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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
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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 &
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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