve Bursluluk Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Dpy/Dpy2005/2007_DPY7_SINIF_A_TESTI.pdf

17 2003 Orta Ogretim Kurumlar1 Ogrenci Se¢gme ve Yerlestirme Sinavi
http://egitek.meb.gov.tr/Sinavlar/Sorular/Ook/Oo0k2003/00k2003Test_Key.pdf

18 TIMMS 1999 Science Items. Released Set for Eight Grade. JO5
http://timss.bc.edu/timss 1999i/pdf/t99science_items.pdf

19 TIMSS IEA’s Third International Mathematics and Science Study TIMSS Science Items: Released Set for
Population 2 (Seventh and Eighth Grades) P1
http://timss.bc.edu/timss 19951/ TIMSSPDF/BSItems. pdf

20 Kurt, S. ve Akdeniz, A. R. [2004] Ogretmen Adaylarinin Kuvvet Kavramu ile ilgili Yamlgilarin1 Gidermede
Kesfedici Laboratuar Modelinin Etkisi. Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 27, 196-205.

21 Palmer, D. (2001) Students’ alternative conceptions and scientifically acceptable conceptions about gravity.
International Journal of Science Education, 23 (7), 691- 706.

22 Developed by the researcher.

23 Jimoyiannis, A. ve Komis, V. (2003). Investigating Greek Students’ Ideas about Forces and Motion.

Research in Science Education 33, 375-392.
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APPENDIX G

RESULTS OF THE ANALYSIS OF STUDENTS’ SOCIO-ECONOMIC
STATUS VARIABLES

G.1 Results of the Descriptive Analysis of Students’ Socio-Economic Status Variables

Table G.1 Mother education and group crosstabulation

grou Total
Experimental Control
mother education illiterate 6 4 10
Literate 4 7 11
Primary school (5 years) 40 25 65
Secondary school (8 years) 18 16 34
Elementary education (8 year) 7 6 13
Secondary education (11 year) 9 15 24
University 0 5 5
Masters/doctorate 0 1 1
unknown 2 3 5
Total 86 82 168

Table G.2 Father education and group crosstabulation

group Total
Experimental Control
father education illiterate 0 1 1
Literate 1 5 6
Primary school (5 years) 25 28 43
Secondary school (8 years) 22 20 42
Elementary education (8 year) 3 3 6
Secondary education (11 year) 29 19 48
University 5 10 15
Masters/doctorate 0 2 2
unknown 1 4 5
Total 85 78 168
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Table G.3 Number of sibling and group crosstabulation

group Total
Experimental Control
number of sibling no 3 3 6
1 32 38 70
2 32 17 49
3 10 11 21
4 5 6 11
5 and more than 5 4 3 7
unknown 0 4 4
Total 86 82 168
Table G.4 Income and group crosstabulation
group Total
Experimental Control
Income YTL ~ 0-350 14 20 34
351-500 15 11 26
501-750 20 15 35
751-1000 21 9 30
1001-1250 6 6 12
1251-1500 7 4 11
1501-1750 1 4 5
More than 1751 1 6 7
unkown 1 7 8
Total 86 82 168
Table G.5 Dishwasher and group crosstabulation
group Total
Experimental Control
dishwasher Do not have 54 48 102
have 32 32 64
unkown 0 2 2
Total 86 82 168
Table G.6 Computer and group crosstabulation
group Total
Experimental Control
computer Do not have 57 45 102
have 29 35 64
unkown 0 2 2
Total 86 82 168
Table G.7 Study room and group crosstabulation
grou Total
Experimental Control
study room Do not have 25 30 55
have 61 50 111
unkown 0 2 2
Total 86 82 168
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Table G.8 Work and group crosstabulation

group Total
Experimental Control
work yes 83 79 162
no 2 1 3
unkown 1 3
Total 85 82 168
Table G.9 Kindergarten and group crosstabulation
group Total
Experimental Control
kindergarten yes 63 52 115
no 21 26 47
unkown 2 4 6
Total 84 78 168
Table G.10 Age of schooling and group crosstabulation
group Total
Experimental Control
age of schooling 5 0 1 1
6 9 19 28
7 69 53 122
8 6 6 12
unkown 2 3 5
Total 86 82 168
Table G.11 Number of books and group crosstabulation
group Total
Experimental Control
number of books 0-10 11 14 25
11-25 30 22 52
26-100 24 25 49
101-200 13 10 23
More than 200 6 8 14
unkown 2 3 15
Total 86 82 168
Table G.12 Newspaper/magazine and group crosstabulation
group Total
Experimental Control
newspaper/magazine Yes 22 19 41
No 48 56 104
unkown 16 7 23
Total 86 82 168
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G.2. Results of the Factor Analysis of Students’ Socio-Economic Status Variables

G.2.1 Results of the Factor Analysis of Students’ Socio-Economic Status Variables with

Listwise Deletion

Table G.13 Descriptive statistics

Descriptive Statistics

Mean Std. Deviation | Analysis N
mothereducation 3,92 1,534 131
fathereducation 4,66 1,582 131
numberofsibling 2,85 1,099 131
income 3,36 1,950 131
dishwasher 1,43 ,497 131
computer 1,40 ,491 131
studyroom 1,69 ,465 131
work 1,02 ,150 131
kindergarten 1,31 ,465 131
ageofschooling 6,86 ,523 131
numberofbooks 2,74 1,174 131
newspapermagazine 1,72 ,452 131

Table G.14 KMO and bartlett’s test result

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling

Adequacy. ,825

Bartlett's Test of Approx. Chi-Square 318,540

Sphericity df 66
Sig. ,000

Table G.15 Communalities

Communalities

Initial Extraction
mothereducation 1,000 ,678
fathereducation 1,000 ,625
numberofsibling 1,000 ,562
income 1,000 ,665
dishwasher 1,000 ,497
computer 1,000 ,512
studyroom 1,000 ,674
work 1,000 ,591
kindergarten 1,000 ,599
ageofschooling 1,000 ,632
numberofbooks 1,000 577
newspapermagazine 1,000 ,515

Extraction Method: Principal Component Analysis.
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Table G.16 Total variance explained

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component Total % of Variance | Cumulative % Total % of Variance | Cumulative % Total % of Variance | Cumulative %
1 3,573 29,779 29,779 3,573 29,779 29,779 2,610 21,754 21,754
2 1,490 12,415 42,194 1,490 12,415 42,194 1,858 15,484 37,238
3 1,058 8,819 51,013 1,058 8,819 51,013 1,357 11,312 48,550
4 1,005 8,377 59,390 1,005 8,377 59,390 1,301 10,840 59,390
5 ,837 6,977 66,368
6 ,801 6,677 73,044
7 ,669 5,573 78,617
8 ,659 5,494 84,111
9 ,603 5,023 89,134
10 ,552 4,598 93,732
1 ,400 3,333 97,064
12 ,352 2,936 100,000

Extraction Method: Principal Component Analysis.

Scree Plot

Eigenvalue
©
1

o

Figure G.1 Scree plot

Table G.17 Component matrix

Component Matri®

Component
1 2 3 4

income ,804 ,110

fathereducation 775 -,140
mothereducation ,729 -,371
numberofbooks ,628 -,151 ,388
newspapermagazine ,583 ,262 322
computer ,527 ,464 127
kindergarten 511 ,128 -,490 -,285
dishwasher ,501 ,282 -,247 ,326
studyroom ,300 -,647 ,397
work -,527 ,378 -,406
ageofschooling ,503 ,503 -,347
numberofsibling -,412 ,428 ,329 ,318

Extraction Method: Principal Component Analysis.
2. 4 components extracted.
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Table G.18 Rotated component matrix

Component
1 2 3 4

Numberofbooks 742 115 -,101
newspapermagazine 691 135 -,140
income ,674 ,379 ,258
fathereducation 613 ,488

computer AT5 151 378 347
kindergarten ,709 ,305
mothereducation 468 ,670

numberofsibling -,655 173 311
work -,762
dishwasher ,326 177 ,594
ageofschooling 113 -, 144 -,135 ,762
studyroom 420 -,183 -,679

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.
a Rotation converged in 5 iterations.

Table G.19 Component transformation matrix

Component Transformation Matrix

Component 1 2 3 4

1 ,786 ,569 ,234 -,059
2 -,047 -118 ,639 ,758
3 ,559 -,521 -515 ,388
4 ,259 -,625 521 -,520

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.
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G.2.2 Results of the Factor Analysis of Students’ Socio-Economic Status Variables with

Pairwise Deletion

Table G.20 Descriptive statistics

Descriptive Statistics

Mean Std. Deviation | Analysis N | Missing N
mothereducation 3,77 1,492 3 5
fathereducation 4,60 1,538 163 5
numberofsibling 2,89 1,162 164 4
income 3,30 1,909 160 8
dishwasher 1,39 ,488 166 2
computer 1,39 ,488 166 2
studyroom 1,67 472 166 2
work 1,02 134 165 3
kindergarten 1,29 ,455 162 6
ageofschooling 6,89 ,509 163 5
numberofbooks 2,69 1,152 163 5
newspapermagazine 1,72 ,452 145 23

Table G.21 KMO and bartlett’s test result

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling

Adequacy. ,830

Bartlett's Test of Approx. Chi-Square 307,680

Sphericity df 66
Sig. ,000

Table G.22 Communalities

Communalities

Initial Extraction
mothereducation 1,000 ,617
fathereducation 1,000 ,593
numberofsibling 1,000 ,540
income 1,000 ,633
dishwasher 1,000 ,461
computer 1,000 ,495
studyroom 1,000 ,662
work 1,000 ,657
kindergarten 1,000 ,504
ageofschooling 1,000 ,681
numberofbooks 1,000 ,548
newspapermagazine 1,000 ,526

Extraction Method: Principal Component Analysis.

208



Table G.23 Total variance explained

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component Total % of Variance | Cumulative % Total % of Variance | Cumulative % Total % of Variance | Cumulative %
1 3,497 29,144 29,144 3,497 29,144 29,144 2,225 18,544 18,544
2 1,339 11,156 40,300 1,339 11,156 40,300 2,206 18,381 36,925
3 1,068 8,898 49,198 1,068 8,898 49,198 1,311 10,922 47,847
4 1,014 8,454 57,652 1,014 8,454 57,652 1177 9,805 57,652
5 ,848 7,066 64,718
6 ,796 6,634 71,352
7 ,783 6,525 77,877
8 ,647 5,392 83,268
9 ,630 5,254 88,522
10 ,5652 4,597 93,119
11 ,428 3,565 96,684
12 ,398 3,316 100,000

Extraction Method: Principal Component Analysis.

