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ABSTRACT

STUDENT AND SCHOOL CHARACTERISTICS RELATED TO
ELEMENTARY STUDENTS NATURE OF SCIENCE VIEWS

Hacieminoglu, Esme
Ph.D., Department of Elementary Education
Supervisor  : Prof. Dr. Hamide Ertepinar

Co-Supervisor: Assoc. Prof. Dr. Ozgiil Yilmaz-Tiizin

June 2010, 292 pages

The purposes of this study were to explain the development and
validation of a new instrument for assessing elementary students’ views of the
Nature of Science (NOS) and to investigate student and school level factors that
help to explain the difference in NOS views. The sample included 3,062
elementary students elementary schools located in Cankaya. Different from
these students, 782 elementary students were the sample for the first focus of
this study. The Nature of Science Instrument, Learning Approach Questionnaire
and Achievement Motivation Questionnaire were administered to the students.
Hierarchical Linear Modeling (HLM) was selected as a modeling technique
because of the nested structure of the data sets. This study provides an

instrument for measuring elementary student views of the NOS regarding four



dimensions. In this study, students had different views regarding each
dimensions, therefore, many variables have been shown to relate to different
dimensions of NOS. This study has established the importance of student socio-
economic background with varying learning approaches, self-efficacy, and
motivational goals in forming their NOS views. Findings revealed that quality of
the physical infrastructure of schools and quality of educational resources in
school, parent educational levels, student achievement, self efficacy, experience
with meaningful learning, and learning goal orientation are positively related to
student NOS views in many different dimensions. Additionally, performance
goal orientation and rote learning approaches have negative relationship with

different dimensions of student NOS views.

Keywords: Nature of Science, Student Level Factors, School Level Factors,

Elementary Students, Hierarchical Linear Modeling.
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ILKOGRETIM OGRENCILERININ BiLIMIN DOGASINA YONELIK
ALGILARI iLE ILISKILI OGRENCI VE OKUL DEGiSKENLERI

Hacieminoglu, Esme
Doktora, Tlkdgretim Boliimii
Tez Yoneticisi: Prof. Dr. Hamide Ertepinar

Yardime1 Tez Yoneticisi: Dog. Dr. Ozgiil Y1ilmaz-Tiiziin

Haziran 2010, 292 sayfa

Bu ¢alismanin amaci ilkdgretim 6grencilerinin bilimin dogasina yonelik
algilarin1 6lgmeyi amaglayan bir dlgek gelistirmek ve 6grenci ve okul ile ilgili
degiskenlerin Ogrencilerin bilimin dogasina yonelik algilarini ne o6lgiide
aciklayabildigini incelemektir. Caligmanin 6rneklemini Cankaya’ Ankara da
O0grenim goren 3,062 ilkdgretim Ogrencisi olusturmaktadir. Calismanin birinci
amaci igin, orneklem bu Ogrencilerden farkli 782 ilkogretim Ogrencisinden
olusmaktadir. Ogrencilere bilimin dogas1 dlgegi, dgrenme yaklasimi anketi ve
basar1 motivasyonu anketi uygulanmistir. Verinin guruplanmis yapisindan 6turd,
modelleme yontemi olarak asamali dogrusal modelleme yontemi segilmistir. Bu
calisma ilkdgretim Ogrencilerinin bilimin dogasina yonelik algilarmi  dort

boyutta dlgebilmek igin giivenilir ve gecerli bir dlgek sunmustur. Ogrencilerin

Vi



bilimin dogasina yonelik algilar1  degisik alt boyutlarda fakliliklar
gostermektedir. Bu nedenle farkli 6grenci ve okul ile ilgili degiskenler bilimin
dogasina yonelik farkli alt boyutlarla degisik yonlerde iligkilidirler. Bu ¢alisma
Ogrencilerin 6grenme yaklasimlari, 6z-yeterlikleri ve motivasyon amagclari ile
birlikte ¢esitlilik gosteren sosyoekonomik statiilerinin onlarin bilimin dogasina
yonelik algilarinin sekillenmesindeki 6nemini vurgulamaktadir. Sonuglar okulun
fiziksel altyapisinin, egitsel kaynaklarin kalitesinin, &grencilerin ailelerinin
egitim seviyelerinin, 6grenci basarisinin, 6z-yeterliklerinin, anlamli 6grenme
yaklagimlarinin, 6grenmeye yonelik motivasyon amagclarinin 6grencilerin
bilimin dogasinin degisik boyutlarina yonelik algilar ile pozitif yonde iliskili
oldugunu ortaya koymustur. Sonuglar ayn1 zamanda 6grencilerin performansa
yonelik motivasyon amaclarinin, ezberleme ile ilgili 6grenme yaklasimlarinin,
ogrencilerin bilimin dogasinin degisik boyutlarina yonelik algilart ile negatif

yonde iliskili oldugunu ortaya koymustur.

Anahtar Kelimeler: Bilimin Dogas1, Ogrenci ile ilgili degiskenler, Okul ile ilgili

degiskenler, [lkdgretim 6grencileri, Hiyerarsik Lineer Modelleme.
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CHAPTER |

INTRODUCTION

Student understanding of the nature of science (NOS) has become a key
Issue in recent discussions concerning science education (Abd-El-Khalick, Bell,
& Lederman, 1998; Dush, 1990; Griffiths & Barry, 1993; Huang, Tsai & Chang;
2005; Kang, Scharmann & Noh, 2005; Khishfe & Abd-El-Khalick, 2002;
Khishfe & Lederman, 2006). The NOS has been described as “the epistemology
of science, science as a way of knowing, or the values and beliefs inherent in the
development of scientific knowledge” (Abd-El-Khalick & Lederman, 2000,
p.666). Although no definition for the NOS is agreed on by all philosophers and
sociologists of science, they do agree on several aspects of scientific knowledge:
scientific knowledge is tentative, empirically based, subjective, partly the
product of the human imagination and creativity, and socially and culturally
embedded (Abd-El-Khalick & Lederman, 2000). In addition, during the
scientific process one must make distinctions between observations and
inferences, and also understand the relationships between scientific theories and
laws (Abd-El-Khalick, Bell, & Lederman, 1998; Khishfe & Lederman, 2006;
Schwartz & Lederman, 2007). The characteristics of scientific knowledge are
explained using the framework proposed by Lederman, Abd-El-Khalick, Bell

and Schwartz (2002).



Definitions of the characteristics of scientific knowledge;

The Tentative Nature of Scientific Knowledge (Tentative NOS): As there
are advances in technology and thought, there will always be change on the
existent scientific claims. Contrary to common belief scientific hypotheses,
theories, and laws are prone to be disproved. Hence, since each case of theories
is changeable, scientific knowledge can be viewed as tentative.

The Distinction between Observation and Inferences (Observation and
Inferences): While observation can be distinguished as descriptive statement
which can be perceived by the senses, inferences are statements that go beyond
our senses that are not directly accessible to them. The comprehension of the
differences between them is imperative in the internalization of terms and
entities in science.

The Empirical Nature of Scientific Knowledge (Empirical NOS): Science
at least partially based on observations of the natural world, and “sooner or later,
the validity of scientific claims is settled by referring to observations of phenomena
(AAAS, 1990,p.4)” (as cited in Lederman, Abd-El-Khalick, Bell & Schwartz, 2002)
. Nevertheless, due to the fact that natural phenomena are not always observable,
perceptions of these phenomena are possible via the theoretical frameworks within
the perceiver.

The role of Imagination and Creativity in generating scientific knowledge

(Imagination and Creativity): Science is empirical. For the advancement of



science and explanation of scientific phenomenon, not only making observations

of nature but also human imagination and creativity are essential.

Curriculum-reform studies address NOS issue worldwide, in countries as
disparate as Canada, Venezuela, Taiwan, Lebanon, and Turkey (Dogan & Abd-
El-Khalick, 2008). In Turkey, the vision of a new curriculum for science and
technology course to emphasize the importance of having scientifically literate
students, regardless of their individual differences (Ministry of National
Education —MoNE-, 2008). The major skill of scientific literacy can be
summarized as the ability to understand not only basic scientific concepts, but
also the nature and development of science and scientific knowledge. This skill
is critical because it allows individuals to make personal decisions in a society
that is becoming highly dependent on science and technology (Dogan & Abd-EI-
Khalick, 2008; Lawson, 1995). Hurd (1998) describes some characteristics of

scientifically literate persons as follows;

a) Understands the nature of scientific knowledge,

b) Applies appropriate science concepts, principles, laws, and theories in
interacting with his universe,

¢) Uses the process of science in solving problems, making decisions,
and furthering his own understanding of the universe,

d) Interacts with values that underlie science,



e) Understands and appreciates the joint enterprises of science and
technology and the interrelationship of these with each and with other
aspects of society,

) Extends science education throughout his or her life,

g) Develops numerous manipulative skills associated with science and
technology (as cited in Yuenyong & Narjaikaew, 2009, p.336).

In Turkey the new science and technology curriculum was implemented
nationwide in the sixth and seventh grades and piloted in the eight grades for the
2008 academic year. The new curriculum and textbooks emphasizes the
importance of NOS. Thus both students and teachers were introduced to NOS
aspects in the sixth and seventh grades. In this new curriculum some important
features are emphasized. According to new curriculum, scientific method
includes observation, stating hypotheses, collecting data, testing hypotheses,
rejecting or accepting hypotheses, and interpreting data. It is stated that
Imagination, creativity, objectivity, inquiry, and being openness to new ideas are
all important in scientific processes. In science and technology education
students should learn the way of attaining knowledge. When students learn new
things through discovery, they should reconstruct their knowledge again. Also in
the curriculum it is emphasized that knowledge in science is not constant but it is
the best explanation known. Moreover, the new curriculum aims creating
awareness of scientific methods in addition to scientific literacy per se. When

these features are considered, the new science and technology curriculum



embraces a “constructivist approach”. However, the previous science curriculum
was student-centered and focused on the scientific method and investigation
processes. However one of the most important differences between the new
curriculum and the previous one is that, while the new curriculum has a spiral
structure, the previous curriculum had a linear structure.

As a result of the integration of NOS in the curriculum worldwide,
determining not only students’ and but also teachers’ understanding of NOS, has
gained a high priority for science education and their researchers. Generally,
researchers have explored students’ views about the NOS through qualitative
methods (Griffiths & Barman, 1995; Griffiths & Barry, 1993; Sadler, Chambers,
& Zeidler, 2004). Elementary school student understanding of the NOS has also
been investigated qualitatively (Shiang-Yao & Lederman, 2002; Khishfe, 2008;
Khishfe & Abd-El-Khalick, 2002; Khishfe & Lederman, 2006; Khishfe &
Lederman, 2007).

In addition to qualitative research determining how students at different
ages view NOS, researchers both in western cultures and non-western cultures
have also investigated student views by using different instruments such as the
Test on Understanding Science (TOUS) developed by Cooley and Klopher
(1961), Nature of Scientific Knowledge Scale (NSKS), developed by Ruba and
Anderson (1978), Views on Science-Technology-Society (VOSTS) developed
by Aikenhead, Fleming, and Ryan (1987). In addition, there are some newly

developed instruments; these are Pupils’ Nature of Science Scale (PNSS)



developed by Huang et al. (2005), Student Understanding of Science and
Scientific Inquiry (SUSSI) developed by Liang, Chen, Chen, Kaya, Adams,
Macklin, and Ebenezer (2008), Views on Science and Education Questionnaire
(VOSE) developed by Chen (2006), and Students’ Epistemological Views of
Science (SEVs) developed by Tsai and Liu (2005). Most of these instruments
developed for high school or college level students. Table 1.1 provides a
summary of these instruments and some others which were developed for
measuring student NOS views.

Table 1.1 The Instruments Developed for Measuring Multi-Dimensional
Characteristics of NOS

Instrument  Year Researchers Target Dimensions

FAS 1954  Wilson HSS  escience as an institution in society
eknowledge of scientist as an occupational
group
TOUS 1961 Cooley & HSS  escientific enterprise
Klopher ethe scientist
emethods and aims of science
SPI and 1967 Welch & HSS escientific activities
WISP Pella escientific assumptions
Scientific eproducts and ethics of science
Literacy
Center
SSS 1968  Schwirian HSS  erationality

and CS  eytilitarianism
euniversalism
eindividualism
eprogress
emeliorism
NOSS 1968  Kimball CS e curiosity in physical universe
ecuriosity in dynamic on-going activity
e ever-increasing comprehensiveness and
simplifications
e scientific method
e characteristics of the scientific method
e a faith in the susceptibility of the physical
universe
eOpenness in science
e tentativeness and uncertainty




Table 1.1 (Continued)

Instrument

Year

Researchers

Target

Dimensions

NOST

1975

Billeh &
Hasan

CS

¢ Assumptions of science
¢ Products of science

e Processes of science

e Ethics of science

VOST

1975

Hillis

HSS

eunderstanding of the tentativeness of
science

TSAS

1969

Korth

HSS

escience and technology
escience and society

e nature of science

e characteristic of science
escientists’ role in society

NSKS

1978

Rubba &
Andersen

HSS
and CS

escience is amoral
escience is creative
escience is developmental
escience is parsimonious
escience is testable
escience is unified

COST

1981

Cotham &
Smith

CS

e ontological implications of theories
e testing of theories

e generation of theories

e choice among competing theories

VOSTS

1987

Aikenhead ,
Fleming &
Ryan

HSS

escience and technology

einfluence of society on
science/technology

einfluence of science/technology on
society

einfluence of school science on society

e characteristic of scientist

e social construction of scientific
knowledge

esocial construction of technology

e nature of scientific knowledge

VNOS-A,
VNOS-B
VNOS-C
VNOS-D
VNOS-E

2002

Lederman et
al.

CS

ES

e the tentative nature of scientific
knowledge

othe empirical nature of scientific
knowledge

e the theory-laden nature of scientific
knowledge

e the social and cultural embeddedness of
scientific knowledge

ethe creative and imaginative nature of
scientific knowledge

eobservations, inference, and theoretical
entities in science

e scientific theories and laws



Table 1.1 (Continued)

Instrument Year Researchers Target Dimensions
PNSS 2005 Huang et al. ES echanging NOS
erole of social negotiation
e cultural context
SEVs 2005 Tsai & Liu HSS  ethe changing and tentative feature of
science knowledge
ethe invented and creative nature of
science
ethe cultural impacts
e the theory-laden exploration
e the role of social negotiations
VOSE 2006  Chen CS e nature of observations
e tentativeness
e use of imagination
evalidation of scientific knowledge
etheories and laws
e scientific methods
e subjectivity and objectivity
SUSSI 2008 Liang etal. CS eobservations and inferences
e tentativeness
e creativity and imagination
e scientific theories and laws
esocial and cultural embeddedness
scientific methods
Target: CS: College Students, HSS: High School Students, ES: Elementary Students
Instruments: FAS: Facts about Science Test, TOUS: Test on Understanding Science, SPI:
Science Process Inventory, WISP: The Wisconsin Inventory of Science Processes, SSS: Science
Support Scale, NOSS: Nature of Science Scale, TSAS: Test on Special Aspect of Science,
NSKS: Nature of Scientific Knowledge Survey, VOSTS: Views on Science-Technology-Society,
VNOS: Views of Nature of Science, PNSS: Pupils’ Nature of Science Scale, SEVs: Scientific
Epistemological Views, VOSE: Views on Science and Education Questionnaire, SUSSI: Student
Understanding of Science and Scientific Inquiry

Although many studies have investigated the NOS views of high school
students (e.g., Chen, 2006; Griffiths & Barman, 1995; Griffiths & Barry, 1993;
Lederman & O’Malley, 1990; Liang et al., 2008; Ryan & Aikenhead, 1992) and
college students (e.g., Abd-El-Khalick, et al., 1998; Bell, Lederman, & Abd-EI-
Khalick, 2000; Eichinger, Abell, & Dagher, 1997; Lederman, Schwartz, Abd-El-

Khlick, & Bell, 2001; Pomeroy, 1993; Tsai & Liu, 2005), in both western and



nonwestern countries, only a limited number of studies have examined the views
of students in elementary school settings (Akerson & Volrich, 2006; Huang et
al., 2005; Kang, Scharmann & Noh, 2005; Khishfe, 2008; Khishfe & Abd-El-
Khalick, 2002; Khishfe & Lederman, 2006; Khishfe & Lederman, 2007; Shiang-
Yao & Lederman 2002). Most studies conducted at the elementary level were
qualitative in nature; and in them, researchers tried to provide in more detail
information and an explanation about NOS views of participants. However, in
parallel with the globalization efforts in education (e.g., PISA and TIMMS),
researchers need some general information about students” NOS views to better
help these students develop sound NOS views. Quantitative studies can provide
adequate ‘“‘snapshot” information about different populations regarding their
NOS views. This information can be valuable for administrators, curriculum
developers, and policy makers who decide how and what to teach about the
NOS.

Moreover, most of the qualitative studies reveal similar results regarding
students’ views about the characteristics of the NOS; for example high school
and college students had a naive understanding about the social embeddedness
of scientific knowledge and the relationships between scientific theories. Few
studies have been conducted at the elementary level and these were mainly
qualitative. Moreover, the studies revealed that students have naive
understandings about the tentative, empirical, inferential, and creative aspects of

the NOS. The results of these studies clearly indicate that the findings were



consistent across different age groups and countries. Thus, by considering these
consistent themes, it is necessary to investigate patterns across a large sample.
To achieve this, it is necessary to develop valid and reliable instruments which
can measure the students’ concept of the NOS.

Many studies have explored gender and grade-level differences regarding
student NOS views (e.g., Huang et al., 2005; Kang, Scharmann & Noh, 2005;
Dogan & Abd-EI-Khalick, 2008). Although there are some studies investigating
the effect of some students’ characteristics such as gender and grade level, it is
crucial to investigate the effect of any other factors reflecting the individual
differences. Individual differences play an important role in student learning
(Koran & Koran, 1984). In addition to academic success, individual differences
related to other factors such as learning approaches, motivation, cognition, and
anxiety have been studied (Debacker & Nelson, 2000; Garcia & Pintrich, 1992;
Lin & McKeachie, 1999; Qian, 1995; Koran & Koran, 1984; Zhang, 2000).

The findings of Edmondson’s study (1989) as well as those by
Edmondson and Novak (1993), reflect the relation between student views about
NOS, their definitions of learning, and their approaches to studying and learning
science. Learning approaches are categorized as meaningful learning approaches
and rote learning approaches (Cavallo, Rozman, & Potter, 2004).

Cavallo (1996) explained Ausubel’s meaningful learning as “the
formulation of relationships between ideas, concepts, and information of

science”. When learner integrates the new idea or concept into his or her related
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concepts, learning will be meaningful. According to the theory, if they can't do
this they may resort to using rote learning. In rote learning, newly learned
knowledge is not associated or linked with prior relevant knowledge the learner
already possesses. In this case, students do not associate what they learned with
conceptual relationships, and memorize science facts. Novak (1988) thought that
rote learning prevents students' meaningful learning of new science ideas and
"interferes with their formulation of scientific understanding™ (Cavallo et al.,
2004, p.289).

Student meaningful understanding of scientific concepts is one of the
goals of science education. When a learner integrates the new idea or concept
into his/her existing concepts, and structures, learning will be meaningful.
During this integration, being aware of prior knowledge and linking this
knowledge with newly presented knowledge by engaging in a learning task
constitute the main ingredients of the meaningful learning (Ausubel, 1963).
Continuous integration of concepts helps the learner form meaningful learning
sets. When the learner cannot integrate new concepts with their prior knowledge,
they tend to use rote learning and express their understanding with the
definitions of these concepts as isolated facts (Ausubel, 1963; Cavallo, Rozman,
Larabee, & Ishikawa, 2001). Researchers have argued that rote learning prevents
meaningful learning of new scientific concepts (Cavallo, Rozman, Blickenstaff,
& Walker, 2003; Cavallo et al., 2004; Novak, Ring, & Tamir, 1971). Being

successful in both rote and meaningful learning depends on the willingness of
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the learning and their tendency to make connections among concepts. In other
words, it depends on learners’ motivation to learn. The recent approaches
investigate the motivation regarding goal orientations, interest and emotions, and
self-perceptions (Woolfork, 2004, Murph & Alexander, 2000). In this study,
goal orientations (motivational goals) and self-efficacy as one of the dimension
of self-perceptions were explored to determine student motivation to learn.
Motivational goals were derived from Bandura’s social cognitive theory.
According to Bandura “goal” is an important motivational process. Student
motivation goals can be affected by peers or academic achievement (Pintrich &
Schunk, 2002). Motivation is defined as “an internal state that arouses directs,
and maintains behavior” (Woolfork, 2004, p.350). According to Pintrich (2002)
“motivational goals includes not just the purposes or reasons for achievement,
but reflects a type of standard by which individuals judge their performance and
success of failure in reaching that goal” (Pintrich & Schunk, 2002, p.214). This
quotation indicates that goal orientation consists of two dimensions: one is
related to students’ interest to learn something new and the other is related to the
students’ interest to get higher course grades (Cavallo et al., 2004). Dweck
(1986) categorized these sub dimensions as learning oriented versus
performance oriented. Learning orientation can be exemplified as learning
something new, learning for the sake of learning, or improving oneself (Ames &
Archer, 1988). Performance orientation can be exemplified as earning high

grades, getting praise or performing better than the other students (Ames &

12



Archer, 1988). Self-efficacy is defined as “people’s judgments of their own
capabilities to organize and execute courses of action required to attain
designated types of performances” (Bandura, 1986, p.391). Self-efficacy focuses
on this particular question “Can I do this task in this situation?” (Pintrinch &
Schunk, 2002).

In literature there is an abundant number of studies available concerning
about learning approach, goal orientations, and self-efficacy. Also in some
studies, these factors are investigated together to explain student academic
achievement. Development of epistemological beliefs is also associated with
academic performance (Cavallo et al., 2003; Cavallo et al., 2004) and their
learning approach (Schommer, 1990; Tsai 1998a, Tsai 1998b). Motivational
goal and self-efficacy are also important factors that influence academic
achievement (Bandura, 1993; Hacieminoglu, Yilmaz-Tuzun, & Ertepinar, 2009).
Moreover, there are some studies related to the relationship between student
efficacy beliefs and goal orientation. Literature reveals contradictory findings
about academic efficacy. Academic efficacy is positively related to mastery goal
orientation (Anderman & Young, 1994; Middleton & Midgley, 1997; Wolters,
Yu & Pintrich, 1996) but relationship between academic efficacy and
performance goal orientation is unclear (Middleton & Midgley, 1997). Learning
goal orientation was the most important motivational factor in predicting student
course achievement. Learning goal was positively related to the meaningful

learning and tentative view of science (Cavallo et al., 2003). Literature also
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reveals positive relationships among self-efficacy, meaningful learning, and
learning goals (Cavallo et al., 2003; Cavallo et al., 2004). Kizilgunes, Tekkaya
and Sungur (2009) also investigated the relationship between achievement and
epistemological beliefs, achievement motivation, and learning approach. They
found that epistemological beliefs influence the learning approaches directly and
also influence learning approach and achievement indirectly, since
epistemological beliefs have direct effects on achievement motivation. On the
other hand, Schommer (1993) investigated the direct relationship between
beliefs about knowledge and high school students’ GPA. The findings revealed
that students supporting the idea that scientific knowledge is certain have lower
GPA than the others. According to Hofer and Pintrich (1997), epistemological
beliefs include learners' theories about knowing, the nature of knowledge, and
knowledge acquisition (as cited in Kizilgunes et al., 2009). Moreover, Buehl’s
(2003) model proposed the model illustrating the association between student
beliefs, achievement motivation and learning outcomes. Buehl’s model
hypothesizes that student epistemological beliefs have a direct influence on
student motivation and learning strategies they use and have indirect effects on
their achievement and academic performances. Literature also supports the idea
that the more constructivist epistemological beliefs the students have, the more
dynamic nature of scientific knowledge they support (Tsai, 1998a). Therefore
the factors influencing students’ epistemological beliefs and achievement might

have effect on students’ NOS views.
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On the basis of this literature in this study, it might be expected that
student learning approaches and motivational goals have an influence on
students’ NOS views. Therefore, in this study these factors were selected as one
of the student level factors. Furthermore Yore, Anderson, and Shymansky
(2002) have investigated the relationships among science achievement, student
characteristics, and classroom factors. Results indicates that student level factors
such as awareness of the nature of science, attitudes toward science, science and
technology careers; school level factors like teacher characteristics, classroom
environmental factors, parent home and community involvement have an
influence on students’ science achievement for different grade levels. That study
reflects the fact that school level factors should be considered while
investigating factors that influence student achievement.

The present study intended to develop the Nature of Science Instrument
(NOSI) for elementary students and to investigate which of the students and
school level factors helped best explain the difference in understanding the NOS
Views.

1.1 Significance of the Study

In this study, the Nature of Science Instrument (NOSI) was developed to
measure elementary students’ NOS views. As well as the development of this
instrument, this study proposes a hierarchical linear model among NOS and

other related factors to achievement.
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In this study an instrument (NOSI) was developed for use in elementary
school settings. It is proposed that valid and reliable instruments like NOSI will
be helpful for researchers in testing the theoretical issues. For example,
researchers argue that rather than implicit NOS teaching, the NOS should be
taught explicitly because it would improve understanding of the NOS. Making
these instruments widely available may assist researchers who intend to test this
assumption with experimental designs.

Additionally, researchers have suggested that it is crucial to determine
and improve students’ understanding of the multi-dimensional characteristics of
the NOS (Cotham & Smith, 1981; Huang et al., 2005; Tsai, 2002) and have used
different Likert-type instruments to assess different sub-dimensions and
characteristics of the NOS.

According to Aikenhead (1973), TOUS, SPI, TSAS, WISP, NOSS, and
FAS have limited utility. For example, these instruments always measured the
degree to which learning about science and scientists had been made explicit in
science courses. In other words, these instruments measure student knowledge
about science and scientists. Aikenhead (1973) also argued that these
instruments were better suited for experimental research designs that stressed the
content of science lessons. These instruments failed to address student NOS
views in any particular science classroom, because each teacher has his/her own
characteristics and uses varying teaching strategies. Moreover, these instruments

were not parallel with the currently accepted characteristics of the NOS, as
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suggested by Abd-El-Khalick et al. (1998) and Lederman, Wade, and Bell
(1998). However, even though SUSSI, VOSE, and SEVs included recently
accepted characteristics of the NOS (as suggested by Abd-El-Khalick et al.
1998), they were developed for pre-service teachers or high school students. Of
these instruments only PNSS was developed to assess 5th and 6th graders.
Therefore, NOSI would be a valuable instrument for researchers interested in
measuring elementary students” NOS views according to the currently accepted
characteristics of the NOS.

Furthermore, most studies have focused on how to change students’ NOS
views, through interventions. The majority of these studies emphasized that
students at different grade levels hold inadequate views regarding the
characteristics of the NOS. More important is that these studies also reveal that
students develop understanding of the NOS at early grade levels. This is crucial
since studies have also shown that it is very difficult to exchange a student’s pre-
existing conception of the NOS with a scientifically accepted one. Thus, it is
critical that elementary school student views concerning the NOS should be
determined as early as possible (Kang, Scharmann & Noh, 2005; Meichtry,
1992). NOSI can serve as a tool for researchers to attain this most important
goal. Although there are some studies investigating the effect of some student
characteristics such as gender and grade level, it is crucial to investigate the

effect of other student level factors such as students’ background characteristics,
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factors related to students characteristics, factors related to student feelings and
outside activities, learning and motivational factors.

Finally, in educational research area, importance of studies related to
achievement has increased in elementary school. Therefore, new factors
contributing to students learning have also become an important issue in recent
years (Ma & Klinger, 2000). The factors which influence student learning has
hierarchical structure such as students nested within schools or classrooms.
Thus, it is recommended that researchers should consider not only student level
factors but also school or classroom level factors in relation to student academic
achievement (Ma & Klinger, 2000; Raudenbush & Bryk, 2002; Willms &
Raudenbush, 1989). In this study, students NOS views are investigated
considering these issues.

Therefore the primary purpose of this study is (1) to develop nature of
science survey for elementary students. Other purposes of this study are (2) to
describe elementary students NOS views, (3) to examine that the differences in
students’ NOS views among schools, (4) to determine which of the school level
factors are associated with students’ NOS views, (5) to investigate which of the
student level factors (student background characteristics, factors related to
students characteristics, factors related to student feelings and outside activities,
learning and motivational factors) which help to explain the difference in

understanding the nature of science (NOS) views, (6) to examine whether school
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level factors predict student NOS views and the strength of associations between

students NOS views and student level factors.

1.2 Research Questions of this Study

1.

2.

Which of the tenets do explain elementary school students’ NOS views?
What are the elementary students views about NOS regarding the tenets
determined in the first question?

Are there any differences in students’ NOS views among schools?

Which of the school level factors are associated with students’ NOS
views?

Which of the student level factors are associated with students” NOS
views?

Whether school level factors predict student NOS views and the strength

of associations between students NOS views and student level factors?
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CHAPTER I

REVIEW OF THE LITERATURE

This chapter aims to present previous studies that have produced
theoretical and empirical background for this study. These studies are related to
both the instruments developed for measuring nature of science views of
students, students’ nature of science views and which factors influence such

students NOS views.

2.1 The Instruments Developed for Measuring Students’ Nature of Science
Views

The development and assessment of students’” NOS views have been an
issue for science educators for over 40 years. During the past 40 years more than
30 different types of instruments including agree/disagree, Likert- type, multiple
choice have been developed and used to assess students’ NOS views (Lederman,
2007; Lederman et al., 2002).

One of the most widely used “paper and pencil” instruments is the Test
on Understanding Science (TOUS), developed by Cooley and Klopher (1961).
This instrument includes sixty items, in a multiple choice test, to evaluate junior
high school students’ understanding of science. It focuses on three dimensions,

namely 1) understanding the scientific enterprise, 2) the scientist, and 3) the
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methods and aims of science. Reliability of this instrument was reported as .76.
Welch (1969) criticized this instrument in terms of validity and suggested
reorganizing all the items under two different subscales: the social aspects of
science and the nature of scientific inquiry. Mackay (1971) assessed Australian
secondary student views of the NOS aspects by using this instrument. The test
was administered to 1,556 students at the beginning of a semester and to 1203
students at the end of a semester. Findings indicate that the students had
insufficient perceptions about the function of scientific models, the role of
creativity in science, and the differences among hypotheses, laws and theories.
Moreover, TOUS was adapted by Jungwirth (1970) for Israeli Biological
Science Curriculum Study (BSCS) adaptation project. This version of TOUS
includes 53 items with the reliability of .73 for 9" grade and .77 for the 10"
grade students. Before it was developed in 1961, there were some attempts to
develop similar instruments. One of them was Facts about Science Test (FAST)
developed by Stice (1958). This instrument included two subscales, namely
understanding of science as an institution in society (38 items), and Knowledge
of scientists as an occupational group (40 items). Since there were no statistical
data related to reliability of FAST, the more improved instrument (TOUS) was
developed. Therefore, two subscales of TOUS are very similar to FAST. Other
similar instruments with TOUS consist of Science Process Inventory (SPI)
Welch & Pella, 1967) and Wisconsin Inventory of Science Processes (WISP)

(Scientific Literacy Research Center, 1967).
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SPI is composed of 150 items with a forced choice inventory (form C)
(agree/disagree). It measures the “understanding of the methods and processes
by which scientific knowledge evolves”. Form D, more recent revision of the
SPI, contains 135 items focusing on a student’s awareness of “the activities,
assumptions, products, and ethics of science.” Reliability coefficient of this
instrument was reported as 0.86. WISP is very similar to SPI in terms of its
content and neither of them possesses any sub-dimensions. The only difference

2 (194

is that WISP contains 93 items with “accurate,” “inaccurate,” or

(13

not
understood” choices. However, all of these instruments mentioned were
developed for use with high school students. After development of these
instruments, Schwirian (1968) developed a likert-type scale named Science
Support Scale (SSS) using the five values from Barber’s “Science and the Social
Order” (rationality, utilitarianism, universalism, individualism, progress and
meliorism). This instrument is appropriate for both high school and
undergraduate students.

In 1968 Kimball developed the Nature of Science Scale (NOSS) to
measure if science teachers have similar views of science as scientists. Validity
and reliability studies were performed on undergraduate students. The
instrument included 29 statements with different scoring scheme from the
previous ones. The choices are as agree, disagree, and not sure, or neutral about
the item. Kimball’s model has eight aspects, namely curiosity in physical

universe, curiosity in dynamic on-going activity, ever-increasing
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comprehensiveness and simplifications, scientific method, characteristics of the
scientific method, a faith in the susceptibility of the physical universe, openness
in science and tentativeness and uncertainty. Split-half reliability coefficient was
reported as 0.72 in preliminary study and 0.54 for the other survey study. The
other instrument with different scoring system from the previous one is Test on
the Social Aspects of Science (TSAS) developed by Korth (1969). TSAS has 52
statements with five point scale from “strongly disagree” to “strongly agree”.
This instrument concentrated on the interaction among science, technology and
society, social nature of the scientific enterprise, and social and political
responsibilities of scientists. TSAS was used to investigate the differences
between science-oriented and non-science oriented high school students. TSAS
comprises 37 items and five aspects, namely relationship between science and
technology, interaction of science and society, understanding the nature of
science, the characteristics of science, and the scientists’ role in society.
Reliability of this instrument was reported as 0.71.

Researchers continued the development of NOS instruments as years
passed. Billeh and Hasan developed Nature of Science Test (NOST) in 1975.
NOST was comprised of two types of items. One of the types assesses student
knowledge related to the assumptions and processes of science, and the
characteristics of scientific knowledge, while the other type demands students
judgments in view of his/her understanding of the nature of science. NOST

includes 60 multiple-choice items related to these aspects: Assumptions of
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science (8 items), Products of science (22 items), Processes of science (25
items), and Ethics of science (5 items). However, undivided score can be
calculated rather than subscale score, which is the major deficiency of this
instrument. In the same year Hillis developed Views of Science Test (VOST).
VOST consists of 40 items with five- Likert-type format and concentrates on
measuring understanding of the tentativeness of science. This instrument was
thought to be very specific because of its focus in science.

Another instrument is Nature of Scientific Knowledge Scale (NSKS),
developed by Ruba and Andersen (1978) for high school students. Researchers
reported nine factors as tentative, public, replicable, probabilistic, humanistic,
historic, unique, holistic, and empirical for the dimension of NSKS. Because of
the overlapping among the factors, the researchers re-arranged the dimensions
and designed a five-point Likert-type scale (strongly agree, agree, neutral,
disagree, strongly disagree) questionnaire which included 48 items and six
subscales, namely, being amoral, creative, developmental, parsimonious,
testable, and unified. Ruba and Andersen (1978) conducted NSKS’s validity and
reliability studies for both high school and college students. Reliability
coefficient varied between 0.65 and 0.88 for high school and college students.
NSKS was modified by Meichtry in 1992 for 6", 7" and 8" graders. This
Modified Nature of Scientific Knowledge Scale (M-NSKS) consists of 32
statements with four subscales of the NSKS, namely creative, developmental,

testable, and unified.
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As all of the instruments mentioned above were based on single
interpretation of NOS until recently, non-judgmental acceptance of science
conceptions has been needed. Therefore Cotham and Smith (1981) developed
Conceptions of Scientific Theories Test (COST), which is an attitude inventory
including of 40 four point-Likert scale items and four subscales, related to
specific aspect of scientific theories. These are (I) ontological implications of
theories; (Il) testing of theories; (I11) generation of theories; and (IV) choice
among competing theories. This test also supplies a theoretical context for each
item sets, these are; 1) Bohr’s theory of the atom, 2) Darwin’s theory of
evolution, 3) Oparin’s theory of abiogenesis, and 4) the theory of plate tectonics.
This instrument was prepared for teachers and the validity studies were applied
on undergraduate college students. Hence cognitive level of COST might not be
appropriate for high school students.

Another instrument which is different from all extant instruments in
terms of scoring nature is the Views on Science-Technology-Society (VOSTYS),
developed and designed for high school students by Aikenhead et al. (1987) to
measure students’ understanding of the nature of science, technology, and their
interactions with society. Over a six-year period, Aikenhead and Ryan (1992)
revised this instrument to enhance validity and reliability. In 1992, the new test
was administered to large diverse samples in Canada. The revised VOSTS,
concentrated on a wide range of issues related to science, technology, and

society; and the number of items increased from 46 to 114 with the increasing
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number of science-technology-society (STS) issues. These issues are Science
and Technology, Influence of Society on Science/Technology, Influence of
Science/Technology on Society, Influence of School Science on Society,
Characteristics of Scientists, Social Construction of Scientific Knowledge,
Social Construction of Technology, and Nature of Scientific Knowledge. The
VOSTS was developed and validated for 11™ and 12" grade students. This
instrument is focused on “self-generated” responses rather than numerical
scores. VOSTS includes alternative “student position” statements derived from
open-ended student “argumentative” paragraphs and also there is a part in which
students can defend their position on STS issue.

Because of the problems during the development of the VOSTS
mentioned by Aikenhead et al. (1987) and about the use of paper-and-pencil
assessments as in the use of NSKS (Rubba, 1976) (as cited in Lederman, 2007),
Views of Nature of Science, Form A (VNOS-A) was developed by Lederman
and O’Malley (1990). VNOS-A is a seven-item-open-ended instrument which
needs to have follow-up interviews to handle the difficulties with students’ open-
ended responses. These items are related to different aspects of tentativeness in
science.

After VNOS-A was introduced; Critical Incidents instrument was
developed by Nott and Wellington (1995) which was different from usual paper
and pencil assessments until that time. Nott and Wellington created some

“critical incidents” related to the descriptions of actual classroom events instead
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of merely asking what science is. For each incident, teachers are expected to
answer the following three questions: 1) What would you do? 2) What could you
do? and 3) What should you do? Even if this instrument is valuable for creating
beneficial discussions for undergraduate or graduate courses, teacher views
about NOS being connected to their responses was thought to be potentially
controversial (Lederman, 2007).

Such type of the instruments initiated improvement with a series of
instruments. Views of Nature of Science B, C, D, E (VNOS-B, VNOS-C,
VNOS-D, VNOS-E) were developed by modifying and improving the original
VNOS-A (Lederman & O’Malley, 1990) by the same research group (Lederman
et al., 2002). All of these instruments include open-ended questions that focus on
currently accepted dimensions of NOS which are, the tentative nature of scientific
knowledge; the empirical nature of scientific knowledge; the theory-laden nature
of scientific knowledge; the social and cultural embeddedness of scientific
knowledge; the creative and imaginative nature of scientific knowledge;
observations, inference, and theoretical entities in science; and scientific theories
and laws (Abd-El-Khalick et al., 1998; Lederman et al.,, 2002; Khishfe &
Lederman, 2006; Schwartz & Lederman, 2007). After the development of
VNOS series, which was similar to those in western cultures, non-western
researchers have recently shown interest in using instrumentation to measure
NOS views. Pupils’ Nature of Science Scale (PNSS) was developed by Huang et

al. (2005) to assess how Taiwanese 5" and 6" graders understand NOS. The
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instrument was based on changing NOS views, the role of social negotiations in
science, and the cultural context of science. This 5-1 Likert type instrument
included 15 items (5 items for each subscale). For internal reliability, alpha
coefficient was reported 0.68, 0.62, and 0.69, respectively for the three
subscales. In another study, Kang, Scharmann and Noh (2005) developed an
empirically derived multiple-choice format instrument, by modifying the
VOSTS questionnaires originally developed by Solomon, Scott, and Duveen
(1996) and Aikenhead et al. (1987). This instrument includes 5 questions with an
open-ended section where students can write their responses for each question.
These were used to investigate Korean elementary students’ views of the NOS.
This instrument aims at focusing on purpose of science, definition of scientific
theory, nature of the model, tentativeness of scientific theory, origin of scientific
theories.

In recent years, there have been some Likert-type instruments used to
assess currently accepted dimensions of NOS (Lederman et al., 2002). One of
the newest Likert-type instruments is the Student Understanding of Science and
Scientific Inquiry (SUSSI), developed by Liang et al. (2008). A final version of
SUSSI includes both 24 Likert-type items (4 items for each dimension) and 6
open-ended questions (1 open-ended questions for each dimension) in an effort
to assess pre-service teachers’ NOS views in terms of six aspects: observations
and inferences (a = 0.61), tentativeness (o = 0.56), scientific theories and laws (a

= 0.48), social and cultural embeddedness (a = 0.64), creativity and imagination
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(o = 0.89), and scientific methods (a = 0.44). Validity and reliability studies
were conducted. Cronbach alpha reliability for the whole instrument was
determined to be as 0.69. Another one is the Views on Science and Education
Questionnaire (VOSE), developed by Chen (2006). Both were designed to assess
college students’ concerning NOS views. VOSE was developed by selecting
some items from VOSTS and modifying them according to the results of
interviews carried out for American and Taiwanese pre-service secondary
science teachers (Chen, 2006). This instrument included 15 questions; each
question had a different number of related items. A total of 85 follow-up items
include seven dimensions: tentativeness (a = 0.34), nature of observations (o =
0.47), scientific methods (a = 0.48), theories and laws (o = 0.70), use of
imagination (a = 0.71), validation of scientific knowledge (a0 = 0.44), and
subjectivity and objectivity (oo = 0.69). The other Likert-type instrument was
developed by Tsai and Liu (2005)—the Students’ Epistemological Views of
Science (SEVs) Test. This instrument was constructed to assess NOS views of
high-school students and included 19 items with 5 point Likert-scale in five
dimensions: the role of social negotiation in science (o = 0.71), the invented and
creative reality of science (a = 0.60), the theory-laden exploration of science (a
= 0.68), the cultural impact on science (o = 0.71), and the changing and tentative
features of scientific knowledge (o = 0.60). Overall alpha for this instrument was

reported as 0.67.
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2.2 Studies Related to the Students’ NOS views.

In recent years student understanding of NOS has been investigated by
many researchers in different levels of education. From elementary school level
through the college level this topic has been studied with different instruments.
In the literature researchers focus on NOS from different perspectives namely
student and/or teacher conceptions about NOS, and the teaching and learning of
NOS. In this part studies regarding student and teacher NOS views are outlined.
There have been many curriculum development efforts designed to improve

NOS views of both student and teachers.

2.2.1 Studies Regarding Curriculum Efforts and College Students’ NOS
Views

Historians and Philosophers of science have proposed curriculum efforts,
including fluid inquiry. There are some examples of curriculum studies
supporting the fluid nature of scientific inquiry, such as Schwab’s Biological
Sciences Curriculum Study (BSCS), Klopfer’s Harvard Case Studies in
Experimental Science. These were valuable curriculum efforts with the inclusion
of the application of history of science to promote nature of science. In 1968
history and philosophy of science and science education were discussed in
National Association for Research in Science Teaching Symposium. In
presented papers, there were some important considerations concerning NOS.

One of these; science education application of HPS was concentrated only on
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the curriculum rather than any focus on instructional design. Another was
focused on the teacher beliefs about nature of science and their specific phrases
used in class which has an effect on student understanding of nature of science.
Also it supported the fluid or revolutionary nature of scientific knowledge
(Duschl, 1993). Although some curriculum studies sought to improve student
NOS (Crumb, 1965; Jones, 1965; Klopfer & Cooley, 1963; Ramsey & Howe,
1969) (as cited in Lederman, 2007) a focus on curriculum did not yield effective
results. There were some other curriculum efforts which had no influence on
student conceptions of NOS (Trent, 1965; Jungwirth, 1970; Tamir, 1972;
Durkee, 1974) (as cited in Lederman, 2007). After these curriculum efforts,
many realized that the teacher beliefs, explanations and performances as part of
the curricula were ignored. Trent (1965) supported the idea that the same
curriculum might be effective for one teacher and ineffective for another.
Therefore, researchers gave importance to teachers and pre-service teachers to
gain NOS understanding and promote their own views. In the early years,
Lavach (1969) designed an experimental study with 26 science teachers, 11 for
the experimental group and 15 for the control group. Instruction was selected to
deal with the historical aspects of astronomy, mechanics, chemistry, heat, and
electricity. They were given to the experimental group received but the teachers
in the control group did not get lectures or laboratories regarding historical

perspective. TOUS was applied as a pre-test and post-test to all teachers.
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Findings of the study revealed significant improvement regarding NOS
understanding in favor of the teachers in the experimental group.

In another study Scharmann (1990) investigated the effects of different
instructional strategies rather than using traditional lecture approach with respect
to college student understandings of the nature of scientific theories. Participants
responded to four-open ended questions concerning their feelings and beliefs
about evolution in both groups. After group discussion related to these questions,
a 90-minute interactive lecture/discussion session was undertaken to overcome
any misconceptions students might have. After that students reflected their views
regarding discussion activities. Both groups gained significant NOS
understanding. However, the experimental group was better than the control
group. In recent years researchers generally have focused on explicit and
reflective approaches to promote student NOS understanding. In one of these
studies, Akerson, Abd-EIl-Khalick, and Lederman (2000), were interested in the
development of elementary teacher understandings of NOS. Twenty-five
undergraduate and 25 graduate pre-service elementary teachers enrolled two
methods courses in which NOS aspects were referred to explicitly. An open-
ended NOS questionnaire which was related to currently accepted dimensions of
NOS was administered to pre-service teachers before and after experiencing the
courses. The results revealed that explicit instruction improves teachers’
understandings of NOS, but less improvement was detected with subjective, and

social and cultural NOS.
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Similarly Abd-EIl-Khalick and Akerson (2004) explored the effectiveness
of an explicit, reflective approach in a science methods course enrolling
prospective teacher for dealing with NOS views. It was realized from the
analysis of questionnaires, interviews, and reflection papers, that pre-service
teachers reached adequate level of NOS understanding. Moreover, Schwartz,
Lederman, and Crawford (2004) assessed the secondary pre-service teacher
NOS conceptions via explicit, reflective approach. Researchers concluded the
same results with the study of Abd-El-Khalick and Akerson (2004). After the
study related to the effectiveness of explicit, reflective approach in method
course, Abd-El-Khalick (2005) investigated the effects of philosophy of science
course as well as a methods course on pre-service secondary science teachers
NOS understanding. All of the participants (56 undergraduate and graduate pre-
service secondary science teachers) enrolled in a methods course and 10 pre-
service teachers also enrolled in a graduate philosophy of science course as well
as method course. VNOS-C was used with the participants at the beginning and
end of the study. Results showed that the pre-service science teachers who were
enrolled in the philosophy of science course had more informed understandings
of NOS than the students who only enrolled in the science methods course. The
researchers explained the results as fallows; 10 students enrolled in the
philosophy of science course benefited from the methods course as a framework
concerning NOS. They, therefore, significantly benefited from the philosophy of

science course more than the other students.
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Beside the methods course, there were other courses designed to teach
through explicit, reflective approaches. For example, Abd-El-Khalick (2001)
conducted a similar study and designed a physics course for prospective
elementary teachers using an explicit, reflective approach. An open-ended NOS
questionnaire was administered as a pretests and posttests. The researcher
reached the same conclusion with the previous study that explicit, reflective
approach was effective for significant improvement in the aspects of NOS. In
another study Lin and Chen (2002) addressed the historical materials explicitly
which are different from the other studies using history of science to improve
pre-service teachers’ understanding of NOS. Total of 63 pre service chemistry
teachers from Taiwan were the sample of the study in experimental and control
groups. In the experimental group historical cases following discussions were
integrated in science courses. Findings showed that significant enhancement
regarding pre-service teachers’ NOS views, namely creativity in science, role of
scientific theories, and theory-leadenness. This result is consistent with the study
of Abd-El-Khalick and Lederman (2000) the purpose of which focused on the
impact of history of science courses on college students’ and pre-service

teachers’ NOS conceptions.
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2.2.2 Qualitative Studies Related to K-12 Students NOS Views

In addition to the studies regarding investigation and improvement of the
pre-service and in-service teachers NOS understanding, the studies regarding K-
12 students’ NOS views and enhancement of their views has been given
importance in the literature. In one such study, Griffiths and Barry (1993)
investigated 32 Canadian high school students’ understanding of scientific facts,
theories, and laws. Researchers used different techniques such as note-taking,
videotaping, and audiotape recording during the interview process of that study.
The results indicated that the students had many misconceptions. For example,
the students believed that scientific theories are tentative, but that laws and facts
are certain. Moreover, according to these students, theories become laws and
laws represent a higher level of knowledge. Griffiths and Barman (1995)
extended this work by studying students between 17 and 20 years old from a
variety of countries, including Canada, United States, and Australia. Initially
sample constituted nine schools and nine teachers, then four schools and eight
teachers in each location were involved for the follow-up study. Data collection
procedure was same as the study of Griffiths and Barry (1993). The results
revealed differences among Canadian, American, and Australian students
regarding their understanding of the NOS. For instance, while all Canadian
students and most of the Australian students supported that science is tentative,
of the participants, 60% of American students believed that scientific knowledge

does not change. The authors argued that this finding may have arisen from the
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American students’ understanding of the scientific method. According to
American students, “the actual method stays the same as I learned in the fifth
grade: hypothesis, control, and experiment” (p250). In other words, the students
argued that scientific knowledge can be generated if scientists follow a stepwise
approach to the scientific method—developing a hypothesis, defining and
controlling variables, conducting experiments and reaching the “truths”— a
highly traditional approach (Bonner, 2005; Harwood, Reiff, & Phillipson, 2005).
Moreover, 60% of Australian students, 45% of Canadians, and 25% of the
Americans believed that observations come before theories. Most of the
American students could not differentiate between observations and theories.
Most participants, across all countries, did not fully appreciate the changing
nature of scientific laws. Another study assessed 84 high school students’ NOS
conceptions in the context of a socio-scientific issue—global warming—
regarding three different aspects of the NOS, namely empiricism, tentativeness,
and social embeddedness (Sadler et al., 2004). As a sub-sample, 30 first-year
high school students were interviewed to confirm their written responses. To
better understand the empirical NOS, students should accurately comprehend
both the meaning and use of data. The study found that about 80% of the
students could define data. Among those students, 17% had some difficulties in
describing data accurately, and also had very naive view of the empirical NOS.
Over 30% of the students could not recognize data, even if they believed that

scientific knowledge is based on empirical evidence. Moreover, 53% of students
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held a contemporary perspective of both the definition of data and empirical
views of the NOS. The students with informed NOS views were aware that
science is embedded within society; in other words, they were aware of the
influence of societal factors on global warming. The students explained social
influences on global warming as economy, personal perspectives, societal
causes, and societal effects. Regarding the tentative nature of science, only those
students who could draw more than one conclusion from a single set of data
understood that the nature of science is tentative. The other study (Moss, 2001)
investigated the influence of hands-on activities on students NOS views. Five of
the 11™ and 12" grade students were observed and interviewed six times during
the courses. At the end of the course there was no significant change regarding
student NOS views because at the beginning of the course students had almost
adequate views on at least half of the models of NOS researcher used.

Influence of explicit and implicit approach regarding student NOS has
also been explored until now in different grade levels. In one such study of 29
seventh-grade gifted Taiwanese students, Liu and Lederman (2002) examined
changes in how students conceive the NOS. During a summer course, these
students were exposed to an explicit inquiry-oriented NOS instruction in which
they carried out several activities emphasizing scientific inquiry and the NOS.
Before and after the instruction, an open-ended questionnaire assessed the
students’ views about several aspects of the NOS. Pre-test results revealed that

half of the participants held informed views on at least four dimensions of the
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NOS. Regarding their initial NOS views—in terms of the empirical aspects of
the NOS—most students regarded science as “a body of knowledge that requires
evidence, observations, experimentation, and logical thinking" (p.117).
Furthermore, most students held informed views about the tentative nature of
science and believed that creativity and imagination play key roles in the
development of scientific knowledge. Some students held a hierarchical view of
the relationship between theories and laws, believing that theories become laws.
Most students believed that “a law is correct and exists forever” (p.118). Only
two students differentiated scientific theories from laws. In terms of subjectivity,
most students pointed out that scientists could interpret a data set in more than
one way, depending on their viewpoints, experiences, research backgrounds, and
assumptions. Moreover, about half of the students provided detailed
explanations about social and cultural values, and the way social expectations
influence scientific activities. At the end of the summer course, the questionnaire
was applied to students to measure whether the course influenced their views on
the NOS. The finding was striking: the students’ views of the NOS remained
unchanged. Indeed only nine participants showed changes in how they view the
NOS and these changes were only modest. Another one is the study of Khishfe
and Abd-EI-Khalick (2002). The purpose of this study is to explore and compare
the effect of an explicit and reflective inquiry-oriented approach compared with
an implicit inquiry-oriented approach on sixth-grade students’ NOS view

regarding the tentative, empirical, and creative and imaginative nature of
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scientific knowledge, and the distinction between observation and inference.
Sixty-two sixth-grade students in two intact groups were the sample of that
study. Both the explicit and implicit group got involved with the same inquiry
activities. The only difference is that the intervention group had explicit
references and reflective discussions of the target NOS aspects. Students were
made to take six-item open ended questionnaire adapted from the study of Abd-
El-Khalick (1998) supplemented with interviews. At the beginning of the study
approximately 85% of the students had naive views on all of the aspects of NOS
measured on both of the groups. At the end of the intervention, while the
implicit group did not show any difference, students in the explicit group had
informed views on at least one aspect of NOS. Results reflected that an explicit
and reflective inquiry-oriented approach was more effective than an implicit
inquiry-oriented approach on advancement of students’ NOS views.

Khisfe (2008) conducted a very similar study with 7" grade students. The
only difference from the study of Khisfe and Abd-El-Khalick (2002) was that
there was no any control group in this study. Total of 18 seventh grade students
were taught through explicit reflective inquiry oriented instructions for three
months. After the instructions, students who had naive NOS views developed
their views of NOS aspects and rose to more informed or “intermediary” level.
From this study, it can be concluded that improvement of NOS views is a
difficult, continuous and long-term process. In addition to these studies, Khishfe

and Lederman (2006), Khishfe and Lederman (2007) have focused on the
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comparison of two different explicit instructional approaches, namely integrated
and non-integrated, with the sample of secondary level students, 9" graders and
10" /11" graders respectively. An integrated approach requires NOS instructions
to be taught explicitly and embedded within the science content. On the other
hand non-integrated approach also necessitates explicitly NOS instruction but
separate from the science content. In a non-integrated approach, NOS is
addressed through inquiry activities, NOS activities or lectures. Both the studies
continued over 6 weeks. While Khishfe and Lederman (2006) focused on global
warming issues in integrated groups, Khishfe and Lederman (2007) concentrated
on global warming, the atom theory and cells issues for their integrated
environmental, chemistry and biology groups respectively. In their non-
integrated groups, no connections were made between NOS and science content
mentioned above. Results of the both studies revealed the improvements on
students’ NOS views in integrated and non-integrated groups. Therefore, these
studies did not provide evidence regarding the fact that one of the instructional

approaches is more effective than the other.

2.2.3 Quantitative Studies Related to K-12 Students NOS Views

Generally, researchers have explored students’ views about NOS through
gualitative methods. However, there are some studies conducted using
guantitative research methods. Some of these studies also have explored gender

and grade-level differences regarding students’ NOS views (e.g., Huang et al.,
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2005; Kang, Scharmann & Noh, 2005; Dogan & Abd-El-Khalick, 2008; Zeidler,
Walker, Ackett, & Simmons 2002). Huang et al. (2005) investigated 5th and 6th
graders’ understanding of the NOS and the effects of grade level and gender on
these views. This questionnaire (PNSS) was applied to the 6,167 students in
Taiwan. Findings showed that significant differences existed in students” NOS
understanding with respect to gender and grade level. Males better understood
the NOS regarding its tentative nature and importance of social negotiation in
scientific studies; and when grade level was considered, it was found that 5th
grade students hold more accurate NOS views than 6th grade students,
concerning the changing nature of scientific knowledge.

Kang, Scharmann and Noh (2005) investigated 6th, 8th, and 10th grade
Korean students’ NOS views, using a modified version of VOSTS and compared
their findings with those of studies conducted in western countries. In that study,
students” NOS views were examined in terms of five aspects: the purpose of
science, the definition of scientific theory, the nature of models, the tentativeness
of scientific theory, and the origin of scientific theory. The study revealed that
most students held a naive understanding about scientific work, scientific theory,
and yet held an informed view about the tentative nature of scientific theories.
Although there was a statistically significant mean difference between 6th
graders and the 8™ and 10™ graders, in terms of the nature of model and the
tentativeness of scientific theory, older students showed no clear differences in

their understanding of other NOS dimensions (the purpose of science, and the
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definition and origin of scientific theory). Authors argued that because of the
differences in cultural characteristics and curricular materials, there are some
differences between the western country’s students’ NOS views and Korean
students’ NOS views, for example with respect to a definition of scientific
theory.

Also Zeidler et al. (2002) explored the students’ conceptions of NOS.
Sample was 9™ and 10" grade general-science students, 11" and 12" grade
honors biology, physics students. Most of the students had naive views about
scientific knowledge is tentative and partially subjective, and involve creativity.
Different from the other studies findings, there were no significant differences
between grade level with respect to students NOS.

In Turkey, some studies have used existing instruments to assess pre-
service and in-service teachers’ views of the NOS (Dogan & Abd-El Khalick,
2008; Erdogan, 2004; Macaroglu, Tasar & Cataloglu, 1998; Sahin, Deniz &
Gorgen, 2006; Yakmaci, 1998; Yalvac & Crawford, 2002). One of these studies
Dogan and Abd-El Khalick (2008) used a pre-existing instrument to assess a
large sample which included 2,020 10th grade students and 362 teachers from
seven geographical regions of Turkey. To assess the NOS views held by
students, a 25-item questionnaire adapted from VOSTS was administered and
interviews were conducted. Results of this study showed that, while participants
had naive views of the nature of scientific models, target NOS, and the

relationship among hypotheses, theories and laws, they had informed views
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concerning the tentative nature of scientific knowledge. All participants believed
that hypotheses, theories and laws are hierarchically related assuming that when
scientists find new scientific evidence, hypotheses become theories and then
laws. Most students did not appreciate the role creativity plays in generating
scientific knowledge. Moreover, the findings indicated that while most of the
students’ views regarding the NOS are the same as their teachers’, their views
about how theory drives the NOS, the relationship between classification
schemes and reality, the nature of scientific theories, myths regarding “the
scientific method” and the epistemological status of scientific theories are
significantly different.

In another study, Kili¢, Sungur, Cakiroglu, and Tekkaya (2005) explored
ninth grade students’ understanding of the NOS and the effects of gender and
school types on their understanding. An adapted version of the Nature of
Scientific Knowledge Scale (NSKS) developed by Ruba and Anderson (1978)
was administered to the students. The results of the study revealed that Turkish
high school students possessed understanding of the NOS that was inadequate.
Also, results revealed that students in vocational high school have more
traditional views about the nature of scientific ideas than those students in
general high, Anatolian high and super lycee. Also, a significant gender
difference was found regarding unified and amoral dimensions of NSKS,
showing that, at this age, girls held a deeper appreciation of these complicating

factors. Rubba and Andersen (1978) supported these findings with the sample of
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high school students during the development of NSKS and Rubba, Horner, and
Smith (1981) found similar result with a sample of 102 high ability 7th- and 8th-
grade students that “laws are mature theories and that laws represent absolute
truth”. Sutherland and Dennick (2002) also conducted similar study using NSKS
with 7™ grade students. Both Cree students and Euro-Canadian students had
inadequate views regarding all aspects of NSKS. Moreover it was found that

cultural factors influenced students’ NOS views.

2.3 Studies Investigating Other Variables Influencing NOS

Researchers also investigated the effects of background variables, science
achievement, classroom climate, teachers’ belief, and classroom practice on
teachers NOS understanding.

One of these studies is the study of Haukoos and Penick (1983). In that
study, researchers investigated the effects of classroom climate on college
students’ learning of science process skills. Researchers found that the classroom
climate influenced students’ learning of science processes. However, Haukoos
and Penick could not replicate this finding in 1985. With respect to teachers
classroom practice, contrary to the study of Lederman and Zeidler (1987) and
Lederman (1999), Brickhouse (1990) supports the relation between teachers’
conceptions of NOS and their classroom practice.

In another study related to the classroom practice, Bell et al. (2000)

investigated whether teachers can transfer their conception about NOS in their
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instructional planning and classroom practice. The subjects were 13 pre-service
teachers. VNOS questionnaire was applied to assess the teachers’ views of NOS
before and after student teaching. To evaluate instructional planning and
classroom practice daily lesson plans, classroom videotapes, portfolios, and
observation notes throughout the student teaching experience were analyzed.
The finding revealed that all of the pre-service teachers presented sufficient NOS
understanding but they could not integrate NOS in to their instruction explicitly.
The idea that having an adequate NOS understanding does not mean that
teachers can automatically translate their NOS understanding into their
classroom practice is also supported by Akerson et al. (2000). On the other
hand, Schwartz and Lederman (2002) investigated teachers’ understandings of
NOS and integration of their understanding into their classroom practice. Two
beginning teachers whose subject matter knowledge is different from each other
constituted the sample of the study. Researchers found that the more
comprehensive subject matter background and the more developed
understanding of NOS the teacher has, the better they integrate NOS concepts in
their teachings.

The other study is the study of Yore et al. (2002). The purpose of this
study is to create a model regarding the relationships among science
achievement, students’ attributes, classroom teachers’ characteristics, and
classroom environmental factors. This study was designed in the Science Co-op

local Systemic Change Project through the five years (2000-2005). Released
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items of Third International Mathematics and Science Study (TIMSS) were used
to assess students’ achievement. Students’ Perception of Constructivist
Classroom (SPOCC-2000) subscales were applied to measure student attributes,
teacher characteristics, and classroom factors. This study included 74 elementary
schools, 2,616 students (1,134 of them were 3" grade students and 1,482 of them
were 6" grade students) and 176 teachers (98 of them were 3" grade teachers, 78
of them were 6" grade teachers) in 38 school districts. Student attributes can be
considered as grade level, gender, awareness of the nature of science, attitudes
towards science, school science and science and technology careers. Teacher
characteristics included students’ perceptions of the teachers using students’
ideas, discourse and collaboration subscales. Classroom environmental factors
consisted of the subscales regarding students’ perceptions roles of the value of
test in classroom science lessons and of parent, home and community
involvement in a classroom science program. HLM analyses were conducted to
describe the hierarchical linear models of students’ achievement, teacher
characteristics and classroom environmental factors. The results of this study
were examined with respect to grade 3 and grade 6 separately. Grade 3 analyses
indicated that awareness of the NOS and attitudes toward science, school
science, and science and technology careers had significant and positive
influence on students’ achievement. With respect to classroom teacher
characteristics and environmental factors, students’ perception of teachers’ use

of their ideas, discourse and collaboration had significant and positive effect on
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the awareness of NOS influence on students’ achievement. However, students’
perception of the role and value of text in classroom science lesson significantly
and negatively influenced the attitudes toward science, school science and
technology careers influence on students’ science achievement. Grade 6 analysis
revealed that awareness of the NOS and gender had significant effects on
students’ achievement. Moreover, findings indicated that students’ perception of
the role and value of text had significant and negative effects on the gender’s
influence on science achievement. On the other hand, students’ attitudes toward
science, school science and science and technology careers did not have
significant effects on 6™ graders achievement.

Literature also supports that nature of science is closely related to some
dimensions of epistemological beliefs such as tentative nature of science
(Conley, Pintrich, Vekiri, & Harrison, 2004; Schommer, 1990; Schommer
1993). Therefore, in the following part the studies regarding variables related to

student epistemological beliefs and achievement are examined.

2.3.1 Epistemological Beliefs and Learning Approaches

One such study investigated the interaction between eight grade
Taiwanese students’ scientific epistemological beliefs and learning approaches
(Tsai, 1998b). Chinese version of Pomeroy’s (1993) questionnaire was used to
assess students’ beliefs about science from empiricist to constructivist. The

empiricist views about science refers to; “Il)scientific knowledge is
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unproblematic and it provides right answers, 2) scientific knowledge is
discovered by the objective data gathered from observing and experimenting or
from an universal scientific method, 3) scientific knowledge is additive and
evidence accumulated will result in infallible knowledge, on the other hand the
constructivist views supports that scientific knowledge is constructed by
scientist, scientific knowledge is tentative, and its development experiences a
series of revolution or paradigm shifts” (p.475). As a sample of this study 20
students were selected from initial sampling of 202 students using maximum
variation sampling. Findings revealed that students with constructivist
epistemological beliefs about science prefer to use meaningful learning
strategies (deep approach) while they are learning. They construct their own
ideas using their previous knowledge. On the other hand, students having
empiricist epistemological beliefs tented to use rote learning strategies (surface
approach) in their learning such as memorization.

Holschuh (1998), Saunders (1998), Chan (2003) and Cano (2005)
conducted similar study with different samples. One of the common findings of
these studies is that while authority knowledge is positively correlated with deep
approach, certainty knowledge is positively related to surface approach. Findings
of the study of Chan (2003) conducted with the sample of teacher education
students indicate that surface approach is related to the idea that scientific
knowledge is definite and unchanging. However deep approach is connected to

the idea that scientific knowledge is tentative. Besides the relationship between
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epistemological belief and learning approach Cano (2005) and Holschuh (1998)
investigated the interrelationship among these variables and academic
achievement. Findings reveal significant influence of epistemological beliefs and
learning approach on students’ achievement.

The other recently conducted study Ozkal, Tekkaya, Cakiroglu and
Sungur (2009) proposed a model to explain relationships among constructivist
learning environment, perception variables, scientific epistemological belief
variables (fixed and tentative), and learning approach. Participants were 1,152
8" grade elementary school students in this study. Path analysis of this study
reveals that student perceptions of constructivist learning environment have a
direct influence on learning approach, and an indirect influence on scientific
epistemological beliefs. Also, personal relevance, uncertainty, critical voice, and
student negotiation is positively related to tentative beliefs and learning

approach.

2.3.2 Achievement, Motivational Goal, Learning Approach and Self-efficacy

One of these studies is the study of Cavallo et al. (2003). They
investigated the relationships among high school students' learning approaches,
motivational goals, and achievement in two different science subject matter
courses (biology and pyhsics) in a college. While one group of students (physics
nonmajors) took an inquiry based course, the other group (physic major) was

instructed in an expository based physics course. Biology students received both
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inquiry and didactic, expository-based approach. Results indicated that, the
biology students used rote learning approach more than physics major students
did. Learning goal is the most important motivational factor in predicting
biology students' course achievement. While learning goal is positively related to
the meaningful learning for all students in three different science courses,
performance goal is positively related to rote learning only for biology students.
Furthermore, findings reveal a negative relationship between rote learning and
course achievement for physics nonmajors.

In another study conducted by BouJaoude (1992) intended to explore the
relationship among high school students' learning approaches, attitudes towards
chemistry, and their performance, and to determine the differences between the
responses of students with different learning approaches on the same test.
Learning approach Questionnaire (developed by Novak, Kerr, Donn, & Cobern,
1989) was administered to 49 suburban students, registered in two sections of
The New York State Regents Chemistry Course instructed by the same teacher,
in order to measure students' approaches to learning. Results indicated that
meaningful learners performed better than the rote learners did on the
misunderstanding test. Furthermore, having developed coherent understanding,
meaningful learners gave more correct answers on both the multiple choice and
explanation parts of question than the rote learners. While meaningful learners

were able to connect the new information they learned to their prior knowledge
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and organized them in bigger groups, rote learners could not do this, and they
stored their information in smaller groups.

In the literature findings often reveal that learning orientation is related to
meaningful learning approach, and performance goal orientation is correlated
with rote learning approach. For instance, Kaplan and Midgley (1997) conducted
a study with 229 seventh grade students in southeastern Michigan. Results of
that study showed a positive relationship between performance goal orientation
and surface approaches to learning. However, Wolters et al. (1996) found a
positive relationship between 7" and 8" graders’ performance goal orientations
and deeper learning strategies.

Kang, Scharmann, Noh and Koh (2005) explored the relationship among
motivational variables, cognitive conflict and conceptual change. Total of 159
seventh grade students constituted the sample of this study. Scientific density
concepts were taught through computer assisted instruction. Students’ learning
approach, mastery goal orientation, self efficacy and some other variables have
been considered as motivational variables. After the instruction, a conception
test was also administered to students. Interestingly, regression analysis reveals
non-significant relationship between conception test scores and motivational
variables (meaningful learning approach, mastery goal orientations, and self-
efficacy).

Anderman and Young (1994) investigated 6™ and 7" grade students’

motivation and learning strategies. Patterns of adaptive learning scale were
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administered to 678 sixth and seventh grade students and 24 science teachers.
HLM analyses indicated a positive correlation between students’ self-efficacy
and mastery goal orientations (y=.19, p<.001).

A similar study was conducted by Middleton and Midgley (1997) with
703 sixth grade students to explore the relationship between students’ goal
orientations and some related variables with mathematics domain. Findings
reveal that while mastery goal orientation is positively related to academic
efficacy (p=.43, p<.001), performance avoid goal orientation is negatively
related to academic efficacy (p=-.13, p<.001). Contrary to that study, Skaalvik
(1997) found a positive relationship between performance-approach goal
orientation, self-efficacy and also academic achievement. Wolters et al. (1996)
conducted correlational study with 434 seventh and eighth grade students.
Findings revealed a positive relationship between 7" and 8" graders’
performance goal orientations and deeper learning strategies Mastery goal
orientation was positively related to students’ academic performance and self-
efficacy. No correlation was found between performance approach goal
orientation and academic achievement in contrast to the study of Skaalvik
(1997).

Recently in Turkey researchers gave importance to these variables in
their research. One of these studies is the study of Hacieminoglu, Yilmaz-Tuzun,
and Ertepinar (2009). As a preliminary study of this dissertation, researchers

examined the relationships among students’ learning approaches, motivational
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goals, previous science grades, and their science achievement for the concepts
related to atomic theory. They also explored the effects of gender and
sociodemographic variables on students’ learning approaches, motivational
goals, and their science achievement for the concepts related to atomic theory.
The sample constituted 416 seventh grade students. Results of the correlation
analyses reveal positive relationships among meaningful learning, performance
orientation, and self efficacy. Students’ previous science grades is positively
correlated with achievement, meaningful learning, and self-efficacy and
negatively correlated with rote learning and performance orientations. ANOVA
results reveal that the educational level of participants’ parents education level
has significant effect on their achievement and meaningful learning, rote
learning, and approach performance orientations.

In another study, Kizilgunes, Tekkaya & Sungur (2009) developed a
model to show the relationship between achievement and epistemological belief,
achievement motivation, learning approach. A total of 1,041 6" grade
elementary students were the sample of the study. Results show that
epistemological beliefs influence learning approach directly and also influence
learning approach and achievement indirectly, since epistemological beliefs have
direct effect on achievement motivation. Findings also reveal that learning goal
orientation, and beliefs about certainty knowledge are positively related to
learning approaches. Negative association is obtained among performance goal,

self-efficacy, beliefs about source of knowledge, and learning approach. While
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certainty beliefs are negatively related to performance and learning goal, they
are positively related to learning approach. Although learning goal and
meaningful learning are positively related to each other, performance goal and
self-efficacy are negatively related to the learning approaches. Also, learning

approaches are positively correlated with achievement.

2.3.3 Gender Difference and Socioeconomic Status

Gender differences in science and sociodemographic variables have been
investigated in terms of students’ achievement and motivation in science
education research for the last two decades. In these studies, gender was
generally considered as an important subject characteristic. Moreover, both
students Socioeconomic Status (SES) and school SES are one of the main
factors with significant attribution on student academic achievement (Ma &
Klinger, 2000; Sammons, West & Hind, 1997). According to Willms (1992)
students with schools having high SES are more likely to achieve than the other
students, also Willms decline school SES has more influence on student
achievement than students individual SES (as cited in Ma & Klinger, 2000).

Ma and Klinger (2000) conducted the study to emphasize the importance
of factors regarding student background and school environment. They
investigated the influence of that factors on 6™ grade student achievement in four
different context namely mathematics, science, reading and writing. Total of

6,883 6™ grade students from 148 schools constituted the sample of this study.
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HLM results shows that students enrolled in schools having SES achieved better
than the other students in terms of mathematics, reading and writing. Also
students individual SES, disciplinary climate is positively related to students’
mathematics, reading and writing. Gender differences were observed in favor of
male in mathematics and science as was supported in the literature that boys
performed better than the girls in science (Kahle & Meece, 1994).

In one such study Cavallo et al. (2004) focused on gender difference on
high school students' learning approaches, motivational goals, self efficacy, and
their achievement in inquiry-based physics course and investigated the
contribution of these variables on students' understanding of physics concepts.
Considering the gender difference on course achievement, self-efficacy, and
performance goal orientation, male students are found to gain higher scores.
While self-efficacy positively contributes to the students' physic achievement for
both male and female students, rote learning has negative contribution to male
students' achievement. Positive relationships are investigated among self-
efficacy, meaningful learning, and learning goals for both male and female
students. Rote learner females and males had low self-efficacy and low
achievement respectively.

In another study, Reap and Cavallo (1992) explored the gender
differences regarding achievement, achievement motivation, and meaningful
learning orientation. For this purpose, they assessed 10th grade students'

achievement by using both state biology course exam (the exam mainly included
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multiple choice questions) and an open-ended (mental-model) test, which was
developed by the researchers to assess students' meaningful understanding of
biology topics. The results of the study revealed that gender difference was
observed only in terms of achievement motivation in favor of boys. There is no
significant difference between girls and boys in terms of meaningful learning
orientation and achievement assessed by the mental model test. Researches
decline that there are several reasons for having gender differences. These
reasons can be summarized as limited science-related outside activities of girls’,
gender biases of teachers when asking questions, cultural influences such as
society and school, background information and socioeconomic status and
parental education (Dimitrov, 1999; Greenfield, 1997; Kahle & Meece, 1994;
Steinkamp & Maehr, 1984).

In the literature there are also some studies regarding influence of gender
ratios of teachers and effectiveness of school resources on some of the student
outcomes. Studies in the literature (Crombie, Pyke, Silverthorn, Jones, &
Piccinin, 2003; Huffman, Lawrenz,& Minger, 1997; Le Mare & Sohbat, 2002)
supports the idea that students having female teachers feel themselves more
comfortable and confident. Moreover both male and female students think that
female teachers are more tolerant and pleasant than male teachers (as cited in
Gilmartin, Denson, Li, Bryant & Aschbacher, 2007). However, Gilmartin, et.
all, (2007) found no relationship between percent of female science faculty and

high school students self-concept and their interest in science.
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In accordance with the quality of the school resources Burtless (1996)
indicates that school resources is highly significantly related to student
achievement. Also one of the meta analysis studies’ (Fuller, 1987) conducted in
early years revealed the positive influence of instructional materials on students
achievement in 16 of the 24 analyses. Another significant indicator is the quality
of school library as an instructional resource which affects student achievement
positively in 15 of 18 analyses. The other factor is about the use of laboratories
in science teaching. Findings revealed that number of students in laboratory
classes and time spent in laboratory classrooms as indicators of effective
utilization of science laboratories were related students achievement positively
in three developing countries namely India, Thailand, and Iran. However these
factors were not significant predictors of student performance in Latin America.
Another meta-analysis study conducted by Hanushek (1997) indicated that there
IS no consistent result about the effectiveness of availability of laboratories, the
size and presence of a library, and the property of the school on student
performance.

In the literature, it was mentioned that there were some studies revealing
the evidence regarding the relationship between student achievement and student
NOS views. Moreover, there are some studies investigating the relationship
among achievement, learning approach, motivational goal, and epistemological
beliefs such as tentative NOS. Therefore, in this study researcher proposed that

these factors should not be considered separately due to their close relationships
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while investigating science related constructs such as nature of science and
investigated the relationship between student level factors (students’ background
factors, factors related to students characteristics, factors related to student
feelings and outside activities, learning and motivational factors) and student
NOS views in order to see the relationship from a wide perspective.
Furthermore, in this study, whether school level factors (school socio economic
status, proportion of female science teachers, ability grouping between science
classes, quality of school’s physical infrastructure, quality of school’s
educational resources) are related to student NOS understanding was taken into

consideration.
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CHAPTER 11

METHOD

The present chapter is devoted to inform about methodological details of
the study. This chapter is organized in seven parts, consisting overall design of
the study, population and sample, factors, selection and development of

measuring tools, procedure, data analyses, and assumptions.

3.1 Overall Design of the Study

The overall design of this study is mainly a cross-sectional survey and
correlational. Fraenkel and Wallen (2003) stated that the survey type of research
is used to describe the characteristics of a population through asking a set of
questions. Moreover, correlational type of research is used to determine the

relationships among two or more factors without any manipulation.

3.2 Population and Sample

All sixth, seventh and eighth grade public schools’ students in Cankaya
district of Ankara were defined as the accessible population of this study. The
population of 6™ grade students sampled in this study was a total of 9,123
students, 4,779 of whom (52 %) were male and 4,344 were female (48 %). The
population of 7™ grade students sampled in this study was a total of 9,145

students, 4,763 of whom (52.08 %) were male and 4,382 were female (47.92 %).
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The population of 8" grade students sampled in this study was a total of 9,448
students, 4,936 of whom (52.2 %) were male and 4,512 were female (47.8 %).
Thus, the population included 27,716 students in all grades. A total of 14,478
students (52.2 %) were male and 13,238 students (47.8 %) were female. Of these
students, 3,653 students were reached to collect data. Due to missing data 591
participants’ responses to the instrument were excluded from the study.
Therefore, 3,062 students constituted the sample of this study. Different from
these students 782 elementary students in the same district were the sample for
the first focus of this study. Cankaya district in Ankara was selected based on its
presence of the diversity in parents’ education level as well as parents’ incomes.
This is the unique characteristic of Cankaya therefore this district was selected
purposefully. The total number of the elementary public schools in Cankaya is
103. Ideally the researcher aimed to collect data from each school in the district.
For this purpose researchers obtained an alphabetical list of schools in Cankaya
and each school principal was asked whether they would like to involve in the
study or not. Out of 103 schools, only 23 elementary schools responded
positively. In accordance with the research design, data were gathered from 6",
7" and 8™ grade elementary students in these 23 schools located in different
parts of Cankaya. Therefore, the sampling methodology can be characterized as
volunteer sampling in this study. In this sampling technique, sometimes
participants may not be representative of accessible population that is one of the

limitation of this type of sampling, but in this study our sample represent
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accessible population of this study in specific aspect such as, 6" and 7" grade
level distribution and gender distribution. Since the researcher administered the
surveys in classrooms, the return rate of the study was almost 90% at each data
collection site.