Scree Plot

Eigenvalue
S
1

o

Figure G.2 Sc;ee plot

Table G.24 Component matrix

Component Matrix@

Component
1 2 3 4

income ,792

fathereducation ,766

mothereducation ,718 -,175 ,251
numberofbooks ,609 -,145 ,357 ,168
computer ,6561 416 17
newspapermagazine ,543 ,462 - 113
dishwasher ,525 217 -,371
kindergarten 622 ,130 -,455

studyroom ,287 -614 324 -312
work -,603 ,536
numberofsibling -,398 ,280 ,506 =217
ageofschooling ,492 ,345 561

Extraction Method: Principal Component Analysis.
a. 4 components extracted.
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Table G.25 Rotated component matrix

Component
1 2 3 4

newspapermagazine 712 134
numberofbooks 695 223

income ,534 ,532 251
numberofsibling -,685 216 ,153
mothereducation 386 678

kindergarten ,639 ,304
fathereducation 494 ,569 151

work -, 798
dishwasher 348 232 528
ageofschooling -,169 ,799
studyroom ,550 -,153 -575
computer 344 ,339 333 ,389

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.
a Rotation converged in 10 iterations.

Table G.24 Component transformation matrix

Component Transformation Matrix

Component 1 2 3 4

1 ,687 ,685 ,242 ,004
2 -,199 -,046 ,682 ,702
3 ,699 -,682 -,057 ,209
4 -,014 ,252 -,688 ,681

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
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APPENDIX H

RESULTS OF THE ANALYSES ON ASSUMPTIONS

H.1 Assumptions
H.1.1 Assumptions Common to Independent t-Test and GLM Repeated Measures ANOVA

H.1.1.1 Independence of Observations

Independence assumption means when the treatment is individually administered, observations are independent (Glass &
Hopkins, as cited in Stevens, 2002, p. 259). The researcher collected the data for this study by administering various
instruments to the students. She tried to ensure that the students answered the measurements independently by supervising the

test administration or instructing the teachers who would supervise the others.
H.1.1.2 Normality

Normality assumption means that the population from which the sample is drawn is normally distributed. There are many
techniques to assess the normality of the distribution of scores. Kolmogorov-Smirnow and Shapiro-Wilk tests are one of them.
When the result of these tests is not significant, it means that the dependent variables were normally distributed across all levels

of the independent variable (treatment groups).
H.1.1.3 Homogeneity of Variance

It means the population variances should be equal (Hale, 2008). Levene’s Test for Equality of Variances shows if variances for
the groups do not differ significantly from each other (George & Mallery, 2003, p. 140). When the result of this test is not
significant, it means that the variances of students’ scores on the dependent variable are equal in both experimental and control

groups.

H.1.2 Assumption Unique to GLM Repeated Measures ANOVA

H.1.2.1 Sphericity (Circularity)

Sphericity means the covariance matrix for the new (transformed) variables is a diagonal matrix, with equal variances on the
diagonal (Stevens, 2002, p. 501). Mauchly’s Test of Sphericity shows whether the differences between the variances for all
levels of within-subjects variable are similar. When the result of this test is not significant, it means that the differences between

the variances for all levels of within-subjects variable are similar.
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H.2 Results of Analyses on Assumptions

H.2.1 Result of Analyses on Assumptions of Independent Samples t-Test

Table H.1 Result of tests of normality

Tests of Normality

KoImogorov-Smirnova Shapiro-Wilk
group Statistic df Sig. Statistic df Sig.
REGR factor score 1 ,076 64 ,200* ,987 64 ,716
1 for analysis 1 2 057 67 ,200* 979 67 314
REGR factor score 1 ,096 64 ,200* ,983 64 ,504
2 for analysis 1 2
,092 67 ,200* ,968 67 ,078

*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction

Table H.2 Result of levene’s test for equality of variances

E Sig.
REGR factor score 1 for analysis 1 .638 426
REGR factor score 2 for analysis 1 .868 .353
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H.2.2 Result of Analyses on Assumptions of Repeated Measures ANOVA for Reproduction,

Development, and Growth in Living Things Unit Achievement Tests

Table H.3 Result of tests of normality

Tests of Normality

Kolrwoqorov-Smirnova Shapiro-Wilk
group Statistic df Sig. Statistic df Sig.
canlit 1 117 86 ,005 ,983 86 ,325
2 ,129 82 ,002 ,967 82 ,035
canli2 1 ,106 86 ,019 ,965 86 ,021
2 ,140 82 ,000 ,970 82 ,048
canli4 1 ,120 86 ,004 ,963 86 ,014
2 147 82 ,000 ,943 82 ,001

a. Lilliefors Significance Correction

Table H.4 Result of levene's test of equality of error variances

F dft df1 Sig.
canlit 2.724 1 166 101
canli2 .015 1 166 .903
canli4 1.292 1 166 .257

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.
a
Design: Intercept+group
Within Subjects Design: canli

Table H.5 Result of mauchly’s test of sphericity

Mauchly's Test of Sphericit§
Measure: MEASURE _1

Epsilona
Approx. Greenhous
Within Subjects Effect | Mauchly's W | Chi-Square df Sig. e-Geisser | Huynh-Feldt | Lower-bound
canli ,978 3,726 2 ,155 ,978 ,996 ,500

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.

b.
Design: Intercept+group
Within Subjects Design: canli
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H.2.3 Result of Analyses on Assumptions of Repeated Measures ANOVA for Force and

Motion Unit Achievement Tests

Table H.6 Result of Tests of Normality

Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk

group Statistic df Sig. Statistic df Sig.
ontesttoplam 1 142 86 ,000 ,946 86 ,001

2 ,161 82 ,000 ,948 82 ,002
khsontoplam 1 ,153 86 ,000 916 86 ,000

2 ,184 82 ,000 ,921 82 ,000
khgecikmistoplam 1 ,090 86 ,082 ,972 86 ,062

2 ,103 82 ,033 ,973 82 ,082

a. Lilliefors Significance Correction

Table H.7 Result of levene’s test of equality of error variances

Levene's Test of Equality of Error Variance$

F df1 df2 Sig.
ontesttoplam ,753 1 166 ,387
khsontoplam 3,520 1 166 ,062
khgecikmistoplam ,857 1 166 ,356

Tests the null hypothesis that the error variance of the dependent
variable is equal across groups.
a.
Design: Intercept+group
Within Subjects Design: kuvvet

Table H.8 Result of mauchly’s test of sphericity

Mauchly's Test of Sphericity’
Measure: MEASURE_ 1

Epsilon®
Approx. Greenhous
Within Subjects Effect | Mauchly's W | Chi-Square df Sig. e-Geisser Huynh-Feldt | Lower-bound
kuvvet ,989 1,752 2 ,416 ,990 1,000 ,500

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.
b

Design: Intercept+group
Within Subjects Design: kuvvet
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H.2.4 Result of Analyses on Assumptions of Repeated Measures ANOVA for Science

Process Skills Tests

Table H.9 Result of tests of normality

Tests of Normality

KoImogorov-Smirnova Shapiro-Wilk

grup Statistic df Sig. Statistic df Sig.
bsbir 1 ,078 86 ,200* ,973 86 ,067

2 112 82 ,013 ,978 82 ,160
bsiki 1 ,094 86 ,060 ,976 86 117

2 ,073 82 ,200* ,981 82 ,257
bsuc 1 ,091 86 ,074 ,983 86 ,337

2 ,103 82 ,032 ,975 82 A17
bsdort 1 ,058 86 ,200* ,985 86 ,404

2 ,090 82 ,097 ,981 82 ,278

*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction

Table H.10 Result of levene’s test of equality of error variances

Levene's Test of Equality of Error Varianced

F dft df2 Sig.
bsbir ,012 1 166 912
bsiki ,187 1 166 ,666
bsuc 3,871 1 166 ,051
bsdort 1,974 1 166 ,162

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.
a.
Design: Intercept+grup
Within Subjects Design: bsy

Table H.11 The result of mauchly’s test of sphericity

Mauchly's Test of Sphericity
Measure: MEASURE _1

Epsilon®
Approx. Greenhous
Within Subjects Effect | Mauchly's W | Chi-Square df Sig. e-Geisser | Huynh-Feldt | Lower-bound
bsy ,920 13,766 5 ,017 ,952 ,976 ,333

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.

b.
Design: Intercept+grup
Within Subjects Design: bsy
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H.2.5 Result of Analyses on Assumptions of Repeated Measures ANOVA for Self-Concept

Subtests of Attitudes toward Science and Technology Course Questionnaire

Table H.12 Result of tests of normality

Kolmogorov-Smirnov* Shapiro-Wilk
Subtest rou statistic df Sig. statistic df Sig.
Self-Concept 1 1 129 86 .001 948 86 .002
2 .166 82 .000 939 82 .001
Self-Concept 2 1 .166 86 .000 907 86 .000
2 135 82 .001 906 82 .000
Self-Concept 3 1 242 86 .000 773 86 .000
2 174 82 .000 .867 82 .000
Self-Concept 4 1 .230 86 .000 740 86 .000
2 204 82 .000 .853 82 .000

Table H.13 Result of levene's test of equality of error variances

Levene's Test of Equality of Error Variance8

F dft df2 Sig.
self1 ,319 1 166 ,573
self2 ,486 1 166 ,487
self3 1,360 1 166 ,245
self4 3,193 1 166 ,076

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.
a.
Design: Intercept+grup
Within Subjects Design: self

Table H.14 Result of mauchly’s test of sphericity

Mauchly's Test of Sphericit}
Measure: MEASURE_1

Epsilon®
Approx. Greenhous
Within Subjects Effect | Mauchly's W | Chi-Square df Sig. e-Geisser Huynh-Feldt | Lower-bound
self ,922 13,333 5 ,020 ,949 ,973 ,333

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.

b.
Design: Intercept+grup
Within Subjects Design: self
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H.2.6 Result of Analyses on Assumptions of Repeated Measures ANOVA for Anxiety

Subtests of Attitudes toward Science and Technology Course Questionnaire

Table H.15 Result of tests of normality

Kolmogorov-Smirnov* Shapiro-Wilk
Subtest rou statistic df Sig. statistic df Sig.
Anxiety 1 1 115 86 .007 928 86 .000
2 135 82 .001 921 82 .000
Anxiety 2 1 .094 86 .061 .949 86 .002
2 158 82 .000 919 82 .000
Anxiety 3 1 .170 86 .000 .889 86 .000
2 .084 82 .200%* 970 82 .051
Anxiety 4 1 .170 86 .000 .888 86 .000
2 .108 82 018 .940 82 .001