The distribution of the students’ demographic characteristics was
presented in Table 3.1. The ages of the students ranged between 12 and 14.
1,567 of them were female (51.2%) and 1,495 were male (48.8%). 1,415
(46.2%) of the students were from 6™ grade, 1,397 (45.6%) were from 7" grade
and 250 (8.2%) were from 8" grade. In terms of parents’ educational level, 59 of
the mothers and 5 of the fathers were uneducated. It means that they did not
participate in any level of education. Most of the mothers (n=1,016) completed
high school and most of the fathers (n= 1,096) completed college level of
education. Number of the mothers and fathers who completed either master or
PhD. was quite low.

Income of the parents of the students varied. Family income of 172
students (5.6%) was 500 TL and below, of 561 students (18.3%) was between
501 TL and 1000 TL, of 1138 students (37.2%) was between 1001 TL and 1500
TL, of 424 students (13.8%) was between 1501 TL and 2000 TL, of 295 students
(9.6%) was between 2001 TL and 2500 TL, and of 472 students (15.4 %) was

2500 TL and above.
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Table 3.1 Demographic Characteristics of Participants

Demographic Characteristics N Percent
Gender Female 1567 51.2
Male 1495 48.8
Grade Level 6" grade 1415 46.2
7" grade 1397 45.6
8" grade 250 8.2
Mother Education Level Uneducated 59 1.9
Elementary School 721 23.5
Secondary School 474 155
High School 1016 33.2
College 645 21.1
Master Level 130 4.2
Doctorate Level 17 .6
Father Education Level Uneducated 5 2
Elementary School 314 10.3
Secondary School 345 11.3
High School 837 27.3
College 1096 35.8
Master Level 368 12.0
Doctorate Level 97 3.2
Income 500 TL and below 172 5.6
501 — 1000 561 18.3
1001 - 1500 1138 37.2
1501 — 2000 424 13.8
2001 — 2500 295 9.6
2500 and above 472 154
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3.3 Factors

In this study factors considered are labeled as outcome factors, student
level factors (Level-1) and school level factors (Level-2).
3.3.1 Outcome Factors

The outcome factor of this study is students’ NOS views. Students’ NOS
views were investigated in terms of four aspects. These are their views about
tentative nature of scientific knowledge (Tentative NOS), the distinction
between observation and inferences (Observation and Inferences), the empirical
nature of scientific knowledge (Empirical NOS), the role of imagination and
creativity in generating scientific knowledge (Imagination and Creativity).
3.3.2 Student Level (Level-1) Factors

Student Level (Level-1) Factors were students’ background
characteristics, factors related to students characteristics, factors related to
student feelings and outside activities, learning and motivational factors.
3.3.2.1 Students’ Background Characteristics

Students’ background characteristics were their socio economic status,
parents’ education level, parents’ occupational status.
3.3.2.2 Factors related to Students Characteristics

Grade level, Science achievement (science grades), gender were factors
related to students characteristics. Science grades refer to the achievement scores
obtained from trial high school exam test, which is a standardized test applied by

the Ministry National Education for all elementary school.
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3.3.2.3 Factors related to Student Feelings and Outside Activities

Student attitude towards science, the course they like most, whether they
read articles or books regarding science, whether they benefit from the internet
sites regarding science, whether they watch documentary film, whether they
share their ideas about science subject with their families were the factors related
to student feelings and outside activities.
3.3.2.4 Learning and Motivational Factors

Performance goal orientation, learning goal orientation, self efficacy, rote
learning approach and meaningful learning approach were the factors regarding
learning and motivation.
3.3.3 School Level (Level-2) Factors

School Level (Level-2) factors were school socio economic status,
proportion of female science teachers, ability grouping between science classes,
quality of school’s physical infrastructure, quality of school’s educational

resources.

3.4 Selection and Development of Measuring Tools
3.4.1 Nature of Science Instrument (NOSI)

The Nature of Science Instrument (NOSI) was developed for the purpose
of this study. In light of the available information about NOS in the literature,

hypothetical NOSI dimensions and items were determined by a research team.
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The steps below were followed while determining the hypothetical dimensions
and developing the items for each of these hypothetical dimensions of NOSI:

First, professional literature in the World and in Turkey regarding Nature
of Science views, especially elementary student NOS views, was initially
reviewed. This review of literature of NOS revealed common aspects of
scientific knowledge including its being tentative, empirically based, subjective,
partly the product of human imagination and creativity, socially and culturally
embedded, able to make distinctions between observations and inferences, and
concerned with the understanding of relationships between scientific theories
and laws (Abd-El-Khalick et al., 1998; Khishfe & Lederman, 2006; Schwartz &
Lederman, 2007).

Second, the research team thoroughly analyzed articles published in
highly-refereed science-education journals (e.g. Science Education, Journal of
Research in Science Teaching, and International Journal of Science Education).
Once the articles obtained, articles were examined regarding the grade levels of
students and the dimensions of NOS taken into consideration. The team then
selected the studies carried out by Khishfe (2008), Khishfe and Lederman
(2007), Akerson and Volrich (2006), Khishfe and Lederman (2006), and Khishfe
and Abd-EI-Khalick (2002) for use as a template for the instrument of this study.
These studies were chosen for several reasons. Initially, the qualitative nature of
these studies provided valuable information to us, allowing us to become

familiar with elementary students’ NOS views in their own words.
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For this purpose, we examined quotes from students’ before and after an
interview. Based on these quotes, we formed an item pool. Items originally
written in English were translated into Turkish by the research team. The
original items and their translated version were also examined by two English-
language experts and an associate professor. Revisions of the items were
completed when all parties agreed on the translation of each item. Thus, with
this procedure, we could better represent students’ thoughts and their
expressions of scientific phenomena, and use these to structure the NOSI items.
Second, while determining the hypothetical dimensions of NOSI, the NOS
characteristics most commonly investigated in these studies were considered as a
basis for the hypothetical dimensions of the NOSI. Thus, in this study, the
hypothetical dimensions were as follows: the tentative nature of scientific
knowledge (Tentative NOS), the distinction between observation and inferences
(Observation and Inferences), the empirical nature of scientific knowledge
(Empirical NOS), the role of imagination and creativity in generating scientific
knowledge (Imagination and Creativity). In the literature researchers decline that
these four aspects are accessible to sixth graders (Khishfe & Abd-El-Khalick,
2006). Hypothetical dimensions and sample items for each are presented in

Table 3.2.
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Table 3.2 Sample Items of the NOSI and Dimensions

Hypothetical Sample Items

Dimensions of NOSI

Tentative NOS Scientific knowledge would not change, because if
scientists are not sure about it they do not put it in the
books for student.

Imagination and Science could never involve human aspects, such as

Creativity imagination and creativity, because this would result

in incorrect or wrong findings and knowledge.

Observation and Scientists are certain about the structure of atoms
inferences because they were able to see atoms using
microscopes.

Empirical NOS Modern atomic theory accepted today might change in
the future as long as scientists get new evidence.

As a fourth step, the validity and reliability of NOSI instrument were
assessed, in four pilot studies. Since the purpose was to capture students” NOS
views, the researchers assessed not only the students’ selection of the number (in
Likert scale) that best represents their preferences, but also their understanding
about each. To do this, for each pilot study, students were given a chance to
explain the reasons behind their opinions and their critiques for the items. The
students provided this information in a space given after each item. Oral
feedback, from students and their science teachers, was also recorded. The
research team took this into consideration when revising the items. During this
process, it became clear that small changes in the item structure resulted in big
differences in reliability as well as substantial differences in the nature of the

factor structures obtained from factor analysis. Because of this, several pilot tests
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were performed, to better outlay the students’ real understanding of each item
and to include this understanding in the item structure. After each pilot study, a
revised item structure was judged by the research team; and reliability and
validity were analyzed. The scale was piloted in schools from two different
cities, in the fourth pilot study. First, second, third, and fourth pilot studies were
carried out with 75, 90, 86, and 131 students, respectively.

The face validity of the NOSI was then verified by science teachers. For
construct-validity evidence, factor analyses were conducted. To determine which
type of rotation to employ during factor analysis, we calculated the bi-variate
correlation coefficients among the dimensions of the NOSI (Table 3.3).

Table 3.3 Bivariate Correlations among NOSI Dimensions

Observation Tentative Empirical  Imagination
and Inferences  NOS NOS and Creativity
Observation 1 a4 144" 13g*
and Inferences
Tentative NOS 1 .394* 127*
Empirical NOS 1 156%
Imagination 1

and Creativity
* Correlation is significant at the 0.01 level (2-tailed)
* Tentative nature of scientific knowledge (Tentative NOS ), the distinction between observation and
inference (Observation and Inferences ), the empirical nature of scientific knowledge (Empirical NOS), the
role of imagination and creativity in generating scientific knowledge (Imagination and Creativity )

According to the results, because the four scales correlated with each
other, an oblique rotation was used in the factor analyses (Kim & Mueller,

1978). For reliability analyses, the Cronbach alpha was calculated. To determine
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internal consistency of NOSI during the fourth pilot study, Cronbach’s alpha
was calculated and found to be 0.61, 0.45, 0.35, and 0.63 for each pilot study,
respectively. For the first two pilot studies, the instrument contained 20 items;
later, items were added concerning scientific theories, laws and facts. For the
third pilot study, however, these items were removed because of low factor
loading. The forth pilot study also included 20 items. Factor analysis showed
that, except for item 15 and item 10, all items were successfully loaded into their
expected dimensions. Since two items were not explained, with respect to their
loaded hypothetical dimensions, they were eliminated from the NOSI and further
analyses. Moreover items 5, 7, 13, 14 and 6 were removed from the analyses
because of low factor loading. Therefore, the final version of NOSI included 13
items, 8 negatively-written and 5 positively-written, with a 3 point Likert-type
scale that included “wrong”, “undecided”, and “right” options. Having high
scores from NOSI resulted in having a good understanding about the NOS.
These items were loaded in four factors namely, the distinction between
observation and inference (2 items), the tentative nature of scientific knowledge
(3 items), the role of imagination and creativity in generating scientific
knowledge (5 items), and the empirical nature of scientific knowledge (3 items).
After getting satisfactory factor-analysis results from the fourth pilot study, the
researchers were ready to conduct the real study with this latest version of the
NOSI. The final version of NOSI was applied 782 students enrolled in sixth,

seventh, and eighth grade elementary schools located in Cankaya district of

69



Ankara, capital of Turkey. The distribution of the students according to
demographic characteristics was presented in Table 3.4.

Table 3.4 Demographic Characteristics of Participants

Demographic Characteristics N Percent

Gender Female 391 50
Male 391 50

Grade Level 6" grade 329 42.1
7" grade 320 40.9
8" grade 133 17.0

3.4.1.1 Validity of the Data Collection Instrument

Validity refers to “appropriateness, correctness, meaningfulness and
usefulness (Fraenkel & Wallen, 2003; p.158)” of inferences based on the data. In
order to provide both internal validity of NOSI, the content and face related
evidences were needed; therefore expert opinions and a wide review of literature
were obtained. Moreover, construct validity was supplied by applying statistical
procedure, i.e. factor analysis, structural equation modeling. Each of these
procedures is explained in the following sections.
3.4.1.1.1. Content and Face Validity

Content validity focuses on content and format of the instrument. It
reflects whether the items in the instrument are related to the content area also it
is concerned about if the instrument has appropriate format for the target group.

Face validity is related to the format of the instrument such as clarity of printing,
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size of type, adequacy of work space, appropriateness of language and clarity of
directions (Fraenkel and Wallen, 2003). Table of specification which provides
content coverage of the overall instrument was prepared for NOSI. Furthermore
expert opinion was obtained in terms of the format of the instrument.

3.4.1.1.2. Construct Validity

Construct-related evidence of validity is concerned about whether the
instrument measures the hypothetical construct to be tested (Fraenkel & Wallen,
2003). In this study, factor analysis was preferred to test the construct validity of
NOSI.

Factor Structure of the NOSI

To confirm the factor analysis obtained during the pilot studies, an
exploratory factor analysis (EFA) was again conducted for the data of this study.
Similarly, Cronbach’s alpha reliabilities were calculated, to determine the
internal consistencies of the total NOSI and each dimension of the NOSI.

There are three major assumptions of confirmatory factor analysis,
namely adequacy of sample size, multivariate normality, identity matrix that
underlies the use of factor analysis.

The sample size of the data is 782, and this is adequate to run factor
analysis. The Kaiser-Meyer-Olkin measure of sampling adequacy tests whether
partial correlations among factors are small. KMO value is 0.718 which is
excellent value according to the literature (Tabachnick & Field, 1996). This

value also indicates that this data has multivariate normality. Bartlett’s test of
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sphericity measures whether the correlation matrix is an identity matrix.
Significance value p= .000 indicates that these data do not produce an identity
matrix, thus multivariate normal and acceptable for factor analysis. Results of

KMO and Bartlett's Test was indicated in Table 3.5.

Table 3.5 KMO and Bartlett's Test Results

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 718
Bartlett's Test of Sphericity Approx. Chi-Square 3033.675
df 78
Sig. .000

Exploratory Factor Analysis (EFA) of the NOSI

Factor analysis enabled us to determine the number and the
characteristics of factors that could account for students’ responses in the NOSI.
With oblique rotation and an eigenvalue that is greater than one (as a cutoff
point for factors), “Maximum likelihood extraction” generated four factors that
account for 64.34 % of the variance. In addition to that the scree plot revealed
four sharp descent and other plots started to level off (Figure 1). Factor analysis

revealed four factor structures in the data.
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Figure 1. Scree plot for NOSI

Factors 1, 2, 3, and 4 were named 1) observation and inferences, 2)
tentative NOS, 3) imagination and creativity, and 4) empirical NOS, respectively
(Table 3.6). For the total, NOSI Cronbach’s alpha reliability was found as 0.76.
For each dimension, Cronbach alpha values ranged from .63 to .80. The smallest

alpha value was obtained for the empirical NOS dimension of the NOSI.
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Table 3.6. Factor Loadings for Final NOSI Items

NOSI Dimensions Items Factor 1 Factor2 Factor3 Factor4

Observationand 7 Negative .990

Inferences 8 Positive .595
Cronbach Alpha = .74
Tentative NOS 2 Negative 975
1 Negative .846
4 Negative .353
Cronbach Alpha = .76
Imaginationand 5 Negative .750
Creativity 10 Negative .682
6 Negative 670
12 Negative .646
11 Positive .588
Cronbach Alpha = .80
Empirical NOS 9 Positive .881
3 Positive .756
13 Positive 249
Cronbach Alpha = .63
Eigenvalues 3.40 2.36 1.45 1.14
Variance (%) 26.21  18.20 11.15 8.77

Total Scale Alpha=.76

Confirmatory Factor Analysis
Confirmatory Factor Analysis (CFA) was conducted to identify the best-
fit structure and verify the EFA factor solution. LISREL 8.30 was used to

determine how well the 13 items fit the proposed four latent factors: observation

74



and inferences, tentative NOS, imagination and creativity, empirical NOS. For
the purpose of examining the overall fit of confirmatory factor analysis and
model fit, the related fit indexes such as goodness of fit index (GFl), adjusted
goodness of fit index (AGFI), root mean squared error of approximation
(RMSEA) and standardized root mean squared residual (SRMR), expected cross
validation index (ECVI) were taken into account.

Chi-Square (x°) alone is not an adequate indicator that the model fits the
data, usually it is interpreted with its degrees of freedom. Here df refers to the
difference between known values and unknown value estimates, and the Normed
Chi-Square (NC), which is calculated by ratio of Chi-Square to Degrees of
Freedom y° / df determines the identification of a model. As a general rule, a
ratio less than 5 is considered to be acceptable and as the value of the ratio gets
closer to 1, the model is accepted to be a fitting model. In our model the Chi-
Square, x* =367.676; with degrees of freedom, df = 84, and the significance
level, p = 0.0. In addition, Normed Chi-Square (NC), the 32 /df, of the model is
4.37 which is less than 5 indicating good fit to the data. Goodness of Fit Index
(GFI)= 0.940 and Adjusted Goodness of Fit Index (AGFI)=0.914 has a range
from 0 to 1, with values exceeding 0.9 indicating a good fit to the data
(Kelloway, 1998).

Root Mean Square Error of Approximation (RMSEA) is relatively
insensitive to sample size and it takes into account the error of approximation in

the population. A test of significance of the RMSEA values less than .08 are
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considered to be acceptable values (Kelloway, 1998). Values below 0.10
indicate a good fit, values below 0.05 indicate a very good fit and the rarely
obtained values below 0.01 indicate an outstanding fit to the data (Steiger,
1989).Root Mean Square Error of Approximation (RMSEA) of the our model is
0.067. The RMSEA of the model is contained in the 90 percent confidence
interval for RMSEA which is from 0.0608 to 0.0745. The RMSEA value of the
model is between the values of the confidence interval and below the values
0.10, it can be said that the model indicates a good fit to the data. Also the
standardized RMR has a lower bound of 0 and an upper bound of 1. For our
model standardized RMR=0.068 indicated an acceptable fit to the data.

The Expected Cross Validation Index (ECVI) of the model is 0.583. The
ECVI of the model is contained in the 90 percent confidence interval for ECVI
which is from 0.510 to 0.666. The ECVI value of the model is between the
values of the confidence interval, it can be said that the model indicates a good
fit to the data. Model derived from Confirmatory factor analyses were presented

in Figure 2.
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Figure 2. Model Derived from Confirmatory Factor Analysis
3.4.2 Learning Approach Questionnaire

Learning Approach Questionnaire used in Bou Joude (1992) and Cavallo
and Schafer (1994) studies was utilized in order to measure the students' learning
approach. Questionnaire included 22 items and used a 4-point Likert scale (Of
the 22 items 11 items measure rote learning and 11 items measure meaningful
learning). Sample items for each scale are presented in Table 3.7. The cronbach

alpha internal consistency was reported as 0.81 for the meaningful scale and .76
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for the rote scale (Cavallo et al., 2004). High score from the test indicates
meaningful learning and low score indicates rote learning orientation.

The questionnaire was originally translated into Turkish by Caliskan,
(2004) for high school students. A pilot study was carried out to investigate
appropriateness of items for elementary school students. Apart from a few
changes in wording, all of the items were kept the same in the pilot study. For
the pilot study Cronbach’s alpha reliability of the test was found to be 0.77 for

the meaningful scale, 0.71 for the rote scale.

Table 3.7 Sample Items of the Learning Approach Questionnaire

Scales Sample Items

Meaningful | try to relate new material, as | am reading it, to what |
learning have already known about the topic.

Rote Learning | tend to remember things best if | concentrate on the

order in which they were presented by the instructor.

3.4.3 Achievement Motivation Questionnaire

The achievement questionnaire, used in Cavallo et al. (2004) was utilized
to measure students’ motivational goals. The questionnaire included 14 items
and used a 5-point Likert scale. The achievement motivation questionnaire
consists of three scales measuring students' learning-goal orientation,
performance goal orientation, and students' self-efficacy in the science courses.

Among these scales performance goal orientation consists of two subscales:
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avoidance performance orientation and approach performance orientation (Elliot
& Church, 1997). Sample items for each scale are presented in Table 3.8. The
learning-goal orientation consisted of 5 items, the performance-goal orientation
consisted of 5 items and students' self-efficacy consisted of 4 items. The
cronbach alpha reliability was reported as .94 for learning goals, 0.82 for
performance goals, and 0.89 for self-efficacy.

Similar to learning approach questionnaire, this questionnaire was also
translated into Turkish by Caliskan (2004) for high school students. A pilot
study was carried out to investigate appropriateness of items for elementary
school students. Apart from a few changes in wording, all of the items were kept
the same in the pilot study. For the pilot study Cronbach’s alpha reliability of the
test was found to be 0.83 for learning goals, 0.73 for performance goals, and

0.75 for self-efficacy.

Table 3.8 Sample Items of the Achievement Motivation Questionnaire

Scales Sample Items

Approach performance One of my primary goals in this class is to do better

orientation than other students.

Avoidance performance One of my primary goals is to not look foolish or

orientation stupid when doing science activities in this class.

Learning Orientation One of my primary goals in this class is to try to
improve my knowledge.

Self Efficacy I am confident I can do well on the science

problems we are given in this class.
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3.5 Procedure

In this study 6", 7", 8" grade elementary students’ nature of science
(NOS) views, learning approaches, and motivational goals were investigated.
Moreover the relationship between students’ NOS views and student level and
school level factors were investigated. Thus, the design of this study was both
cross-sectional survey, and correlational study. Initially, this study began with
the literature review in the aspect of the purpose. Educational Resources
Information Center (ERIC), International Dissertations Abstracts, Ebscohost,
Science Direct, Kluweronline databases, Internet (Google), thesis and other
studies done in Turkey were searched by the help of a keyword list. All the
articles and thesis were read, and the results of the studies were compared.

After completing the literature review, the participant schools and
subjects of the study were determined, and permission was granted for the study
from the Ministry of Education. Before the Nature of Science views instrument
(NOSI) was prepared, the most appropriate instrument measuring students’
learning approaches, and motivational goals had been selected and preliminary
study had been conducted to investigate elementary students’ learning
approaches, motivational goals and science achievement. After selection and
development of measuring tool a demographic information part and an
introductory part was prepared. The detailed information about the preparation

of the instrument was given in section 3.3.
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For the ease of administration and data entry, an optical form was
designed. The data was collected with these optical forms. After gaining
approval from both the Ministry of National Education’s ethics committee and
the University’s ethics committee, the researcher obtained an alphabetical list of
schools in Cankaya district. Each school’s principal in this list was contacted by
phone. Once the principal’s permission was obtained, the instrument was
administered at their school. The school principal specified the days we could
administer the test. Researcher of this study and one or two teachers, appointed
by the school’s principal, administered the instrument to the students at each
data collection site. Data collection was carried out during the spring 2008. The
same administrative procedure was followed, to remediate any potential factors
that location might have on the results of the tests. During administration, the
researcher explained the purpose of the study to the students, in their classroom,
and invited them to participate voluntarily. The students were given a class hour
to provide their answers. The participant’s anonymity was protected by
assigning numbers to each form. Students were asked not to write their names on
the forms and told that their responses would not affect their grades.

After the data collection procedure, data entry was made by the firm who
prepared the optical forms. The data was given to the researcher as an Excel file.
Then the researcher coded all the categories of the factors in the data. Female
students were coded as 1, and male students were coded as 2. Six grade students

were coded as 6, seven grade students were coded as 7 and eight grade students
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were coded as 8. In terms of their families income level; “less than 500 TL” was
coded as 1, “between 501 TL- 1000 TL” was coded as 2, “between 1001 TL-
1500 TL” was coded as 3, “between 1501 TL- 2000TL” was coded as 4,
“between 2001 TL — 2500 TL” was coded as 5 and “more than 2500 TL” was
coded as 6. For the mother’s and father’s education level items, “uneducated”
was coded as 1, “primary school” was coded as 2, “elementary school” was
coded as 3, “high school” was coded as 4, “university” was coded as 5, “master”
was coded as 6 and “doctorate” was coded as 7. For working of their mother and
father, “yes” was coded as 1 and “no” was coded as 2. For the lesson they like
most, “science” was coded as 1, “social studies” was coded as 2, “mathematic”
was coded as 3, and “others” was coded as 4. For whether they read articles or
books regarding science “yes” was coded as 1 and “no” was coded as 2. For
whether they use internet sites regarding science, “yes” was coded as 1 and “no”
was coded as 2. For whether they watch documentary film, “yes” was coded as 1
and “no” was coded as 2. For whether they share their ideas about science
subject with their families “yes” was coded as 1 and “no” was coded as 2. For
the responses to the Nature of science instrument, “I agree” was coded as 3, “I
do not know” was coded as 2, and “I do not agree” was coded as 1. For
motivation goal questionnaire, and learning approach questionnaire never was
coded as 1, sometimes was coded 2, usually was coded as 3, and always was

coded as 4.
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For school level factors, different questionnaire was prepared considering
literature and some of the questions were taken from OECD Publications (2004,
p.316). School socio economic status was calculated as mean scores of students’
socio economic status as a school level (Level-2) predictors, also information
about school socio economic status was obtained from school principles,
proportion of female science teachers was calculated from the information
obtained from school principles. For ability grouping between science classes,
“Schools with no ability grouping between any classes” was coded 1, “schools
with one of these forms of ability grouping between classes for some classes”
was coded 2, and “schools with one of these forms of ability grouping for all
classes” was coded 3. Quality of school’s physical infrastructure was categorized
as, ‘“school buildings and grounds”, “heating/cooling and lighting systems,
“instructional space (eg., classrooms)”, Quality of school’s educational resources
was categorized as “instructional materials (eg. textbooks)”, “science laboratory
equipment and material”, “computers for instruction”, “library materials”,
“audio-visual resources”. For these two dimensions four point scale categorized
“not at all”=1, “very little’=2, “to some extent”=3, and “a lot”=4 was used.
Some arrangements were performed while constructing the file for HLM

analysis for both student and school level factors.
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3.6 Threats of Internal Validity

For this study subject characteristics, location, and instrumentation
internal validity threats must be controlled. In order to eliminate potentially
confounding factors, data related to the subject characteristics, such as gender,
socio economic status (SES) and parents’ education level were also obtained as
the background information, and taken into consideration. This was help to
control for a subject characteristics threat to the internal validity and for a
possible loss of subjects. Location could be a problem because; teachers,
textbooks, methods used by teachers, materials used in the courses, economic
and social conditions may be different for each other. To overcome this problem,
school level (level-2) factors were obtained and taken in to consideration. Also,
the attitude of the subjects and instrumentation might affect the results of this
study, because data collector characteristics may have an effect the data they get.
To prevent this factor same directions and necessary explanations about the
instrument were given to all of the participants, and the instrumentation process
was standardized. Possibility of harm to the participants was not appeared to be

a problem for this study. Also deception of the students was not existed.

3.6 Data Analyses
Data file consisting of outcome factors (tentative nature of scientific
knowledge (Tentative NOS), the distinction between observation and inferences

(Observation and Inferences), the empirical nature of scientific knowledge
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(Empirical NOS), the role of imagination and creativity in generating scientific
knowledge (Imagination and Creativity), student level (Level-1) factors
(students’ background characteristic, factors related to students characteristics,
factors related to student feelings and outside activities, learning and
motivational factors) and school level (Level-2) factors (school socio economic
status, proportion of female science teachers, ability grouping between science
classes, quality of school’s physical infrastructure, quality of school’s
educational resources) was prepared by using SPSS in which columns show
factors and rows show the participants by the researcher. All of the student and
school level factors were investigated on the basis of descriptive data analyses
such as missing data analyses, data cleaning procedures and descriptive
statistical procedures. Explanatory and confirmatory factor analyses were
conducted to draw common factorial structures of questionnaires.

Hierarchical Linear Modeling (HLM) was selected as a modeling
technique in order to investigate how the school level factors and student level
factors related to the students NOS views because of the nested structure of the
data sets that means students nested within schools. In educational research data
generally have a nested structure. Each student might be nested within some
schools or classrooms. Beside this, these schools or classrooms might be nested
within any other location such as district, province, region, or country. If these
hierarchical data are analyzed with traditional linear model, some of the basic

assumptions especially the independence of observation is violated. The students
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in the same group (a classroom or a school) are more similar than the students in
different groups. All the students of a school or a class are affected by the school
or class atmosphere in the same manner. Additionally, the factors that effected
the students in the same group (a school or a classroom) have the same effects
on only all the students in the same group. For example; the educational
resources of school A affect all the students of school A in the same way. On the
other hand they do not have any effects on the students of school B. Therefore,
students in different group can be independent; however the students in the same
group like same classroom or same school have the same value on some
classroom or school factors. If the independence of observation assumption is
violated, estimating the coefficients can be biased, and the estimates of standard
errors can be smaller than they should be. In the hierarchical linear modeling
technique, each of the groups has a different regression model, and each of the
levels in the data is outlined by its own sub-models representing structural
relations and residual variability at that level. These sub-models explain both the
relationships among factors within specific level and how factors at that level
influence the relations happening at another level. Therefore HLM is a more
reliable statistical technique for researchers to identify the relations within the
hierarchical-structured data (Raudenbush & Bryk, 2002). According to Snijders
and Bosker (1999) multiple level analyses needs minimum of 10 groups. Level-2
units regression parameters and level-1 variance components exhibited little bias

with at least 10 level. However, when the number of the groups gets closer to 30,
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parameter estimates for the regression slopes and both level-1 and level-2
variance components tended to exhibit very little bias. Therefore, if the
researchers study with small number of groups (n<10, according to Snijders and
Bosker, 1999) it is recommended to use fixed effect approach (Cohen, Cohen,
Stephen & Leona, 2003). In this research there were 23 groups and 3,062
students, namely the number of the students in each group large enough to
identify intraclass correlation. According to Kreft and de Leeuw (1998) if group
size are not too small, 20 groups is appropriate for identify intraclass correlation
(as cited in Cohen, Cohen, Stephen & Leona, 2003). Then, models were
developed by using HLM 6.0 in order to examine the relations between school

level and students level factors.

3.7 Assumptions
The assumption of this study considered by the researcher is that the
participant students of the study responded to the items of the instrument

seriously.
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CHAPTER IV

RESULTS

This chapter is devoted to the presentation of the results of the present
study and included three main sections namely; Descriptive Statistic of the
Factors, Hierarchical Linear Modeling (HLM) Assumptions, and Hierarchical
Linear Modeling (HLM) Analyses.

4.1 Descriptive Statistics of the Factors

Descriptive measures as descriptive statistics were examined for all the
factors included in the study. Descriptive measures of the factors aim to describe
distributions.

There were data for 3,062 students to investigate student level factors
with data for 23 schools to examine school level factors. Outcome, student and
school level factors are shown in table 4.1.

Descriptive analyses revealed that, regarding the mean scores of each
NOSI dimension, the most favorable NOS views were obtained for the empirical
nature of scientific knowledge. The students were uncertain about NOS views
related to tentative NOS and imagination and creativity. The least favorable
NOS views were obtained for observation and inferences. Descriptive statistic

for outcome, student and school level factor were presented in table 4.2.
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Table 4.1 Outcome, Student and School level Factors

Outcome Tentative NOS TENTATIV
Factors Dimensions Observation and Inferences OBSVINF
of NOS
Empirical NOS EMPIRICA
Imagination and Creativity IMEGCRAT
Students’ Socio economic status (SES) INCOMEME
background INCOMEHI
characteristics  Parents’ education level (PEL) DUMMYCOL
DUMMYGRA
Parents’ occupational status PARENTOC
Factors Grade level (GRADE) GRADE7
related to GRADES
students Science achievement SCIENGRA
Student characteristics Gender GENDER
Level
(Level-1) Student attitude toward LIKINGSC
Factors science
Factors The course they like most DUMMYLIK
related to Whether they read articlesor ~ READINGB
Student books regarding science
Feelingsand  Whether they benefit from INTERNET
Outside internet sites regarding science
Activities Whether they watch DOCUMENT

documentary film
Whether they share their ideas SHARINGI
about science subject with

their families
Learning and  Performance goal orientation =~ PERFGOAL
Motivational  Learning goal orientation LEARNGOA
Factors Self efficacy SELFEFFI
Meaningful learning approach MEANINGF
Rote learning approach ROTELEAR
School socio economic status  HIGHINCS
School LOWINCS
Level Factors Proportion of female science ~ FEMALESC
(Level-2) related to teachers
Factors school Ability grouping between ABILITYG

characteristics science classes
Quality of school’s physical PHYSICAL
infrastructure
Quality of school’s QUALITYE
educational resources

89



Table 4.2 Descriptive Statistic for Outcome, Student and School Level Factor

Level Factors Type N M SD
Outcome
TENTATIV Continuous 3043 181 71
IMEGCRAT Continuous 3034 2.16 .69
OBSVINF Continuous 3021 2.24 .56
EMPIRICA Continuous 3044  2.59 A7
Factors
INCOMEME Dummy Coded 3062 051 0.50
INCOMEHI Dummy Coded 3062 0.25 0.43
DUMMYCOL Dummy Coded 3062 0.36 0.48
DUMMYGRA Dummy Coded 3062 0.15 0.36
PARENTOC Dummy Coded 3062 0.96 0.20
GRADET7 Dummy Coded 3062 0.46 0.50
GRADES Dummy Coded 3062 0.08 0.27
SCIENGRA Continuous 3062 2.59 1.19
Student GENDER Dummy Coded 3062  0.49 0.50
Level LIKINGSC Dummy Coded 3062  0.87 0.34
(Level-1) DUMMYLIK  Dummy Coded 3062 0.36 0.48
Factors READINGB Dummy Coded 3062 0.74 0.44
INTERNET Dummy Coded 3062 0.70 0.46
DOCUMENT  Dummy Coded 3062 0.79 0.41
SHARINGI Continuous 3062 0.71 0.45
PERFGOAL Continuous 3021 2.70 0.72
LEARNGOA  Continuous 3028 341 0.54
SELFEFFI Continuous 3024 3.04 0.59
MEANINGF Continuous 3005 3.06 0.53
ROTELEAR Continuous 3000 247 0.51
HIGHINCS Continuous 23 24.59 17.26
School LOWINCS Continuous 23 28.07 17.32
Level FEMALESC Continuous 23 79.23 25.16
(Level-2)  ABILITYG Dummy Coded 23 0.17 0.39
Factors PHYSICAL Continuous 23 2.85 0.54
QUALITYE Continuous 23 2.98 0.83
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4.2 Hierarchical Linear Modeling (HLM) Assumptions
General level 1 and level 2 models are:

Level 1

Q
Student Level: Yij = Boj + Z qu Xqij + 1

g=1
where,
Q is the number of independent variables in the level 1 model

X may be centered or uncentered level 1 predictors.

Level 2

5q
School Level: Bg=yqp + Y, 7Yqs Wyj+ Ug

1
where,

Sq is the number of level 2 predictors for the g™ level 1 effect
Formally, followings assumptions are made (Raudenbush, & Bryk, 2002, p.
255):
1. Each rjj is independent and normally distributed with a mean of 0 and variance
o” for every level-1 unit i within each level-2 unit j.
2. The level-1 predictors, Xgj, are independent of rj;.
3. The vectors of Q + 1 random errors at level-2 are multivariate normal, each

with a mean of 0, some variance 14, and covariance among the random
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elements, g and g, or t¢q. The random-error vectors are independent among the
J level-2 units.

4. The set of level-2 predictors (i.e., all the unique elements in Wg;across the Q +
1 equations) are independent of every ug;.

5. The errors at both levels (level-1 and level-2) are independent of each other.

6. The predictors at each level are not correlated with the random effects at other
level.

“Assumptions 2, 4, and 6 focus on the relationship between the variables
included in the structural portion of the model- the Xs and Ws- and those factors
related to the error terms, rj; and u;. They pertain to the adequacy of model
specification. Their tenability affects the bias in estimating yqs. Assumptions 1,
3, and 5 focus only on the random portion of the model (i.e., rjj and u;). Their

tenability affects the consistency of the estimates of standard errors of 7, the

adequacy of B*q,-, 62 ,and T and the accuracy of hypothesis tests and confidence
intervals” (Raudenbush, & Bryk, 2002, p. 255).
In addition to the assumptions above, all variables should be measured
adequately, that is reliable scores, free from error, and represent desired
construct.

In order to check the tenability of the assumptions HLM residual files
can be used. Two different residual files; level 1 residual file and level 2 residual
file can be formed in HLM program. A level-1 residual file includes

(Raudenbush, Bryk, Cheong & Congdon, 2004, p.15).
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The level-1 residuals (discrepancies between the observed and fitted
values).

Fitted values for each level-1 unit (that is, values predicted on the basis
of the model).

The observed values of all predictors included in the model.

Selected level-2 predictors useful in exploring possible relationships

between such predictors and level-1 residuals.

A level-2 residual file includes (Raudenbush et al., 2004, p.16):

Fitted values for each level-1 coefficient (that is, values predicted on the
basis of the level-2 model).

Ordinary least squares (OL) and empirical Bayes (EB) estimates of
level-2 residuals (discrepancies between level-1 coefficient and fitted
values).

Empirical Bayes coefficients, which are the sum of the EB estimates and
the fitted values.

Dispersion estimates useful in exploring sources of variance
heterogeneity at level 1.

Expected and observed Mahalanobis distance measures useful in
assessing the multivariate normality assumption for the level-2 residuals.

Posterior variances.

The assumption tests for the study are presented at end of the thesis, in

Appendix A.
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4.3 Hierarchical Linear Modeling (HLM) Analyses

In this part of the chapter, the results of Hierarchical Linear Modeling
(HLM) analyses are presented in four parts as the results of HLM analyses for
Observation and Inferences, Tentative NOS, Imagination and Creativity, and
Empirical NOS. For each aspect of NOS, four models were built in order to
investigate the association between student and school level factors and

students’ nature of science understanding in the HLM analyses.

4.3.1 HLM Analyses for Observation and Inferences.
4.3.1.1 Results of Research Question 111 (One-Way ANOVA with Random
Effects)

With respect to Observation and Inferences , in order to answer the third
research question of if there are any differences in students” NOS views among
schools one-way ANOVA with random effects model was conducted.

For i=1, ..., nj students in school j, and j = 1, ..., 23 schools, equations at two
levels are:
Level 1 (Students level) Model:

Yij = Boj + Iij

Level 2 (School level) Model:

Boj = Yoo *+ Uoj
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where

Yj; = the endogenous factor, Observation and Inferences for i"" students in j"
school

Boj = the intercept (the mean Observation and Inferences for the j™ school)

rij = the student level error

Yoo = the grand mean

Uoj = the random effect associated with unit j (school)

The final estimation of fixed effects obtained from analysis of variance model

of Observation and Inferences is represented in the Table 4.3.

Table 4.3 Final Estimation of Fixed Effects for One-Way ANOVA with Random

Effects for Observation and Inferences

Fixed Effect Coefficient ~ Standard t-ratio p-value
Error

Average school  1.787295 0.028297 63.163 0.000

mean, yoo

The analysis of variance indicates that average school mean of
Observation and Inferences, the grand-mean of Observation and Inferences (yoo),
is statistically different from zero. That means there are significant differences
among schools.

The grand-mean of Observation and Inferences is 1.787 with a standard error of
0.028, indicating a 95% confidence interval of:

Confidence Interval = 1.787 + 1.96 (0.028) = (1.732, 1.841)
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Table 4.4 Final Estimation of Variance Components for One-Way ANOVA with

Random Effects for Observation and Inferences

Random Effect Variance df Chi-square p-value
Component
School mean, u;  0.01312 22 74.61126 0.000

Level-1 Effect, r;  0.50063

The final estimation of variance components obtained from the one-way
ANOVA with random effects model is represented in the Table 4.4.

The findings indicated significant (p< .005) variation does exist among
schools in their Observation and Inferences (X* = 74.61126, df = 22). The result
also revealed that school level factors might account for the differences in the
students’ Observation and Inferences understanding.

At the student level Var (rij) = o° = 0.50063. At the school level, 1q is the
variance of the true school means, Boj, around the grand-mean, yoo. Var(Uoj)= Too
=0.01312.

The intraclass correlation (ICC), which represents proportion of variance
in Y (Observation and Inferences) among schools, is
ICC = 100/ (100 + 6%) = 0.01312 / (0.01312+0.50063) = 0.025
indicating that about 2.5 % of the variance in Observation and Inferences is
among schools.

HLM also provides an estimate of the reliability of the sample mean in

any school. The reliability is an estimate of the true school mean and is affected
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by the sample size within each school. The overall estimate of reliability is the
average of the school reliabilities. p = .713 indicating that the sample means tend
to be a reliable indicator of true school means. The equation for determining
reliability of the mean Observation and Inferences within each school is: p = 1o /
[t + (6° / nj)]. Therefore, the reliability of the sample mean varies from school
to school because the sample size, nj, varies.

In the following models, additional level 1 (student level) factors will be
tried to reduce the variation within schools (6?) and additional level 2 (school

level) factors will be tried to explain between school differences (to).

4.3.1.2 Results of Research Question 1V (Means as Outcomes Model)

In order to answer the forth research question of which of the school
level factors are associated with students” NOS views with respect to
Observation and Inferences , means-as-outcome model was applied.

Equations at two levels are:
Level 1 (Students level) Model:

Yij = Poj + i

Level 2 (School level) Model:
Boj = Yoo + Y01 (HIGHINCS) + yo, (FEMALESC) + vo3 (ABILITYG) + yos
(PHYSICAL) + vo5s (QUALITYE) + uy;

forj=1,2, ..., nschools
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where
Boj = the school mean on Observation and Inferences
Yoo = the intercept (the grand mean for Observation and Inferences , that is the
average of the school means on Observation and Inferences scores across the
population of schools)
vo1 = the differentiating effect of high level school socio economic status on the
school mean on Observation and Inferences.
vo2 = the differentiating effect of proportion of female science teachers on the
school mean on Observation and Inferences.
vos = the differentiating effect of ability grouping between science classes on the
school mean on Observation and Inferences.
vo4 = the differentiating effect of quality of school’s physical infrastructure on
the school mean on Observation and Inferences.
vos = the differentiating effect of quality of school’s educational resources on the
school mean on Observation and Inferences.
Too = the conditional variance or school level variance in Po; after controlling for
these school level factors.
Uoj = the residual

The model was first run with all five factors, but High level school socio
economic status, Proportion of female science teachers, Ability grouping
between science classes, and Quality of school’s educational resources were not

significant and were removed from the final analysis. The final estimation of
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fixed effects obtained from means as outcomes model of Observation and
Inferences is represented in the Table 4.5.

The results revealed significant and positive relationship between quality
of school’s physical infrastructure and Observation and Inferences (yo1= 0.146,

se=0.044).

Table 4.5 Final Estimation of Fixed Effects for Means as Outcomes Model for

Observation and Inferences

Fixed Effect Coefficient Standard t-ratio p-value
Error

Model for

School Means®

Intercepts, Yoo 1.788 0.022 80.308 0.000

PHYSICAL, yo1 0.146 0.044 3.280 0.004

1 .
The student level factors were Grand Mean Centered before analysis.

The final estimation of variance components obtained from means as
outcomes model is represented in the Table 4.6. The degrees of freedom for this
model (Means as Outcomes Model) is based on the number of schools with
sufficient data, and the number of school level factors included in the model.
Degrees of Freedom =J - Q — 1, where
J = the number of schools with sufficient data

Q = number of school level factors included in the model
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Thus, all schools were used in this analysis and degrees of freedom for this
model is:

df=J-Q-1=23-1-1=21

Table 4.6 Final Estimation of VVariance Components for Means as Outcomes

Model for Observation and Inferences

Random Effect Variance df Chi-square y° p-value
Component
School mean, uy; 0.00642 21 51.82437 0.000

Level-1 Effect, r;  0.50100

The residual variance between schools (too = 0.00642) is substantially
smaller than the original variance (tg0 = 0.01312) resulting from the analysis of
variance model. This reduction is due to the inclusion of school level factors.
Proportion of variance explained at

1= oo (ANOVA) - 7,,(Meansas Outcomes)
75 (ANOVA)

level

Proportion of variance explained at level 1= 0.01312-0.00642 0.510

0.01312

This result indicates that 51.0% of the true between school variance in
Observation and Inferences is accounted for by Quality of school’s physical

infrastructure.
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Finally, in order to examine whether the school Observation and
Inferences means vary significantly when Quality of school’s physical
infrastructure is controlled, chi-square statistic was conducted. Chi-square
statistic y* is found as 51.82437 (df=21, p< .05). This finding indicated that this
school level factor did not account for all the variation in the intercepts.
However, even after controlling quality of school’s physical infrastructure,
schools still vary significantly in their average Observation and Inferences

views.

4.3.1.3 Results of Research Question V (Random Coefficient Model)

In order to answer the fifth research question of which of the student
level factors help to explain the difference in understanding the Observation and
Inferences views Random Coefficient Model was conducted.

The equations to answer this question are:

Level 1(Students level):

Yij = Boj + P1j(GRADET7) + By(GRADES) + Bsj(SCIENGRA) + B4j(GENDER) +
Bsj INCOMEME) + Bg;(INCOMEHI) + p7(DUMMYCOL) +
Bei(DUMMYGRA) + Boj (PARENTOC) + B1oj(LIKINGSC) +
B1(DUMMYLIK) + B15(READINGB) + B15(INTERNET) +
B14j(DOCUMENT) + B15(SHARINGI) + B16(PERFGOAL) +
B17(LEARNGOA) + B1g{(SELFEFFI) + B1oj(MEANINGF) + B2oj(ROTELEAR)

+ rij
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Level 2(School level):

Poj = Yoo + Uoj

Baj = Yo * Ugj

where

Yi; = Observation and Inferences of student i in class |

Boj = the school mean on Observation and Inferences

Bsj = the differentiating effect of 7" grade level in school

B2 = the differentiating effect of 8" grade level in school j

Bsj = the differentiating effect of science achievement in school j

B4j = the differentiating effect of gender in school j

Bsj = the differentiating effect of medium level income in school j

Bej = the differentiating effect of high level income in school j

Br7j = the differentiating effect of college education level as a highest educational
level of parents in school j

Bsj = the differentiating effect of graduate education level as a highest
educational level of parents in school j

Boj = the differentiating effect of highest parental occupational status in school j
Bioj = the differentiating effect of student attitude toward science in school j

B11j = the differentiating effect of the course student like most in school j

B1oj = the differentiating effect of if students reads articles or books regarding

science in school j
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B13j = the differentiating effect of if students benefit from internet sites regarding
science in school j
B14j = the differentiating effect of if students watch documentary film in school j
Bisj = the differentiating effect of if students share their ideas about science
subjects with their families in school |
B1ej = the differentiating effect of students’ performance goal orientation in
school j
B17; = the differentiating effect of students’ learning goal orientation in school j
B1gj = the differentiating effect of students’ self efficacy in school j
Bigj = the differentiating effect of students’ meaningful learning approach in
school j
B20j = the differentiating effect of students’ rote learning approach in school j
Bqj = the coefficient for factor q for class j after accounting for other factors
voo = the average of school mean on Observation and Inferences across the
population of schools
Yq0 = the average q factor- Observation and Inferences slope across those schools
Uoj = the unique increment to the intercept associated with school j
Ugj = the unique increment to the slope associated with school j

The building strategy recommended by Raudenbush and Bryk (2002)
was used. A randomly varying coefficient or factor is defined as a slope whose
value varies significantly among schools, or slope effects are allowed to

randomly vary across schools. Student background characteristics were first
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examined (INCOMEME, INCOMEHI, DUMMYCOL, DUMMYGRA,
PARENTOC) to determine whether they were significantly related to
Observation and Inferences and whether or not they were randomly varying. All
of these factors were found to be non-significant and non-randomly varying,
thus, they were removed from the model.

After, the factors related to students characteristics GRADE7,GRADES,
SCIENGRA, GENDER) were examined along with the student background
characteristics examined before. Among these factors seven grade level
(GRADE7) was found to be significant and randomly varying, science
achievement factor (SCIENGRA) were found to be significant, but non randomly
varying. Therefore this factor will be examined as non-randomly varying factor
in the model.

Then, factors related to student feelings and outside activities
(LIKINGSC, DUMMYLIK, READINGB, INTERNET, DOCUMENT, SHARINGI)
were added to the model. Among these factors only students’ sharing their ideas
about science subjects with their ~ families (SHARINGI) was found to be
significant and non-randomly varying. Therefore these factors will be examined
as non-randomly varying factor in the model. The other factors (LIKINGSC,
DUMMYLIK, READINGB, INTERNET) were all non-significant, thus removed
from the model.

Lastly learning and motivational factors (PERFGOAL, LEARNGOA,

SELFEFFI, MEANINGF, ROTELEAR) were added to the model. All of these
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factors were found to be non-significant and non-randomly varying, so they
were removed from the model. Moreover, in this step, students’ sharing their
ideas about science subjects with their families (SHARINGI) becomes non-
significant and this factor was removed from the model.

Therefore, the final Random Coefficient Model includes two student
level factors: seventh grade level, science achievement, (student characteristics).
Among these two student level factors, only one factor seventh grade level
(GRADE7) was found as randomly varying. Therefore, the other factor
(SCIENGRA), found as non-randomly varying, were included in the model as
fixed.

The final random coefficient model included the factors not only
significantly related to Observation and Inferences but also the factors both
significantly related to Observation and Inferences and randomly varying. The
final estimation of fixed effects obtained from random coefficient model of is

displayed in the Table 4.7.
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Table 4.7 Final Estimation of Fixed Effects for Random Coefficient Model for

Observation and Inferences

Fixed Effect Coefficient ~ Standard t-ratio p-value
Error
Overall mean 1.728 0.031 54.450 0.000

Observation and
Inferences *, yoo
GRADE7, y10 0.132 0.041 3.234 0.004
SCIENGRA, v20 0.034 0.011 3.014 0.003

1 .
The student level factors were Group Mean Centered before analysis.

The Grade-Observation and Inferences slope coefficients indicates that
students from different grades had significantly different understanding on the
Observation and Inferences. Students from seventh grades (y10= .132, se= .041)
scored significantly higher than the students from sixth grades on the
Observation and Inferences. There is no statistically significant difference
between eight graders and other grade levels.

The Science grade-Observation and Inferences slope coefficients (yso=
.034, se= .011) indicates that students’ science achievement is significantly and
positively related to students’ Observation and Inferences understanding.
Students having higher achievement had better Observation and Inferences
understanding than the other students.

The final estimation of variance components obtained from random

coefficient model is displayed in Table 4.8.
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Table 4.8 Final Estimation of VVariance Components for Random Coefficient

Model for Observation and Inferences

Random Effect Variance df Chi-square p-value
Component X

School mean, up;  0.01413 22 59.07827 0.000

GRADE?, uy; 0.01863 22 49.25883 0.001

Level-1 Effect, r;  0.49208

Variance among the school means tgo= 0.014 with a chi-square statistic
of 59.078 is found to be statistically significant (p< .005). This significant
difference (variability) in 23 schools might be explained by incorporating school
level factors in to the model. The variances of the science grade slope t1;=.001
(x’= 49.258, p< .005) are found to be significant. This significant difference
indicates that in some schools, the slopes are much steeper than for other
schools, namely, relationship with Observation and Inferences is much stronger
in some schools than in other schools. The variability among schools also
suggests that school level factors might account for some of the differences.

The variances in the Analysis of Variances Model and Random
Coefficient Model will be compared to calculate the variance explained at the
student level. It can be compared by creating an index of the proportion of
reduction in variance at the student level by comparing the o’ estimates from

these two models.
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Proportion of variance explained at

o’ (ANOVA) - o (Random Coefficient)

level 1= >
o“(ANOVA)

Proportion of variance explained at level 1= 0.50063- 0.4920 =0.017

0.50063

By including these student level factors (seventh grade level, science
achievement,) as predictors of Observation and Inferences within school
variance was reduced by 1.7 %. Therefore, these factors account for about 1.7 %
of the student level variance in Observation and Inferences.

Findings related to reliability estimates of intercepts and randomly
varying slopes indicate that the reliability of intercepts is 0.61, the reliability of
randomly varying slopes are, 0.50 for seventh grade level. According to
Raudenbush and Bryk (2002) the primary reason for the lower reliability of the
slopes is that the true slope variance across schools is much smaller than the
variance of the true means and many schools are relatively homogenous on the

randomly varying factors (e.g. GRADE?).

4.3.1.4 Results of Research Question VI (Intercepts and Slopes as
Outcomes)

In order to answer sixth research question of whether school level factors
predict student NOS views and the strength of associations between students

NOS views and student level factors in terms of Observation and Inferences,
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Intercepts and Slopes as Outcomes Model was applied. In this model, the
coefficients (slopes) of the factors will be modeled to account for the variability
of the regression equations across schools. The coefficient refers to the amount
of influence a factor has on the endogenous factor. The Level-2 factors that are
significantly associated with Level-1 factors are described as cross-level
interactions. In this model there will be only one Level-2 equation for each
Level-1 Beta value.

This research question includes three previous research questions. The
first model was the Analysis of Variance Model which was explained the
differences in students’ Observation and Inferences views among schools
(Research Question 3). The variability of students’ Observation and Inferences
views was modeled with school level factors in the Means as Outcomes Model
(Research Question 4). One student level factor or coefficient science seventh
grade level (GRADE?Y) were observed to be randomly varying in the Random
Coefficient Model (Research Question 5). Therefore, this coefficient can be
modeled with school level factors. The school level factors which are
significantly related to the random coefficients are termed as cross-level
interactions that mean school level factor influences a student level slope. First
of all, the intercept is modeled, and then randomly varying coefficient is

modeled.
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The equations for the first model in this analysis are:
Level 1(Students level):

Yij = Boj + By (GRADET) + B2 (SCIENGRA) + rjj

Level 2 (School level) Model:
Boj = Yoo + Yo1 (PHYSICAL) + ug;
P1j =10 + Uy
Paj = v20

This factor Quality of school’s physical infrastructure was significantly
related to students’ Observation and Inferences views. Then, this factor was
included in the seven grade level (GRADEY) coefficient model with the previous
results.
The equations for the second model in this analysis are:
Level 1(Students level):

Yij = Boj + Blj(GRADE7) + sz(SC|ENGRA) + Tjj

Level 2 (School level) Model:
Boj = Yoo + Yo (PHYSICAL) + ug;
B1j = v10 + y11 (PHYSICAL) + ug;
Baj = 20
This factor, Quality of school’s physical infrastructure was not

significantly related to seven grade level (GRADE7) slope and removed from the
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model. Since all of the coefficients (slopes) were found to be non-randomly
varying, only the intercept is modeled.

Finally, the full final Intercepts and Slopes as Outcomes Model was
analyzed and the equations for the final full model are:
Level 1(Students level):

Yij = Boj + Blj(GRADE7) + B3j(SC|ENGRA) + Tjj

Level 2 (School level) Model:
Boj = yoo + Yo1 (PHYSICAL) + ug;
P1j = Y10 + Uy

B2j =720

Table 4.9 Final Estimation of Fixed Effects of Final Full Model for Intercepts

and Slopes as Outcomes Model for Observation and Inferences

Fixed Effect Coefficient Standard Error  t-ratio  p-value
Overall mean 1.726 0.028 61.037 0.000

Observation and

Inferences, yoo

PHYSICAL, yo1 0.143 0.038 3.670 0.002
GRADE?7, y10 0.137 0.041 3.318 0.004
SCIENGRA, v29 0.034 0.011 3.020 0.003

The results of the final estimation of fixed effects obtained from the full

final Intercepts and Slopes as Outcomes Model were presented in Table 4.9. As
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stated before, the results from Means as Outcomes Model are reported in the
final full Intercepts and Outcomes Model.

The results revealed significant and positive relationship between Quality
of school’s physical infrastructure and Observation and Inferences (yo1= 0.143,
se=0.038) indicating that the higher the Quality of school’s physical
infrastructure is, the better Observation and Inferences students have.

In addition to these, the results from the Random Coefficient Model are
reported in the final full Intercepts and Slopes as Outcomes Model. Seventh
grade level and science achievement are significantly related to students’
Observation and Inferences views.

The Grade-Observation and Inferences slope coefficients indicates that
students from different grades had significantly different understanding on the
Observation and Inferences. Students from seventh grades (y10= .137, se= .041)
performed significantly higher than the students from sixth grades on the
Observation and Inferences. There is no statistically significant difference
between eight graders and other grade levels.

The Science grade-Observation and Inferences slope coefficients (yso=
.034, se= .011) indicates that students’ science achievement is significantly and
positively related to students’ Observation and Inferences understanding.
Students having higher achievement had better Observation and Inferences

understanding than the other students.
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It can be seen that the coefficients have very slight differences in their
magnitude, but the directions and the interpretations are same with the Random
Coefficient Model because of the small reduction of the number of students
analyzed in the final full model.

In the final full Intercepts and Slopes as Outcomes Model, only one school level
factors was significantly related to a student level slope.

The results of the final estimation of variance components obtained from
the full final Intercepts and Slopes as Outcomes Model were presented in Table
4.10. The degrees of freedom for this model (Intercepts and Slopes as Outcomes
Model) is based on the number of schools with sufficient data, and the number
of school level factors included in the model.

Degrees of Freedom =J—Q — 1, where

J = the number of schools with sufficient data

Q = number of school level factors included in the model
There were 23 schools with sufficient data.
df=J-Q-1=23-1-1= 21 (df for School Mean)

df=J-Q-1=23-1-1= 21 (df for seven grade level (GRADE 7))
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Table 4.10 Final Estimation of VVariance Components for Intercepts and Slopes

as Outcomes Model for Observation and Inferences

Random Effect Variance df  Chi-squarey® p-value
Component

School mean, uy; 0.00960 21 50.43901 0.000

GRADEY7, ug; 0.01974 21 49.61615 0.001

Level-1 Effect, r;  0.49246

The proportion of variance explained for each Observation and
Inferences slope model with significant school level factors could be examined.
For this study, that would be the seven grade level and Observation and
Inferences. The equation is
The proportion of variance explained in Bg;

_ 74 (Random Coefficien t) - 7, (Intercepts and Slopes as Outcomes)
74, (Random Coefficien t)

Boj = Observation and Inferences or the slope coefficient for a given factor

The proportion of variance explained in Observation and Inferences
_0.01413-0.00960 0.320

0.01413

It can be concluded that 32.0 % of the variance in the between school
differences in mean Observation and Inferences is accounted for by Quality of
school’s physical infrastructure. However, significant differences still remains

(x*= 50.439, p< .005) between schools.
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4.3.2 HLM Analyses for Tentative NOS views.
4.3.2.1 Results of Research Question 11l (One-Way ANOVA with Random
Effects)

With respect to Tentative NOS, in order to answer the third research
question of if there are any differences in students’ NOS views among schools
one-way ANOVA with random effects model was conducted.

For i=1, ..., nj students in school j, and j = 1, ..., 23 schools, equations at two
levels are:
Level 1 (Students level) Model:

Yij = Poj + i

Level 2 (School level) Model:

Poj = Yoo + Uoj

where

Yi; = the endogenous factor, tentative NOS for i students in j™ school

Boj = the intercept (the mean Tentative NOS for the j™ school)

rij = the student level error

Yoo = the grand mean

Uoj = the random effect associated with unit j (school)

The final estimation of fixed effects obtained from analysis of variance model of

Tentative NOS is represented in the Table 4.11.
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Table 4.11 Final Estimation of Fixed Effects for One-Way ANOVA with
Random Effects for Tentative NOS

Fixed Effect Coefficient ~ Standard t-ratio p-value
Error

Average school  2.131597 0.035903 59.371 0.000

mean, yoo

The analysis of variance indicates that average school mean of tentative
NOS, the grand-mean of Tentative NOS (yqo), is statistically different from zero.
That means there are significant differences among schools.
The grand-mean of tentative NOS is 2.131 with a standard error of 0.035,
indicating a 95% confidence interval of:
Confidence Interval = 2.131 + 1.96 (0.035) = (2.062, 2.199)

Table 4.12 Final Estimation of Variance Components for One-Way ANOVA
with Random Effects for Tentative NOS

Random Effect Variance df Chi-square p-value
Component
School mean, up;  0.02455 22 152.41264 0.000

Level-1 Effect, rj 0.45942

The final estimation of variance components obtained from the one-way
ANOVA with random effects model is represented in the Table 4.12.
The findings also indicated significant (p< .005) variation does exist among

schools in their tentative NOS (XZ = 152.41264, df = 22). The result also
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revealed that school level factors might account for the differences in the
students’ tentative NOS understanding.

At the student level Var(rij) = 6° = 0.45942. At the school level, 1o is the
variance of the true school means, Bo;j, around the grand-mean, yoo. Var(Uoj)= Too
=0.02455.

The intraclass correlation (ICC), which represents proportion of variance
in Y (tentative NOS) among schools, is
ICC =100 / (100 + 6°) = 0.02455 / (0.02455 + 0.45942) = 0.050
indicating that about 5.0% of the variance in tentative NOS is among schools.

HLM also provides an estimate of the reliability of the sample mean in
any school. The reliability is an estimate of the true school mean and is affected
by the sample size within each school. The overall estimate of reliability is the
average of the school reliabilities. p = .828 indicating that the sample means tend
to be a reliable indicator of true school means. The equation for determining
reliability of the mean tentative NOS within each school is:

p = 100 / [t + (6 / nj)]. Therefore, the reliability of the sample mean varies
from school to school because the sample size, nj, varies.

In the following models, additional level 1 (student level) factors will be
tried to reduce the variation within schools (62) and additional level 2 (school

level) factors will be tried to explain between school differences (100).
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4.3.2.2 Results of Research Question IV (Means as Outcomes Model)

In order to answer the forth research question of which of the school
level factors are associated with students’ NOS views with respect to Tentative
NOS, means-as-outcome model was applied.

Equations at two levels are:
Level 1 (Students level) Model:

Yij = Poj + i

Level 2 (School level) Model:

Boj = voo *+ Y01 (HIGHINCS) + yo2 (FEMALESC) + vo3 (ABILITYG) + yos
(PHYSICAL) + yo5 (QUALITYE) + g,

forj=1,2, ..., nschools

where

Boj = the school mean on Tentative NOS

Yoo = the intercept (the grand mean for Tentative NOS, that is the average of the
school means on Tentative NOS scores across the population of schools)

vo1 = the differentiating effect of high level school socio economic status on the
school mean on Tentative NOS.

vo2 = the differentiating effect of proportion of female science teachers on the
school mean on Tentative NOS.

vos = the differentiating effect of ability grouping between science classes on the

school mean on Tentative NOS.
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vos = the differentiating effect of quality of school’s physical infrastructure on
the school mean on Tentative NOS.
Y05 = the differentiating effect of quality of school’s educational resources on the
school mean on Tentative NOS.
Too = the conditional variance or school level variance in Po; after controlling for
these school level factors.
Uoj = the residual

The model was first run with all five factors, but Proportion of female
science teachers, Ability grouping between science classes, Quality of school’s
physical infrastructure were not significant and were removed from the final
analysis. The final estimation of fixed effects obtained from means as outcomes
model of Tentative NOS is represented in the Table 4.13.

The results revealed significant and positive relationship between high
level school socio economic status and Tentative NOS (yo;= 0.006, se=0.001);
quality of school’s educational resources and Tentative NOS (yo1= 0.066,

se=0.027).
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Table 4.13 Final Estimation of Fixed Effects for Means as Outcomes Model for
Tentative NOS

Fixed Effect Coefficient Standard t-ratio p-value
Error

Model for

School Means®

Intercepts, Yoo 2.138 0.018 115.121 0.000

HIGHINCS, yo1 0.006 0.001 4.675 0.000

QUALITYE, yo2 0.066 0.027 2.402 0.026

1 .
The student level factors were Grand Mean Centered before analysis.

The final estimation of variance components obtained from means as
outcomes model is represented in the Table 4.14. The degrees of freedom for
this model (Means as Outcomes Model) is based on the number of schools with
sufficient data, and the number of school level factors included in the model.
Degrees of Freedom =J—Q — 1, where
J = the number of schools with sufficient data
Q = number of school level factors included in the model
Thus, all schools were used in this analysis and degrees of freedom for this
model is:

df=J-Q-1=23-2-1=20
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Table 4.14 Final Estimation of Variance Components for Means as Outcomes
Model for Tentative NOS

Random Effect  Variance df  Chi-squarey’ p-value
Component
School mean, up;  0.00359 20 41.32965 0.004

Level-1 Effect, r; 0.45977

The residual variance between schools (too = 0.00359) is substantially
smaller than the original variance (tg0 = 0.02455) resulting from the analysis of
variance model. This reduction is due to the inclusion of school level factors.
Proportion of variance explained at

740 (ANOVA) -7, (Meansas Outcomes)
7,0 (ANOVA)

level 1=

Proportion of variance explained at level 1= 0.02455-0.00359 _ 0.853

0.02455

This result indicates that 85.3% of the true between school variance in
Tentative NOS is accounted for by High level school socio economic status, and
Quality of school’s educational resources.

Finally, in order to examine whether the school Tentative NOS means
vary significantly when high level school socio economic status and quality of
school’s educational resources are controlled chi-square statistic was conducted.
Chi-square statistic y* is found as 41.32965 (df=20, p< .05). This finding

indicated that these two school level factors did not account for all the variation
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in the intercepts. However, even after controlling for high level school socio
economic status and quality of school’s educational resources, schools still vary

significantly in their average Tentative NOS views.

4.3.2.3 Results of Research Question V (Random Coefficient Model)

In order to answer the fifth research question of which of the student
level factors help to explain the difference in understanding the Tentative NOS
views Random Coefficient Model was conducted.

The equations to answer this question are:

Level 1(Students level):

Yii = Boj + B1j(GRADET) + Bj(GRADES) + P3j(SCIENGRA) + B4(GENDER) +
Bsj INCOMEME) + Bg;(INCOMEHI) + B7(DUMMYCOL) +
Bgi(DUMMYGRA) + o (PARENTOC) + B10;(LIKINGSC) +
B11j(DUMMYLIK) + B12(READINGB) + B15(INTERNET) +
B14j(DOCUMENT) + B5i(SHARINGI) + B16(PERFGOAL) +
B17(LEARNGOA) + B1gj(SELFEFFI) + B1o(MEANINGF) + Booj(ROTELEAR)

+ rlj

Level 2(School level):

Boj = Yoo * Uoj

Baj = vqo + Ug,
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where

Yj; = Tentative NOS of student i in class j

Boj = the school mean on Tentative NOS

Bsj = the differentiating effect of 7" grade level in school j

B2 = the differentiating effect of 8" grade level in school j

Bsj = the differentiating effect of science achievement in school j

B4j = the differentiating effect of gender in school j

Bsi = the differentiating effect of medium level income in school j

Bej = the differentiating effect of high level income in school j

Brj = the differentiating effect of college education level as a highest educational
level of parents in school j

Bsj = the differentiating effect of graduate education level as a highest
educational level of parents in school j

Boj = the differentiating effect of highest parental occupational status in school j
Bioj = the differentiating effect of student attitude toward science in school j

B11j = the differentiating effect of the course student like most in school j

Bi2j = the differentiating effect of if students reads articles or books regarding
science in school j

B1s; = the differentiating effect of if students benefit from internet sites regarding
science in school j

B14j = the differentiating effect of if students watch documentary film in school j
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Bisj = the differentiating effect of if students share their ideas about science
subjects with their families in school j
Bisj = the differentiating effect of students’ performance goal orientation in
school j
B17; = the differentiating effect of students’ learning goal orientation in school j
B1gj = the differentiating effect of students’ self efficacy in school j
Bigj = the differentiating effect of students’ meaningful learning approach in
school j
B20j = the differentiating effect of students’ rote learning approach in school j
Bgj = the coefficient for factor q for class j after accounting for other factors
Yoo = the average of school mean on tentative NOS across the population of
schools
Yq0 = the average q factor- tentative NOS slope across those schools
Uoj = the unique increment to the intercept associated with school j
Ugj = the unique increment to the slope associated with school j

The building strategy recommended by Raudenbush and Bryk (2002)
was used. A randomly varying coefficient or factor is defined as a slope whose
value varies significantly among schools, or slope effects are allowed to
randomly vary across schools. Student background characteristics were first
examined (INCOMEME, INCOMEHI, DUMMYCOL, DUMMYGRA,
PARENTOC) to determine whether they were significantly related to tentative

NOS and whether or not they were randomly varying. Only highest parental
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occupational status (PARENTOC), were found to be non-significant and non-
randomly varying, thus, it was removed from the model. The other four
background characteristics, medium level income, high level income, college
education level as a highest educational level of parents, graduate education
level as a highest educational level of parents (INCOMEME, INCOMEHI,
DUMMYCOL, DUMMYGRA ), were found to be significant, and non-randomly
varying. Therefore these factors will be examined as non-randomly varying
factor in the model.

After, the factors related to students characteristics (GRADE7,GRADES,
SCIENGRA, GENDER) were examined along with the student background
factors examined before. All of the factors were found to be significant, but only
science achievement factor (SCIENGRA) were found randomly varying factors
among the factors related to student characteristics. Moreover, in this step,
medium income level (INCOMEME), becomes non-significant, this factor was
removed from the model.

Then, factors related to student feelings and outside activities
(LIKINGSC, DUMMYLIK, READINGB, INTERNET, DOCUMENT, SHARINGI)
were added to the model. Among these factors only students’ watching
documentary film (DOCUMENT) was found to be significant and non-randomly
varying. Therefore these factors will be examined as non-randomly varying
factor in the model. The other factors (LIKINGSC, DUMMYLIK, READINGB,

INTERNET, SHARINGI) were all non-significant, thus removed from the model.
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Lastly, learning and motivational factors (PERFGOAL, LEARNGOA,
SELFEFFI, MEANINGF, ROTELEAR) were added to the model. From the
learning and motivational factors, students’ performance goal orientation, self
efficacy, and students’ rote learning approach (PERFGOAL, SELFEFFI,
ROTELEAR) were found to be significant and non-randomly varying.
Therefore, these factors will be examined as non-randomly varying factor in the
model. The other factors about learning and motivational factors, learning goal
orientation and meaningful learning approach (LEARNGOA, MEANINGF),
were not significant and non-randomly varying, so they were removed from the
model.

Therefore, the final Random Coefficient Model includes eleven student
level factors: high level income, college education level as a highest educational
level of parents, graduate education level as a highest educational level of
parents (student background), seventh grade level, eight grade level, science
achievement, gender, (student characteristics), students’ watching documentary
film (student feelings and outside activities), Students’ performance goal
orientation, self efficacy, and students’ rote learning approach, (learning and
motivational factors). Among these eleven student level factors, only one factor
science achievement (SCIENGRA) was found as randomly varying. Therefore,
the other ten factors found as non-randomly varying, were included in the model

as fixed.
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The final random coefficient model included the factors significantly
related to Tentative NOS and the factors both significantly related to Tentative
NOS and randomly varying. The final estimation of fixed effects obtained from

random coefficient model of is displayed in the Table 4.15.

Table 4.15 Final Estimation of Fixed Effects for Random Coefficient Model for
Tentative NOS

Fixed Effect Coefficient ~ Standard t-ratio p-value
Error

Overall mean 1.857 0.043 42.849 0.000
tentative NOS?, yoo

GRADE7, y10 0.251 0.023 10.559 0.000
GRADES, y20 0.161 0.051 3.127 0.002
SCIENGRA, v30 0.132 0.018 7.340 0.000
GENDER, y4 -0.055 0.022 -2.423 0.016
INCOMEH]I, ys9 0.118 0.029 4.019 0.000
DUMMYCOL, ye0 0.134 0.026 5.029 0.000
DUMMYGRA, y7o 0.120 0.036 3.310 0.001
DOCUMENT, vsgo 0.104 0.027 3.766 0.000
PERFGOAL, yg0 -0.057 0.016 -3.515 0.001
SELFEFFI, y100 0.085 0.021 4.029 0.000
ROTELEAR, vy110 -0.191 0.024 -7.914 0.000

I .
The student level factors were Group Mean Centered before analysis.

The Grade-Tentative NOS slope coefficients indicates that students from

different grades had significantly different understanding on the Tentative NOS.
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Students from seventh grades (y10=.251, se=.023) and eighth grades (y,o=.161,
se= .051) performed significantly higher than the students from sixth grades on
the Tentative NOS.

The Science grade-Tentative NOS slope coefficients (yso=.132, se=.018)
indicates that students’ science achievement is significantly and positively
related to students’ Tentative NOS understanding. Students having higher
achievement had better Tentative NOS understanding than the other students.

The Gender- Tentative NOS slope coefficients (ys= -.055, se= .022)
indicates that females had better understanding about Tentative NOS.

The High level income- Tentative NOS slope coefficients (yso= .118, se=
.029) indicates that high level income is significantly and positively related to
students’ Tentative NOS understanding. Students having parents with high level
income had better Tentative NOS understanding.

The college education level as a highest educational level of parents -
Tentative NOS slope coefficients (yso= .134, se= .026) and the graduate
education level as a highest educational level of parents-Tentative NOS slope
coefficients (y7o= .120, se= .036) indicates that highest educational level of
parents is significantly and positively related to students’ Tentative NOS
understanding.

The Students’ watching documentary film- Tentative NOS slope
coefficients (ygo=.104, se= .027) indicates that students’ watching documentary

film is significantly and positively related to students’ Tentative NOS

128



understanding. The students’ watching documentary film had better Tentative
NOS understanding.

The Performance goal orientation- Tentative NOS slope coefficients
(y90= -.057, se= .016) indicates that students’ performance goal orientation is
significantly and negatively related to students’ Tentative NOS understanding.
Students having performance goal orientation had lower Tentative NOS
understanding.

The Self efficacy- Tentative NOS slope coefficients (yi00= .085, se=
.021) indicates that students’ self efficacy is significantly and positively related
to students’ Tentative NOS understanding. Students having high self efficacy
had better Tentative NOS understanding.

The Rote learning approach - Tentative NOS slope coefficients (y110= -
191, se= .024) indicates that students’ Rote learning approach is significantly
and negatively related to students’ Tentative NOS understanding. Students
having rote learning approach had lower Tentative NOS understanding.

The final estimation of variance components obtained from random

coefficient model is displayed in Table 4.16
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Table 4.16 Final Estimation of VVariance Components for Random Coefficient
Model for Tentative NOS

Random Effect Variance df Chi-square y° p-value
Component

School mean, uy; 0.01776 22 127.58464 0.000

SCIENGRA, uy; 0.00377 22 50.90884 0.001

Level-1 Effect, rj; 0.36397

Variance among the school means tg0= 0.017 with a chi-square statistic
of 127.584 is found to be statistically significant (p< .005). This significant
difference (variability) in 23 schools might be explained by incorporating
school-level factors in to the model. The variances of the science grade slope
112= .003 (3°= 50.908, p< .005) are found to be significant. This significant
difference indicates that in some schools, the slopes are much steeper than for
other schools, namely, relationship with Tentative NOS is much stronger in
some schools than in other schools. The variability among schools also suggests
that school level factors might account for some of the differences.

The variances in the Analysis of Variances Model and Random
Coefficient Model will be compared to calculate the variance explained at the
student level. It can be compared by creating an index of the proportion of
reduction in variance at the student level by comparing the o’ estimates from

these two models.
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Proportion of variance explained at

o’ (ANOVA) - o (Random Coefficient)

level 1= >
o“(ANOVA)

Proportion of variance explained at level 1= 0.4594-0.3639 =0.207

0.4594

By including these student level factors (high level income, college
education level as a highest educational level of parents, graduate education
level as a highest educational level of parents, seventh grade level, eight grade
level, science achievement, gender, students’ watching documentary film,
students’ performance goal orientation, self efficacy, and students’ rote learning
approach) as predictors of Tentative NOS within school variance was reduced by
20.7%. Therefore, these factors account for about 21% of the student level
variance in Tentative NOS.

Findings related to reliability estimates of intercepts and randomly
varying slopes indicate that the reliability of intercepts is 0.81, the reliability of
randomly varying slopes are, 0.54 for Science achievement. According to
Raudenbush and Bryk (2002) the primary reason for the lower reliability of the
slopes is that the true slope variance across schools is much smaller than the
variance of the true means and many schools are relatively homogenous on the

randomly varying factors (e.g. SCIENGRA).
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4.3.2.4 Results of Research Question VI (Intercepts and Slopes as
Outcomes)

In order to answer sixth research question of whether school level factors
predict student NOS views and the strength of associations between students
NOS views and student level factors in terms of Tentative NOS, Intercepts and
Slopes as Outcomes Model was applied. In this model, the coefficients (slopes)
of the factors will be modeled to account for the variability of the regression
equations across classes. The coefficient refers to the amount of influence a
factor has on the endogenous factor. The Level-2 factors that are significantly
associated with Level-1 factors are described as cross-level interactions. In this
model there will be only one Level-2 equation for each Level-1 Beta value.

This research question includes three previous research questions. The
first model was the Analysis of Variance Model which was explained the
differences in students’ Tentative NOS views among schools (Research
Question 3). The variability of students’ Tentative NOS views was modeled with
school level factors in the Means as Outcomes Model (Research Question 4).
One student level factor or coefficient science achievement factor (SCIENGRA)
were observed to be randomly varying in the Random Coefficient Model
(Research Question 5). Therefore, this coefficient can be modeled with school
level factors. The school level factors which are significantly related to the

random coefficients are termed as cross-level interactions that mean school level
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factor influences a student level slope. First of all, the intercept is modeled, and
then randomly varying coefficient is modeled.

The equations for the first model in this analysis are:

Level 1(Students level):

Yii = Boj + B1j(GRADET) + Bj(GRADES) + P3j(SCIENGRA) + B4(GENDER) +
Bsj(INCOMEHI) + Be;(DUMMYCOL) + B7(DUMMYGRA) +
Bgi(DOCUMENT) + Boj(PERFGOAL) + B1oj(SELFEFFI) + B13j(ROTELEAR) +

rij

Level 2 (School level) Model:
Boj = Yoo + Yo1 (HIGHINCS) + yo2 (QUALITYE) + Uy
P1j = Y10

Pa2j = Y20

Paj = vs0 + U3,

Paj = Va0

Psj = Vs0

Pei = Veo

Prj =70

Psj = veo

Poj = Yoo

B1oj = Y100

B11j = Y110
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Of the two school level factors, one of these factors, Quality of school’s
physical infrastructure was found as non-significant and removed from the
model. Thus, the other factor was significantly related to students’ Tentative
NOS views. Then, these two factors were included in the science achievement

factor (SCIENGRA) coefficient model with the previous results.