Table H.16 Result of levene's test of equality of error variances

Levene's Test of Equality of Error Variance$

F df1 df2 Sig.
anx1 2,808 1 166 ,096
anx2 1,302 1 166 ,255
anx3 2,611 1 166 ,108
anx4 1,768 1 166 ,185

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.
a.
Design: Intercept+grup
Within Subjects Design: anx

Table H.17 Result of mauchly’s test of sphericity

Mauchly's Test of Sphericity
Measure: MEASURE _1

Epsilon®
Approx. Greenhous
Within Subjects Effect | Mauchly's W | Chi-Square df Sig. e-Geisser Huynh-Feldt | Lower-bound
anx ,882 20,696 5 ,001 ,916 ,939 ,333

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.
b

Design: Intercept+grup
Within Subjects Design: anx
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H.2.7 Result of Analyses on Assumptions of Repeated Measures ANOVA for Interest

Subtests of Attitudes toward Science and Technology Course Questionnaire

Table H.18 Result of tests of normality

Kolmogorov-Smirnov* Shapiro-Wilk
Subtest rou statistic df Sig. statistic df Sig.
Interest 1 1 126 86 .002 923 86 .000
2 181 82 .000 .845 82 .000
Interest 2 1 .180 86 .000 .905 86 .000
2 160 82 .000 930 82 .000
Interest 3 1 213 86 .000 .804 86 .000
2 163 82 .000 .869 82 .000
Interest 4 1 213 86 .000 784 86 .000
2 134 82 .001 916 82 .000

Table H.19 Result of levene's test of equality of error variances

Levene's Test of Equality of Error Variances

F df1 df2 Sig.
int1 ,548 1 166 ,460
int2 1,358 1 166 ,245
int3 5,594 1 166 ,019
int4 ,030 1 166 ,863

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.
a.

Design: Intercept+grup
Within Subjects Design: int

Table H.20 Result of mauchly’s test of sphericity

Mauchly's Test of Sphericity
Measure: MEASURE _1

Epsilon®
Approx. Greenhous
Within Subjects Effect | Mauchly's W | Chi-Square df Sig. e-Geisser Huynh-Feldt | Lower-bound
int ,794 38,003 5 ,000 ,859 ,879 ,333

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.
b

Design: Intercept+grup
Within Subjects Design: int
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H.2.8 Result of Analyses on Assumptions of Repeated Measures ANOVA for Career

Subtests of Attitudes toward Science and Technology Course Questionnaire

Table H.21 Results of the normality tests

Kolmogorov-Smirnov* Shapiro-Wilk
Subtest roup  statistic df Sig. statistic dt Sig.
career 1 1 112 86 .010 921 86 .000
2 .143 82 .000 911 82 .000
career 2 1 193 86 .000 .865 86 .000
2 136 82 .001 918 82 .000
career 3 1 197 86 .000 .843 86 .000
2 159 82 .000 978 82 .000
career 4 1 171 86 .000 877 86 .000
2 158 82 .000 .884 82 .000

Table H.22 Result of levene's test of equality of error variances

Levene's Test of Equality of Error Variance8

F df1 df2 Sig.
carl 2,053 1 166 154
car2 ,133 1 166 ,716
car3 6,648 1 166 ,011
card 317 1 166 574

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.
a.
Design: Intercept+grup
Within Subjects Design: career

Table H.23 The result of mauchly’s test of sphericity

Mauchly's Test of Sphericity
Measure: MEASURE _1

Epsilon®
Approx. Greenhous
Within Subjects Effect | Mauchly's W | Chi-Square df Sig. e-Geisser Huynh-Feldt | Lower-bound
career ,863 24,181 5 ,000 911 ,933 ,333

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.

b.
Design: Intercept+grup
Within Subjects Design: career
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H.2.9 Result of Analyses on Assumptions of Repeated Measures ANOVA for Enjoyment

Subtests of Attitudes toward Science and Technology Course Questionnaire

Table H.24 Result of the normality tests

Kolmogorov-Smirnov* Shapiro-Wilk
Subtest roup  statistic df Sig. statistic df Sig.
Enjoyment 1 1 130 86 .001 906 86 .000
2 157 82 .000 .876 82 .000
Enjoyment 2 1 .182 86 .000 .822 86 .000
2 124 82 .003 914 82 .000
Enjoyment 3 1 233 86 .000 779 86 .000
2 172 82 .000 .878 82 .000
Enjoyment 4 1 250 86 .000 732 86 .000
2 224 82 .000 .809 82 .000

Table H.25 Result of levene's test of equality of error variances

Levene's Test of Equality of Error Variances

F df1 df2 Sig.
enjl ,235 1 166 ,628
enj2 ,846 1 166 ,359
enj3 12,818 1 166 ,000
enj4 474 1 166 ,492

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.
a.
Design: Intercept+grup
Within Subjects Design: enjoyment

Table H.26 Result of mauchly’s test of sphericity

Mauchly's Test of Sphericity
Measure: MEASURE 1

Epsilon®
Approx. Greenhous
Within Subjects Effect | Mauchly's W | Chi-Square df Sig. e-Geisser | Huynh-Feldt | Lower-bound
enjoyment ,973 4,496 5 ,480 ,982 1,000 ,333

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.

b.
Design: Intercept+grup
Within Subjects Design: enjoyment
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H.2.10 Result of Analyses on Assumptions of Repeated Measures ANOVA for Usefulness

Subtests of Attitudes toward Science and Technology Course Questionnaire

Table H.27 Result of the normality tests

Kolmogorov-Smirnov* Shapiro-Wilk
Subtest rou statistic df Sig. statistic df Sig.
Usefulness 1 1 144 86 .000 933 86 .000
2 180 82 .000 .868 82 .000
Usefulness 2 1 193 86 .000 .852 86 .000
2 191 82 .000 .880 82 .000
Usefulness 3 1 252 86 .000 715 86 .000
2 .196 82 .000 .858 82 .000
Usefulness 4 1 256 86 .000 .694 86 .000
2 .200 82 .000 .809 82 .000

Table H.28 Result of levene's test of equality of error variances

Levene's Test of Equality of Error Variance8

F df1 df2 Sig.
usel ,263 1 166 ,609
use2 ,589 1 166 444
use3 16,556 1 166 ,000
use4 915 1 166 ,340

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.
a.
Design: Intercept+grup
Within Subjects Design: usefullness

Table H.29 Result of mauchly’s test of sphericity

Mauchly's Test of Sphericity
Measure: MEASURE 1

Epsilon®
Approx. Greenhous
Within Subjects Effect | Mauchly's W | Chi-Square df Sig. e-Geisser | Huynh-Feldt | Lower-bound
usefullness ,936 10,918 5 ,053 ,958 ,983 ,333

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.
b

Design: Intercept+grup
Within Subjects Design: usefullness
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APPENDIX I

SYNTAXES

I.1 Syntax for Independent t-Test

T-TEST
GROUPS = group(1 2)
/MISSING = LISTWISE
/VARIABLES = wealth impactofmother
/CRITERIA = CI(.95) .

1.2 Syntax of the GLM Repeated Measures for Reproduction, Development, and Growth in
Living Things Unit Achievement Test

DATASET ACTIVATE DataSet1.

DATASET CLOSE DataSet2.

GLM
canlil canli2 canli4 BY group
/WSFACTOR = canli 3 Repeated
/METHOD = SSTYPE(3)
/PLOT = PROFILE( canli*group )
/EMMEANS = TABLES(group*canli)
/EMMEANS = TABLES(canli)
/EMMEANS = TABLES(group)
/PRINT = DESCRIPTIVE ETASQ OPOWER HOMOGENEITY
/CRITERIA = ALPHA(.05)
/WSDESIGN = canli
/DESIGN = group .
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1.3 Syntax of the GLM Repeated Measures for Attitudes toward Science and Technology

Course Questionnaire

GLM
selfl anx1 intl carl enjl usel self2 anx2 int2 car2 enj2 use2 self3 anx3
int3 car3 enj3 use3 self4 anx4 int4 car4 enj4 use4 BY grup
/WSFACTOR = time 4 Repeated att 6 Polynomial
/METHOD = SSTYPE(3)
/PLOT = PROFILE( time*grup*att )
/EMMEANS = TABLES(grup*att)
/EMMEANS = TABLES(grup*time)
/EMMEANS = TABLES(att)
/EMMEANS = TABLES(time)
/EMMEANS = TABLES(grup)
/PRINT = DESCRIPTIVE ETASQ OPOWER HOMOGENEITY
/CRITERIA = ALPHA(.05)
/WSDESIGN = time att
/DESIGN = grup .
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APPENDIX J

GUIDED (TEACHER-DIRECTED) INQUIRY INSTRUCTION

J.1 Pilot “Piller ve Lambalar”Lesson

J.1.1 Pilot “Piller ve Lambalar”’Lesson Plan

Amagclar: Pil ve lambalarla basit incelemeler yapmak ve devre kavramini ve devre kurallarini kullanarak gozlemlerini
aciklamak.

Materyaller: 1.5 V Pil, Tel, Lamba, Biiyiite¢, Duy

Giivenlik Igin: Gozliik. Ayrica 6grencilerinize ellerindeki materyalleri bir elektrik prizine sokmamalarini, gozlerini telin sivri ug
kisimlarina kars1 korumalarim soyleyin.

1. Ders (Engagement)

Derse su hikayeyle baslayin: Ormanda kamp yapan izcilerden ii¢ii kaybolur. Gece olmusgtur. Yanlarinda el lambalari da yoktur.
Fakat iclerinden birinin pili, digerinin lambas1, sonuncunun da bakir teli vardir. Tzciler pili, lambay1 ve teli nasil
birlestireceklerini de bilmemektedirler (Pil, lamba ve telden bahsederken, bu materyalleri (1.5 V pili, el lambasinin lambasini ve
teli 6grenci gruplariniza dagitin.).

Sonra dgrencilerinize sunu sorun: “Oniiniizde duran materyalleri kullanarak bir lamba yapip izcilerin kamp alanlarina giivenle
ulagmalarma yardim edebilir misiniz?

(Explore)

Ogrenci gruplan verdiginiz gorevi yerine getirirken onlara soru sorarak ve grup arkadaslarinin yardime1 olmasini isteyerek
yardimci olun.