The equations for the second model in this analysis are:

Level 1(Students level):

Yii = Boj + B1j(GRADET) + Bj(GRADES) + P3j(SCIENGRA) + B4(GENDER) +
Bsj(INCOMEHI) + Be;(DUMMYCOL) + B7(DUMMYGRA) +
Bgi(DOCUMENT) + Boj(PERFGOAL) + B1gj(SELFEFFI) + B13j(ROTELEAR) +

rij

Level 2 (School level) Model:

Boj = Yoo + Yo (HIGHINCS) + ug;

P1j = v10

Pa2j = v20

Bsj = va0 + y31 (HIGHINCS) + 3, (QUALITYE) +usg
Paj = ya0

Psj = vs0

Pej = ve0

B7i = Y70
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Bsj = V80

Boj = Y90
B1oj = Y100
B11j = Y110

Of the two school level factors, one of these factors, Quality of school’s
physical infrastructure was not significantly related to the science achievement
(SCIENGRA) slope and removed from the model. Thus, the other factor was
significantly related to students’ Tentative NOS views.

Finally, the full final Intercepts and Slopes as Outcomes Model was
analyzed and the equations for the final full model are:

Level 1(Students level):

Yii = Boj + B1j(GRADET) + Bj(GRADES) + P3j(SCIENGRA) + B4(GENDER) +
Bsi(INCOMEHI) + Be;(DUMMYCOL) + B7(DUMMYGRA) +
Bgi(DOCUMENT) + Boj(PERFGOAL) + B1oj(SELFEFFI) + B13j(ROTELEAR) +
ri

Level 2 (School level) Model:

Boj = voo + Yo (HIGHINCS) + ug;

B1j =110

Paj = v20

Bsj = 30 + va1 (HIGHINCS) + ug;

Paj = ya0

Bsj = vs0
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Bsj = V60
B7i =v70
Bsj = V80
Boj = Y90
B1oj = Y100

B11j = Y110

Table 4.17 Final Estimation of Fixed Effects of Final Full Model for Intercepts

and Slopes as Outcomes Model for Tentative NOS

Fixed Effect Coefficient ~ Standard t-ratio  p-value
Error

Overall mean 1.866 0.037 49.333 0.000
tentative NOS, voo

HIGHINCS, yo1 0.005 0.001 4.007 0.001
GRADE7, y10 0.254 0.023 10.685 0.000
GRADES, y20 0.161 0.050 3.213 0.002
SCIENGRA, y30 0.139 0.016 8.495 0.000
HIGHINCS, v31 0.002 0.001 2.699 0.014
GENDER, y49 -0.054 0.022 -2.369 0.018
INCOMEH]I, vsg 0.106 0.029 3.606 0.001
DUMMYCOL, ye0 0.129 0.026 4.797 0.000
DUMMYGRA, y70 0.112 0.036 3.071 0.003
DOCUMENT, vgo 0.104 0.027 3.770 0.000
PERFGOAL, yg0 -0.057 0.016 -3.515 0.001
SELFEFFI, y100 0.085 0.021 4.032 0.000
ROTELEAR, v110 -0.191 0.024 -7.914 0.000
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The results of the final estimation of fixed effects obtained from the full
final Intercepts and Slopes as Outcomes Model were presented in Table 4.17. As
stated before, the results from Means as Outcomes Model are reported in the
final full Intercepts and Outcomes Model.

The results revealed significant and positive relationship between high
level school socio economic status and Tentative NOS (yo;= 0.005, se=0.001)
indicating that the higher the school socio economic status is, the better
Tentative NOS students have.

In addition to these, the results from the Random Coefficient Model are
reported in the final full Intercepts and Slopes as Outcomes Model. High level
income, college education level as a highest educational level of parents,
graduate education level as a highest educational level of parents, seventh grade
level, eight grade level, science achievement, gender, students’ watching
documentary film, students’ performance goal orientation, self efficacy, and
students’ rote learning approach are significantly related to students’ Tentative
NOS views.

The Grade-Tentative NOS slope coefficients indicates that students from
different grades had significantly different understanding on the Tentative NOS.
Students from seventh grades (y10= .254, se=.023) and eighth grades (y,o= .161,
se= .050) performed significantly higher than the students from sixth grades on

the Tentative NOS.
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The Science grade-Tentative NOS slope coefficients (yso=.139, se=.016)
indicates that students’ science achievement is significantly and positively
related to students’ Tentative NOS understanding. Students having higher
achievement had better Tentative NOS understanding than the other students.

The Gender- Tentative NOS slope coefficients (ys= -.054, se= .022)
indicates that females had better understanding about Tentative NOS.

The High level income- Tentative NOS slope coefficients (yso= .106, se=
.029) indicates that high level income is significantly and positively related to
students’ Tentative NOS understanding. Students having parents with high level
income had better Tentative NOS understanding.

The college education level as a highest educational level of parents -
Tentative NOS slope coefficients (yso= .129, se= .026) and the graduate
education level as a highest educational level of parents-Tentative NOS slope
coefficients (yzo= .112, se= .036) indicates that highest educational level of
parents is significantly and positively related to students’ Tentative NOS
understanding.

The Students’ watching documentary film- Tentative NOS slope
coefficients (ysp= .104, se= .027) indicates that students’ watching documentary
film is significantly and positively related to students’ Tentative NOS
understanding. The students’ watching documentary film had better Tentative

NOS understanding.
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The Performance goal orientation- Tentative NOS slope coefficients
(y90= -.057, se= .016) indicates that students’ performance goal orientation is
significantly and negatively related to students’ Tentative NOS understanding.
Students having performance goal orientation had lower Tentative NOS
understanding.

The Self efficacy- Tentative NOS slope coefficients (yio0= .085, se=
.021) indicates that students’ self efficacy is significantly and positively related
to students’ Tentative NOS understanding. Students having high self efficacy
had better Tentative NOS understanding.

The Rote learning approach - Tentative NOS slope coefficients (y110= -
191, se= .024) indicates that students’ Rote learning approach is significantly
and negatively related to students’ Tentative NOS understanding. Students
having rote learning approach had lower Tentative NOS understanding.

It can be seen that the coefficients have very slight differences in their
magnitude, but the directions and the interpretations are same with the Random
Coefficient Model because of the reduction of the number of students analyzed
in the final full model.

In the final full Intercepts and Slopes as Outcomes Model, only one
school level factors was significantly related to a student level slope. As
previously stated, the science achievement (SCIENGRA) had one significant
school level factors; high level school socio economic status (HIGHINCS) (y0=

.002, se= .001). That means science achievement has more influence on
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students’ Tentative NOS understanding in schools with high level socio
economic status.

The results of the final estimation of variance components obtained from
the full final Intercepts and Slopes as Outcomes Model were presented in Table
4.18. The degrees of freedom for this model (Intercepts and Slopes as Outcomes
Model) is based on the number of schools with sufficient data, and the number
of school level factors included in the model.

Degrees of Freedom =J—Q — 1, where

J = the number of schools with sufficient data

Q = number of school level factors included in the model
There were 23 schools with sufficient data.
df=J-Q-1=23-1-1= 21 (df for School Mean)

df=J-Q-1=23-1-1= 21 (df for Science Achievement (SCIENGRA))

Table 4.18 Final Estimation of VVariance Components for Intercepts and Slopes

as Outcomes Model for Tentative NOS

Random Effect Variance df Chi-square y° p-value
Component

School mean, uo; 0.00767 21 67.32578 0.000

SCIENGRA, us; 0.00239 21 41.73255 0.005

Level-1 Effect, r; 0.36403

The proportion of variance explained for each Tentative NOS slope

model with significant school level factors could be examined. For this study,
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that would be the Science achievement and Tentative NOS. The equation is:

The proportion of variance explained in Bo;

_ 74 (Random Coefficien t) - 7, (Intercepts and Slopes as Outcomes)
740 (Random Coefficien t)

Boj = Tentative NOS or the slope coefficient for a given factor

The proportion of variance explained in Tentative

NOS= 0.01776-0.00767 _ 0.568
0.01776

The proportion of variance explained in Science achievement (SCIENGRA);

_0.00377-0.00239
0.00377

Psj =0.366

It can be concluded that 56.8 % of the variance in the between school
differences in mean Tentative NOS is accounted for by High level school socio
economic status. 36.6 % reduction in the variances was accounted for by High
level school socio economic status for Science Achievement (SCIENGRA).
However, significant differences still remains (x?= 67.325, p< .005) between
schools. All of these proportions showed that substantial amount of variation had

been accounted for.
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4.3.3 HLM Analyses for Imagination and Creativity.
4.3.3.1 Results of Research Question 111 (One-Way ANOVA with Random
Effects)

With respect to Imagination and Creativity, in order to answer the third
research question of if there are any differences in students” NOS views among
schools one-way ANOVA with random effects model was conducted.

For i=1, ..., nj students in school j, and j = 1, ..., 23 schools, equations at two
levels are:
Level 1 (Students level) Model:

Yij = Poj + i

Level 2 (School level) Model:

Poj = Yoo + Uoj

where

Y;; = the endogenous factor, Imagination and Creativity for i students in j"
school

Boj = the intercept (the mean Imagination and Creativity for the j™ school)

rij = the student level error

Yoo = the grand mean

Uoj = the random effect associated with unit j (school)

The final estimation of fixed effects obtained from analysis of variance model

of Imagination and Creativity is represented in the Table 4.19.
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Table 4.19 Final Estimation of Fixed Effects for One-Way ANOVA with

Random Effects for Imagination and Creativity

Fixed Effect Coefficient ~ Standard t-ratio p-value
Error

Average school 2.240071 0.022158 101.094 0.000

mean, Yoo

The analysis of variance indicates that average school mean of
Imagination and Creativity, the grand-mean of Imagination and Creativity (yoo),
Is statistically different from zero. That means there are significant differences
among schools.

The grand-mean of Imagination and Creativity is 2.240 with a standard
error of 0.022, indicating a 95% confidence interval of:

Confidence Interval = 2.240 + 1.96 (0.022) = (2.283, 2.196)

Table 4.20 Final Estimation of Variance Components for One-Way ANOVA

with Random Effects for Imagination and Creativity

Random Effect Variance df Chi-square p-value
Component
School mean, ug;  0.00807 22 92.70205 0.000

Level-1 Effect, r; 0.30636

The final estimation of variance components obtained from the one-way

ANOVA with random effects model is represented in the Table 4.20.
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The findings indicated significant (p< .005) variation does exist among
schools in their Imagination and Creativity (X* = 92.70205, df = 22). The result
also revealed that school level factors might account for the differences in the
students’ Imagination and Creativity understanding.

At the student level Var(r;;) = o° = 0.30636. At the school level, g is the
variance of the true school means, Boj, around the grand-mean, yoo. Var(Uoj)= Too
=0.00807.

The intraclass correlation (ICC), which represents proportion of variance
in Y (Imagination and Creativity) among schools, is
ICC =100 / (100 + 6°) = 0.00807/ (0.00807+0.30636) = 0.025
indicating that about 2.5 % of the variance in Imagination and Creativity is
among schools.

HLM also provides an estimate of the reliability of the sample mean in
any school. The reliability is an estimate of the true school mean and is affected
by the sample size within each school. The overall estimate of reliability is the
average of the school reliabilities. p = .714 indicating that the sample means tend
to be a reliable indicator of true school means. The equation for determining
reliability of the mean Imagination and Creativity within each school is: p = 1o /
[to0 + (6% / nj)]. Therefore, the reliability of the sample mean varies from school

to school because the sample size, nj, varies.
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In the following models, additional level 1 (student level) factors will be
tried to reduce the variation within schools (62) and additional level 2 (school

level) factors will be tried to explain between school differences (t00).

4.3.3.2 Results of Research Question IV (Means as Outcomes Model)

In order to answer the forth research question of which of the school
level factors are associated with students’ NOS views with respect to
Imagination and Creativity, means-as-outcome model was applied.

Equations at two levels are:
Level 1 (Students level) Model:

Yij = Boj + i

Level 2 (School level) Model:

Boj = Yoo + yor (HIGHINCS) + yo, (FEMALESC) + yo3 (ABILITYG) + yoq
(PHYSICAL) + yo5 (QUALITYE) + U,

forj=1,2, ..., nschools

where

Boj = the school mean on Imagination and Creativity

Yoo = the intercept (the grand mean for Imagination and Creativity, that is the
average of the school means on Imagination and Creativity scores across the

population of schools)
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vo1 = the differentiating effect of high level school socio economic status on the
school mean on Imagination and Creativity.
Y02 = the differentiating effect of proportion of female science teachers on the
school mean on Imagination and Creativity.
vos3 = the differentiating effect of ability grouping between science classes on the
school mean on Imagination and Creativity.
vos = the differentiating effect of quality of school’s physical infrastructure on
the school mean on Imagination and Creativity.
vos = the differentiating effect of quality of school’s educational resources on the
school mean on Imagination and Creativity.
Too = the conditional variance or school level variance in Po; after controlling for
these school level factors.
Uoj = the residual

The model was first run with all five factors, but High level school socio
economic status, Proportion of female science teachers, and quality of school’s
physical infrastructure were not significant and were removed from the final
analysis. The final estimation of fixed effects obtained from means as outcomes
model of Imagination and Creativity is represented in the Table 4.21.

The results revealed significant and negative relationship between ability
grouping between science classes and Imagination and Creativity (yo1= -0.110,
se= 0.037); quality of school’s educational resources and Imagination and

Creativity (yo1= 0.068, se=0.019).
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Table 4.21 Final Estimation of Fixed Effects for Means as Outcomes Model for

Imagination and Creativity

Fixed Effect Coefficient Standard t-ratio p-value
Error

Model for

School Means®

Intercepts, Yoo 2.240 0.015 145.866 0.000

ABILITYG, yo1 -0.110 0.037 -2.955 0.008

QUALITYE, yo2 0.068 0.019 3.438 0.003

1 .
The student level factors were Grand Mean Centered before analysis.

The final estimation of variance components obtained from means as
outcomes model is represented in the Table 4.22. The degrees of freedom for
this model (Means as Outcomes Model) is based on the number of schools with
sufficient data, and the number of school level factors included in the model.
Degrees of Freedom =J—Q — 1, where
J = the number of schools with sufficient data
Q = number of school level factors included in the model
Thus, all schools were used in this analysis and degrees of freedom for this
model is:

df=J-Q-1=23-2-1=20
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Table 4.22 Final Estimation of Variance Components for Means as Outcomes

Model for Imagination and Creativity

Random Effect  Variance df  Chi-squarey’ p-value
Component
School mean, up;  0.00247 20 39.08215 0.007

Level-1 Effect, r; 0.30648

The residual variance between schools (too = 0.00247) is substantially
smaller than the original variance (tg0 = 0.00807) resulting from the analysis of
variance model. This reduction is due to the inclusion of school level factors.
Proportion of variance explained at

740 (ANOVA) -7, (Meansas Outcomes)
7,0 (ANOVA)

level 1=

Proportion of variance explained at level 1= 0.00807-0.00247 _ 0.693

0.00807

This result indicates that 69.3% of the true between school variance in
Imagination and Creativity is accounted for by Ability grouping between science
classes, and Quality of school’s educational resources.

Finally, in order to examine whether the school Imagination and
Creativity means vary significantly when ability grouping between science
classes and quality of school’s educational resources are controlled chi-square

statistic was conducted. Chi-square statistic ¥* is found as 39.08215 (df=20, p<
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.05). This finding indicated that these two school level factors did not account
for all the variation in the intercepts. However, even after controlling for ability
grouping between science classes and quality of school’s educational resources,

schools still vary significantly in their average Imagination and Creativity views.

4.3.3.3 Results of Research Question V (Random Coefficient Model)

In order to answer the fifth research question of which of the student
level factors help to explain the difference in understanding the Imagination and
Creativity views Random Coefficient Model was conducted.

The equations to answer this question are:

Level 1(Students level):

Yij = Boj + P1j(GRADET7) + By(GRADES) + Bsj(SCIENGRA) + B4j(GENDER) +
Bsj INCOMEME) + Bg;(INCOMEHI) + p7(DUMMYCOL) +
Bei(DUMMYGRA) + Boj (PARENTOC) + B1oj(LIKINGSC) +
B1j(DUMMYLIK) + B15(READINGB) + B15(INTERNET) +
B1j(DOCUMENT) + B1s5i(SHARINGI) + B16j(PERFGOAL) +
B17(LEARNGOA) + B1g{(SELFEFFI) + B1oj(MEANINGF) + B2oj(ROTELEAR)

+ rij

Level 2(School level):
Poj = Yoo+ Uoj

Baj = yqo + Ugj
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where

Yij = Imagination and Creativity of student i in class j

Boj = the class mean on Imagination and Creativity

Bs = the differentiating effect of 7" grade level in school j

B2 = the differentiating effect of 8" grade level in school j

Bsj = the differentiating effect of science achievement in school j

B4j = the differentiating effect of gender in school j

Bsj = the differentiating effect of medium level income in school j

Bej = the differentiating effect of high level income in school j

Brj = the differentiating effect of college education level as a highest educational
level of parents in school j

Bsj = the differentiating effect of graduate education level as a highest
educational level of parents in school j

Boj = the differentiating effect of highest parental occupational status in school j
Bioj = the differentiating effect of student attitude toward science in school j

B11j = the differentiating effect of the course student like most in school j

Bi2j = the differentiating effect of if students reads articles or books regarding
science in school j

B1s; = the differentiating effect of if students benefit from internet sites regarding
science in school j

B14j = the differentiating effect of if students watch documentary film in school j
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Bisj = the differentiating effect of if students share their ideas about science
subjects with their families in school j
B1ej = the differentiating effect of students’ performance goal orientation in
school j
B17; = the differentiating effect of students’ learning goal orientation in school j
B1gj = the differentiating effect of students’ self efficacy in school j
Bigj = the differentiating effect of students’ meaningful learning approach in
school j
Ba2oj = the differentiating effect of students’ rote learning approach in school j
Bgj = the coefficient for factor q for class j after accounting for other factors
voo = the average of school mean on Imagination and Creativity across the
population of schools
Yq0 = the average q factor- Imagination and Creativity slope across those schools
Uoj = the unique increment to the intercept associated with school j
Ugj = the unique increment to the slope associated with school j

The building strategy recommended by Raudenbush and Bryk (2002)
was used. A randomly varying coefficient or factor is defined as a slope whose
value varies significantly among schools, or slope effects are allowed to
randomly vary across schools. Student background characteristics were first
examined (INCOMEME, INCOMEHI, DUMMYCOL, DUMMYGRA,
PARENTOC) to determine whether they were significantly related to

Imagination and Creativity and whether or not they were randomly varying.
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Among these factors only high level income (INCOMEHI) was found to be
significant and non-randomly varying. Therefore these factors will be examined
as non-randomly varying factor in the model. The other factors (INCOMEME,
DUMMYCOL, DUMMYGRA, PARENTOC) were all non-significant, thus
removed from the model.

After, the factors related to students characteristics (GRADE7, GRADES,
SCIENGRA, GENDER) were examined along with the student background
factors examined before. Among these factors seven grade level (GRADE7) was
found to be nonsignificant and non-randomly varying, Therefore this factor will
be removed from the model and the other factors (GRADES, SCIENGRA,
GENDER) will be examined as non-randomly varying factors in the model.

Then, factors related to student feelings and outside activities
(LIKINGSC, DUMMYLIK, READINGB, INTERNET, DOCUMENT, SHARINGI)
were added to the model. Among these factors students’ sharing their ideas
about science subjects with their  families (SHARINGI) and student attitude
toward science (LIKINGSC) was found to be significant and non-randomly
varying. Therefore these factors will be examined as non-randomly varying
factor in the model. The other factors (DUMMYLIK, READINGB, INTERNET)
were all non-significant, thus removed from the model. Moreover, in this step,
science achievement factor (SCIENGRA), becomes non-significant, this factor

was removed from the model.
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Lastly, learning and motivational factors (PERFGOAL, LEARNGOA,
SELFEFFI, MEANINGF, ROTELEAR) were added to the model. From the
learning and motivational factors, students’ self efficacy, students’ meaningful
learning and rote learning approach (SELFEFFI, MEANINGF, ROTELEAR)
were found to be significant and non-randomly varying. Therefore, these factors
will be examined as non-randomly varying factor in the model. The other factors
about learning and motivational factors, performance goal orientation, learning
goal orientation and meaningful learning approach (PERFGOAL,
LEARNGOA,), were not significant and non-randomly varying, so they were
removed from the model. Also, in this step, gender (GENDER), students’
sharing their ideas about science subjects with their families (SHARINGI) and
student attitude toward science (LIKINGSC), become non-significant, these
factors were removed from the model.

Therefore, the final Random Coefficient Model includes four student
level factors: eight grade level (student characteristics), students’ self efficacy,
students’ meaningful learning and rote learning approach, (learning and
motivational factors). Among these four student level factors, none of these
factors was found as randomly varying. Therefore, these factors found as non-
randomly varying, were included in the model as fixed.

The final random coefficient model included the factors significantly
related to Imagination and Creativity. The final estimation of fixed effects

obtained from random coefficient model of is displayed in the Table 4.23.
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Table 4.23 Final Estimation of Fixed Effects for Random Coefficient Model for

Imagination and Creativity

Fixed Effect Coefficient ~ Standard t-ratio p-value
Error
Overall mean 2.252 0.021 106.282 0.000

Imagination and

Creativity", Yoo

GRADES, y10 -0.136 0.043 -3.123 0.002
SELFEFFI, v2o 0.095 0.019 4777 0.000
MEANINGEF, y3o 0.055 0.021 2.550 0.011
ROTELEAR, y40 -0.075 0.020 -3.593 0.001

1 .
The student level factors were Group Mean Centered before analysis.

The Grade-Imagination and Creativity slope coefficients indicates that
students from different grades had significantly different understanding on the
Imagination and Creativity. Students from eight grades (y10= -.136, se= .043)
performed significantly lower than the students from sixth grades on the
Observation and Inferences. There is no statistically significant difference
between seven graders and other grade levels.

The Students’ self efficacy - Imagination and Creativity slope
coefficients (yso= .095, se= .019) indicates that students’ self efficacy is
significantly and positively related to students’ Imagination and Creativity
understanding. Students having high self efficacy had better Imagination and

Creativity understanding.

154



The Meaningful learning approach - Imagination and Creativity slope
coefficients (y110= .055, se= .021) indicates that students’ Meaningful learning
approach is significantly and positively related to students’ Imagination and
Creativity understanding. Students having meaningful learning approach had
higher Imagination and Creativity understanding.

The Rote learning approach - Imagination and Creativity slope
coefficients (y110= -.057, se= .020) indicates that students’ Rote learning
approach is significantly and negatively related to students’ Imagination and
Creativity understanding. Students having rote learning approach had lower
Imagination and Creativity understanding.

The final estimation of variance components obtained from random

coefficient model is displayed in Table 4.24.

Table 4.24 Final Estimation of VVariance Components for Random Coefficient

Model for Imagination and Creativity

Random Effect Variance df  Chi-square X* p-value
Component
School mean, uo; 0.00674 22 79.42759 0.000

Level-1 Effect, r;  0.29898

Variance among the school means too= 0.006 with a chi-square statistic
of 79.42759 is found to be statistically significant (p< .005). This significant
difference (variability) in 23 schools might be explained by incorporating

school-level factors in to the model.
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The variances in the Analysis of Variances Model and Random
Coefficient Model will be compared to calculate the variance explained at the
student level. It can be compared by creating an index of the proportion of
reduction in variance at the student level by comparing the o estimates from
these two models.

Proportion of variance explained at

o*(ANOVA) - % (Random Coefficient)

level 1= >
o (ANOVA)

Proportion of variance explained at level 1= 0.30636-0.29898 =0.024

0.30636

By including these student level factors (eight grade level, students’,
students’ self efficacy, students’ meaningful learning and rote learning
approach) as predictors of Imagination and Creativity within school variance
was reduced by 2.4%. Therefore, these factors account for about 2,4% of the
student level variance in Imagination and Creativity. Findings related to
reliability estimates of intercepts and randomly varying slopes indicate that the

reliability of intercepts is 0.68.
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4.3.3.4 Results of Research Question VI (Intercepts and Slopes as
Outcomes)

In order to answer sixth research question of whether school level factors
predict student NOS views and the strength of associations between students
NOS views and student level factors in terms of Imagination and Creativity,
Intercepts and Slopes as Outcomes Model was applied. In this model, the
coefficients (slopes) of the factors will be modeled to account for the variability
of the regression equations across classes. The coefficient refers to the amount of
influence a factor has on the endogenous factor. The Level-2 factors that are
significantly associated with Level-1 factors are described as cross-level
interactions. In this model there will be only one Level-2 equation for each
Level-1 Beta value.

This research question includes three previous research questions. The
first model was the Analysis of Variance Model which was explained the
differences in students’ Imagination and Creativity views among schools
(Research Question 3). The variability of students’ Imagination and Creativity
views was modeled with school level factors in the Means as Outcomes Model
(Research Question 4). None of the student level factor or coefficient science
achievement factor was observed to be randomly varying in the Random
Coefficient Model (Research Question 5). Therefore, this coefficient could not
be modeled with school level factors. Therefore, only the intercept is modeled.

The equations for the first model in this analysis are:
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Level 1(Students level):
Yi = PBo + Py(GRADE8) + Py(SELFEFFI) + Bg(MEANINGF) +

B4j(ROTELEAR) + Fij

Level 2 (School level) Model:

Boj = yoo + Yo (ABILITYG) + vo2 (QUALITYE) + U
P1j = v10

Paj = Y20

Paj = V30

Baj = va0

Of the two school level factors, one of these factors, Ability grouping
between science classes was found as non-significant and removed from the
model. Thus, the other factor (Quality of school’s educational resources) Was
significantly related to students’ Imagination and Creativity views.

Finally, the full final Intercepts and Slopes as Outcomes Model was
analyzed and the equations for the final full model are:

The equations for the second model in this analysis are:
Level 1(Students level):
Yi = Pog + Py(GRADE8) + Py(SELFEFFI) + Pg(MEANINGF) +

B4(ROTELEAR) + r;
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Level 2 (School level) Model:

Boj = Yoo *+ Yoz (QUALITYE) + Ug;
P1j = v10

Paj = v20

Psj = v30

Baj = va0

Table 4.25 Final Estimation of Fixed Effects of Final Full Model for Intercepts
and Slopes as Outcomes Model for Imagination and Creativity

Fixed Effect Coefficient ~ Standard t-ratio  p-value
Error
Overall mean 2.248 0.017 126.008 0.000

Imagination and

Creativity", Yoo

QUALITYE, yo1 0.068 0.022 3.062 0.006
GRADES, y19 -0.127 0.042 -3.010 0.003
SELFEFFI, v29 0.095 0.019 4.785 0.000
MEANINGF, y30 0.055 0.021 2.563 0.011
ROTELEAR, y40 -0.075 0.016 -3.584 0.001

The results of the final estimation of fixed effects obtained from the full
final Intercepts and Slopes as Outcomes Model were presented in Table 4.25. As
stated before, the results from Means as Outcomes Model are reported in the

final full Intercepts and Outcomes Model.
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The results revealed significant and positive relationship between quality
of school’s educational resources and Imagination and Creativity views (yo1=
0.068, se=0.022).

In addition to these, the results from the Random Coefficient Model are
reported in the final full Intercepts and Slopes as Outcomes Model. Eight grade
level, students’ self efficacy, students’ meaningful learning and rote learning
approach are significantly related to students’ Imagination and Creativity views.

The Grade-Imagination and Creativity slope coefficients indicates that
students from different grades had significantly different understanding on the
Imagination and Creativity. Students from eight grades (y10= -.127, se= .042)
performed significantly lower than the students from sixth grades on the
Observation and Inferences. There is no statistically significant difference
between seven graders and other grade levels.

The Students’ self efficacy - Imagination and Creativity slope
coefficients (yso= .095, se= .019) indicates that students’ self efficacy is
significantly and positively related to students’ Imagination and Creativity
understanding. Students having high self efficacy had better Imagination and
Creativity understanding.

The Meaningful learning approach - Imagination and Creativity slope
coefficients (y110= .055, se= .021) indicates that students’ Meaningful learning

approach is significantly and positively related to students’ Imagination and
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Creativity understanding. Students having meaningful learning approach had
higher Imagination and Creativity understanding.

The Rote learning approach - Imagination and Creativity slope
coefficients (y110= -.057, se= .020) indicates that students’ Rote learning
approach is significantly and negatively related to students’ Imagination and
Creativity understanding. Students having rote learning approach had lower
Imagination and Creativity understanding.

It can be seen that the coefficients have very slight differences in their
magnitude, but the directions and the interpretations are same with the Random
Coefficient Model because of the reduction of the number of students analyzed
in the final full model.

The results of the final estimation of variance components obtained from
the full final Intercepts and Slopes as Outcomes Model were presented in Table
4.26. The degrees of freedom for this model (Intercepts and Slopes as Outcomes
Model) is based on the number of schools with sufficient data, and the number
of school level factors included in the model.

Degrees of Freedom =J - Q — 1, where

J = the number of schools with sufficient data

Q = number of school level factors included in the model
There were 23 schools with sufficient data.

df=J-Q-1=23-1-1= 21 (df for School Mean)
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Table 4.26 Final Estimation of VVariance Components for Intercepts and Slopes

as Outcomes Model for Imagination and Creativity

Random Effect  Variance df  Chi-squarey’ p-value
Component
School mean, up;  0.00390 21 53.63255 0.000

Level-1 Effect, rj  0.29903

The proportion of variance explained for each Imagination and Creativity
slope model with significant school level factors could be examined. For this
study, that would be the Science achievement and Imagination and Creativity.
The equation is:

The proportion of variance explained in Bo;

_ T4 (Random Coefficien t) - 7, (Intercepts and Slopes as Outcomes)
7,, (Random Coefficien t)

Boj = Imagination and Creativity or the slope coefficient for a given factor

The proportion of variance explained in Imagination and Creativity =

0.00674-0.00390
0.00674

=0.421

It can be concluded that 42.1 % of the variance in the between school
differences in mean Imagination and Creativity is accounted for by quality of

school’s educational resources However, significant differences still remains

(x*= 53.632, p< .005) between schools.
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4.3.4 HLM Analyses for Empirical NOS.
4.3.4.1 Results of Research Question 111 (One-Way ANOVA with Random
Effects)

With respect to Empirical NOS, in order to answer the third research
question of if there are any differences in students’ NOS views among schools
one-way ANOVA with random effects model was conducted.

For i=1, ..., nj students in school j, and j = 1, ..., 23 schools, equations at two
levels are:
Level 1 (Students level) Model:

Yij = Poj + i

Level 2 (School level) Model:

Poj = Yoo + Uoj

where

Y;j = the endogenous factor, Empirical NOS for i students in j™ school

Boj = the intercept (the mean Empirical NOS for the j™ school)

rij = the student level error

Yoo = the grand mean

Uoj = the random effect associated with unit j (school)

The final estimation of fixed effects obtained from analysis of variance model

of Empirical NOS is represented in the Table 4.27.
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Table 4.27 Final Estimation of Fixed Effects for One-Way ANOVA with
Random Effects for Empirical NOS

Fixed Effect Coefficient ~ Standard t-ratio p-value
Error

Average school 2.576098 0.017526 146.983 0.000

mean, yoo

The analysis of variance indicates that average school mean of Empirical
NOS, the grand-mean of Empirical NOS (yqo), is statistically different from zero.
That means there are significant differences among schools.
The grand-mean of Empirical NOS is 2.576 with a standard error of 0.017,
indicating a 95% confidence interval of:

Confidence Interval = 2.576 + 1.96 (0.017) = (2.542, 2.609)

Table 4.28 Final Estimation of Variance Components for One-Way ANOVA
with Random Effects for Empirical NOS

Random Effect Variance df Chi-square p-value
Component
School mean, ug;  0.00485 22 79.12822 0.000

Level-1 Effect, r; 0.21396

The final estimation of variance components obtained from the one-way
ANOVA with random effects model is represented in the Table 4.28.
The findings indicated significant (p< .005) variation does exist among

schools in their Empirical NOS (XZ = 79.12822, df = 22). The result also
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revealed that school level factors might account for the differences in the
students’ Empirical NOS understanding.

At the student level Var(rij) = 6° = 0.21396. At the school level, 1o is the
variance of the true school means, Bg;j, around the grand-mean, yoo. Var(Uoj)= Too
=0.00485.

The intraclass correlation (ICC), which represents proportion of variance
in Y (Empirical NOS) among schools, is
ICC =100 / (100 + 6°) = 0.00485 / (0.00485 + 0.21396) = 0.022
indicating that about 2.2 % of the variance in Empirical NOS is among schools.
HLM also provides an estimate of the reliability of the sample mean in any
school. The reliability is an estimate of the true school mean and is affected by
the sample size within each school. The overall estimate of reliability is the
average of the school reliabilities. p = .721 indicating that the sample means tend
to be a reliable indicator of true school means.

The equation for determining reliability of the mean Empirical NOS
within each school is: p = too / [to0 + (6% / nj)]. Therefore, the reliability of the

sample mean varies from school to school because the sample size, nj, varies.

4.3.4.2 Results of Research Question IV (Means as Outcomes Model)
In order to answer the forth research question of which of the school level
factors are associated with students’ NOS views with respect to Empirical NOS ,

means-as-outcome model was applied.
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Equations at two levels are:
Level 1 (Students level) Model:

Yij = Poj + i

Level 2 (School level) Model:

Boj = Yoo + Yoo (LOWINCSC) + y52 (FEMALESC) + vo3 (ABILITYG) + yo4
(PHYSICAL) + yo5 (QUALITYE) + g,

forj=1,2, ..., nschools

where

Boj = the school mean on Empirical NOS

voo = the intercept (the grand mean for Empirical NOS , that is the average of the
school means on Empirical NOS scores across the population of schools)

vo1 = the differentiating effect of low level school socio economic status on the
school mean on Empirical NOS.

vo2 = the differentiating effect of proportion of female science teachers on the
school mean on Empirical NOS.

vos = the differentiating effect of ability grouping between science classes on the
school mean on Empirical NOS.

voa = the differentiating effect of quality of school’s physical infrastructure on
the school mean on Empirical NOS.

Y05 = the differentiating effect of quality of school’s educational resources on the

school mean on Empirical NOS.
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Too = the conditional variance or school level variance in Po; after controlling for
these school level factors.
Uoj = the residual

The model was first run with all five factors, but Ability grouping
between science classes, Quality of school’s physical infrastructure, and Quality
of school’s physical infrastructure were not significant and were removed from
the final analysis. The final estimation of fixed effects obtained from means as
outcomes model of Empirical NOS is represented in the Table 4.29.

The results revealed significant and negative relationship between low
level school socio economic status and Empirical NOS (yo1= -0.003, se=
0.0008); significant and positive relationship between proportion of female

science teachers and Empirical NOS (yo;= 0.001, se=0.0005).

Table 4.29 Final Estimation of Fixed Effects for Means as Outcomes Model for
Empirical NOS

Fixed Effect Coefficient Standard t-ratio p-value
Error

Model for

School Means*

Intercepts, Yoo 2571 0.0119 214.641 0.000

LOWINCSC, yo1 -0.003 0.0008 -4.398 0.000

FEMALESC, vy, 0.001 0.0005 2.564 0.019

1 .
The student level factors were Grand Mean Centered before analysis.
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The final estimation of variance components obtained from means as
outcomes model is represented in the Table 4.30. The degrees of freedom for
this model (Means as Outcomes Model) is based on the number of schools with

sufficient data, and the number of school level factors included in the model.

Degrees of Freedom =J—Q — 1, where

J = the number of schools with sufficient data

Q = number of school level factors included in the model

Thus, all schools were used in this analysis and degrees of freedom for this
model is:

df=J-Q-1=23-2-1=20

Table 4.30 Final Estimation of VVariance Components for Means as Outcomes
Model for Empirical NOS

Random Effect Variance df  Chi-squarey’ p-value
Component
School mean, uy; 0.00126 20 35.75200 0.016

Level-1 Effect, r;  0.21380

The residual variance between schools (too = 0.00126) is substantially
smaller than the original variance (tg0 = 0.00485) resulting from the analysis of
variance model. This reduction is due to the inclusion of school level factors.

proportion of variance explained at
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740 (ANOVA) -7, (Means as Outcomes)
7,0 (ANOVA)

level 1=

proportion of variance explained at level 1= 0.00485-0.00126 _ 0.740

0.00485

This result indicates that 74.0% of the true between school variance in
Empirical NOS is accounted for by Low level school socio economic status, and
Proportion of female science teachers.

Finally, in order to examine whether the school Empirical NOS means
vary significantly when high level school socio economic status and quality of
school’s educational resources are controlled chi-square statistic was conducted.
Chi-square statistic y* is found as 35.75200 (df=20, p< .05). This finding
indicated that these two school level factors did not account for all the variation
in the intercepts. However, even after controlling for low level school socio
economic status, and proportion of female science teachers, schools still vary

significantly in their average Empirical NOS views.

4.3.4.3 Results of Research Question V (Random Coefficient Model)

In order to answer the fifth research question of which of the student
level factors help to explain the difference in understanding the Empirical NOS
views Random Coefficient Model was conducted.

The equations to answer this question are:
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Level 1(Students level):

Yii = Boj + B1j(GRADET) + Bj(GRADES) + B3j(SCIENGRA) +
B4(GENDER) + Bs; (INCOMEME) + Bsi(INCOMEHI) + B7(DUMMYCOL) +
Bgi(DUMMYGRA) + Bo; (PARENTOC) + B10j(LIKINGSC) +
B11j(DUMMYLIK) + B15(READINGB) + B13(INTERNET) +
B14j(DOCUMENT) + By5i(SHARINGI) + f16(PERFGOAL) +
B17(LEARNGOA) + B1gj(SELFEFFI) + B19j(MEANINGF) + B20(ROTELEAR)

+ rij

Level 2(School level):

Poj = Yoo * Uoj

Baj = Yo * Ugj

where

Yi; = Empirical NOS of student i in class j

Boj = the school mean on Empirical NOS

B1 = the differentiating effect of 7" grade level in school

B2 = the differentiating effect of 8" grade level in school j

Bsj = the differentiating effect of science achievement in school j
B4; = the differentiating effect of gender in school j

Bsj = the differentiating effect of medium level income in school j

Bej = the differentiating effect of high level income in school j
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Br; = the differentiating effect of college education level as a highest educational
level of parents in school j

Bsj = the differentiating effect of graduate education level as a highest
educational level of parents in school j

Boj = the differentiating effect of highest parental occupational status in school j
Bioj = the differentiating effect of student attitude toward science in school j

B11j = the differentiating effect of the course student like most in school

Bioj = the differentiating effect of if students reads articles or books regarding
science in school j

B13j = the differentiating effect of if students benefit from internet sites regarding
science in school j

B14j = the differentiating effect of if students watch documentary film in school j
Bisj = the differentiating effect of if students share their ideas about science
subjects with their families in school j

B1ej = the differentiating effect of students’ performance goal orientation in
school j

B17j = the differentiating effect of students’ learning goal orientation in school j
B1gj = the differentiating effect of students’ self efficacy in school j

B1oj = the differentiating effect of students’ meaningful learning approach in
school j

B20j = the differentiating effect of students’ rote learning approach in school j

Bqgj = the coefficient for factor q for class j after accounting for other factors

171



Yoo = the average of school mean on Empirical NOS across the population of
schools
Yq0 = the average q factor- Empirical NOS slope across those schools
Uoj = the unique increment to the intercept associated with school j
Ugj = the unique increment to the slope associated with school j
The building strategy recommended by Raudenbush and Bryk (2002)
was used. A randomly varying coefficient or factor is defined as a slope whose
value varies significantly among schools, or slope effects are allowed to
randomly vary across schools. Student background characteristics were first
examined (INCOMEME, INCOMEHI, DUMMYCOL, DUMMYGRA,
PARENTOC) to determine whether they were significantly related to Empirical
NOS and whether or not they were randomly varying. Among these factors high
level income, college education level as a highest educational level of parents,
and graduate education level as a highest educational level of parents
(INCOMEHI,DUMMYCOL, DUMMYGRA) were found to be significant, and
non-randomly varying. The other factors, medium level income, and highest
parental occupational status (INCOMEME, PARENTOC), were found to be non-
significant and non-randomly varying, thus, they were removed from the model.
After, factors related to students characteristics (GRADE7, GRADES,
SCIENGRA, and GENDER) were examined along with the student background
characteristics examined before. Except from gender (GENDER) all of the

factors were found to be significant, but only science achievement factor
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(SCIENGRA) were found randomly varying factors among factors related to
students characteristics.

Then, factors related to student feelings and outside activities
(LIKINGSC, DUMMYLIK, READINGB, INTERNET, DOCUMENT, SHARINGI)
were added to the model. Except for students’ benefit from internet sites
regarding science and course student like most in school (INTERNET,
DUMMYLIK), all of the other factors (students’ attitude toward science,
students’ reading articles or books regarding science, students’ watch
documentary film and students’ sharing their ideas about science subjects with
their families) (LIKINGSC, READINGB, DOCUMENT, SHARINGI) were all
significant, and non-randomly varying. Therefore, these factors will be
examined as non-randomly varying factor in the model.

Lastly, learning and motivational factors (PERFGOAL, LEARNGOA,
SELFEFFI, MEANINGF, ROTELEAR) were added to the model. From the
learning and motivational factors, students’ learning goal orientation, self
efficacy, students’ meaningful learning approach and students’ rote learning
approach (LEARNGOA, SELFEFFI, MEANINGF, ROTELEAR) were found to
be significant and non-randomly varying. Therefore, these factors will be
examined as non-randomly varying factor in the model. The other factor about
learning and motivational factors, performance goal orientation (PERFGOAL),

was not significant and non-randomly varying, so it was removed from the
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model. In this step, LIKINGSC, READINGB, DOCUMENT, and SHARINGI
became non-significant and they were removed from the model.

Therefore, the final Random Coefficient Model includes nine student
level factors: college education level as a highest educational level of parents,
graduate education level as a highest educational level of parents (student
background), seventh grade level, eight grade level, science achievement,
(student characteristics), students’ learning goal orientation, self efficacy,
students’ meaningful learning and students’ rote learning approach, (learning
and motivational factors). Among these nine student level factors, only one
factor science achievement (SCIENGRA) was found as randomly varying.
Therefore, the other eight factors found as non-randomly varying, were included
in the model as fixed.

The final random coefficient model included the factors significantly
related to Empirical NOS and the factors both significantly related to Empirical
NOS and randomly varying. The final estimation of fixed effects obtained from

random coefficient model of is displayed in the Table 4.31.
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Table 4.31 Final Estimation of Fixed Effects for Random Coefficient Model for
Empirical NOS

Fixed Effect Coefficient ~ Standard t-ratio p-value
Error
Overall mean 2.481 0.019 124.987 0.000

Empirical NOS?,

Yoo

GRADE?7, y10 0.108 0.016 6.509 0.000
GRADES, y20 0.094 0.034 2.716 0.007
SCIENGRA, v30 0.050 0.010 4.870 0.000
DUMMYCOL, yao 0.080 0.018 4.421 0.000
DUMMYGRA, 0.091 0.024 3.740 0.000
Y50

LEARNGOA, vso 0.112 0.018 6.115 0.000
SELFEFFI, y7o 0.064 0.016 4.001 0.000
MEANINGF, ygo 0.092 0.019 4.666 0.000
ROTELEAR, ygo -0.076 0.016 -4.665 0.000

1 .
The student level factors were Group Mean Centered before analysis.

The Grade-Empirical NOS slope coefficients indicates that students from
different grades had significantly different understanding on the Empirical NOS.
Students from seventh grades (y10= .108, se= .016) and eighth grades (y20=.094,
se= .034) performed significantly higher than the students from sixth grades on
the Empirical NOS.

The Science grade-Empirical NOS slope coefficients (yz= .050, se=

.010) indicates that students’ science achievement is significantly and positively
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related to students’ Empirical NOS understanding. Students having higher
achievement had better Empirical NOS understanding than the other students.

The college education level as a highest educational level of parents -
Empirical NOS slope coefficients (ys= .080, se= .018) and the graduate
education level as a highest educational level of parents-Empirical NOS slope
coefficients (yso= .091, se= .024) indicates that highest educational level of
parents is significantly and positively related to students’ Empirical NOS
understanding.

The Learning goal orientation- Empirical NOS slope coefficients (ygo=
112, se= .018) indicates that students’ learning goal orientation is significantly
and positively related to students’ Empirical NOS understanding. Students
having learning goal orientation had higher Empirical NOS understanding.

The Self efficacy- Empirical NOS slope coefficients (y7o=.064, se= .016)
indicates that students’ self efficacy is significantly and positively related to
students’ Empirical NOS understanding. Students having high self efficacy had
better Empirical NOS understanding.

The Meaningful learning approach - Empirical NOS slope coefficients
(yso= .092, se= .019) indicates that students’ Meaningful learning approach is
significantly and positively related to students’ Empirical NOS understanding.
Students having meaningful learning approach had higher Empirical NOS

understanding.
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The Rote learning approach - Empirical NOS slope coefficients (ygo= -
.076, se= .016) indicates that students’ Rote learning approach is significantly
and negatively related to students’ Empirical NOS understanding. Students
having rote learning approach had lower Empirical NOS understanding.

The final estimation of variance components obtained from random

coefficient model is displayed in Table 4.32.

Table 4.32 Final Estimation of VVariance Components for Random Coefficient
Model for Empirical NOS

Random Effect Variance df Chi-square p-value
Component X

School mean, uy; 0.00376 22 75.51624 0.000

SCIENGRA, uy; 0.00081 22 40.55828 0.009

Level-1 Effect, rj; 0.17917

Variance among the school means tgo= 0.003 with a chi-square statistic
of 75.51624 is found to be statistically significant (p< .005). This significant
difference (variability) in 23 schools might be explained by incorporating school
level factors in to the model. The variances of the science grade slope t1;=.000
(x’= 40.558, p< .005) are found to be significant. This significant difference
indicates that in some schools, the slopes are much steeper than for other
schools, namely, relationship with Empirical NOS is much stronger in some
schools than in other schools. The variability among schools also suggests that

school level factors might account for some of the differences.
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The variances in the Analysis of Variances Model and Random
Coefficient Model will be compared to calculate the variance explained at the
student level. It can be compared by creating an index of the proportion of
reduction in variance at the student level by comparing the o estimates from

these two models.

Proportion of variance explained at

o’ (ANOVA) - o (Random Coefficient)

level 1= >
o“(ANOVA)

Proportion of variance explained at level 1= 0.21396-0.17917 =0.162

0.21396

By including these student level factors (college education level as a
highest educational level of parents, graduate education level as a highest
educational level of parents, seventh grade level, eight grade level, science
achievement, students’ learning goal orientation, self efficacy, students’
meaningful learning approach and students’ rote learning approach) as predictors
of Empirical NOS within school variance was reduced by 16.2 %. Therefore,
these factors account for about 16.2 % of the student level variance in Empirical
NOS.

Findings related to reliability estimates of intercepts and randomly
varying slopes indicate that the reliability of intercepts is 0.71 the reliability of

randomly varying slopes are, 0.36 for Science achievement. According to
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Raudenbush and Bryk (2002) the primary reason for the lower reliability of the
slopes is that the true slope variance across schools is much smaller than the
variance of the true means and many schools are relatively homogenous on the

randomly varying factors (e.g. SCIENGRA).

4.3.4.4 Results of Research Question VI (Intercepts and Slopes as
Outcomes)

In order to answer sixth research question of whether school level factors
predict student NOS views and the strength of associations between students
NOS views and student level factors in terms of Empirical NOS, Intercepts and
Slopes as Outcomes Model was applied. In this model, the coefficients (slopes)
of the factors will be modeled to account for the variability of the regression
equations across classes. The coefficient refers to the amount of influence a
factor has on the endogenous factor. The Level-2 factors that are significantly
associated with Level-1 factors are described as cross-level interactions. In this
model there will be only one Level-2 equation for each Level-1 Beta value.

This research question includes three previous research questions. The first
model was the Analysis of Variance Model which was explained the differences
in students’ Empirical NOS views among schools (Research Question 3). The
variability of students’ Empirical NOS views was modeled with school level
factors in the Means as Outcomes Model (Research Question 4). One student

level factor or coefficient science achievement factor (SCIENGRA) were
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observed to be randomly varying in the Random Coefficient Model (Research
Question 5). Therefore, this coefficient can be modeled with school level factors.
The school level factors which are significantly related to the random
coefficients are termed as cross-level interactions that mean school level factor
influences a student level slope. First of all, the intercept is modeled, and then
randomly varying coefficient is modeled.

The equations for the first model in this analysis are:

Level 1(Students level):

Yi = By + Py(GRADE7) + P,(GRADES) + B3(SCIENGRA) +
B4j(DUMMYCOL) + B5(DUMMYGRA) + Bsj(LEARNGOA) + PBr;(SELFEFFI)
+ Bgj(MEANINGF) + Bo(ROTELEAR) + r;;

Level 2 (School level) Model:

Boj = Yoo + Yo1 (LOWINCSC) + v, (FEMALESC) + ug;

P1j = v10

Pa2j = Y20

P3j = 30 + Us;

Paj = Va0

Psj = Vs0

Pej = veo

P7j = y70

Pej = Y80

Baj = Y90
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Both of the school level factors, low level school socio economic status
and proportion of female science teachers (LOWINCSC and FEMALESC) were
significantly related to students’ Empirical NOS views. Then, these two factors
were included in the science achievement factor (SCIENGRA) coefficient model
with the previous results.

The equations for the second model in this analysis are:

Level 1(Students level):

Yi = By + Py(GRADE7) + P,(GRADES) + B3(SCIENGRA) +
B4i(DUMMYCOL) + B5(DUMMYGRA) + Bei(LEARNGOA) + Brj(SELFEFFI)

+ Bgj(MEANINGF) + Boj(ROTELEAR) + rj

Level 2 (School level) Model:

Boj = Yoo *+ Yor (LOWINCSC) + o, (FEMALESC) + Uy;
B1j=7v10

B2j = 20

Bsj = 30 + Y31 (LOWINCSC) + y3, (FEMALESC) + us;
Baj = Va0

Bsj = 50

Pej = veo

P7j = y70

Pej = Y80

Baj = Y90
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Of the two school level factors, one of these factors, proportion of female
science teachers (FEMALESC) was not significantly related to the science
achievement (SCIENGRA) slope and removed from the model. Thus, the other
factor was significantly related to students’ Empirical NOS views.

Finally, the full final Intercepts and Slopes as Outcomes Model was
analyzed and the equations for the final full model are:

Level 1(Students level):

Yi = Py + PBy(GRADE7) + P,(GRADE8) + B3(SCIENGRA) +
B4i(DUMMYCOL) + B5(DUMMYGRA) + Bsj(LEARNGOA) + PBr;(SELFEFFI)
+ Bg(MEANINGF) + Boj(ROTELEAR) + rj;

Level 2 (School level) Model:

Boj = Yoo + Yo1 (LOWINCSC) + v, (FEMALESC) + ug;

P1j = v10

B2j =720

Baj =30 + v31 (LOWINCSC) + ug;

Paj = va0

Bsj = vs0

Bsj = Y60

P7j = y70

Pej = Y80

Boj = Yoo
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Table 4.33 Final Estimation of Fixed Effects of Final Full Model for Intercepts
and Slopes as Outcomes Model for Empirical NOS

Fixed Effect Coefficient ~ Standard t-ratio  p-value
Error

Overall mean 2.481 0.017 142.000 0.000
Empirical NOS, yoo

LOWINCSC, yo1 -0.003 0.000 -3.445 0.003
FEMALESC, yo2 0.001 0.000 2.356 0.029
GRADE7, y10 0.104 0.016 6.320 0.000
GRADES, v20 0.100 0.033 2.959 0.004
SCIENGRA, v30 0.052 0.010 5.078 0.000
LOWINCSC, y31 -0.001 0.000 -2.638 0.016
DUMMYCOL, y40 0.074 0.018 4.033 0.000
DUMMYGRA, ys0 0.086 0.024 3.503 0.001
LEARNGOA, vso 0.112 0.018 6.130 0.000
SELFEFFI, y79 0.064 0.016 4.003 0.000
MEANINGF, ygo 0.091 0.019 4.658 0.000
ROTELEAR, ygo -0.077 0.016 -4.722 0.000

The results of the final estimation of fixed effects obtained from the full
final Intercepts and Slopes as Outcomes Model were presented in Table 4.33. As
stated before, the results from Means as Outcomes Model are reported in the
final full Intercepts and Outcomes Model.

The results revealed significant and negative relationship between low

level school socio economic status and Empirical NOS (yo1= -0.003, se=
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0.0008); significant and positive relationship between proportion of female
science teachers and Empirical NOS (yo;= 0.001, se=0.0005).

In addition to these, the results from the Random Coefficient Model are
reported in the final full Intercepts and Slopes as Outcomes Model. College
education level as a highest educational level of parents, graduate education
level as a highest educational level of parents, seventh grade level, eight grade
level, science achievement, students’ learning goal orientation, self efficacy,
students’ meaningful learning and students’ rote learning approach, are
significantly related to students’ Empirical NOS views.

The Grade-Empirical NOS slope coefficients indicates that students from
different grades had significantly different understanding on the Empirical NOS.
Students from seventh grades (y10=.104, se= .016) and eighth grades (y,0=.100,
se= .033) performed significantly higher than the students from sixth grades on
the Empirical NOS.

The Science grade-Empirical NOS slope coefficients (ys= .052, se=
.010) indicates that students’ science achievement is significantly and positively
related to students’ Empirical NOS understanding. Students having higher
achievement had better Empirical NOS understanding than the other students.

The college education level as a highest educational level of parents -
Empirical NOS slope coefficients (ys= .074, se= .018) and the graduate
education level as a highest educational level of parents-Empirical NOS slope

coefficients (yso= .086, se= .024) indicates that highest educational level of
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parents is significantly and positively related to students’ Empirical NOS
understanding.

The Learning goal orientation- Empirical NOS slope coefficients (ygo=
.112, se= .018) indicates that students’ learning goal orientation is significantly
and positively related to students’ Empirical NOS understanding. Students
having learning goal orientation had higher Empirical NOS understanding.

The Self efficacy- Empirical NOS slope coefficients (y7o=.064, se= .016)
indicates that students’ self efficacy is significantly and positively related to
students’ Empirical NOS understanding. Students having high self efficacy had
better Empirical NOS understanding.

The Meaningful learning approach - Empirical NOS slope coefficients
(yso= .091, se= .019) indicates that students’ Meaningful learning approach is
significantly and positively related to students’ Empirical NOS understanding.
Students having meaningful learning approach had higher Empirical NOS
understanding.

The Rote learning approach - Empirical NOS slope coefficients (ygo= -
.077, se= .016) indicates that students’ Rote learning approach is significantly
and negatively related to students’ Empirical NOS understanding. Students
having rote learning approach had lower Empirical NOS understanding.

It can be seen that the coefficients have very slight differences in their

magnitude, but the directions and the interpretations are same with the Random
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Coefficient Model because of the small reduction of the number of students
analyzed in the final full model.

In the final full Intercepts and Slopes as Outcomes Model, only one
school level factors was significantly related to a student level slope. As
previously stated, the science achievement (SCIENGRA) had one significant
school level factors; low level school socio economic status (LOWINCSC) (y40=
-.001, se= .0006). That means science achievement has negatively related to
students’ Empirical NOS understanding in schools with low level school socio
economic status.

The results of the final estimation of variance components obtained from
the full final Intercepts and Slopes as Outcomes Model were presented in Table
4.34. The degrees of freedom for this model (Intercepts and Slopes as Outcomes
Model) is based on the number of schools with sufficient data, and the number

of school level factors included in the model.

Degrees of Freedom =J—Q — 1, where

J = the number of schools with sufficient data

Q = number of school level factors included in the model
There were 23 schools with sufficient data.
df=J-Q-1=23-2-1= 20 (df for School Mean)

df=J-Q-1=23-1-1=21 (df for Science Achievement (SCIENGRA))
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Table 4.34 Final Estimation of VVariance Components for Intercepts and Slopes

as Outcomes Model for Empirical NOS

Random Effect Variance df Chi-square y° p-value
Component

School mean, uy; 0.00190 20 46.30597 0.001

SCIENGRA, us; 0.00078 21 40.70894 0.009

Level-1 Effect, rj; 0.17910

The proportion of variance explained for each Empirical NOS slope
model with significant school level factors could be examined. For this study,
that would be the Science achievement and Empirical NOS. The equation is:

The proportion of variance explained in Bo;

_ 74 (Random Coefficien t) - 7, (Intercepts and Slopes as Outcomes)
740 (Random Coefficien t)

Boj = Empirical NOS or the slope coefficient for a given factor

The proportion of variance explained in Empirical

NOS = 0.00376-0.00190 _0.494

0.00376

The proportion of variance explained in Science achievement (SCIENGRA);

_0.00081-0.00078
0.00081

Bs; =0.037

It can be concluded that 49.0 % of the variance in the between school

differences in mean Empirical NOS is accounted for by Low level school socio
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economic status and proportion of female science teachers. 3.7 % reduction in
the variances was accounted for by Low level school socio economic status for
Science Achievement (SCIENGRA). However, significant differences still
remains (x*= 46.305, p< .005) between schools. All of these proportions showed

that substantial amount of variation had been accounted for.
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CHAPTER YV

DISCUSSION

This chapter is divided in to three sections. The first section deals with
the validity and reliability of NOSI; the second section is related to elementary
students’ general views about NOS; the third section is about factors related to

students’ NOS views.

5.1 Validity and Reliability of NOSI

When constructing and developing a scale, it is most crucial to be certain
that the scale measures what is intended to measure. This issue ensures the
instrument validity. Thus, in this study assessing what is intended to be
measured regarding students’ NOS views was the main validity focus for
developing NOSI. To ensure that whether we addressed a common
understanding of the NOS aspects with NOSI items we conducted several pilot
studies when the need occurred during the instrument development. Throughout
development of the NOSI previous results of the qualitative studies (Akerson &
Volrich, 2006; Khishfe, 2008; Khishfe & Abd-El-Khalick, 2002; Khishfe &
Lederman, 2006-2007) provided valuable information to us to see how
elementary students perceived, understand, and the NOS aspects. During pilot
studies, we observed that slight changes in the item structure caused big

differences in the factor structure. We based all of our item revisions based on
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these changes on teachers’ and students’ responses, observed during the pilot
studies. Satisfactorily at the end of the all pilot studies exploratory and
confirmatory factor analyses showed that the final version of NOSI indeed
measured the elementary students” NOS views.

Regarding the reliability of NOSI, the findings of this study revealed that
NOSI has a significant level of reliability (0=.76). According to Kline (1999)
and DeVellis (1991), the alpha value for cognitive tests between .70 and .80 is in
accordance with accepted standards. When we compared our dimensions’
reliability values with NOS scales developed previously, we observed that the
reliability values found for total NOSI and its dimensions were generally higher
(Table 5.1).

The Empirical dimension of NOSI has a moderate level of reliability
(0=.63), which is still a reasonable value for social studies, as argued by
(Hatcher & Stepanski, 1994; Liang et al., 2008; Tsai & Liu, 2005) and a higher
reliability value compared to VOSE. These comparisons suggest that NOSI has
high reliability indices and may have potential to determine the elementary

students’ NOS views.
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Table 5.1 Comparing Reliability Values of NOSI with other NOS Instruments

and their Dimensions

NOSI (for SUSSI (for VOSE (for SEVs (for High
Elementary College Students) College Students) School Students)
Students) (Liang, Chen, (Chen, 2006) (Tsai & Liu,
Kaya, Adams, 2005)
Macklin &
Ebenezer, 2008)
Dimensions & Dimensions o Dimensions o Dimensions o
Observation 74 Observation .61 Nature of A7
and and Inferences observations
Inference
Tentative .76 Tentativeness .56 Tentativeness .34 Thechanging .60
NOS and tentative
feature of
science
knowledge
Imagination .80 Creativityand .89 Use of .71 The invented .60
and creativity Imagination imagination and creative
nature of
science
Emprical .63 Validation of .44
NOS scientific
knowledge
Total a .76 Total a .69 test-retest .82 Total a .67
correlation
coefficient

5.2 Elementary Students’ General Views about NOS

In terms of the Tentative NOS and Imagination and Creativity
dimensions of NOSI, elementary students had difficulty in representing their
views. Regarding Tentative NOS, they generally had a close to support, but did
not accept, the idea that scientists are always correct, everything scientists say in
books is correct, and scientists are 100 % sure about the knowledge they

generate. The students’ views about Tentative NOSI items revealed that they did
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not clearly understand the changing nature of both science and the knowledge
scientists generate. These findings were in agreement with earlier studies in
which researchers argued that students in elementary and high school had a
naive understanding about the tentative NOS (Ryan & Aikenhead, 1992; Stein &
McRobbie, 1997).

Regarding Imagination and Creativity findings, this study reveals that
students had a close to support, but did not accept the idea, that scientists use
their imagination and creativity during their investigations and that imagination
and creativity do not result in flawed conclusions in scientific investigations. Not
appreciating the place of imagination and creativity in the NOS was also
reported by earlier studies (e.g. Khishfe & Abd-El-Khalick, 2002). In terms of a
Turkish context, similar findings were presented by Celikdemir (2006),
regarding the tentativeness of NOS, and the role of imagination and creativity.

Among all the qualities tested, the students’ views regarding the
“empirical dimension of the NOS” were found to be the most developed.
Generally, students accepted that scientists may interpret the same data
differently and that in light of new scientific knowledge, our scientific
understanding can be enhanced. Similar to our findings, Sadler et al. (2004)
found that 80% of high school students in their sample could define data, but
17% of those had difficulty in understanding the empirical nature of NOS. In
that study, the majority of the students had a sound understanding regarding both

the definition of data and the empirical views of the NOS.
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The least developed views were found for the Observation and Inferences
dimension of NOSI. The students generally believed that scientists could only be
certain about their findings if they actually visualize the results. Moreover, they
stated that if scientists make inferences based on their data, then their findings
cannot be certain. Griffiths and Thompson (1993) conducted a study with
students who were the same age as those in our study. They found that, related to
observation, most students believed that observation is done by visualization.
Like the students studied by Griffiths and Thompson (1993), in this study
students also gave credit to scientists’ sense of sight, rather than their ability to
make inferences.

New science and technology curriculum was applied in a short time after
previous program had been implemented, therefore science teachers tried to
adapt two science and technology curriculum in a short time. Literature on NOS
support the idea that implementation of NOS aspects in classroom environments
can be a challenging task for teachers as well as students to master. The data
from this study support that one or two year implementation of new curriculum
does not reach the stage of actually developing student more accurate views of
NOS. In the previous science curriculum, students centered activities and
scientific method was emphasized. The students in this study were familiar with
the investigation, collecting data, and evidence. Moreover, student centered
activities could further improve students’ understanding of the empirical nature

of scientific knowledge included in the new curriculum.
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5.3 Factors Related to Students’ NOS Views

In this part, Student-Level factors and School-Level factors are discussed
with respect to Tentativeness of NOS, the role of observation and Inferences,
Empirical NOS, and Imagination and Creativity.
In literature, quantitative studies regarding elementary students’ NOS
understanding have not been paid much attention. Most of the research focusing
on factors at the student level ignored the nested structure of the data which
caused bias in estimating the coefficients and standard errors. This study
eliminated these problems by using a multilevel analysis technique taking into
consideration the nested structure of the data to get more precise coefficients. In
this study, student and school level factors related to student NOS understanding
were investigated through Hierarchical Linear Modeling (HLM) as a multilevel
analysis technique. Student and school level factors were determined with the
aid of a theoretical framework provided in the previous literature. Student level
factors included: students’ socio-economic status, parents’ education level,
parents’ occupational status, grade level, previous semester science grades
(science achievement), gender, student attitude toward science, the courses they
liked most, whether they read articles or books regarding science, whether they
benefit from internet sites regarding science, whether they watch documentary
films, whether they share their ideas about science subjects with their families,
performance goal orientation, learning goal orientation, self efficacy, rote

learning approaches and meaningful learning approaches. School level factors
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included school socio-economic status, proportion of female science teachers,
ability grouping between science classes, the quality of the school physical
infrastructure, and the quality of the school educational resources. Tentative
NOS, Observation and Inferences, Empirical NOS, Imagination and Creativity
were the outcome factors of this study. The final full models from the Intercepts
and Slopes as Outcomes Model were constructed separately for each dimension

of NOS, and the results were obtained accordingly.

5.3.1 Student Level Factors

Science Achievement (SCIENGRA), and Grade Level (GRADE) were
the only factors which were varying randomly across schools involved in this
study. Science achievement of the students was significantly and positively
related to Tentative NOS and Empirical NOS and randomly varied across
schools. Science achievement was also significantly related to Observation and
Inferences but this variable non-randomly varied across schools. In other words
students with higher science grades had a more comprehensive understanding
about Tentative NOS, Empirical NOS, and Observation and Inferences. These
results are consistent with the findings of the study of Yore et al. (2002) in that
students’ awareness of NOS had positive influences on 3 and 6" grade
students’ achievement.

Grade Level was significantly and positively related to students NOS

understanding. Besides, Grade Level randomly varied across schools with
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respect to Observation and Inferences. Direct proportional relationship was
obtained between 6" and 7" grade student understanding of all aspects of NOS.
Prolonged exposure to a new curriculum might have increased these students’
understanding. In terms of Tentative and Empirical NOS, 8" graders scored
significantly higher than 6™ graders. These results may be associated with
student experiences about learning science in the schools such as carrying out
investigations. This finding has been supported by other researchers. The more
experiences the elementary students have in school, the more informed NOS
understanding they possess (Kang, Scharmann & Noh, 2005; Solomon et al.,
1996). Stein and McRobbie (1997) and Huang et al. (2005) also asserted that
student understanding of NOS improves as grade level increases. Beside these,
there were no significant differences between 7" and 8" graders understanding
NOS. Also, it is interesting to note that students at 8" grade level had lower
mean scores than 6™ graders in terms of imagination and creativity aspects of
NOS. This may reflect the national exam system in Turkey, where, generally,
students take exams at the end of elementary school in previous exam system
(i.e.,the 8th grade) that enable them to enroll in one of the prestigious high
schools and again at the end of high school, to allow them to enter a university.
As recognized by Berberoglu and Hei (2003), rote learning may be reflected in
both the format and content of these exams. Since students in 8th grade spend

most of their time studying for this exam, they may have a tendency to merely
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memorize concepts. This study habit may be the reason for the low mean scores
of imagination and creativity aspects of NOS as compared to other grade levels.
Due to having randomly varying slopes, magnitude of the relationships
regarding science achievement, and grade level vary from school to school. That
means in some schools, these factors correlate with students understanding
regarding NOS dimensions which are much stronger than they are in other
schools. However, to understand the reason why these slopes are randomly
varied one needs more sensitive analyses. The differences among schools might
be explained by the association of the other factors, such as classroom learning
environment, factors relating to parents, school and students’ characteristics,
learning and motivational factors. The findings of other studies reveals the
influence of teaching approaches of teachers on students’ NOS views
(Scharmann & Harris, 1992; Lederman, 1999), influence of teachers practices
and instruction in the classroom (Zeidler & Lederman, 1989; Gallagher, 199;
Walters-Adams, 2006) might provide sources of the differences among schools.
In this study, we could not get any evidence about such issues. Further research
is needed to explain the interrelation of these factors with students” NOS views.
When we examined the other student level variables, non-randomly varied
findings revealed that there were not only some common and but also different
factors influencing each dimension of NOS investigated in this study since they
had different views regarding each sub-dimensions as supported by Tsai (2002)

and Huang et al. (2005).
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The significant and positive association between Gender of the students
and student Tentative NOS understanding indicate that females had better
Tentative NOS understandings than males. There was no gender differences
regarding other aspects of NOS. Different from this study, Huang et al. (2005)
found that eighth grade male Taiwanese students had more contemporary views
of tentative NOS. Sixth and seventh grade female students had more favorable
understandings of empirical NOS. In terms of the sixth graders, females had
significantly higher empirical NOS scores than males. Moreover, seventh grade
female students distinguished between imagination and creativity more easily
than males did. This gender difference may result from types of activities
implemented in the class, student previous background information, gender of
the teacher, and teacher biases.

In the literature there have been very limited studies which investigate
the relationship among factors that are mentioned below regarding student NOS
views directly. Therefore, it will be discussed with the help of possible indirect
relationships. With respect to the association of student background variables,
positive relationships between high level income and Tentativeness of NOS
revealed that students with high level income parents had more complete
understanding about Tentativeness of NOS than the students whose parents had
low incomes. Considering the socio-economic conditions in Turkey, it is
reasonable to state that students from families with high income are provided

with additional educational opportunities, such as special courses after school,
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personal computers at home, books and materials in rich and comfortable home
environments. Thus, in our study these opportunities might help the
advantageous students improve their understanding about science concepts and
nature of science. On the contrary, students from families with low incomes
study their courses at home by themselves. And, some of these students need to
work after school to provide financial support for their families’ income. Most of
the time it is difficult for these working students to find time to study their
school courses at home.

Parents’ education level was also found to be an important factor
influencing student NOS understanding. Findings indicated that college and
graduate education level of parents is significant and positive indicators of
student tentative NOS and empirical NOS understanding. In addition students
whose families’ had experienced graduate level education held more informed
NOS understanding than students having families with college level of
education. For example, Ercikan, McCreith, and Lapointe (2005) found that
parents’ education level had strong effects on student achievement. Based on
this finding, it can be argued that parents with higher educational degrees may
be better in comprehending and responding to the difficulties their children have
in science learning. Based on their knowledge and experiences, they could better
coach their children’s learning. However, Hortassu (1995) found that in Turkey,
mothers’ education level was a significant predictor of students’ general

achievement rather than that of fathers’ education level. The author argued that
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in Turkey mothers take more responsibility for their children and devote more
time to their children’s lessons and homework; thus, mothers with higher level
of education can be more helpful in the learning of children. The study of
Hacieminoglu et al. (2009) revealed that this situation might have changed over
the last decade. Both fathers and mothers have started to take turns to help their
children regarding their academic success. Parents’ efforts for improving the
academic success of students also help to improve student NOS views.

Whether students watch documentary films was another student level
factor influencing students and Tentative NOS views positively. Additionally in
this study, there is an open-ended part in the student questionnaire reflecting
which type of documents they watch. Most of the students reported that they
watch discovery channel. Moreover they reported that they like documentaries,
about animals, science, nature, forest, undersea, plants, the living and their
characteristics, space, people, inquiry, discovery and inventions. Dhingra (2003)
supported this finding explaining that television shows is like explicit teaching;
therefore, it has positive associations with student NOS understanding.

The other student level factors related to students NOS views learning and
motivational factors such as learning approach, motivational goals and self-
efficacy in ways they were examined in this study.

From these factors student self-efficacy was positively related to student
NOS views except for observations and inferences. Students having higher

levels of self-efficacy gained more complete understanding on tentative NOS,
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empirical NOS and imagination and creativity. Beside this, while these three
dimensions of NOS had negative relationships between rote learning
approaches, imagination and creativity and empirical NOS had positive
relationships between meaningful learning. With respect to goal orientation,
performance goal orientation was negatively related to student Tentative NOS
views, and learning goal orientation was positively related to student Empirical
NOS views. The study of Cavallo et al. (2003), Cavallo et al. (2004),
Hacieminoglu et al. (2009) and Kizilgunes et al. (2009) revealed similar and
supportive relationships regarding these results. Similarly Kizilgunes et al.
(2009) found negative relationships between performance goal orientation and
certainty of knowledge. Contrary to our findings, Kizilgunes et al. (2009) found
negative relationships between self-efficacy and certainty of knowledge. Most
literature mentioned support the idea that student achievement is positively
correlated with self-efficacy. On the other hand, meaningful learning and
negatively correlated with rote learning and performance orientation. Students
who had high achievement preferred to do meaningful learning rather than rote
learning. Performance-oriented students, who study for receiving higher grades,
had lower achievement and naive views of NOS. These students were not
interested in learning the concepts for their interest and achieving meaningful
learning. Good science achievement also enables these students to be aware of
their capabilities to better learn new science concepts as well as nature of

science. Hacieminoglu et al. (2009) suggest that in order to get better science
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achievement, students should be encouraged to do meaningful learning rather
than rote learning. Attaining meaningful learning may also increase self-efficacy
toward learning science with more complete understanding of NOS. Rote
learning and studying for higher grades are neither helpful in retaining the
learned science concepts in the long term (Cavallo et al., 2003; Cavallo et al.,
2004) nor improving NOS. In other words, it was argued that the direction of the
relationship among these factors could be stated in the following order: parents’
socioeconomic status -> meaningful learning —>learning goal orientation

—>students’ achievement—> students’ NOS views.

5.3.2 School Level Factors

The Science Grade-Tentative NOS slope and Science Grade-Empirical
NOS slope were the coefficients in the Hierarchical linear model of NOS
dimensions with one significant school level factors (cross-level interaction).

With respect to Tentative NOS as an outcome variable, the interaction
revealed that high socio economic status of schools is positively related to the
science achievement. These results indicated that in schools that enroll students
from higher socio-economic levels, science grades have more of an impact on
tentative NOS (steeper slopes). That means the relationship between the science
achievement and Tentative NOS in schools having high socio-economic status
may be stronger than the relations of which in schools having low socio-

economic status with similar science achievement. Moreover, low socio-
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economic status of schools is negatively related to the Science grade. These
results show that in schools that have low socio-economic status, science grade
has less of an impact on empirical NOS (steeper slopes). That means the
relationship between the science achievement and Empirical NOS in schools
with low socio-economic status may be slighter than the relations of which in
schools having high socio-economic status with similar science achievement.
The findings also reveal positive relationships between schools with high socio-
economic status and Tentative NOS, negative association between schools with
low socio-economic status and Empirical NOS. These results are related to
educational opportunities in schools such as types of activities (science club,
science festival, science computation) since schools having high socio-economic
status experience more science activities than the ones with low socio-economic
status.

There are some other school level factors influencing student NOS
understanding. One of them is proportion of female science teachers affecting
positively students empirical NOS understanding. This result might be related to
the fact that students having female teachers feel themselves more comfortable
and confident or female teachers are more tolerant and pleasant than male
teachers as supported in the literature (as cited in Gilmartin, Denson, Li, Bryant
& Aschbacher, 2006). The other one was quality of school educational resources
such as instructional materials, science laboratory equipment and materials,

computers for instruction, library materials and audio-visual resources. Quality
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of school educational resources was positively associated with student
understanding of imagination and creativity in science. Student views about
imagination and creativity were higher in schools where the quality of school
educational resources was better. Another factor is quality of the school physical
infrastructure which related to student understanding of observation and
inferences positively. The more complete understanding the students have, the
better school buildings and grounds, heating/cooling and lighting systems, and
instructional space the schools are. In the literature there are some contradictory
findings about effectiveness of these factors on students’ achievement. In the
early years findings of the meta-analyses study (Fuller, 1987) revealed the
positive influence of instructional materials on students’ achievement. On the
other hand recent meta-analyses study meta-analysis study conducted by
Hanushek (1997) indicated that there is no consistent result about the
effectiveness of availability of laboratories, the size and presence of a library,
and the property of the school on student performance. These inconsistent results
might be associated with utilization of these resources and facilities. Some of the
school principal in this study reported that even if they had sufficient educational
resources in their schools, teachers did not use them effectively during their

instructions.
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CHAPTER YV

CONCLUSION, IMPLICATIONS and RECOMMENDATIONS

6.1 Conclusion

In many countries, exploring student views about the NOS has been
considered an important focus for science educators and researchers. These
studies help both to provide students with contemporary perspectives regarding
the NOS and to develop their understandings about these perspectives (Abd-El-
Khalick et al., 1998; Lederman, 1992). Moreover, researchers also argue that it
is important to improve student views of the NOS at early grade levels.
According to Bruer (1993), the elementary level is a pivotal time when students
gain an understanding of the world around them. Moreover, Bruer (1993)
contends that they use knowledge gained from formal science education
experiences to clarify the other experiences gained outside and inside the school
environment. It is now supported that elementary students may improve their
own views about the NOS (Kang, Scharmann & Noh, 2005; Meichtry, 1992);
thus, determining and developing student NOS views constitutes an important
goal for elementary school science teachers and researchers. Therefore in this
study it was focused on elementary student NOS views.

This study presents an instrument for measuring elementary student
views of the NOS regarding four dimensions (the tentative NOS, the empirical

NOS, observations & inferences, and imagination and creativity). Based on the
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reliability and validity evidence, it can be concluded that this new instrument can
be used for elementary school students of different cultural backgrounds;
however, researchers must be careful when adapting this instrument because
students’ views are influenced by the wording the items employ.

This instrument could also provide a useful tool for researchers who wish
to make cross-cultural comparisons and evaluate how well the NOS objectives
are attained in a particular science curriculum. For future research, the number
of items in each NOSI dimension can be increased and also some dimensions not
included in this study can be added and considered. For example, new items
related to scientific theories, laws, and facts might be added, because these
concepts play an important role in the growth of scientific knowledge as
reported by (Abd-El-Khalick et al., 1998; Bell et al., 2000; Duschl, 1990;
Lederman, 1992; Lederman et al., 2001).

Tsai (2002) and Huang et al. (2005) have argued that students may have
different views concerning different sub-dimensions of the NOS. In our study
descriptive analyses supported this argument and indicated that students had
more accurate views on some dimensions of NOSI than other dimensions. These
findings enabled us to conclude that views regarding different dimensions of the
NOS developed “more or less independently” from each other (Schommer,
1994, p.300). In other words, developing better views in one dimension does not
necessarily result in a better understanding of the other dimension(s). Thus,

teacher awareness of students’ views regarding different dimensions of the NOS
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is crucial when one desires improvement in less sophisticated views of NOS
held by elementary students.