2. Ders (Explore)

Ne Oldugunu Kesfet isleminden (1.-3. Etkinlikler) sonra sinifin ya da laboratuarin lambasini sondiiriiniiz ve gruplara pil ve tel
kullanarak yaktiklari lambayla ortami aydinlatmalarini isteyin.

Sonra Gozlemledigini Goster (4.-5. Etkinlik) islemine gecin. Ogrencilerin lamba diizenekleriyle ilgili ¢izimleri, onlarin
bilgilerini materyal kullanarak elle lamba diizenekleri olusturmalarindan, ikonik hayal giiciine déniistiiriir. Ogrenci gruplarinin
¢izdigi resimleri inceleyerek onlara yardimer olun.

Bu agamadan sonra 1. Tahmin Yapragt'ni verin, bu etkinlik hakkinda agiklama yapin.

Ogrenci gruplari bu ¢alisma yapragini tamamladiktan sonra, sinifga cevaplar1 degerlendirin.

3. Ders (Explain)

Genellestir islemi icin 6grencilerinize sunu sorun:

“Farzedin ki izcilerden birinin bir cep telefonu var ve sizi arayarak lambay1 nasil yakacaklarini sordu. Ona ne dersiniz?
Cevabinizi yazimz.”

Ogrencilerden, bu soruya 6nce bireysel sonra grup halinde cevap vermelerini isteyin.

Lambanin yanmas: igin gerekli kural sudur:

1. Lambanin ucunu bir pilin u¢ kismina degdir.

2. Bir teli lambanin metal kisma degdir.

224



3. Elektrigin akmasi icin teli diger ucunu pilin diger ucuna degdir.

Ayrica devre kavramini da verin.Tahtaya “Devre” diye yazin ve devrenin lambalar, piller ve tellerden olugan bir diizenek
oldugunu soyleyin. Eger devre tamsa, bir pilin ucundan tel boyunca lambaya dogru ve ardindan pilin diger ucuna olan kesiksiz
bir yol oldugunu belirtin. Soru-cevap ve anlatim yoluyla 6grencilerinizin devreler hakkindaki bilgisini 6nceki devre
diizeneklerine uygulamasini saglayim. Yani 1. Tahmin Yapragi'ndaki elektigin yoniinii anlamada ve agiklamada kullanmalarimi
saglayin.

4. Ders (Elaborate)

Bilgini Yeni Durumlara Uygula iglemini yiiriitiiniiz. Ayrica 6grencilerinizin yapacaklart model bir evi aydinlatmalarini isteyin
ya da sinif veya laboraturadaki lambalarin nasil baglandigini diistinmelerini saglayin.

5. Ders (Evaluate)

Ogrencilerin konuyla ilgili ve sorgulayic arastirma yontemi bilgilerini 6lgiin. Yeni bir Tahmin Yapragi verebilirsiniz.

islem Etkinlikler

Ne Oldugunu 1) Bir tel ve pil kullanarak bir lambay1 yakmay1 deneyin.
Kesfet 2) Lambayi1 yakma yollar1 bulun.
3) ki tel kullanarak, lambay pile degdirmeden bir lambay1 yakmayi deneyin.

Gozlemledigini | 4) 1. ve 2. etkinliklerdeki lamba-pil-tel diizeneklerini gosteren sekiller ¢izin.

Goster 5) 3. etkinlikteki lamba-pil-tel diizeneklerini gosteren sekiller ¢izin.

Tahmin Et ve 6) 1. Tahmin Yapragi’n1 tamamlaymniz. ilk kutudan baslayarak, sirayla giderek dgrendiklerinizi bir sonraki

Sina kutuda kullaniniz. Bir tahminde bulununuz. Tahmininizi siaymiz. Denemenizden 6greniniz. Ogrendiginizi
uygulayiniz.

1. Tahmin Yaprag

Lamba yanacak m1? Emin degilseniz deneyin ve goriin.

Genellestir 7) Yanmast i¢in lambanin nereye degmesi gereklidir? Pil nereye temas etmelidir? Bir lambanin yanmasi igin
ne yapilmasi gerektigiiyle ilgili genel bir kural yaziniz. Genellestirdiginiz ifadeyi veya kurali, 1. Tahmin

Yapragi’nda kutular halinda gosterilen durumlari agiklamakta kullaniniz.

Bilgini Sonug 8) Lambayi biiylite¢ yardimiyla inceleyin. Lamba i¢indeki sarilmis tele Filaman denir. Filaman elektrik
Cikarmada ve enerjisini 151k olusturmakta kullanir. Lambanin tabanina dogru kaybolan iki teli gordiiniiz mii? Bu tellerin
Aciklamada lambanin tabaninda birlestigini biliyor musunuz?

Kullan 7. Etkinlikle ilgili kuraliniz1 kullanarak yorumunuzu yapiniz.

9) Bir duyu inceleyiniz. Duyun kisimlari nelerdir? Duy, lambanin u¢ ve metal kisimlarna degecek sekilde

nasil yapilmigtir?

Bilgini Yeni 10) Iki pil kullanarak bir lambay1 yakin.
Durumlara 11) iki lambay1 nasil yakacagimzi bulun.
Uygula 12) Sekil A’da goriilen devreyi kurunuz. Kag tel gereklidir? Lambalardan birini duyundan ¢ikariniz. Ne

oldu? Neden? Lambay1 tekrar yerine takiniz. Diger lambay1 duyundan ¢ikariniz. Ne oldu? Neden? Bir ya da
iki pil daha ekleyiniz. Ne oldu? Neden? “Seri Bagl Devre” ismi, Sekil A’da gosterilen devreyi nasil
tanimlar?

13) Sekil B’de goriilen devreyi kurunuz. Kag tel gereklidir? Lambalardan birini duyundan ¢ikarmniz. Ne
oldu? Neden? Lambay1 tekrar yerine takiniz. Diger lambay1 duyundan ¢ikariniz. Ne oldu? Neden? Bir ya da
iki pil daha ekleyiniz. Ne oldu? Neden? “Paralel Bagli Devre” ismi, Sekil B’de gosterilen devreyi nasil

tanimlar?

Kaynak: Carin, A. A., Bass, J. E., & Contant, T. L. (2005). Methods for Taeching Science as Inquiry. 9 th Edition. Pearson
Education North Asia Ltd., p. 107-114.
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J.1.2 Pilot “Piller ve Lambalar”’Lesson Worksheet

NS5 iZCi ARKADASLARA YARDIM EDELIM

Ormanda kamp yapan izcilerden iigii kaybolur. Gece olmustur. Yanlarinda el lambalan yoktur, fakat birincinin pili, ikincinin
ampulii, iigiinciiniin de bakar teli vardir. Izciler el lamnbas1 yapmay1 bilememektedir.

«Qd

PIL, KABLO VE AMPUL
Sinifa getirdiginiz pil, ampul ve kablodan bir lamba yapip izcilerin kamp alanina giivenle ulagmalarina yardim edebilir misiniz?
Ne Oldugunu Kegfet

1. Bir kablo ve bir pil kullanarak bir ampulii yakmay1 deneyin.
2. Tki kablosu ve bir pil kullanarak bir ampulii yakmay1 deneyin.

Gozlemle ve Genelleme Yap

1. Asagidaki bosluga hazirladiginiz diizenekleri gosteren sekiller ¢iziniz.

2. Asagidaki bosluga bir ampuliin yanmasi icin ne yapilmasi gerektigini yaziniz. Ampul nereye degmelidir? Pil neye temas
etmelidir?

ANAHTAR VE DUY
Ne Oldugunu Kegfet
iki baglant1 kablosu, bir pil, bir anahtar ve bir duy ile bir ampulii yakmay: deneyin.

Gozlemle ve Genelleme Yap

1. Asagidaki bosluga hazirladigimz diizenekleri gosteren sekiller ciziniz.

2. Asagidaki bosluga bir ampuliin yanmasi i¢in ne yapilmasi gerektigini yaziniz. Ampul nereye yerlestirilmelidir? Pil neye
temas etmelidir. Anahtar ne yapilmalidir?
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J.1.2 (Cont.’d)

EL LAMBASININ ISIGI

Kiigiik izciler ellerindeki materyallerden bir el lambasi yapmuslardir. Ancak el lambasinin 15181 etrafi tam aydinlatamamaktadir.
Sizce izciler el lambalarmin 1181 artirmak igin ne yapmahidir?

Tahmin Et

Asagidaki bosluga hazirladiginiz devredeki ampuliin parlakligini nasil artirabileceginizi yaziniz.

Dene ve Sonug Cikar

1. Hazirladiginiz devredeki ampuliin parlakligini artirmayla ilgili tahminlerinizi deneyin. Asagidaki bosluga sonuglarini
yaziniz.

2. Asagidaki bosluga ampuliin parlakligini etkileyen degiskenleri yazimz.
Bagimli Degisken: Ampuliin parlaklig

Bagimsiz Degisken (Ampuliin parlakligini etkileyen degisken):
Kontrollii Degigken (Sabit tutulan degisken):

DEVRE ELEMANLARI ve SEMBOLLERI

Devre Elemani Resmi Sembolii

Pil e . l Yanda bir elektrik devresinde yer alan elemanlari ve
% sembollerini gorityorsunuz. Asagidaki bosluga bu sembolleri
Ampul @ ®

kullanarak hazirladiginiz devreleri ¢iziniz.
Anahtar 5 ——~" _Ack

—a_Kapall

Kablo ~

KAVRAMLARI ACIKLAYALIM

Bugiinkii derste yaptiginiz etkinliklerden edindiginiz bilgi ve deneyimlere de dayanarak, asagidaki kelimeleri birer ciimle ile
aciklayiniz:

Pil:

Ampul:

Anahtar:

Kablo:

Duy:
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J.2 Guided (Teacher-Directed) Inquiry Instruction on Reproduction, Development, and

Growth in Living Things Unit
J.2.1 “The Cell” Lesson

J.2.1.1 “The Cell” Lesson Plan

Sinif: 6

Ogrenme Alani: Canlilar ve Hayat

Unite: Canlilarda Ureme, Biiyiime ve Gelisme

Konu: Hiicre

HUCRE

Hedefler

1. Ogrenciler yasamin temel yap1 tasinmn hiicre oldugunu tanimlayabilir.

2. Ogrenciler bitki ile hayvan hiicresi arasindaki farklari siralayabilir.

3. Ogrenciler bitki ve hayvan hiicrelerini tanimlayabilir.

Arac ve Gerecler

Blob (Yapilisi: Bir paket hazir jole alarak, paketinin iizerindeki tarife uygun olarak joleli tatliniz1 hazirlayimiz. Tathimzi kiigiik
boy bir buzdolab: posetinin igine koyunuz. icine hem yuvarlak hem de cubuk seklindeki biskiivileri yerlestirdikten sonra
posetin agzini sikca baglayiniz. Bu hiicre modelinde j6le tatlis1 sitoplazmay1, buzdolabi poseti hiicre zarini, yuvarlak biskiiviler
cekirdegi, ¢ubuk biskiiviler ise hiicredeki diger organelleri temsil etmektedir.)