Because of the distinction among student views regarding NOS, different
factors related to school and student level have been observed. Many factors
have been related to different dimensions of NOS. This study has established the
importance of student socio-economic status experiences with varying learning
approaches, self-efficacy, and motivational goals in forming their NOS views. It
can be concluded that parent educational levels, student achievement, self
efficacy, experience with meaningful learning, and learning goal orientation are
indeed positively related to student NOS views in many different dimensions.
On the other hand, it can be also concluded that performance goal orientation
and rote learning approaches are negatively related to different dimensions of
student NOS views. With respect to school level factors, quality of physical
infrastructure of school such as instructional space in classrooms, quality of
educational resources such as instructional materials, science laboratory
equipment and materials, computers for instructions, library materials, and
audio-visual resources, high school socio-economic status, proportion of female
science teacher are important factors for improving student NOS views in many
different dimensions. Describing characteristics of high performing schools and
successful students is an important issue and should help educators and policy-
makers to attain high levels of student performance. NOSI can aid these teachers

in determining their student NOS views and enable them to organize their
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teaching plans accordingly. Moreover, research supports indicate the use of an
explicit approach rather than an implicit approach when improving students
views of the NOS (Abd-El-Khalick & Lederman, 2000; Akerson & Volrich,
2006; Khishfe & Abd-El-Khalick, 2002; Khishfe & Lederman, 2006; Khishfe &
Lederman, 2007; Khishfe, 2008). These teaching approaches may also be
valuable for students whose desire is to be successful in standardized test. Since
these students focus on learning and memorizing a substantial amount of
information, they may not have time to consider the NOS through implicit

instruction.

6.2 Implications

One of the main focuses of training scientifically literate students is the
development of contemporary understanding of the nature of science. Our study
supports the importance of the developing students” NOS in early ages.
Therefore first mission should be the raising the awareness of in-service teachers
and pre-service teachers about the importance of the developing students’ NOS
views in early ages and factors related to students’ NOS views. Secondly, school
principals and teachers should make parents conscious about these factors and
how they should help their children effectively. Additionally, our study support
the relationship between parents’ education and income level and student NOS
understanding. It should be noted that there is a difference between students’

parent education and income level. To overcome this individual difference,
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school principals and teachers should provide poor students with free courses
and their educational materials such as textbook. Also some counseling facilities
should be provided for both students and their parents when they needed it.

With respect to classroom activities, teachers should give importance to
use audiovisual resources, for instance they could bring documentaries related to
the topics to the class and make students watch them. They should encourage
students to use meaningful learning strategies, and to be learning goal oriented
therefore teachers should make students give up following rote learning
approach. Teachers should avoid using or emphasizing memorization strategies
in the classroom. Teachers should use performance based assessment strategies
and questions which students utilize and improve their critical thinking skills.
Teachers should not emphasize the science grades in classroom and in this
manner they should make students give up being performance goal oriented.
Students’ self-efficacy is also important factors to improve students NOS views,
therefore teachers should endeavor for increasing students’ self-efficacy. For this
purpose teachers should ask question to each student considering their level so
that they can answer and they should give positive encouragement to the
students. Teachers also avoid making gender discriminations in classroom; they

should give similar duties without emphasizing their sex.
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Reason for the observed differences among schools should be
investigated and necessary arrangements should be provided to supply equal
opportunities among schools for students. Quality of the physical infrastructure
of schools and quality of educational recourses of schools should be set to
enhance student learning in schools and improve generally the quality of
education. School principals should report any of the deficiencies regarding
these resources such as instructional materials, science laboratory equipment and
material, computers for instruction, library materials and audiovisual resources.
Teachers should use science laboratory effectively. Learning environments
should be designed to encourage student self-efficacy, meaningful learning, and
learning goal orientation. These issues should be emphasized in teacher

education programs and for in-service teacher training programs.

6.3 Limitations and Recommendations

This study has some limitations that researchers should consider while
generalizing and using the findings. Firstly, the study was limited by its reliance
on self-reported data. Follow-up studies verifying consistency and accuracy of
the findings of this study are needed for examining the different methods and
measures. Secondly, the subject of this study was limited to the 6", 7" and 8"
grade Turkish public school students which were selected in Cankaya district,
one of the largest urban areas in Ankara. Therefore, results may not be reliable

in different situations and cultural contexts. Researchers should be careful about
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the generalizations of the findings of this study. Same research should be
conducted again in different cities and regions in both public and private schools
to generalize results confidently. Thirdly, because of the nature of the
hierarchical linear modeling technique, model specification as in the structural
equation modeling is not possible. Since hierarchical linear modeling technique
does not examine bi-directional relationships, more in-depth studies are needed
to understand the causes of the relationship obtained in this study.

Although a great deal of variances were accounted for or reduced by the
student and school level variables, a great deal of variances still existed. This
issue is another limitation for this study. This means there are some other factors
explaining the variability among schools. Classroom level factors and factors
related to teachers, such as activities used in the classroom and teacher practices,
should also be investigated in further research. The literature used to consider
with this research supports that naive views of student understanding of NOS
aspects may be a result from lack of student understanding of epistemology of
science and the concrete operational thought as supported the study by Kang,
Scharmann and Noh (2005). Since NOS understanding by students is very
connected to the epistemology of science, there is a need to study some
epistemological development further (Kang, Scharmann & Noh, 2005;
Larochelle & Desautels 1991). Moreover, the teaching approach used by
teachers indicates that their behaviors and explanations in the classrooms may be

affecting their own NOS understanding. These views, like teachers’ naive views
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and lack of knowledge regarding NOS, may affect student NOS conceptions
(Brickhouse, 1990; Clough, 1997; Dogan & Abd-El-Khalick, 2008; Eichinger,
Abell, & Dagher, 1997; Lederman & Zeidler, 1987). Student understanding
NOS conceptions may be influenced by not only teacher understandings and
behaviors but also other classroom factors such as teacher characteristics,
teacher attitudes, student characteristics, and classroom atmosphere as indicated
in the studies reported by Lederman and Druger (1985) and Lederman (1986).
Furthermore, teacher language in science instruction, the instructional materials
used, (such as some deficiencies found in the textbooks) may affect student
views of the nature of science understandings as reported by Meichtry (1993).
We could not provide any evidence about these variables; therefore,
relationships between these factors and student NOS views should be
investigated further to determine accurately the relationships in a wide

perspective for further research.
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APPENDIX A

HIERARCHICAL LINEAR MODEL ASSUMPTIONS
A.1 Assumption Tests for the Model with Observation and Inferences as
Outcome
A.1.1 Assumption of Normal Distribution of Level-1 Errors
Figure A.1 displays a normal Q-Q plot of the level-1 residuals based on the
final fitted model. The plot is approximately linear, suggesting that there is not a

serious departure from a normal distribution and that this assumption is tenable.

Normal Q-Q Plot of I1lresid
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Figure A.1 Q-Q Plot of the Level-1 Residuals
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A.1.2 The Homogeneity of Variance Assumption

The homogeneity of variance assumption was tested by using the H statistic
analyzing equal variance across schools. The H statistic was not significant (x> =
25.83545, df = 22, p-value = 0.258) that means the variances across schools were

equal to each other.

Test of homogeneity of level-1 variance

Chi-square statistic = 25.83545
Number of degrees of freedom = 22
P-value = 0.258

However an examination of the residual dispersion was needed. A histogram
revealed that some schools had lower than expected residual dispersion. Some
groups might have extreme values, therefore students within these schools are very
homogeneous but violation of the homogeneity of variance assumption is not a
serious problem for estimating the school level coefficients or their standard errors

(Raudenbush & Bryk, 2002).
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A.1.3 Normality Assumption of Level-2 Residuals

In order to check normality assumption the units in the residual file namely,
CHIPCT and MDIST were used. “If g level-1 coefficients were modeled MDIST
would be the Mahalanobis distance (i.e., the standardized squared distance of a unit
from the center of a v-dimensional distribution, where v is the number of random

effects per unit). Essentially, MDIST provides a single, summary measure of the

distance of a unit’s EB estimates, B¢ from its “fitted value”, yqo + Z Voo Wy . If

the normality assumption is true, then the mahalanobis distances should be distributed
approximately x*w). Analogous to univariate normal probability plotting, a Q-Q plot of

MDIST versus CHIPCT will be constructed. CHPICT are expected values of the order
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statistics for a sample of size J selected from a population that is distributed x?y. If a Q-
Q plot of MDIST against CHIPCT resembles a 45 degree line, there is evidence that
the random effects are distributed v-variate normal. In addition, the plot helps to
detect outlying units (i.e., units with large MDIST values well above the 45 degree
line)”(Rauenbush et al., 2004, pp. 41-42). Figure A.2 represent Q-Q plot of MDIST

against CHIPCT approximating a 45 degree line, and that the assumption is tenable.
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Figure A. 2 Plot of MDIST vs CHIPCT
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A.2 Assumption Tests for the Model with Tentative NOS as Outcome
A.2.1 Assumption of Normal Distribution of Level-1 Errors

Figure 2.1 displays a normal Q-Q plot of the level-1 residuals based on the
final fitted model. The plot is approximately linear, suggesting that there is not a

serious departure from a normal distribution and that this assumption is tenable.
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Figure A.3 Q-Q Plot of the Level-1 Residuals
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A.2.2 The Homogeneity of Variance Assumption

The homogeneity of variance assumption was tested by using the H statistic
analyzing equal variance across schools. The H statistic was not significant (x* =
34.98209, df = 22, p-value = 0.039) that means the variances across schools seems
to be equal to each other. However an examination of the residual dispersion was
needed. Some groups might have extreme values but a violation of the homogeneity
of variance assumption is not a serious problem for estimating the school level

coefficients or their standard errors (Raudenbush & Bryk, 2002).

Test of homogeneity of level-1 variance

Chi-square statistic = 34.98209
Number of degrees of freedom = 22
P-value = 0.039

A.2.3 Normality Assumption of Level-2 Residuals

In order to check normality assumption the units in the residual file namely,
CHIPCT and MDIST were used. “If q level-1 coefficients were modeled MDIST
would be the Mahalanobis distance (i.e., the standardized squared distance of a unit
from the center of a v-dimensional distribution, where v is the number of random

effects per unit). Essentially, MDIST provides a single, summary measure of the

distance of a unit’s EB estimates, p ¢ from its “fitted value”, yqo + Z Vo Wy . If
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the normality assumption is true, then the mahalanobis distances should be distributed
approximately x*). Analogous to univariate normal probability plotting, a Q-Q plot of
MDIST versus CHIPCT will be constructed. CHPICT are expected values of the order
statistics for a sample of size J selected from a population that is distributed % If a Q-
Q plot of MDIST against CHIPCT resembles a 45 degree line, there is evidence that
the random effects are distributed v-variate normal. In addition, the plot helps to
detect outlying units (i.e., units with large MDIST values well above the 45 degree
line)”’(Rauenbush et al., 2004, pp. 41-42). Figure A.4 represent Q-Q plot of MDIST

against CHIPCT approximating a 45 degree line, and that the assumption is tenable.
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Figure A. 4 Plot of MDIST vs CHIPCT
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A.2.4 Normality Assumption of Random Coefficients

Skewness and Kurtosis values for Empirical Bayes (EB) residuals of the
slopes for SCIENGRA showed that Skewness and Kurtosis values are within
acceptable range. Histograms of the random coefficients EB estimates (Figure X)
showed normal distribution.

Table A.1 Skewness and Kurtosis Values of the EB Estimates of Random

Coefficients
EBSCIENG
Skewness .073
Kurtosis -.975
Histogram

’ TN

Frequency

/ \ Mean =1.20E-16
Std. Dev. =0.047
™ N =23

T
-0.100 -0.050 0.000 0.050 0.100
ebscieng

Figure A.5 Histogram of EB Residuals of the slope for SCIENGRA
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A.2.5 Assumption of Linear Relationship between Level-2 Predictors and an
Outcome

Plots of EB residuals for SCIENGRA slope against HIGHINCS and
QUALITYE (level-2 predictor) were needed. Assumption of linear relationships
between SCIENGRA slope against HIGHINCS and QUALITYE are tenable
because residuals randomly distributed around zero line without regard to values of

level-2 predictor. Results were shown in Figure A.6 and Figure A.7.
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Figure A.6 EB residuals for SCIENGRA slope against HIGHINCS.
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Figure A.7 EB residuals for SCIENGRA slope against HIGHINCS.

A.3 Assumption Tests for the Model with Imagination and Creativity as

Outcome

A.3.1 Assumption of Normal Distribution of Level-1 Errors

Figure A.8 displays a normal Q-Q plot of the level-1 residuals based on the

final fitted model. The plot is approximately linear, suggesting that there is not a

serious departure from a normal distribution and that this assumption is tenable.
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Figure A.8 Q-Q Plot of the Level-1 Residuals

A.3.2 The Homogeneity of VVariance Assumption

The homogeneity of variance assumption was tested by using the H statistic
analyzing equal variance across schools. The H statistic was not significant (y* =
35.08206, df = 22, p-value = 0.038) that means the variances across schools seems

to be equal to each other.

Test of homogeneity of level-1 variance

Chi-square statistic = 35.08206
Number of degrees of freedom = 22
P-value = 0.038

However an examination of the residual dispersion was needed. A histogram

revealed that some schools had lower than expected residual dispersion. Some
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groups might have extreme values, therefore students within these schools are very
homogeneous but violation of the homogeneity of variance assumption is not a
serious problem for estimating the school level coefficients or their standard errors

(Raudenbush & Bryk, 2002).

Histogram

Frequency

Mean =-0.532
Std. Dev. =0.171
N =23

-0.800 -0.600 -0.400 -0.200 0.000
mdrsvar

A.3.3 Normality Assumption of Level-2 Residuals

In order to check normality assumption the units in the residual file namely,
CHIPCT and MDIST were used. “If q level-1 coefficients were modeled MDIST
would be the Mahalanobis distance (i.e., the standardized squared distance of a unit
from the center of a v-dimensional distribution, where v is the number of random

effects per unit). Essentially, MDIST provides a single, summary measure of the
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distance of a unit’s EB estimates, "¢ from its “fitted value”, yqo + Z Vo Wsj . IF

the normality assumption is true, then the mahalanobis distances should be distributed
approximately x*v). Analogous to univariate normal probability plotting, a Q-Q plot of
MDIST versus CHIPCT will be constructed. CHPICT are expected values of the order
statistics for a sample of size J selected from a population that is distributed x?y. If a Q-
Q plot of MDIST against CHIPCT resembles a 45 degree line, there is evidence that
the random effects are distributed v-variate normal. In addition, the plot helps to
detect outlying units (i.e., units with large MDIST values well above the 45 degree
line)”’(Rauenbush et al., 2004, pp. 41-42). Figure A.9 represent Q-Q plot of MDIST

against CHIPCT approximating a 45 degree line, and that the assumption is tenable.
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Figure A. 9 Plot of MDIST vs CHIPCT
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A.4 Assumption Tests for the Model with Empirical NOS as Outcome
A.4.1 Assumption of Normal Distribution of Level-1 Errors

Figure 2.1 displays a normal Q-Q plot of the level-1 residuals based on the
final fitted model. The plot is approximately linear, suggesting that there is not a

serious departure from a normal distribution and that this assumption is tenable.
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Figure A.10 Q-Q Plot of the Level-1 Residuals
A.4.2 The Homogeneity of Variance Assumption
The homogeneity of variance assumption was tested by using the H statistic

analyzing equal variance across schools. The H statistic was not significant (XZ =
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31.28230, df = 22, p-value = 0.090) that means the variances across schools seems
to be equal to each other. However an examination of the residual dispersion was
needed. Some groups might have extreme values but a violation of the homogeneity
of variance assumption is not a serious problem for estimating the school level

coefficients or their standard errors (Raudenbush & Bryk, 2002).

Test of homogeneity of level-1 variance

Chi-square statistic = 31.28230
Number of degrees of freedom = 22
P-value = 0.090

A.4.3 Normality Assumption of Level-2 Residuals

In order to check normality assumption the units in the residual file namely,
CHIPCT and MDIST were used. “If q level-1 coefficients were modeled MDIST
would be the Mahalanobis distance (i.e., the standardized squared distance of a unit
from the center of a v-dimensional distribution, where v is the number of random

effects per unit). Essentially, MDIST provides a single, summary measure of the

distance of a unit’s EB estimates, B*qj from its “fitted value”, yqo + Z Vqo Wy . If

the normality assumption is true, then the mahalanobis distances should be distributed
approximately x*w). Analogous to univariate normal probability plotting, a Q-Q plot of
MDIST versus CHIPCT will be constructed. CHPICT are expected values of the order

statistics for a sample of size J selected from a population that is distributed y%. If a Q-
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Q plot of MDIST against CHIPCT resembles a 45 degree line, there is evidence that
the random effects are distributed v-variate normal. In addition, the plot helps to
detect outlying units (i.e., units with large MDIST values well above the 45 degree
line)”(Rauenbush et al., 2004, pp. 41-42). Figure A.11 represent Q-Q plot of
MDIST against CHIPCT approximating a 45 degree line, and that the assumption is

tenable.
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Figure A. 11 Plot of MDIST vs CHIPCT

A.4.4 Normality Assumption of Random Coefficients
Skewness and Kurtosis values for Empirical Bayes (EB) residuals of the

slopes for SCIENGRA showed that Skewness and Kurtosis values are within
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acceptable range. Histograms of the random coefficients EB estimates (Figure

A.12) showed normal distribution.

Table A.2 Skewness and Kurtosis Values of the EB Estimates of Random

Coefficients
EBSCIENG
Skewness -.137
Kurtosis -.935
Histogram
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Figure A. 12 Histogram of EB Residuals of the slope for SCIENGRA
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A.2.5 Assumption of Linear Relationship between Level-2 Predictors and an
Outcome

Plots of EB residuals for SCIENGRA slope against LOWINCSC and
FEMALESC (level-2 predictor) were needed. Assumption of linear relationships
between SCIENGRA slope against LOWINCSC and FEMALESC are tenable
because residuals randomly distributed around zero line without regard to values of

level-2 predictor. Results were shown in Figure A.13 and Figure A.14.
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Figure A.13 EB residuals for SCIENGRA slope against LOWINCSC
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Figure A.14 EB residuals for SCIENGRA slope against FEMALESC.
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APPENDIX B

B.1 BILIMiN DOGASI ANKETI

£
A | E | >~
m

1. Bilim adamlarinin buldugu bilgiler degismez, eger O | 0] 0d
degisseydi bilim adamlar1 bu bilgileri kitaplara koymazlardi.
2. Bilim adamlarinin kitaplarda sdyledikleri bilgiler hi¢ bir O 0|0
zaman degismez.
3. Fen ve teknoloji dersinde 6grendigimiz bilgiler yeni elde O 0|0
edilen bilgiler 15181nda degisebilir.
4. Bilim adamlar1 kabul ettikleri gerceklere yeni bilgiler O 0|0
ekleyebilir fakat bu gercekleri degistiremezler, cunki bu
gerceklerden yiizde yiz emindirler.
5. Bilim adamlar1 gergekleri bulurken hayal giiglerini O 0|0
kullanmazlar.
6. Bilim adamlar1 gercekleri bulurken yaraticiliklarini O 0|0
kullanmazlar.
7. Bilim adamlarinin atomun yapis1 hakkindaki bilgileri O 0|0
kesindir ¢unku atomla ilgili bilgileri onlart mikroskop altinda
gorerek elde etmislerdir.
8. Bilim adamlarinin atomun yapis1 hakkindaki bilgileri O O | O
kesin degildir ¢iinkii atomla ilgili bilgileri onlar1 gérerek
degil varolduklarini varsayarak elde etmislerdir.
9. Atomun yapist hakkinda bilim adamlari yeni bilgiler elde O O | O
ettik¢ce buglinkii kabul edilen modern atom teorisi degisebilir.
10. Bilimde insanin hayal giicline ve yaraticiligina asla yer O O | O
yoktur, ¢linkii bu durum yanlis ya da hatali bulgu ve bilgilere
yol agar.
11. Fen bilgisi dersinde 6grendigimiz bilimsel gercekler, O 0|0
bilim adamlarinin hayal giicli ve yaraticiligindan
etkilenebilir.
12. Bilimsel bilgi ancak kontrolli deneylerle elde edilen O 0|0
kanitlar sonrasinda ortaya ¢ikar, bilim adaminin hayal giicii
ve yaraticilifina bagh degildir.
13. Bilim adamlar1 ayn1 bulgulara bakarak bir olay hakkinda O 0|0

farkli yorumlar yapabilir.
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B.2 OGRENME YAKLASIMI ANKETI

c
|8 |2 | D
%] 3+ [<B) (<5}
< |m|O | I
1. Genellikle baslangigta zor goriinen seyleri 0 0 O | O
anlayabilmek i¢in ¢ok ¢aba sarf ederim.
2. Yeni bir konuyu okurken, o konu ile ilgili daha 6nce | [ O | 0|0
bildigim seylerle iligkilendirmeye caligirim.
3.Calisirken genellikle ¢alistigim konunun O O O
uygulanabilecegi gercek durumlart diisiiniirim.
4. Konuyu en iyi, 6gretmenin verdigi sirayla hatirlarim. | [ 0| 0|0
5. Ogrenmek zorunda oldugum cogu seyi ezberlemeye | [ 0 O | O
calisirim.
6. Onemli konulari iyice anlayincaya kadar tekrar 0 0| 0|0
ederim.
7. Ogretmenler, sinavda ¢ikmayacag: bilinen konular 0 0| 0|0
iizerinde 0grencilerin ¢ok fazla vakit harcamasin
beklememelidir.
8. Bir kez igine girdikten sonra hemen hemen her konu | [ O 0|0
ilgimi cekebilir.
9. Derste 6grendigimiz konular1 yada kitaplarda 0 0 O | 0O
okuduklarimi sorgularim.
10. Benim i¢in yeni olan bir konu hakkinda, fikirlerin O O O | O
nasil birbirleriyle uyustugunu goérerek genel bir bakis
acis1 edinmenin faydali oldugunu diisiinliyorum.
11. Bir dersten yada laboratuar dersinden sonra 0 O | 0|0
anladigimdan emin olmak i¢in notlarimi tekrar okurum.
12. Bence bir konu hakkinda ¢ok fazla arastirma O O O O
yapmak vakit kaybi, bu ylizden sadece sinifta yada ders
notlarinda anlatilanlar1 ciddi bir sekilde ¢aligirim.
13. Okumam i¢in verilen materyali, anlamin1 tam O O O | O
olarak kavramak amaciyla okurum.
14. Teorik konulardan ¢ok pratige dayali uygulamali O O O | O
icerigi olan konular1 severim.
15. Bir konuda 6grendigim bir seyi bagka bir konuda O O 0|0
ogrendigimle iliskilendirmeye calisirim.
16. Benim i¢in teknik terimlerin ne anlama geldigini O O 0|0

ogrenmenin en iyi yolu bu terimlerin kitaptaki
tanimlarinm hatirlamaktir.
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17. Bulmacalar ve problemler, 6zellikle elinizdeki O O
materyali mantikli bir sonuca varmak i¢in kullandiginiz
durumlar bana cekici gelir.
18. Okumam icin verilen materyalin gercekte ne gibi 0 O
anlamlar i¢erdigi konusunda pek fazla diigiinmem.
19. Konular1 genellikle ezberleyerek 6grenirim, hepsi 0 O
aklimda kalana kadar tekrar ederim.
20. Genellikle okudugum seyleri ger¢ekten anlamadan | [ O
okurum.
21. Bir konu hakkinda gereginden fazla okumak kafa 0 O
karigtiracagi icin yalnizca derste 6grendiklerimiz ya da
laboratuarda yaptiklarimiza paralel olarak tavsiye
edilen birkac kitaba bakarim.
22. Ders calisirken genellikle verilen bilgiye O O
odaklanirim, fazlasin1 yapmak bence gereksizdir.
B.3 BASARI MOTIiVASYONU ANKETI
1Sl |.,e
2|2 |5 |2E
ZE|E |2 |E2
1. Bu dersteki ana hedeflerimden birisi yaptigimiz | [ O | O 0
bilimsel etkinlikleri anlamaktir.
2. Bu derste 6grendigimiz konularla ilgili fen bilgisi | [ O O 0
problemlerini  ¢ozecegim konusunda kendime
gliveniyorum.
3. Bu dersteki ana hedeflerimden birisi diger | [ o | O O
ogrencilerden daha basarili olmaktir.
4. Derste gordiiglimiiz problemlere benzer 0 0 0 0
problemleri ¢6zmek icin gerekli beceriye sahibim.
5. Ana hedeflerimden birisi siniftaki fen bilgisi O O | O 0
etkinliklerinde aptal yada beceriksiz
gérianmemektir.
6. Bu dersteki ana hedeflerimden birisi digerlerinden | [ O | 0 0
daha zeki gorinmektir
7. Bu dersteki ana hedeflerimden birisi ¢alistigimiz | [ O O 0
konular1 anlamaktir.
8. Bu derste tek basima bir deney yapacak olsam, 0 O | 0 0
eminim sorun yasarim.
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9. Bu dersteki ana hedeflerimden birisi bilgimi
arttirmaya ¢alismaktir.

10. Bu dersteki ana hedeflerimden birisi bu isi
beceremeyen tek kisi olmamaktir.

11. Bu dersteki ana hedeflerimden birisi yaptigimiz
fen etkinlikleri sirasinda gergekte neler oldugunu
anlamaktir.

12. Diger 6grencilere kiyasla, siifta yaptigimiz fen
etkinliklerinde digerleri kadar iyi degilim.

13. Bu dersteki ana hedeflerimden birisi, yeni bir
seyler 6grenmesem bile iyi bir not almaktir.

14. Bu dersteki ana hedeflerimden birisi aldigim not
her ne olursa olsun yeni bir seyler 6grenmektir.
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TURKISH SUMMARY

Ilkégretim Ogrencilerinin Bilimin Dogasina Yonelik Algilari ile liskili Ogrenci

ve Okul Degiskenleri
Giris

Ogrencilerin bilimin dogasina yonelik algilar1 ile ilgili ¢aligmalar son
yillarda fen egitimi alaninda 6nem kazanmistir (Abd-EI-Khalick, Bell, & Lederman,
1998; Dush, 1990; Griffiths & Barry, 1993; Huang, Tsai & Chang; 2005; Kang,
Sharmann, & Noh, 2005; Khishfe & Abd-El-Khalick, 2002; Khishfe & Lederman,
2006). Bilimindogas1 “bilimsel bilginin gelisiminin dogasinda var olan inanglar,
degerler, bilgiyi elde etme yontemi veya bilgi epistemolojisi olarak tanimlanmistir”
(Abd-El-Khalick & Lederman, 2000, p.666). Sosyologlar ve filozoflar bilimin
dogasinin tanimi1 hakkinda hemfikir olunmus kesin bir tanim olmamasina ragmen,
bilimin dogasmin bazi1 o6zellikleri agisindan fikir birligine varmiglardir. Bu
ozellikler: bilimsel bilgi degiskendir, deneyseldir, 6zneldir, kismen insanin hayal
giicli ve yaraticiginin iirliniidiir ve sosyal ve kiiltiirel degerlerle i¢ icedir. Buna ek
olarak bilimsel bir suregte gézlem ve ¢ikarim arasindaki farkliliklarin kavranmali ve
bilimsel teori ve kanun arasindaki iliski anlasilmali (Abd-El-Khalick, Bell, &

Lederman, 1998; Khishfe & Lederman, 2006; Schwartz & Lederman, 2007).
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Turkiye, Lubnan, Tayvan, Veneziiella ve Kanada gibi tlkelerdeki mufredat
yenileme calismalarinda o6grencilerin  bilimin  dogasina yonelik algilarinin
gelistirilmesine dnem vermislerdir. Diinya ¢apindaki miifredatlara bilimin dogasinin
entegre edilmesi sonucunda Tirkiye deki yeni Fen ve Teknoloji miifredatinda
bireysel farkliliklar gozetilmeksizin her Ogrencinin fen okuryazari olabilmesi
vurgulanmaktadir. Fen okuryazari olmanin en 6nemli 6zelliklerinden birisi bilimsel
kavramlari anlamanmn yani sira bilimin dogasini ve gelisimini anlayabilmektir
(Dogan & Abd-El-Khalick, 2008; Lawson, 1995). Buradan da anlasilacagi gibi
bilimin dogasmni anlayabilmek fen okuryazarliginin gelisiminde 6nemli bir rol

oynamaktadir.

Diinya ¢apindaki miifredatlara bilimin dogasinin entegre edilmesi sonucunda
ogretmenlerin ve Ogrencilerin bilimin dogasina yonelik algilarinin belirlenmesine
yonelik ¢aligmalar 6nem kazanmistir. Arastirmacilar genellikle 6grencilerin bilimin
dogasina yonelik algilarini inceleyen calismalarinda nitel arastirma yontemlerini
kullanmiglardir (Griffiths & Barman, 1995; Griffiths & Barry, 1993; Moss, 2001;
Sadler, Chambers, & Zeidler, 2004). Literatir incelendiginde ilkdgretim
ogrencilerinin bilimin dogasma yonelik algilarini inceleyen ¢alismalarin da Nitel
caligmalar oldugu goriilmiistiir (Shiang-Yao & Lederman, 2002; Khishfe, 2008;

Khishfe & Abd-El-Khalick, 2002; Khishfe & Lederman, 2006; Khishfe &
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Lederman, 2007; Liu & Lederman, 2002). Bunun yan1 sira aragtirmacilar bu konu
tizerinde nicel aragtirma yontemleriyle literatiirdeki 6lgekleri kullanarak aragtirmalar
yapmiglardir. Literatiirde var olan dlgekler incelendiginde dlgeklerin ¢ogunun lise
ogrencileri veya iiniversite dgrencileri i¢in hazirlanmis oldugu goriilmektedir. Ornek
olarak Cooley ve Klopher (1961) tarfindan gelistirilen “Test on Understanding
Science (TOUS)”, Ruba ve Anderson (1978) tarfindan gelistirilen “Nature of
Scientific Knowledge Scale (NSKS)” Aikenhead, Fleming, ve Ryan (1987) tarfindan
gelistirilen “Views on Science-Technology-Society (VOST)”, gosterilebilir. Bunun
yant sira literatiirde son zamanlarda gelistirilmis olan Ol¢eklerde bulunmaktadir.
Huang et al., (2005)tarafindan gelistirilen “Pupils’ Nature of Science Scale (PNSS)”,
Liang, Chen, Chen, Kaya, Adams, Macklin, ve Ebenezer (2008) tarafindan
gelistirilen, “Student Understanding of Science and Scientific Inquiry (SUSSI)” ,
Chen (2006) tarafindan gelistirilen “Views on Science and Education Questionnaire
(VOSE)” Tsai ve Liu (2005) tarafindan gelistirilen “Students’ Epistemological
Views of Science (SEVs)” bunlardan bazilaridir. Bu nedenle bilimin dogasi ile ilgili
lise dizeyinde (e.g., Chen, 2006; Griffiths & Barman, 1995; Griffiths & Barry,
1993; Lederman & O’Malley, 1990; Liang et al., 2008; Ryan & Aikenhead, 1992)
ve Universite dizeyinde (e.g., Abd-El-Khalick, et al., 1998; Bell, Lederman, &

Abd-El-Khalick, 2000; Eichinger, Abell, & Dagher, 1997; Lederman, Schwartz,
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Abd-El-Khlick, & Bell, 2001; Pomeroy, 1993; Tsai & Liu, 2005) bir¢ok ¢aligmalar
yapilmis olmasina ragmen, bu konuda ilkégretim diizeyinde sinirli sayida ¢alisma
bulunmaktadir ve bu ¢aligmalarin ¢ogunda nitel yontemler kullanilmistir (Akerson
& Volrich, 2006; Huang et al., 2005; Kang et al., 2005; Khishfe, 2008; Khishfe &
Abd-El-Khalick, 2002; Khishfe & Lederman, 2006; Khishfe & Lederman, 2007;
Shiang-Yao & Lederman 2002). Literatiirdeki nitel ¢alismalarin bir ¢ogu
Ogrencilerin  bilimin dogasinin alt boyutlarina yonelik benzer sonuglar
gostermektedir. Ornegin {iniversite ve lise diizeyindeki o6grencilerin bilimin
dogasina yonelik algilar1 temel diizeydedir. Tlkogretim grencileri ile yapilmis olan
¢ok az g¢alisma bulunmakta ve bunlarin ¢gogu nitel yontemleri igeren ¢alismalrdir. Bu
caligmalarin sonuglar1 da 6grencilerin bilimin dogasina yonelik algilarinin temel
diizeyde oldugunu gdstermistir. Bu sonuglar farkli yas gruplarinda, iilkelerde ayni
sekilde tutarlilik gostermektedir ve bu sonuglarin genis bir Orneklemde
genellenebilmesi i¢in ilkogretim Ogrencileri igin gegerli ve gilivenilir bir 6lgek

gelistirilmesine ihtiya¢ duyulmaktadir.

Ogrencilerdeki bireysel farkliliklar onlarin fen konularini 6grenmelerinde
onemli bir rol oynamaktadir (Koran & Koran, 1984). Ogrenmenin yaninda bu
farkliliklar 6grencilerin diger karakterleriyle de Ornegin onlarin  0grenme

yaklagimlari, giidiileri, algilar1 ve kendine giivenleri gibi karakterlerle de ilgilidir

264



(Debacker & Nelson, 2000; Garcia & Pintrich, 1992; Lin & McKeachie, 1999;
Qian, 1995; Koran & Koran, 1984; Zhang, 2000). Tiirkiye’de yeni Fen ve Teknoloji
dersi miifredati gelistirilirken o6grenci farkliliklar1 da gz Oniinde tutulmaya
calisilmigtir.  Dolayisiyla, 0Ogrenci farkliliklarinin =~ -6grencilerin ~ 6grenme
yaklagimlari, gilidiileri, algilar1 ve kendine giivenleri- fen egitimimize olan katkilari
arastirilmasi gereken bir konudur. Bu aragtirmalara fen aragtirmacilarinin sik sik
kullandiklar1 degiskenlerden olan cinsiyet ve sosyal durumlarin katilmas: daha
verimli sonuclar elde edilmesi agisindan Onem tagimaktadir. Daha Once yapilan
calismalar cinsiyet yoOniinden kizlarin daha ¢ok giidiisel basarilarinin oldugunu
ortaya koymustur (Kahlee & Meece, 1994). Cinsiyetin yan1 sira diger
soysodemografik degiskenlerinde 6grenme yaklasimlarinda, giidiisel hedeflerde ve
kendine gilivende etkili rol oynadigi belirtilmistir (Greenfield, 1997; Kahlee &
Meece, 1994). Bilimin dogasi ile ilgili baz1 ¢aligmalarda cinsiyet ve sinif diizeyi
farkliliklar1 g6z onilinde bulundurulmustur (e.g., Huang et al., 2005; Kang et al.,
2005; Dogan & Abd-El-Khalick, 2008). Bunun yani sira Edmondson (1989) ve
Edmondson & Novak, (1993) {in ¢aligmalar1 dgrencilerin bilimin dogasina yonelik
algilar1 ile onlarin 6grenme kavramina verdikleri tanimlar, 6grenme yaklagimlari ile

iligkili oldugunu gostermistir. Fakat oOgrencilerin bilimin dogasina yonelik

265



algilarinin bireysel faktorleri yansitan degiskenlerle olan iliskilerinin incelenmesi

Onem tasimaktadir.

Bir diger 6nemli nokta ise egitim alaninda ilkogretim diizeyinde 6grenci
basaris1 ve 6grenmesi ile ilgili caligmalara verilen énem giin gectik¢ce artmaktadir
(Klinger & Ma, 2000). Bu arastirma konulariyla ilgili veriler genellikle gruplanmis
verilerdir, yani okul igerisinde veya sinif igerisinde gururlanmis sekildedirler. Bu
nedenle bu gibi arastirmalarda 6grenci ile ilgili degiskenlerin yan1 sira, okul veya
smif ile ilgili degiskenlerin birlikte incelenmesi gerektigi onerilmektedir (Klinger &
Ma, 2000; Raudenbush & Bryk, 2002; Willms & Raudenbush, 1989). Bu nedenle

bu ¢aligsma bu etkenler goz 6niinde bulundurularak tasarlanmistir.

Bu caligmanin amaci ilkdgretim Ogrencilerinin bilimin dogasina ydnelik
algilarimi 6lgmeye yonelik bir 6lgek gelistirmek ve ilkdgretim 6grencilerinin bilimin
dogasina yonelik algilarinin hangi okul ve 6grenci ile ilgili degiskenlerle ne derece

iliskili oldugunu gostermektir.

Metodoloji

1. Yontem, Evren ve Orneklem

Bu calismada betimsel tarama deseni kullanilmistir. Bu ¢alismanin ulagilabilen

evreni Ankara ili Cankaya ilgesine ait tim 6., 7. ve 8. sinif ilkdgretim dgrencileridir.
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Cankaya il¢esinde toplam 9,123 altinct sinif, 9,145 yedinci siif ve 9,448 sekizinci
sinif Ogrencisi mevcuttur. Bu ylizden evren 27,716 ilkdgretim oOgrencisinden
olusmaktadir. Bu ogrencilerin 3,653 iinden veri toplanmistir ve kayip veriler
olmasidan otiirii 591 6grenciye ait 6lgek calismadan ¢ikarilmistir. Cankaya ilgesi
Ankara daki ilgeler arasinda, sosyoekonomik oOzellikler bakimindan en fazla
cesitlilik gosteren ilge oldugu igin ¢alisma bu ilge de yapilmistir. Tlgedeki okullarm
se¢imi sirasinda ise arastirmacinin elindeki alfabetik okullar listesindeki tiim okullar
aranarak okul idaresinden bu ¢alismaya katilim konusunda goniillii olan okullardaki
ogrencilerden veri toplanmigtir. Bu nedenle Cankaya da ki belirli okullara
gidilmistir fakat bu okullar rastgele secilememistir. Cankaya daki toplam 103
okuldan 23 ilkdgretim okulundan veri toplanabilmistir. Ogrencilerin demografik

ozellikleri ile ilgili bilgiler Tablo 1 de verilmistir.
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Table 1. Katilimcilarin Demografik Ozellikleri

Demografik Ozellikler N %
Cinsiyet Bayan 1567 51,2
Bay 1495 48,8
Siif Seviyesi 6. simif 1415 46.2
7. simf 1397 45.6
8. siif 250 8.2
Anne Egitim Diizeyi  Egitim Almamis 59 1.9
ko gretim 721 235
Ortaokul 474 15.5
Lise 1016 33.2
Universite 645 21.1
Yiksek Lisans 130 4.2
Doktora 17 .6
Baba Egitim Diizeyi  Egitim Almamig ) 2
[kogretim 314 10.3
Ortaokul 345 11.3
Lise 837 27.3
Universite 1096 35.8
Yiksek Lisans 368 12.0
Doktora 97 3.2
Gelir Duzeyi 500 TL ve alt1 172 5.6
501 — 1000 561 18.3
1001 - 1500 1138 37.2
1501 - 2000 424 13.8
2001 — 2500 295 9.6
2500 ve dstl 472 15.4
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2. Calismanin degiskenleri

Calismada kullanilan degiskenler tablo 2 de gosterilmektedir.