Ogrenci bagma 2 lam, 2 lamel

Her bir 6grenci ya da iki 6grenci igin kiirdan

Sogan zarlar

Her dgrenci icin bir damlalik

Su

Bitki ve hayvan hiicrelerin gosteren hazir preparatlar

Resim kagidi

Resim kalemi

Yontem

Girme

1. Her 6grenci grubuna bir blob veriniz. Ogrencilere bununla 5-7 dakika oynamalarina ve bunun neyi ifade ettigi hakkinda
bireysel olarak varsayimda bulunmalarini isteyin. Ogrenciler kendi hipotezlerini yazip grupla paylagmallar.

2. Gruplardan hipotezlerini sinifla paylagmalarini ve bunlari tahtaya yazmalarini isteyin.

3. Bloblar 6grencilerin ilgisi dagilmasin diye sonra incelenmek tizere kaldirin.

4. Ogrencilerinize hipotezlerini test edecekleri bir laboratuar etkinligi yapacaklarini sdyleyin.

Kesfetme

Ogrencilerin proparat hazirlama ve mikroskopta inceleme hakkinda 6n bilgileri olmalidir.

Gozlemleri kaydetmede kullanilacak etkinlik kagidi icin Sekil 1e bakinmz

5. Lam, lamel ve kiirdanlar1 kullanarak ogrencilerin bireysel olarak yanaklarinin igini yavasga siyirarak alacaklart yanak
hiicrelerinden preparat hazirlamalarini saglayin (giivenlik 6nlemleri icin Tartisma ve Bulgular kismina bakiniz)..

6. Ogrencileriniz kiiciik sogan zar1 parcalarindan preparat hazirlamahdir. Ogrencilerinizin dikkatli gozlem yapmalarini ve
ayrintili sekil ¢izmelerini saglayin.

7. Ogrenci gruplarindan iki preparati karsilagtirarak benzerlik ve farkliliklarini listelemelerini isteyin.

8. Ogrenciler sonraki asamaya gegmeden calisma alanlarmi temzlemelidirler.

Aciklama

9. Ogrencilere su sorulart sorun:

“Preparat incelemeniz, blobun neyi temsil ettigi hakkinda size bir ipucu verdi mi?”

Ogrencilerden “hiicre” cevabini alin.

10. Ogrencilerden Kesfetme etkinligindeki gozlemlerini “hiicre” kelimesini kullanarak agiklamalarini isteyin.

11. Hiicrenin yasamin temel yapitasi oldugunu sdyleyin.

12. Ogrenci gruplarinin her iki preparatttan yaptiklar1 gozlemleri tahtaya cizerek ya da yapistirarak paylagmalarini saglayin.
Cizimlerdeki farkliliklarin nedenlerini tartigin.

13. Sonra gruplardan Kesfetme agamasindaki hazirladiklan hiicreler arasindaki benzerlik ve farkliliklar1 paylasmalarini isteyin.
Bu iki hiicre tiiriiniin neden farkli goziiktiigii hakkinda bir tartigma baslatin.

14. Ogrencilerinize farkl: hiicre tiirlerini incelediklerini soyleyin. Bitki ve hayvan hiicreleri arasindaki farkliliklari agiklayin.
Bitki hiicreleri hiicre duvarlarindan dolay: koseli bir sekle sahiptir ve diizenli bir bigimde veya sirada dizilmiglerdir.

Bitki hiicreleri yesil kloroplastlar igerirler ve biiyiik vakuolleri vardir.

Hayvan hiicreleri diizensiz sekildedir ve kiime halindedir. Yesil kloroplastlari ve biiyiik vakuolleri yoktur.

Hem bitki hem de hayvan hiicreleri bitki hiicresininki hiicre duvarindan dolay1 zor goriinse de birer hiicre zarina sahiptir. Bitki
ve hayvan hiicreleri benzer organelleri olsa 151k mikroskobunda iyi gézlemlenmeyebilir.

15.Simdi 6grencilerinize blobu bir bitki hiicresi olarak m1 yoksa hayvan hiicresi olarak m1 siniflandirdiklarin sorun. Verdikleri
cevaplarin nedenlerini agiklamalarini isteyin.

16. Opgrencilerinize bir sonraki etkinligin bitki ve hayvan hiicreleri hakkindaki bilgilerini diger gergek preparatlara
uygulamalarini saglayacagin soyleyin.

Derinlestirme

Bu etkinlik hangi grubun preparatlart dogru olarak tanimlayacagi bir sorgulayici arastirma halinde verilebilir.
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17. Ogrencilerinizin bitki mi yoksa hayvan hiicresi mi oldugu belirtilmemis preparatlar1 incelemelerini saglayimn. Preparat
ornekleri 6grencilerinizin bildikleri canlilardan olmalidir. Ogrenciler preparatlari inceledikge her bir preparati bitki ya da
hayvan olarak smiflandirmalarini isteyin.

18. Tum 6grenciler sekiz, on preparati inceledikten sonra siniflandirmalarini grup iiyeleriyle tartismalarim ve bir goriis birligine
ulagmalarini isteyin. Siniflandirma, A¢iklama basamaginda verilen bitki ve hayvan hiicresi arasindaki farklara gére olmalidir.
19. Sonra gruplardan sonuglarini1 paylagmalarini isteyin. Bu noktada sonuglari dogrular ve yarismay: kimin kazandigini agiklar.
Degerlendirme

Bu degerlendirmeyi etkili olarak yapmak icin 6grenciler kavram haritasinin nasil yapilacagini bilmelidir.

20. Ogrencilerinizden bireysel olarak hiicre, bitki, hayvan, diizensiz gekil, kloroplast, ¢ekirdek, hiicre zart ve hiicre duvari
kelimelerini kullanarak bir kavram haritas1 olusturmalarini isteyin (Sekil 2’ye bakiniz).

Tartisma ve Bulgular

Yanak ici hiicrelerini kullanirken dikkat edin. Giivenlik 6nlemleri olarak sunlari goz 6niinde bulundurun:

Ogrenciler tiim etkinlik boyunca sadece kendi hiicreleriyle ugragsmalidirlar.

Temizlik sirasinda lameller ayr bir ¢ope atilmalidir. Lamlar ise iyice temizlenmelidir.

Calisma alan1 ve mikroskoplar su ile seyreltilmis camasir suyu ile temizlenmelidir.

Tum 6grenciler preparatlart hazirlamadan once ve hazirladiktan sonra ellerini iyice yitkamalidir.

Kesfetme ve Aciklama asamalarinda etkili 6grenmenin gerceklesmesi icin 6grencilerin mikroskobu hiicreleri gorebilecek kadar
iyi ayarlamalart gerekmektedir. Dolayisiyla mikroskop kullanma hakkinda dnceden bilgi vermek gerekir.

Bu etkinlikle Ogrencilerin sorgulayict arastirma yeteneklerinin artirilmasi ve yapisaler Ogrenmenin gerceklesmesi
hedeflenmektedir. Bloblarin ne oldugu ogrencilerde merak uyandirmaktadir. Gorsel/uzamsal zekasi giiglii olan 6grenciler
verilerini ¢izimler yoluyla kaydetmekten hoslanir. Derinlestirme etkinligi bilinen cevaplar yerine dogru cevaplari bulma
konusunda 6grencileri gudiiler.

Kavram haritas1 6grencilerinizin bitki ve hayvan hiicreleri arasindaki ayrimi anlayip anlamadiklarini degerlendirmenizi saglar.
Diger Derslerle iliskiler

Resim-Is: Resim-Is 6gretmeni ile igbirligi yaparak etkili bir resmin nasil ¢izilecegini 6grencilerinize verebilirsiniz.

Matematik: Matematik dgretmeni ile isbirligi yaparak oran ve orant: konusunu gozden gegirebilirsiniz. Ogrencileriniz boylece
farkli hiicre tiirlerinin bityiiklugiint fark edebilir.

Teknoloji: Teknoloji 6gretmeni ile igbirligi yaparak kavram haritasini Inspiration gibi bir program araciligiyla cizebilirsiniz.
Hatta video mikroskop yardimiyla mikroskopta inceledigini hiicrelerin kisimlarini tiim siifa gosterebilirsiniz.

Sonug

5E Ogrenme Cemberi ile ogrencileriniz Girme asamasindaki sorulara cevap vermesini saglayabilirsiniz. Derinlestirme
asamasindaki etkinlik, bilgilerini dogru olarak uygulayabilmeleri i¢in 6grencilerinizi giidiiler.
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J.2.1.2 “The Cell” Lesson Worksheet

Bitki ve Hayvan Hiicreleri Arasinda Benzerlik ve Farklilik Var Midir?

Yukaridaki soruyu cevaplamak i¢in su etkinligi ve sorulari yapin.

1. Tirnaginizdan daha kiiciik boyutta bir sogan zar1 alin ve iizerine bir damla su damlatilmis lam iizerine koyun.

2. Sogan zarinin iizerine lameli dikkatlice kapatin.

3. Hazirladigimz peparati mikroskopta inceleyin. Mikroskobu agik alanlari gorecek sekilde ayarlayin. Mikroskobu koyu

alanlan ayarlayacak sekilde ayarlayin. Preparatinizin bazi kisimlari digerlerine gore daha parlak goziikiiyor mu?

4. Asagidaki ovalin i¢ine preparatinizin neye benzedigini ¢izin.

a. Gordiigliniiz seylerin seklini nasil tanimlarsiniz?
b. Bloklarin hepsi birbirine benziyor?
c. Hepsi ayn1 biiyiikliikte mi?
d. Hepsi ayni1 sekilde mi?
e. Iclerinde ne goriiyorsun?
5. Lamun iistiindeki sogan zarmin iistiine Metilen mavisi boyasindan kiirdan yardimiyla biraz damlatin. Sonra bir damla su
ekleyin ve lamelle kapatin.
6. Praparatinizi mikroskopla dikkatlice biraz inceleyin. $imdi i¢inde ne goriiyorsunuz?
7. Temiz bir lama kiiciik bir damla su damlatin.
8. Temiz bir kiirdan alin. Kor olan ucuyla yanaginizin i¢ini nazikge kaziyin.
9. Kiirdanda toplanan maddeyi lamin iizerindeki su damlasina degdirin.
10. Kiigiik bir damla metilen mavisi ekleyin. Lamelle kapatin.

11. Mikroskopla bakincaya kadar preparatinizda bir sey gormeyebilirsiniz.

12. Asagidaki ovalin i¢ine preparatimizin neye benzedigini ¢izin.

a. Gordiigiiniiz seylerin seklini nasil tanimlarsimz?

b. Bloklarin hepsi birbirine benziyor?

c. Hepsi ayn1 biiyiikliikte mi?
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d. Hepsi ayni1 sekilde mi?

e. Iglerinde ne goriiyorsun?

13. Bir Venn diyagramu ¢izerek gozlemlediginiz iki farkli hiicre tiiriintin benzerlik ve farkliliklarini anlatiniz.

Reference

Wilder , M. Ve Shuttleworth, P. (2005). Cell Inquiry: A 5E Learning Cycle Lesson. Science Activities, 41(4), 37-43.
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J.2.1.3 Evaluation of “The Cell” Lesson

Table J.1 Inquiry in the cell tasks and coding categories for the cell lesson plan

Essential features of
classroom inquiry*

Task organizations according to inquiry features (task

Coding categories (scoring system

component and response format of performance

assessment, by Solones-Flores & Shavelson, 1997, fig.1)

component of performance
assessment, by Solones-Flores &
Shavelson, 1997, fig.1)

Learner engages in
scientifically oriented
questions.

1st Task: Observation®

Blob neyi ifade etmektedir?

2nd Task: Observation*

(Sogan zar1 ve yanak epiteli hicrelerini mikroskopta
inceledikten sonra) Asagidaki ovalin i¢ine preparatinizin
neye benzedigini ¢izin.

a. Gordiigiiniiz seylerin seklini nasil tanimlarsiniz?

b. Bloklarin hepsi birbirine benziyor?

c. Hepsi ayni biiyiikliikte mi?

d. Hepsi ayni1 sekilde mi?

e. Iclerinde ne goriiyorsun?

3rd Task: Classification™*

Bir Venn diyagramu ¢izerek gozlemlediginiz iki farkl
hiicre tiiriiniin benzerlik ve farkliliklarini anlatiniz.
4th Task: Classification*®

Mikroskoplardaki preparatlari inceleyerek, her birini
bitki ya da hayvan olarak siniflandirin.

Not assessed: Question is
provided for learner.

Learner gives priority
to evidence in
responding to
questions.

Learner makes observations of blobs to explore it and
uses microscopes to find out:

a. the structure of the onion and cheek tissues

b. differences between plant and animal cells

c. whether undefined samples are either from a plant or
an animal.

Not assessed: Students are
instructed how to use microscopes
and prepare slides. They are given
activity sheets to record their
observations.

Learner formulates
explanations from
evidence.

Learner explains what living things are made of, the
content of cells, the differences and similarities between
plant and animal cells, and classifies samples into these
cell types.

Whether students give the names of
the organelles not observed through
the microscope, such as
endoplasmic reticulum, ribosome,
etc.

Which criteria do students use when
comparing plant and animal cells?
(Explanation type)

What kind of reasoning students
provide from the evidence?

Learner connects
explanations to

Learner’s explanation reflects the level of
understanding about her/his knowledge of cells, cell

(Scientific knowledge use)
How consistent and sophisticated

scientific parts, and cell types. are students’ explanations in

knowledge. conjunction with scientific
knowledge?

Learner Learner compares her/his explanations with other (Prediction agreement)

communicates and
justifies explanations.

students’ explanations and reference books.

How well students predict that blobs
represent cells.

How many criteria do students use
when comparing plant and animal
cells? And whether these are correct
or not.

How many slides do students
correctly classifies according to cell

types.

Note: Developed from Table 1 of Lee & Butler Songer, 2003, and *Table 2 of Solano-Flores & Shavelson, 1997

REFERENCES

Solano-Flores, G., & Shavelson, R. J. (1997). Development of Performance Assessments in Science: Conceptual,
Practical, and Logistical Issues. Educational Measurement: Issues and Practice, Fall 1997, 16-25.

Lee, H-S. & Butler Songer, N. (2003). Making authentic science accessible to students. International Journal of
Science Education (25),8, 923-948
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J.2.2 “Reproduction, Development, and Growth in Human Beings” Lesson

J.2.2.1 “Reproduction, Development, and Growth in Human Beings” Lesson Activity 1

Sinif: 6
Ogrenme Alani: Canlilar ve Hayat
Unite: Canlilarda Ureme, Biiyiime ve Gelisme

Konu: insanlarda Ureme, Biiyiime ve Gelisme
insanlarda Ureme, Biiyiime ve Gelisme

Ogrencilerden anne veya babalari ile bir goriisme yaparak onlarin hayat hikayelerini dogduklar1 andan itibaren 6grenmeleri ve
bir rapor yazmalari istenecek. Ogrenciler ayrica anne ve babalarinin dogumlarindan itibaren ¢ekilmis fotograflarini da bu rapora
ekleyeceklerdir.

Ogrenciler sinifta arkadaglarina hazirladiklari raporlar1 sunacaklardir.

Ogrencilere sunudan sonra su soru sorulacaktir:

Anne veya babanizin fotograflarini onlarin hayat hikdyelerini dogumlarindan itibaren anlattiginiz raporda ilgili yerlere eklerken
giigliik ¢ektiniz mi? Size kim yardim etti? Fotograflar1 siraya koyarken nelere dikkat ettiniz? gibi sorularla bu siniflandirma-
siralama islemini nasil yaptiklar: 6grenilir.

Ogrencilere daha sonra anne veya babalarimin fotograflarla gosterilen hayat evrelerini adlandirmalari istenir.

Ogrencilere anne veya babalarinin nasil anne ve baba olduklari, kendilerinin nasil dogduklari, varsa kardeslerinin nasil
dogduklari, anne ve babalarmin kendilerini ve kardeslerini nasil besleyip biiyittikkleri sorulacak. Anne ve babalarinin
viicudundaki hangi kisimlarin anne ve baba olmaktan sorumlu oldugu sorulur.

Ogrencilere ayrica kendileriyle ilgili ailelerini ve cevrelerini de etkileyen hangi énemli olaylar (6rnegin emzik emme, parmak
emme, gobek bagimm gomiilmesi, dis ¢ikartma, siit dislerinin ¢ikarilmasi, ana sinifina baslama, okula baslama, kiz/erkek
arkadasi olma, ergenlik gibi) hatirladiklar1 sorulacak. Ayrica bu olaylarin aile ve g¢evredeki yansimalarini (gelenek, gorenek)

anlatmalan istenecek.
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J.2.2.2 Evaluation of “Reproduction, Development, and Growth in Human Beings” Lesson

Table J.2 Inquiry in the Human Development tasks and coding categories for the Human

Development lesson plan

Essential features of
classroom inquiry*

Task organizations according to inquiry features (task

Coding categories (scoring system

component and response format of performance

assessment, by Solones-Flores & Shavelson, 1997
fig.1

component of performance
assessment, by Solones-Flores &
Shavelson, 1997, fig.1)

Learner engages in
scientifically oriented
questions.

Ist Task: Classification*®

Anne veya babamzin hayat hikdyelerini onlarin ilgili
fotograflarini da ekleyerek yaziniz.

Anne veya babamzin fotograflarint onlarin hayat
hikdyelerini dogumlarindan itibaren anlattiginiz
raporda ilgili yerlere eklerken giicliik ¢ektiniz mi? Size
kim yardim etti? Fotograflari siraya koyarken nelere
dikkat ettiniz?

2nd Task: Observation*

Anne veya babalarinizin fotograflarla gosterilen hayat
evrelerini adlandirin.

3rd Task: Classification™*

Anne veya babalarimiz nasil anne ve baba oldular?
Nasil dogdunuz, varsa kardesleriniz nasil dogdu?
Anne ve babalariniz sizi ve kardeslerinizi nasil
besleyip biiyiittii?

4th Task: Classification*®

Anne ve babalarinizin viicudundaki hangi kisimlar
anne ve baba olmaktan sorumludur?

Not assessed: Questions are provided
for learner.

Learner gives priority
to evidence in
responding to
questions.

Learners write biographies of their parents.

They make observations of photographs of their
parents according to some attributes such as age,
physical appearance, presence of other people, etc.
Learners make use of their autobiographies when
considering how human are born and nurtured.
Learners relate reproductive organs with reproduction.

Students are expected to prepare a
report telling the life story of their
parents. They are also expected to
visualize the life of their parents with
appropriate photographs.

Students are expected to share their
understanding of reproduction in
human by giving examples from their
own experiences.

Learner formulates
explanations from
evidence.

Learner explains that human life has some steps and
we give different names to people in each step, such as
fetus, newborn, infant, child, adolescence, adult, and
old.

Learner understands that each stage has important
characteristics.

Learner also explains that some of our body parts are
responsible for our reproduction.

Whether students included all stages
of human life in their stories, named
the stages correctly.

Whether students relate reproductive
organs with their functions in human
reproduction.

Learner connects
explanations to
scientific knowledge.

Learner’s explanation reflects the level of
understanding about her/his knowledge of human life
stages, reproductive organs and reproduction.

(Scientific knowledge use)
How consistent and sophisticated are
students’ explanations in conjunction
with scientific knowledge?

Learner
communicates and
justifies explanations.

Learner compares her/his explanations with other
students’ explanations and reference books.

(Prediction agreement)

How well students classified their
parents’ photographs according to the
characteristics of life stages.

How many criteria do students use
when classifying human life stages?
How students relate reproductive
organs with reproduction.

Note: Developed from Table 1 of Lee & Butler Songer, 2003, and *Table 2 of Solano-Flores & Shavelson, 1997

REFERENCES

Solano-Flores, G., & Shavelson, R. J. (1997). Development of Performance Assessments in Science: Conceptual,
Practical, and Logistical Issues. Educational Measurement: Issues and Practice, Fall 1997, 16-25.

Lee, H-S. & Butler Songer, N. (2003). Making authentic science accessible to students. International Journal of
Science Education (25),8, 923-948.
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J.2.2.3 “Reproduction, Development, and Growth in Human Beings” Lesson Activity 2

Sinif: 6
Ogrenme Alani: Canlilar ve Hayat
Unite: Canlilarda Ureme, Biiyiime ve Gelisme

Konu: insanda Ureme, Biiyiime ve Gelisme
insanda Ureme, Biiyiime ve Gelisme
Arastirma Konular

1. Anasinifi kendi sinifimz, 7. ve 8. siniftakilerin boylarini 6lgiin /ellerini, ayaklarini ¢izin.

En uzun boy nedir? vs.