Tablo 2. Sonug, Ogrenci ve Okul Diizeyindeki Degiskenler

Bilimin degisebilirligi TENTATIV
Sonug Bilimin Gozlem ve Cikarim IMEGCRAT
Degiskenleri  Dogasinin Alt
boyutlar
Bilimin Deneysel Olmas1 OBSVINF
Hayal giicu ve EMPIRICA
Yaraticilik
Ogrencinin Sosyoekonomik Statil INCOMEME
Ozgegmisi ile (SES) INCOMEHI
ilgili degiskenler Ailenin Egitim Diizeyi DUMMYCOL
(PEL) DUMMYGRA
Ailenin is sahibi olma PARENTOC
durumu
Ogrenci Sinif Diizeyi (GRADE)  GRADE7
) Ozellikleri ile GRADES
Ogrenci ile ilgjli degiskenler Fen Basarist SCIENGRA
ilgili Cinsiyet GENDER
degiskenler Fen’e yonelik tutum LIKINGSC
En ¢ok sevdigi ders DUMMYLIK
Ogrencilerin Fenile ilgili kitap veya =~ READINGB
Duygulari ve dergi okumasi
Okul dis1 Fen ile ilgili internet INTERNET
aktiviteleri ile sitelerinden yararlanmasi
ilgili Belgesel izlemesi DOCUMENT
Degiskenleri Fen konulari ile ilgili SHARINGI
diisiincelerini ailesiyle
paylagimi
Performansa yonelik PERFGOAL
Ogrenme ve motivasyon
Motivasyonla Ogrenmeye yonelik LEARNGOA
ilgili motivasyon
Degiskenler Oz yeterlik SELFEFFI
Ezberleyerek Ogrenme MEANINGF
Anlamlandirarak ROTELEAR
Ogrenme
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Tablo 2 nin devami1

Okul un Sosyoekonomik  HIGHINCS

Okul ile ilgili Statisu LOWINCS
Degiskenler ~ Okul 6zellikleri  Bayan fen bilgisi FEMALESC
ile ilgili Ogretmenlerinin orani
degiskenler Siniflarin 6grencilerin ABILITYG
yeteneklerine gore
gruplanmasi

Okulun fiziksel altyapist PHYSICAL
ile ilgili 6zellikler

Okulun egitsel QUALITYE
kaynaklart ile ilgili

ozellikler

3. Kullanilan Olgekler

Bilimin Dogas1 Olgegi(NOSI)

Olgek arastirmacilar tarafindan gelistirilmistir. Oncelikle literatiirdeki elde edilen
bilgiler dogrultusunda bilimin dogasina yonelik alt boyutlar ve maddeler
belirlenmistir. Bu siirecte dncelikle yurt i¢i ve yurtdisindaki ¢calismalardan 6zellikle
ilkdgretim dgrencilerinin bilimin dogasina yonelik algisin1 konu alanlar incelendi.
Literatlir taramast sonucunda bilimin dogasi hakkinda literatiirde kabul gérmiis alt
boyutlar ¢ikarildi. Sonrasinda arastirmacilar tarafindan iyi derecede kabul gérmiis
dergilerde basilmis konu hakkindaki makaleler incelendi. Bu calismalar nitel
caligmalar oldugu icin 6grencilerin bilimin dogas1 hakkindaki goriislerine yonelik
derinlemesine bilgi vermektedir. Bu nedenle aragtirmacilar tarafindan 6grencilerin
caligmalardaki uygulamadan 6nceki ve sonraki goriismelerdeki climleleri incelendi.

Bu cilimleler temel alinarak madde havuzu olusturuldu, orijinal maddeler ve
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Turkgeye cevrilmis maddeler dil uzmanlari ve alan uzmanlari tarafindan incelendi.
Literatiirde ilkogretim seviyesindeki 6grenciler ile ilgili yapilmis calismalarda ele
alinan bilimin dogasmin ortak alt boyutlar1 &lgegin alt boyutlar1 olarak
belirlenmistir. Bu alt boyutlar; Bilimin degisebilirligi (Bilimin Degisebilirligi),
bilimin deneysel olmas1 (Bilimin Deneysel Olmasi) , hayal giicii ve yaraticiligin
rolii (Hayal giicli ve yaraticilik), gézlem ve ¢ikarim 1n farki (Gozlem ve Cikarim).
Bu asamalardan sonra giivenirlik ve gecerlik ¢alismalar1 yapilmaya baslanmistir.
Bunun i¢in dort kez pilot calisma yapilmistir. Her pilot ¢aligmada oOlc¢eklerde
Ogrencilerin maddeler hakkindaki diislincelerini belirtebilecekleri bosluklar
birakilmigtir. Bunun yani sira 6grencilerden ve 6gretmenlerden sozlii olarak alinan
geri bildirimler arastirmaci tarafindan kaydedilmistir ve bunlar olgegi yeniden
tasarlarken g6z 6niinde bulundurulustur. Pilot ¢alismalarin ardindan faktor analizleri
yapilmistir ve faktor yiikleri diisiik olan maddeler atilmistir. Bilimin dogasi
6lgeginin son hali Stanesi pozitif, 8 tanesi negatif olmak tzere toplam 13 maddeden
olusmaktadir. Dort pilot ¢alismadan sonraki diizenlemeler sonucunda bilimin
dogas1 Ol¢eginin son hali Cankaya’daki 6., 7., ve 8. simflardan olusan 782
ilkdgretim 6grencisine uygulanmistir. Bu 6grencilerin betimleyici dzellikleri tablo 3
de gosterilmektedir. Bilimin dogas1 6l¢eginin faktor yapisi ve givenilirlik katsayist

ise tablo 4 de gosterilmektedir.
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Table 3. Katilimcilarin Demografik Ozellikleri

Demografik Ozellikler N Percent

Cinsiyet Female 391 50
Male 391 50

Sinif Diizeyi 6" grade 329 42.1
7" grade 320 40.9
8" grade 133 17.0

Tablo 4. NOSI Maddelerinin Faktor Yukleri

NOSI Altboyutlar1 Madde Factor 1 Factor2 Factor3 Factor 4
Gozlem ve 7 Negatif ~.990
Cikarim .
8 Pozitif ~ .595
Alfa degeri = .74
Bilimin 2 Negatif 975
Degisebilirligi )
Negatif .846
4 Negatif 353
Alfa degeri = .76
Hayal gucl ve 5 Negatif 750
yaraticilik )
10 Negatif 682
6 Negatif 670
12 Negatif 646
11 Pozitif 588
Alfa degeri = .80
Bilimin Deneysel 9 Pozitif 881
Olmas1 .
3 Pozitif .756
13 Pozitif 249
Alfa degeri = .63
Aygendegeri 3.40 2.36 1.45 1.14
Varyans (%) 26.21 18.20 11.15 8.77

Toplam Alfa degeri =.76
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Figure 1. Dogrulayict Faktor Analizi Modeli

Ogrenme Yaklasimi Olcegi

Bou Joude (1992) ve Cavallo and Schafer (1994) in c¢alismalarinda
kullandig1 6grenme yaklasimi Glgegi 6grencilerin 6grenme yaklasimlarini 6lgmek
icin kullanilmistir. Olgek likert tipi 22 maddeden olusmustur. Bu maddelerden 11
madde anlamlandirarak 6grenme, diger 11 madde ise ezber yoluyla &grenme

yaklasimini 6lgmektedir. Olgegin giivenilirlik katsayis1 anlamli égrenme icin 0.81,
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ezber yolluyla 0grenme alt boyutu i¢in 0.76 olarak rapor edilmistir (Cavallo,
Rozman & Potter, 2004). Anket Caliskan (2004) tarafindan lise 0grencilerin de
uygulama yapmak iizere Tiirk¢e ye cevrilmistir. Olgegin ilkdgretim dgrencilerine
uygun olup olmadigini anlamak i¢in arastirmacilar tarafindan pilot c¢alisma
yapilmistir ve bu ¢alismada bazi maddelerdeki kelime degisiklikleri diginda biitiin
maddelerin ~ O6grenciler i¢in uygun oldugu gorilmistir. Bazi kelime
degisikliklerinden sonra Ol¢cek Ankara da ayni bolgedeki 416 yedinci smif
ilkogretim ogrencilerine uygulanmustir. Olgegin giivenilirlik katsayis1 anlamli
ogrenme i¢in 0.77, ezber yolluyla 6grenme alt boyutu i¢in 0.761olarak bulunmustur.
Basar1 Motivasyon Olgegi

Cavallo, Rozman, and Potter (2004) in galismalarinda kullandig1 Basari
Motivasyon Olgegi dgrencilerin basar1 motivasyonlarmi 6lgmek icin kullanilmistir.
Olgek likert tipi 14 maddeden olusmustur. Bu maddelerden 5 madde dgrencilerin
performansa yonelik motivasyonu, 5 madde Ogrenmeye yonelik motivasyonu, 4
madde ise 6z-yeterliklerini dlgmektedir. Olgegin giivenilirlik katsayis1 performansa
yonelik motivasyon igin 0.82, 6grenmeye yonelik motivasyon igin 0.94, 6z-yeterlik
icin 0.89 olarak rapor edilmistir (Cavallo, Rozman & Potter, 2004). Anket 6grenme
yaklagimi anketi gibi Caliskan (2004) tarafindan lise Ogrencilerin de uygulama
yapmak iizere Tiirkce ye cevrilmistir. Olgegin ilkogretim 6grencilerine uygun olup
olmadigint anlamak i¢in arastirmacilar tarafindan pilot ¢alisma yapilmistir ve bu

calismada bazi maddelerdeki kelime degisiklikleri disinda biitlin maddelerin
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Ogrenciler i¢in uygun oldugu goriilmiistiir. Bazi kelime degisikliklerinden sonra
Olcek Ankara da aymi bolgedeki 416 yedinci smif ilkogretim Ogrencilerine
uygulanmustir. Olgegin giivenilirlik katsayis1 performansa yonelik motivasyon igin
0.75, ogrenmeye yonelik motivasyon igin 0.83, 06z-yeterlik icin 0.75 olarak
bulunmustur.
4. Data Analizi

Veri analizinde kullanmak icin asamali dogrusal modelleme yontemi
secilmistir. Ciinkii ¢calismadaki veriler, 6grencilerle ilgili degiskenler ve okulla ilgili
degiskenler den olugsmaktadir. Ayn1 okullardaki 6grenciler okulun egitsel olanaklari,
sosyoekonomik seviyesi gibi ayni okul degiskenlerine sahiptir. Asamali dogrusal
modelleme yontemi kullanilmadigi taktirde, biitiin  6grenciler ayni okul
degiskenlerine sahipmis gibi analiz yapilmakta ve biitiin 6grenciler i¢in tek bir
regresyon modeli olusturulur. Veri asamali dogrusal modelleme yontemi (HLM)
kullanilarak analiz edildiginde her grup kendi alt modelleri ile temsil edilmektedir.
Bu alt modeller ayn1 seviyedeki degiskenler arasindaki iligkilerle beraber, bu
seviyedeki degiskenlerin diger seviyedekilere olan etkisini de ortaya koymaktadir.
Bu nedenle HLM asamali yapidaki degiskenler arasindaki iligskiyi belirlemek icin
daha iyi daha uygun bir analiz yontemi oldugu i¢in verilerin analizinde bu teknik

secilmistir.
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Sonuglar ve Tartigma

Olgek gelistirirken gz oniinde bulundurulmas: gereken en onemli konu
Olcegin istenilen durumu oOl¢iip Slgmedigidir. Bu durum ayni zamanda o6lgegin
gecerliligi ile ilgilidir. Bu nedenle birden fazla pilot calisma yapilmasi Snem
tasimaktadir. Literatiirdeki nitel ¢aligmalarin sonuglari ilkogretim 6grencilerin
bilimin dogas1 hakkindaki goriisleri yoniinde bu ¢alismaya biiylik olglide onciiliik
etmigtir (Akerson & Volrich, 2006; Khishfe, 2008; Khishfe & Abd-El-Khalick,
2002; Khishfe & Lederman, 2006-2007). Pilot ¢alismalar sirasinda maddelerdeki
cok kiiciik degisiklikler bile faktor yapilarinda ¢ok biiyiik degisikliklere sebep
olmustur. Pilot ¢alisma siirecindeki maddelerdeki degisiklikler bu siiregte 6grenciler
ve Ogretmenlerden alinan geri bildirimler sonucunda ortaya ¢ikmistir. Bazi
maddeler glivenirliklerinin diisiik olmasi sebebiyle o6lgegin son halinden
cikarilmistir. Agiklayict ve dogrulayici faktdr analizleri sonuglari Bilimin dogasi
Olceginin ilkdgretim dgrencilerinin bilimin dogasina yonelik algilarini 6lgebildigini
gostermektedir. Olgegin alt boyutlar: literatiirde ayni alt boyutlarla hazirlanmis
diger oOlgeklerle karsilastirildiginda giivenirlik degerinin (0=.76) digerlerine gore
daha yiliksek ve literatiire gore kabul edilebilir diizeyde oldugu goriilmektedir
(DeVellis, 1991; Kline, 1999). Olgeklerle ilgili degerler Tablo 5 de sunulmustur. En
diisiin gilivenirlik katsayis1 bilimin deneysel olmasi (a=.63) alt boyutuna aittir fakat
literatlire gore sosyal alandaki calismalar i¢in hala kabul edilebilir diizeydedir

(Hatcher & Stepanski, 1994; Liang et al., 2008, Tsai & Liu, 2005).
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Tablo 5.

Olceklerin ve Alt Boyutlarimin Giivenirligi

NOSI
(ilkogretim

Ogrencieri i¢in )

SUSSI
(Universite
ogrencileri icin)

(Liang, Chen,
Kaya, Adams,
Macklin &
Ebenezer, 2008)

VOSE (Universite
ogrencileri igin )

(Chen, 2006)

SEVs (lise
Ogrencileri igin)

(Tsai & Liu,
2005)

Altboyutlar a Altboyutlar a  Altboyutlar o  Altboyutlar o
Gozlem ve .74 Gozlem ve .61 Gozlemin A7
¢ikarim ¢ikarim Dogasi
Bilimin .76  Bilimin .56 Bilimin .34 Bilimin .60
degisebilir- degisebilir- degisebilir- degisebilir-
ligi ligi ligi ligi
Hayalguci .80 Hayalgiicl .89 Hayal 71 Icat edilen .60
ve yaraticilik ve gucunun yaratici
yaraticilik kullanimi bilimim
dogasi
Bilim .63 Bilimsel 44
deneyselligi bilginin
dogrulanmasi
Toplam a .76  Toplam a .69 Test- .82 Toplam a .67
tekrartest
iligki
katsayisi
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Betimsel Istatistik Sonuclart

Betimsel istatistik sonuglar1 bilimin dogasmin alt boyutlar1 arasinda en
istenilen diizeyde olaninin dgrencilerin bilimin deneysel olusuna yonelik algilarinin
oldugu sonucunu ortaya koymustur. Benzer sekilde Sadler, et al., (2004) lise
Ogrencileri ile yaptig1 calismasinda 6rnekleminin %80 inin data y1 tanimlayabildigi,
Ogrencilerin birgogunun bu boyuta yonelik algilarmin gelismis oldugu sonucunu
ortaya ¢ikarmistir. Bilimin degisebilirligi ve hayal giicli ve yaraticilik alt boyutlarina
yonelik kararsiz bir tutum gostermislerdir. Bu sonug literatiirdeki bazi ¢aligmalarin
sonuglariyla uyumludur (Khishfe & Abd-El-Khalick, 2002; Ryan & Aikenhead,
1992; Stein & McRobbie, 1997). Bu konudaki en az diizeydeki algilar1 ise Griffiths
and Thompson (1993) calismalariyla destekledigi gibi gozlem ve ¢ikarim alt

boyutuna aittir. Degiskenlerin betimsel istatistik degerleri tablo 6 de verilmistir.
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Tablo.6 Sonug, Ogrenci ve Okul Diizeyindeki Degiskenlerin Betimsel Analiz

Sonuglari
Duzey Degiskenler Cesidi N M SD
TENTATIV Siirekli 3043 1.81 71
Sonug IMEGCRAT _ 2.16 .69
OBSVINF Surekli 3034 224 56
EMPIRICA Siirekli 3021 2.59 A7
Surekli 3044
INCOMEME Kategorik 3062 0.51 0.50
INCOMEHI Kategorik 3062 0.25 0.43
DUMMYCOL  Kategorik 3062 0.36 0.48
DUMMYGRA  Kategorik 3062 0.15 0.36
PARENTOC Kategorik 3062 0.96 0.20
GRADE7 Kategorik 3062 0.46 0.50
GRADES Kategorik 3062 0.08 0.27
SCIENGRA Siirekli 3062 2.59 1.19
GENDER Kategorik 3062 0.49 0.50
LIKINGSC Kategorik 3062 0.87 0.34
DUMMYLIK Kategorik 3062 0.36 0.48
READINGB Kategorik 3062 0.74 0.44
INTERNET Kategorik 3062 0.70 0.46
DOCUMENT  Kategorik 3062 0.79 0.41
SHARINGI Sirekli 3062 0.71 0.45
) PERFGOAL Siirekli 3021 2.70 0.72
Ogrenci ile LEARNGOA Surekli 3028 341 0.54
ilgili SELFEFFI Siirekli 3024 3.04 0.59
degiskenler MEANINGF Surekli 3005 3.06 0.53
ROTELEAR Siirekli 3000 2.47 0.51
HIGHINCS Siirekli 23 24.59 17.26
LOWINCS Sirekli 23 28.07 17.32
Okul ile FEMALESC Sirekli 23 79.23 25.16
ilgili ABILITYG Kategorik 23 0.17 0.39
Degiskenler PHYSICAL Surekli 23 2.85 0.54
QUALITYE Sirekli 23 2.98 0.83
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Asamali Dogrusal Modelleme Sonuglari

Fen basars1 ve sinif diizeyi bu calismadaki rastlantisal olarak degisebilen
degisenlerdir. Ogrencilerin fen basarisi ile bilimin degisebilirligi ve deneysel olmasi
arasinda anlamli ve pozitif bir iligki vardir. Fen basaris1 gézlem ve ¢ikarim alt
boyutu ile de pozitif yonde iligkilidir fakat okullar arasinda rastlantisal olarak
cesitlenmemistir. Yani ylksek fen basarisina sahip olan O6grencilerin bilimin
degisebilirligi, deneysel olmasi ve gozlem ve ¢ikarim alt boyutuna yonelik algilart
daha gelismis diizeydedir. Literaturde Yore, Anderson and Shymansky (2002) nin
calismasinin sonuglar1 bu bulgulari destekler yondedir.

Sinif diizeyinin de 6grencilerin bilimin dogasina yonelik algilar1 ile pozitif
yonde iliskilidir. Ozellikle 7. Sinif &grencilerinin bilimin dogasmna tiim alt
boyutlarina yonelik algilar1 6. Sinif 6grencilerinin algilarindan daha yiiksektir. Bu
gelisimin nedeni yeni miifredatin etkisi seklinde agiklanabilir. 8. Siniflarin bilimin
degisebilirligi ve deneysel olmasi yoniindeki algilar1 6. Smif 6grencilerinin
algilarindan daha yiiksektir. Bu sonucun 6grencilerin okulda gecirdikleri zaman ve
deneyim den kaynaklandigi diisiiniilmektedir. Literatiir 6grencilerin okulda ne kadar
cok vakit gecirirlerse ve deneyim kazanirlarsa, bilimin dogasina yonelik algilarinin
o kadar gelistigini desteklemektedir (Kang et al., 2005; Solomon, et al., 1996). Ayni
zamanda Stein and McRobbie (1997) ve Huang et al. (2005) sinif diizeyi arttik¢a
ogrencilerin bilimin dogasina yonelik algilarmin gelistigini vurgulamistir. Farkli bir

sonug olarak 8.smif Ogrencilerinin hayal giicli ve yaraticilik boyutuna ydnelik
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algilar1 6.smif Ogrencilerininkinden daha diigiiktiir. Bunun sebebi ise 8. Sinif
Ogrencilerinin iyi bir liseye ve tiniversiteye gidebilmek i¢in girdikleri sinavlar olarak
aciklanabilir. Berberoglu ve Hei (2003) iin ¢alismalarinda agikladigi gibi bu simavlar
yapt ve igerik olarak ezberlemeyi gerektirmektir. Bu nedenle 8. Siniflar
zamanlarinin ¢ogunu bu sinavlara g¢aligmak ic¢in bazi kavramlari ezberleyerek
o0grenme yonelimindedirler. Bu ¢alisma aligkanligi bilimin dogasinin bu alt
boyutuna ait diisiincelerinin diger simif diizeyindeki &grencilerden daha diisiik
seviyede olmasina sebep olmus olabilir.

Fen basarisi ve smf diizeyi rastlantisal olarak c¢esitlendigi icin bu
degiskenlerin 6grencilerin bilimin dogasina yonelik algilari ile olan iliski blyiikligii
okullar arasinda degisiklik gostermektedir. Yani 6grenci basarisi ve smif diizeyi
bazi okullarda diger okullara nazaran 6grencilerin bilimin dogasina olan algilariyla
daha giiglii diizeyde iliskilidir. Ogrencilerin bilimin dogasina ydnelik algilart
yoniinden okullar arasindaki farkliliklarin sebebi Ogrencilerle ve okullarla ilgili
cesitli degiskenler olabilir. Bu calismada &grencilerle ilgili diger degiskenler
rastlantisal olarak degismedi seklinde incelenmistir ve bilimsel bilginin dogasinin
alt boyutlariyla iligkili olan bazi ortak degiskenlerin yani sira farkli alt boyutla
iliskili faktorlerde mevcuttur. Clnki Tsai (2002) ve Huang et al.,, (2005)
ogrencilerin bilimin dogasina yonelik algilar1 her alt boyut icin farklilik
gosterebilecegini  vurgulamistir, bu c¢alismanin sonuglar1 da bu bulguyu

desteklemektedir. Ogrencilerin algilar1 bilimin dogasmin her boyutu igin farkl
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olacagindan 6tiirii, bu algilar la iliskili olan faktorler her boyut icin farkli olabilir.
Her alt boyut ile iliskili degiskenlerden olusan modeller tablo 7, 8, 9, 10 da
verilmisgtir.

Tablo 7. Gozlem ve Cikarim Altboyutu i¢in Son Model

Fixed Effect Coefficient Standard Error t-ratio p-value
Overall mean 1.726 0.028 61.037 0.000

Observation and

Inferences, Yoo

PHYSICAL, yo1 0.143 0.038 3.670 0.002

GRADE7, y19 0.137 0.041 3.318 0.004

SCIENGRA, y20 0.034 0.011 3.020 0.003

Random Effect Variance df Chi-square p-value
Component X2

School mean, up;  0.00960 21 50.43901 0.000

GRADEY, ug; 0.01974 21 49.61615 0.001

Level-1 Effect, rj 0.49246
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Tablo 8. Bilimin Degisebilirligi Altboyutu i¢in Son Model

Fixed Effect Coefficient Standard t-ratio p-value
Error
Overall mean 1.866 0.037 49.333 0.000
tentative NOS, yoo
HIGHINCS, yo1 0.005 0.001 4.007 0.001
GRADE7, y10 0.254 0.023 10.685 0.000
GRADES, 20 0.161 0.050 3.213 0.002
SCIENGRA, y30 0.139 0.016 8.495 0.000
HIGHINCS, y31 0.002 0.001 2.699 0.014
GENDER, y40 -0.054 0.022 -2.369 0.018
INCOMEH]I, vysg 0.106 0.029 3.606 0.001
DUMMYCOL, ye0 0.129 0.026 4.797 0.000
DUMMYGRA, y70 0.112 0.036 3.071 0.003
DOCUMENT, vso 0.104 0.027 3.770 0.000
PERFGOAL, ygo -0.057 0.016 -3.515 0.001
SELFEFFI, y100 0.085 0.021 4.032 0.000
ROTELEAR, v110 -0.191 0.024 -7.914 0.000
Random Effect Variance df Chi-square p-value
Component e
School mean, u;  0.00767 21 67.32578 0.000
SCIENGRA, u3;  0.00239 21 41.73255 0.005

Level-1 Effect, r; 0.36403
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Tablo 9. Hayalgiicii ve Yaraticilik Altboyutu i¢in Son Model

Fixed Effect Coefficient ~ Standard t-ratio p-value
Error

Overall mean 2.248 0.017 126.008 0.000

Imagination and

Creativity", yoo

QUALITYE, yo1 0.068 0.022 3.062 0.006

GRADES, vy19 -0.127 0.042 -3.010 0.003

SELFEFFI, y2o 0.095 0.019 4.785 0.000

MEANINGF, y3o 0.055 0.021 2.563 0.011

ROTELEAR, v40 -0.075 0.016 -3.584 0.001

Random Effect  Variance df Chi-square y* p-value
Component

School mean, up;  0.00390 21 53.63255 0.000

Level-1 Effect,r; 0.29903
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Tablo 10. Bilimin Deneysel Olmasi Altboyutu i¢in Son Model

Fixed Effect Coefficient ~ Standard t-ratio p-value
Error

Overall mean 2.481 0.017 142.000  0.000
Empirical NOS?, yoo

LOWINCSC, yo1 -0.003 0.000 -3.445 0.003
FEMALESC, yo; 0.001 0.000 2.356 0.029
GRADET7, y10 0.104 0.016 6.320 0.000
GRADES, v29 0.100 0.033 2.959 0.004
SCIENGRA, y30 0.052 0.010 5.078 0.000
LOWINCSC, v31 -0.001 0.000 -2.638 0.016
DUMMYCOL, y40 0.074 0.018 4.033 0.000
DUMMYGRA, ys0 0.086 0.024 3.503 0.001
LEARNGOA, vso 0.112 0.018 6.130 0.000
SELFEFFI, y7o 0.064 0.016 4.003 0.000
MEANINGF, yso 0.091 0.019 4.658 0.000
ROTELEAR, yg9 -0.077 0.016 -4.722 0.000
Random Effect  Variance df Chi-square y° p-value

Component

School mean, up;  0.00190 20 46.30597 0.001
SCIENGRA, uz;  0.00078 21 40.70894 0.009

Level-1 Effect, r; 0.17910

Modellerden goriildiigii gibi cinsiyet farkliligi sadece bilimin degisebilirligi
alt boyutunda kizlar lehine ¢ikmistir. Bu sonug¢ Huang, et al., (2005) in ¢alismasiyla

ters diismektedir. Bilimin dogasmin diger alt boyutlar1 cinsiyet farklilig
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gostermemektedir. Ogrencilerin  6zgecmisi ile ilgili degiskenler yoniinden
incelendiginde yliksek gelir diizeyi ile bilimin dogasmin degisebilirligine yonelik
algilar1 arasinda pozitif bir iligki vardir. Bu durum Tirkiye deki sosyoekonomik
durumu distindiigtimiizde ekonomik yonden ailesi iyi durumda olan cocuklar
okuldaki egitimlerinin yani sira aldiklar1 6zel dersler, evde sahip olduklari olanaklar
(bilgisayar, kitap, dergi) ve rahat 6grenme ortamlarinin olmasindan dolayr daha
basarili olma ihtimalleri ¢ok yiiksektir. Bunun yani sira ailelerin egitim diizeyi
ogrencilerin bilimin dogasina yonelik algilartyla pozitif bir sekilde iliskilidir.
Ailelerin Uiniversite veya iniversite iizeri egitim yapmalari 6grencilerin bilimin
degisebilirligi ve deneysel olmasina yonelik algilariyla pozitif yonde iligkilidir.
Belirli bir egitim diizeyine sahip olan anne babalar, ¢ocuklarinin karsilasacaklar
sorunlart yakindan bildikleri ve onlara bu siirecte gerecken destegi zamaninda
verebildikleri i¢in ¢ocuklarinin basarisini olumlu yonde etkilemektedirler. Hortagsu
(1995) annelerin egitim seviyesinin 6grencilerin akademik basarisini pozitif yonde
etkiledigini gosteren ¢alismasinda bu durumu Turkiye deki annelerin ¢ocuklarina
daha fazla zaman ayirdiklari ve onlarin ddevleri ile daha ¢ok ilgilendikleri seklinde
aciklamistir. Hacieminoglu, et al., (2009) ise yaptig1 benzer ¢alismada bu durumun
son son 10 yillik siire igerisinde babalarin da c¢ocuklarmin kaliteli bir egitim
stirecinden gegmelerine 6nem verdiklerini ortaya ¢ikarmistir. Anne babanin egitim
durumunun c¢ocuklarin 6grenme yaklasimlarinda da Onemli rol oynadigi

bulunmustur. Bu bulguda daha 6nceki bulgularla benzerlik gostermektedir (Ercikan,
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McCreith, & Lapointe, 2005; Zhang, 2000). Egitimli anne babalar ¢ocuklarinin
anlamli 6grenmesini de daha ¢ok tesvik etmektedirler. Bu nedenle ailelerin egitim
diizeyi yiikseldik¢e, cocuklarinin akademik gelisimi i¢in gosterdikleri ¢abalar daha
etkili olmaktadir ve boylece Ogrencilerin bilimin dogasma yonelik algilart
gelismektedir. Ogrencilerin belgesel izlemeleri onlarin bilimin degisebilirligine
yonelik algilar1 ile pozitif yonde iliskili olan degiskenlerden birisidir. Dhingra
(2003) calismasinda bu bulguyu televizyon izlemenin kavramlarin belirgin bir
sekilde 6gretilmesine “explicit teaching” benzedigini belirterek desteklemistir.
Ogrencilerim bilimin dogasma yonelik algilar1 ile iliskili olan diger
degiskenler ise performansa yonelik motivasyon, 6grenmeye yonelik motivasyon,
0z yeterlik, ezberleyerek 6grenme ve anlamlandirarak 6grenme ve motivasyonla
ilgili degiskenlerdir. Bu degiskenlerden 6grencilerin 6z yeterliklerinin gozlem ve
cikarim alt boyutu disindaki tim boyutlardaki bilimin dogasina yonelik algilart
arasinda pozitif bir iliski vardir. Diger taraftan 6grencilerin bu ii¢ alt boyuta yonelik
algilar1 ile ezberleyerek O6grenmeleri arasinda negatif bir iligki mevcutken, hayal
giicii ve yaraticilik alt boyutu ve bilimin deneysel olmasi alt boyutu 6grencilerin
anlamlandirarak 6grenmesi arasinda pozitif bir iliski vardir. Performansa yonelik
motivasyon, Ogrencilerin bilimin degisebilirligine yonelik algilart ile negatif yonde
iliskili iken, 6grenmeye yonelik motivasyon dgrencilerin bilimin deneysel olmasi ile
ilgili algilart ile pozitif yonde iliskilidir. Cavallo et al., (2003); Cavallo et al.,

(2004); Hacieminoglu, et al., (2009) ve Kizilgunes, et al., (2009) bu sonuclara
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benzer ve destekleyici sonuglar ortaya koymustur. Benzer bir sekilde Kizilgunes et
al. (2009) performansa yoOnelik motivasyon ile bilimin degisebilirligi arasinda
negatif bir iligski ortaya koyarken, bizim bulgularimizin tam tersine 0z yeterlik ile
bilimin degisebilir olmas1 arasinda negatif bir iliski ortaya koymustur. Literatiirde
bir ¢cok calisma akademik basarinin 6grencinin 6z yeterligi ile pozitif yonde iliskili
oldugunu ortaya koymustur. Akademik basarisi yiiksek Ogrenciler ezberleyerek
O0grenmekten Ote, anlamlandirarak 6grenmeyi tercih etmektedirler. Performansa
yonelik motivasyona sahip 0grencilerin akademik basarilar1 daha diisiik ve bilimin
dogasina yonelik algilarinin daha diisiik diizeydedir. Hacieminoglu, et al., (2009)
Ogrencilerin basarilarinin artmasi i¢in onlar1 anlamlandirarak 6grenme yaklagimini
kullanmaya tesvik edilmesi gerektigini onermektedir. Anlamlandirarak &grenme
yaklasimi Ogrencilerin 6z yeterliklerinin gelismesine ve bilimin dogasina yonelik
anlayislarini gelistirmelerine yol agabilir.

Okulla 1lgili degiskenler s6z konusu olunca, sonuglar okullarin yiiksek
sosyoekonomik statiiye sahip olmasi ile Ogrencilerin bilimin degisebilirligine
yonelik algis1 arasinda pozitif yonde bir iligki gosterirken, okullarin diisiik
sosyoekonomik statiiye sahip olmasi ile 6grencilerin bilimin deneysel olmasina
yonelik algilar1 arasinda negatif bir iligki ortaya koymustur. Bunun nedeni yiiksek
gelirli okullarda egitsel firsatlarin, sosyal aktivite cesitlerinin (fen kulubii, bilim
senlikleri, fen yarigmalar1) daha fazla olmasi seklinde agiklanabilir. Bunun yanisira

fen basaris1 degiskeni yiiksek seviyedeki sosyoekonomik statii ile bilimin

288



degisebilirligi yonunden pozitif bir sekilde etkilesime girmistir. Sosyoekonomik
duzeyi vyiksek bir okulda fen basarisinin bilimin dogast ile olan iliskisi
sosyoekonomik diizeyi diislik bir okulda ayni diizyde olan en basarisinin bilimin
dogasi ile olan iliskisinden daha giiclii oldugunu gostermektedir. Ayni sekilde fen
basarist degiskeni diisiik seviyedeki sosyoekonomik statii ile bilimin deneysel
olmasi yoninden negatif bir sekilde etkilesime girmistir. Sosyoekonomik diizeyi
diisiik bir okulda fen basarisinin bilimin deneysel olmasi ile olan iligkisi
sosyoekonomik diizeyi yliksek bir okulda ayni diizyde olan en basarisinin bilimin
deneysel olmasi ile olan iligkisinden daha zayif oldugunu gostermektedir. Diger
degiskenler arasinda Ogrencilerin bilimin deneysel olmasina yonelik algilar ile
bayan okuldaki bayan fen 6gretmeni oran1 arasinda pozitif bir iliski vardir. Diger bir
faktor olan okulun egitsel kaynalarinin kalitesi 6grencilerin hayal giicii ve
yaraticiliklarina yonelik algilariyla pozitif bir iliski gostermektedir. Okuldaki egitsel
materyaller, fen labaratuar1 materyalleri, sinifta bilgisayarin kullanilmasi, kiitiiphane
materyallerinin zenginligi ve gorsel-isitsel egitsel kaynaklar gibi kaynaklarin
kalitesi arttik¢a 6grencilerin bilimin dogasinin hayalgiicii ve yaraticilik alt boyutuna
yonelik algilart gelisme gostermektedir. Bir diger okul ile igili degisken olan okulun
fiziksel alt yapisi ile ilgili 6zellikler (okulun egitim i¢in kullanilabiecek bos alanlari,
okulun yapisi, 1sitma, soguyma ve aydinlatma sistemi gibi 6zellikler) 6grencilerin

g0zlem ve ¢ikarim alt boutuna yonelik algilarini pozitif yonde etkilemektedir.
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Oneriler ve Smirliliklar

Ogrencilerde fen okuryazarhginin gelismesinde bilimin dogasina yénelik
algilarinin gelismesi son derece onemlidir. Bu g¢alisma ise Ogrencilerin bilimin
dogasina yonelik algilarinin erken yaslarda gelismesi gerektiginin Onemini
vurgulanmustir. Oncelikle 6gretmen adaylar1 ve 6gretmenler in bu konuda ve bilimin
dogasina yonelik algilari1 etkileyen degiskenler konusunda farkindaliklar:
arttirtlmalidir. Sonraki agsamada okul miidiirleri ve 6gretmenler aileleri bu konularda
ve c¢ocuklarmma ne sekilde daha etkili yardimci olabilecekleri konusunda
bilgilendirmelidir. Bunlarin yani sira bu ¢alisma ailelerin egitim seviyeleri ve gelir
diizeyleri ile 6grencilerin bilimin dogasina yonelik algilar1 arasinda anlamli bir iliski
oldugunu ortaya koymustur. Bu sonug¢ bireysel farkliliklarin 6nemine dikkat
cekmektedir. Bu farkliliklar1 ortadan kaldirmak igin okullarda gelir seviyesi diisiik
ogrencilere tcretsiz kurslar ve ders materyalleri saglanmali. Siniftaki etkinlikler
yoniinden ise 6gretmenler gorsel ve isitsel kaynaklarin kullanimina 6nem vermeli,
smifa konu ile ilgili belgesellerin getirip 6grencilere izletilmeli. Ogrencileri anlaml
ogrenme yaklasimina yoOneltmeli, onlar1 ezberleyerek 06grenme yolundan
uzaklagtirmali. Bu nedenle &gretmenin performans tabanli degerlendirme
yaklasimlarini tercih etmeli ve Ogrencilere diisiinme yeteneklerini gelistirecek
nitelikte sorular sormalilar. Ogretmen smnifta not konusunda vurgu yapmamalidir,
Ogrencinin 0grenmeye yonelik motivasyonunu arttirmalidir, onlart performansa

yonelik motivasyondan uzaklastirmalidir. Ogrencilerin  z-yeterlikleri onlarin
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bilimin dogasina yonelik algilarini gelismesinde 6nemli bir rol oynamaktadir. Bu
nedenle 6gretmenler her &grenciye onlarin diizeylerine goére cevaplayabilecegi
sekilde sorular sorarak onlar1 pozitif yonde giduilendirmelidir. Bunun yani sira
Ogretmenler cinsiyet ayrimciligindan kaginmalidir, cinsiyet farkini gézetmeksizin
her 6grenciye gorevler vermelidir. Ogrencilerin bilimin dogasina yonelik algilart
bakimindan okullar arasindaki farkliliklarin sebebi dikkate alinmalidir ve okullar
arasindaki esit sartlarin saglanmasi icin gerekli diizenlemeler yapilmalidir. Egitsel
kaynaklarin kalitesi, okulun fiziksel alt yapis1 6grencilerin 6grenmelerini pozitif
yonde etkileyecek sekilde diizenlenmeli. Okul mudirleri ders ile ilgili materyal,
laboratuar malzemeleri, gorsel isitsel kaynaklar, bilgisayar, kiitiiphane materyalleri
gibi kaynaklarla ilgili eksikleri ilgili yerlere bildirmelidirler. Ogretmenler
laboratuarlar lart etkili bir sekilde kullanmalidirlar. Bu konularin 6nemi 6gretmen ve
ogretmen adaylarimin egitimlerinde vurgulanmalidir.

Son olarak caligmanin bazi1 siirliliklarindan deginmek gerekmektedir. Bu
calisma orneklemi Cankaya bolgesinden secilmis devlet okullarindaki 6. 7 ve 8.
Smif 6grencileri ile sinirlidir. Sonuglar farkli ortam ve kiiltiirlerde farkli olabilir. Bu
nedenle arastirmacilar calismanin sonuclarint genellerken dogru genellemeler
yapmalidirlar. Sonuglar1 giivenli bir sekilde genelleyebilmek i¢in ayn1 ¢alisma baska
sehirlerde, bolgelerdeki, 6zel ve devlet okullarinda tekrar yapilabilir. Asamali
dogrusal modelleme yonteminde, yapisal esitlik modelindeki gibi model

belirlenememektedir. Ciinkii yapisal esitlik modeli iki yonlii iliskileri vermedigi igin
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calismada elde edilen iligkilerin nedenlerini belirleyebilmek igin daha derinlemesine
analizler yapilmalidir. Calismanin sonucunda okul ve Ogrenciler ile ilgili
degiskenler Ogrencilerin bilimin dogasina yonelik algilarindaki cesitliligin bir
kismint agiklasa da, hala agiklanamayan kismi da vardir. Bu sonu¢ okullar
arasindaki farki aciklayan baska etmenler de olabilecegini gostermektedir. Siniftaki
aktiviteler, 6gretmenin 6gretim yontemi gibi sinif ile ilgili degiskenlerin iliskisi

ileriki ¢aligmalarda arastirilabilir.
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