Uzunluk 120 121 122 123 124

Ogrenci sayist 1 4 5 2 1
= . y

Ogrenci r

sayisl

120 121 boy uzunlugu
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J.2.3 “Reproduction, Development, and Growth in Animals” Lesson Activity

Sinif: 6
Ogrenme Alani: Canlilar ve Hayat
Unite: Canlilarda Ureme, Biiyiime ve Gelisme

Konu: Hayvanlarda Ureme, Biiyiime ve Gelisme
Hayvanlarda Ureme, Biiyiime ve Gelisme
Arastirma Konular

1. Kargilastirma: Arastirdigimz bitkilerin hayvanlarin hayat dongiilerini insanin hayat dongiisiiyle karsilastirin.
Karsilastirmada hangi yontemi kullandiniz, neden? Hangi yargiya vardimz? Vardiginiz yarg: diger gruplardakinden benzer mi,
farkl m1?

2. Simiflandirma: Arastirdiginiz bitkilerin hayvanlarin ¢ogalma sekli, yavru bakimi, beslenme 6zellikleri, yasam siiresi, yavru
sayist vb. Ozellikleri bakimindan simiflandirmiz. Tablo cikarabilirsiniz. Siniflandirmada hangi ozellikleri (degiskenleri)
kullandiniz, neden? Bu 6zelliklere bakarak diger canlilar1 da siniflandirabilir misiniz?

3. Gozlem: Saklanmis hayvan 6rneklerinden birer tane alip gozlemleyerek bu hayvanin bir 6nceki ve bir sonraki hayat evresini

tahmin etmeye caligin.
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J.2.4 “Plant Reproduction, Development and Growth” Lesson

J.2.4.1 “Plant Reproduction, Development and Growth” Lesson Worksheet 1

Arastirma Sorumuz: Meyve Biiyiikliigii ile Tohum Sayis1 Arasinda Bir iliski Var Midir?
Kullanmam Gereken Materyaller: Meyve, cetvel
Varsaymmimz/Hipotezimiz:
Degiskenler 1. Kontrol Edilen Degisken: Meyve tiirti
2. Bagimsiz Degisken: Meyve Biiyiikliigii
3. Bagimh Degisken: Tohum Sayist
izlememiz Gereken Yontem:
1. Meyvenin biiyiikliigiinii 6l¢ecegiz.
2. Meyveyi parcalayip tohumlarini bulacagiz.

3. Tohum sayilarini hesaplayacagiz.

Toplamamiz ve Kayit Etmemiz Gereken Veriler: Meyvenin biiyiikliigii (uzunlugu, ¢agi), tohum sayist

Hatalara Nasil Kontrol Edecegiz? Ayn1 meyveyi hem arkadagim hem de ben 6l¢ecegim. Tohumlarini da ikimiz sayacagiz.

Bulgularimiz:

(Verilerimizden Hazirladigim Tablo ve Grafik)

Yorumumuz:

Hipotezimiz Dogrulandi m1?
Kullandigmmiz ve Anladigimiz Terimler:
Sonraki Arastirma Konumuz ve Dikkat Etmemiz Gerekenler:

Ogrendiklerimizin Diger Konularla iliskisi:
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J.2.4.2 “Plant Reproduction, Development and Growth” Lesson Worksheet 2

OKUL BAHCESINDE

Bir Agac Evlat Edinin:

Ogrencilerden gosterilen agaclardan birini segmeleri istenecek. Ayni agaci secen ogrenciler bir grup olusturacak. Gruplar

asagidaki sorular cevaplayacak:

A e A

Bu agaci neden sectiniz?

Agacimza once uzaktan bakin. Hangi 6zellikleri dikkat ¢ekiyor?

Sonra agaciniza yaklasin. Dikkatinizi ¢eken diger 6zellikleri oldu mu? Neler?

(Daha sonra kolayca bulmak ve arkadaslariniza anlatmak icin) Agacimizin okul bahgesindeki yerini ve seklini
tanimlar musiniz? (Aga¢ bahgenin neresinde? Sekli, kisimlari, boyu, rengi, yapisi, yapraklari, govdesi,
meyvesi/tohumu, kokusu, vb. nasil?

Bitkiye zarar vermeden govdesini, yapragini, meyve ve tohumunu elinize alip inceleyin. Gordiiklerinizi ve
hissettiklerinizi kaydedin.

Agacinmizin 6zelliklerini daha once hangi agaclarda gormiistiiniiz?”

Sizce agag kag yasinda?

Bulundugu yere nasil geldi?

Sonbaharda oldugumuzu diisiiniirsek kis gelince agaca ne olacak? lkbaharda ve yazin ne olacak?

Sizce agacin diger canlilarla nasil iligkileri var?
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J.3 Guided (Teacher-Directed) Inquiry Instruction on Force and Motion Unit
J.3.1 “Rocket Balloon” Lesson

J.3.1.1 “Rocket Balloon” Lesson Plan

KUVVET VE HAREKET ROKET BALON
1. Ders: Roket Balon

Gerekli Malzemeler:
1 balon

1 kamus/pipet

Ip

Bant

Yapilisi:

Ip’i kamistan gegirin.

Balonu sisirip ucunu baglayin.

Sisirdiginiz balonu pipete bant yardimiyla yapistirin.

Balonun bagli ucunu serbest birakin (balon ip boyunca gidecektir).

Sorular:

1. Ne gozlemlediniz?

2. Sizce bu olay nasil oldu?

3. Bu olaydan sorumlu olan kuvvet nedir? Bu kuvvet temas gerektiren bir kuvvet mi yoksa temas gerektirmeyen bir kuvvet mi?

4. Bu deneyi evde az sismis ya da ¢ok sismis bir balonla tekrarladiginiz takdirde nasil sonuglanmasim beklersiniz?

2. Ders: Roket Balon

Roket Balon’u tekrar yapin.

Roket balonunuz ne kadar uzakliga gitti? Bunu nasil 6l¢ersiniz?

En uzaga giden roket balonu yapmak icin hangi degiskeni degistirmeniz gerekir?

Bu degiskenin balonun ip iizerinde aldig1 yola etkisini bulmak icin bir deney yapiniz. Deneyinizle ilgili ikinci sayfada verilen

ornekten faydalanarak bir rapor hazirlayiniz.
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J.3.1.2 “Rocket Balloon” Lesson Plan Worksheet

EN UZAGA GIiDEN ROKET BALON DENEYI

Kullanmam Gereken Materyaller: Balonlar (en az 2), 1 kanus/pipet, ip, Bant, Cetvel/Mezura/Metre

Varsayimmmz/Hipotezimiz: Balon ne kadar cok sisirilirse o kadar uzaga gider.

Degiskenler 1. Kontrol Edilen Degisken: Balon
2. Bagimsiz Degisken: Balonun biiyiiklugii
3. Bagimh Degisken: Balonun ip iizerinde aldig1 yol
izlememiz Gereken Yontem:
1. Balonu sisirip agzini baglariz.
2. Sisirdigimiz balonun bityiikliigiinti 6lgeriz.
3. Balonu iginden ip gegirilmis pipete bantlariz.
4. Balonun ipini ¢ozeriz.
5. Balonun ip iizerinde aldig1 yolu cetvelle dlgeriz.
6. Daha az ya da daha ¢ok sisirilmis balonla karsilagtiririz.
Toplamamiz ve Kayit Etmemiz Gereken Veriler: Balonun biiyiikligii (cevre uzunlugu), balonun ip iizerinde aldig1 yol
Hatalara Nasil Kontrol Edecegiz? Ayni balonun ¢evresini hem arkadagim hem de ben 6lgecegim. Balonun ip iizerinde aldig
yolu ikimiz 6lgecegiz.
Bulgularimz:

(Verilerimizden Hazirladigim Tablo ve Grafik)

Yorumumuz (Hipotezimiz Dogruland1 m1?)

Kullandigimiz ve Anladigmz Terimler:

Sonraki Aragtirma Konumuz ve Dikkat Etmemiz Gerekenler:

Ogrendiklerimizin Diger Konularla iliskisi:

3. Ders: Roket Balon’la ilgili asagidaki sorulara cevap veriniz:

1. Roket Balon’a etki eden kuvvet ya da kuvvetler nelerdir? Bu kuvvetler temas gerektiren mi, yoksa temas gerektirmeyen
kuvvetler midir? (Roket balona etki eden kuvvet balonun icindeki sikigtirllmig havadir. Bu temas gerektiren bir kuvvettir.
Balonun agz1 kapal oldugunda tiim ¢eperine etki ederek onu iter.)

2. Roket balona etki eden kuvvetlerin yonii ve dogrultusu ne olur? Gosteriniz.

(Balon rokete etki eden kuvvet icteki basingl havadir. Balonun igindeki gaz balonu disar1 dogru biitiin yonlerden iter ama ¢ikig
olmadigindan bir yere gidemez. Balonun agzin agtigimizda bu ¢ikistan yiiksek hizla ¢ikar. Buna etki (aksiyon, eylem) denir.

Bu etki balonu ters istikamette iter, buna da tepki (reaksiyon) denir.
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etki tepki

(http://unmuseum.mus.pa.us/exjet.htm)

3. Roket balon hareket ederken etki ve tepki kuvvetleri birbirine esit midir? Ne zaman esit olur?
4. Roket balon ile gercek roket birbirine nasil benzer?

Roket sikistirilmig gazi bir seferde vermez, yakitini yakarak sikistirilmig gazi olusturur.
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J.3.2 “Toy Car” Lesson

J.3.2.1 “Toy Car” Lesson Plan

KUVVET VE HAREKET OYUNCAK ARABA

1. Ders: Ogrencilere getirmis olduklar oyuncak arabalari ¢ikarmalari istenir. Ogrencilere en siiratli kimin arabasi oldugu
sorulur. Bu arabalardan birkag¢i sinifta tahta oniindeki boslukta yaristirilir. En siiratli gidene karar verilir. Beton iizerinde en
stiratli gidenin o araba oldugu, ama bununla birlikte asfalt, toprak gibi zeminlerin de oldugu ve en siiratli giden arabanin
degisecegi sOylenir.

Ogrencilere bu zeminlerden hangisinde arabalarimin en siiratli gidecegi sorulur.

Ogrencilere bu derste yapilacak bir deneyle buna karar verecekleri bildirilir.

Oyuncak arabanin en siiratli gittigi zemini bulmak i¢in ne yapacaklart sorulur.

(Bunun i¢in su soru sorulabilir: Oyuncak arabanin en siiratli gittigi zemini bulmak icin hangi degiskeni degistirmeniz gerekir?)
Ogrencilere deney hakkinda bilgi verilir.

Deneyinizle ilgili ikinci sayfada verilen 6rnekten faydalanarak bir rapor hazirlamalari sdylenir.

Ogrenciler bahgeye cikarilir.

Gerekli Malzemeler:

Oyuncak Araba, Mezura/metre, Tebesir, Saat/kronometre

Yapilisi:

Tebesir yardimiyla okulun bahgesinde farklt zeminler (toprak, asfalt ve beton) iizerinde her biri esit uzunlukta olan yaris pistleri
(iki baslangi¢ noktas1 ve bir bitis ¢izgisi olan) ¢izin

Oyuncak arabanizi ilk pistin ilk baslangi¢ noktas iizerine koyun ve elinizle ittirerek hareket etmesini saglayin.

Oyuncak arabaniz ikinci baslangi¢ noktasindan gecerken saat tutun (oyuncak arabaniz duran kadar).

Oyuncak arabanizin ikinci baglangi¢c noktasindan bitis ¢izgisine kadar olan pist boyunca durdugu yere kadar olan mesafeyi
mezura ya da metre ile 6l¢iin.

Yukarida yaptiklarinizi diger zeminler i¢in de deneyerek oyuncak arabanizin hangi zemin iizerinde daha siiratli gittigine karar
verin.

Sorular:

1. Ne gozlemlediniz? Oyuncak arabaniz hangi zemin iizerinde daha siiratli hareket etti?

2. Sizce bu durumdan sorumlu olan kuvvet ya da kuvvetler nelerdir? Bu kuvvetler temas gerektiren bir kuvvet mi yoksa temas
gerektirmeyen bir kuvvet mi?

3. Bu deneyde iki baslangi¢ noktast ¢izmemizin amaci ne olabilir?

4. Bu deneyi bagka bir zaman hali, cam, buz, tahta gibi yiizeyler iizerinde tekrarladigimz takdirde nasil sonuglanmasini

beklersiniz? Neden?
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J.3.2.2 “Toy Car” Lesson Worksheet

Oyuncak Arabam Hangi Zeminde En Siiratli Gider?

Kullanmam Gereken Materyaller: Oyuncak Araba, Mezura/metre, Tebesir, Saat/kronometre
Varsayimimiz/Hipotezimiz: Oyuncak arabam en siiratli asfalt zeminde gider.
Degiskenler 1. Kontrol Edilen Degisken: Oyuncak araba, arabaya uygulanan kuvvet

2. Bagimsiz Degisken: Zemin

3. Bagimh Degisken: Oyuncak arabanin siirati
izlememiz Gereken Yontem:
Tebesir yardimiyla okulun bahgesinde farkli zeminler (toprak, asfalt ve beton) iizerinde her biri esit uzunlukta olan yaris pistleri
(iki baslangic noktasi ve bir bitis ¢izgisi olan) ¢izin
Oyuncak arabaniz1 ilk pistin ilk baslangi¢ noktasi iizerine koyun ve elinizle ittirerek hareket etmesini saglayin.
Oyuncak arabaniz ikinci baslangi¢ noktasindan gegerken saat tutun (oyuncak arabaniz duran kadar).
Oyuncak arabanizin ikinci baglangic noktasindan bitis ¢izgisine kadar olan pist boyunca durdugu yere kadar olan mesafeyi
mezura ya da metre ile 6l¢iin.
Yukarida yaptiklarinizi diger zeminler i¢in de deneyerek oyuncak arabanizin hangi zemin iizerinde daha siiratli gittigine karar
verin.
Toplamamiz ve Kayit Etmemiz Gereken Veriler: Zeminin niteligi, oyuncak arabanin siirati
Hatalara Nasil Kontrol Edecegiz? Oyuncak arabanin siiratini hem arkadagim hem de ben 6lgecegim. Oyuncak arabayr hem
arkadasim hem de ben ittirecegiz.
Bulgularimz:

(Verilerimizden Hazirladigim Tablo ve Grafik)

Yorumumuz (Hipotezimiz Dogruland1 m1?)
Kullandigimiz ve Anladigmz Terimler:
Sonraki Arastirma Konumuz ve Dikkat Etmemiz Gerekenler:

Ogrendiklerimizin Diger Konularla iliskisi:
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J.3.3 “Elastic Objects” Lesson

J.3.3.1 “Elastic Objects” Lesson Plan

KUVVET VE HAREKET
ESNEK CiSiMLER

Ogrencilere nesnelere uygulanan kuvvet onlari nasil etkiler? diye sorulacak. Omegin bir tikenmez kaleme kuvvet
uyguladigimizda ne olacagi sorulacak. Ogrencilerden cevap alindiktan sonra tiikkenmez kaleme elimizle kuvvet uygulanip
kirilacak. Sonra bu durumda kuvvetin 6l¢iilemeyecegi vurgulanacak.

Sonra tiikenmez kalemin yayr ¢ikarilarak gosterilecek. Buna kuvvet uyguladigimda ne olacagi sorulacak. buna kuvvet
uygulanip yay gerilecek. Sonra eski haline getirilecek.

Tiikenmez kalemin yayi, siinger, lastik, oyun hamuru, silgi, kalem ici gibi cisimlere kuvvet uyguladiktan sonra bunlarin tekrar
eski hallerine dondiiklerinden kuvveti 6lgmekte kullanilabilecegi buldurulacak.

Yukarida sayilan cisimlerin Esnek Cisimler olarak tanimlandig: sdylenecek.

Kuvvet 6lgmekte kullanilan Dinamometre’nin yapist ac¢iklanacak. Dinamometre’deki yayin kuvvet etkisiyle gerildigi, kuvvet
etkisi ortadan kalktiginda yayin tekrar eski haline geldigi i¢in kuvvet 6l¢mekte kullamldig: sdylenecek.

Gerekli Malzemeler:

Tiikenmez kalem, tilkenmez kalemin yay1, dinamometre.
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J.3.4 “Inclined Plane” Lesson

J.3.4.1 “Inclined Plane” Lesson Plan

KUVVET VE HAREKET
EGIiK DUZLEM

Ders: EGIK DUZLEM

Sorular:

1. Yokus cikarken diiz yola gore daha ¢ok mu kuvvet harcarsiniz? Neden? Peki, bisikletle ya da arabayla yokus ¢ikarken ne
olur? Ne yapmak gerekir?

2. Eger yokus dikse harcadiginiz kuvvet artar m1 azalir mi? Neden? Peki, bisikletle ya da arabayla dik bir yokusa ¢ikarken ne
olur? Ne yapmak gerekir?

3. Yokus inerken harcadifiniz kuvvet, diiz yolda yiiriitken veya yokus cikarken harcadigimz kuvvetten daha mi1 azdir yoksa
daha mu fazladir? Neden? Peki, bisikletle ya da arabayla yokus inerken ne olur? Ne yapmak gerekir?

4. Bu olaylarda etkili olan kuvvetler nelerdir?

Gerekli Malzemeler:
Makas

Ip

Bir kiitle
Dinamometre

Ders Kitaplart

Yapilisi:

Makasla ipten bir parga kesin. Kestiginiz ip’i kiitleye baglayarak, ucuna dinamometrenin ¢engelini takin.

Ders kitaplarinizi tist iiste koyarak egik diizlem olusturun.

Ders kitaplarinizdan birini de bu kitaplarla sira arasina yerlestirerek bir rampa olusturun.

Kiitleyi rampanin en altina yerlestirerek dinamometreyi yukart dogru ¢ekin ve harcadiginiz kuvveti hesaplayin.
Ayni seyleri daha yiiksek bir egik diizlem olusturarak deneyin.

Deneyinizle ilgili ikinci sayfada verilen 6rnekten faydalanarak bir rapor hazirlayiniz.
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J.3.4.1 “Inclined Plane” Lesson Worksheet

Isimlerimiz: Stifimiz:

Bir Kiitleyi Yukar1 Cekerken Egik Diizlemin Yiiksekligi ile Uygulanan Kuvvet Arasinda Bir iliski Var Midir?

Kullanmam Gereken Materyaller: Makas, Ip, Bir kiitle, Dinamometre, Ders Kitaplari
Varsayimimiz/Hipotezimiz: Bir kiitleyi yukart ¢cekerken egik diizlemin yiiksekligi arttikga uyguladigimiz kuvvet da artar.
Degiskenler 1. Kontrol Edilen Degisken: Kiitle miktari, egik diizlemin yiizeyi
2. Bagimsiz Degisken: Egik diizlemin yiiksekligi
3. Bagimh Degisken: Uygulanan kuvvet
izlememiz Gereken Yontem:
1. Farkl yiiksekliklerde rampalar yapacagiz.
2. Dinamometre yardimiyla kiitleyi yukari ¢cerken uyguladigimiz kuvveti 6lgecegiz
Toplamamiz ve Kayit Etmemiz Gereken Veriler: Egik diizlemin yiiksekligi (Kitap sayisi), kiitleyi yukari g¢ekerken
harcadigimiz kuvvetin siddeti (Dinamometredeki araliklar).
Hatalara Nasil Kontrol Edecegiz? Dinamometre ile hem ben hem arkadasim kuvveti 6lgecegiz. Buldugumuz degerler
birbirinden farkliysa aritmetik ortalamasini alacagiz.

Bulgularimz (Verilerimizden Hazirladigim Tablo ve Grafik):

Egik Diizlemin Yiiksekligi Uygulanan Kuvvet
Yiiksekligi az(Hafif Egimli)
_____ Kitap __arahk

Yiiksekligi fazla(Cok Egimli)
Kitap _arahk

Yorumumuz (Hipotezimiz Dogruland1 m1? Egik diizlemin yiiksekligi ile kuvvet arasindaki iliski neden kaynaklanmaktadir?)

Kullandigimiz ve Anladigmmz Terimler (Asagidaki sekilde aciklayiniz):

Sonraki Arastirma Konumuz ve Dikkat Etmemiz Gerekenler: Ornegin; egik diizlemin uzunlugu ile uygulanan kuvvet

arasindaki iligki.

Ogrendiklerimizin Diger Konularla iliskisi: Ornegin, eski Misir’da piramitler yapilirken taglari tasgimada egik diizlemden

yararlanilmasi.
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