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ABSTRACT

The objectives of this study are to develop an abductive procedure that students construct their
alternative models, and help teacher to construct their scientific models from initial model to them about
seasonal change. The data collected from the paper-pencil test and individual interview with students. For
this study, 30 pre-service elementary school teachers(1st grade) were participated. The results of this
study show that the students had apparent alternative conceptions, and that the 'distance theory' had most
important effects on their alternative conceptions. In order to find the origin of structure of their
alternative conceptions about seasonal change, we reconstructed the forming process of their alternative
concepts according to the inference patterns of abduction. The revision types of main hypothesis as a their
alternative models is done through their early age perceptions of typical celestial bodies rather than the
acquired specific knowledge, and have the expansion, contraction, and revision of main theory.
Implications for pre-service teachers’ science education and related research were discussed. For teachers
to successfully guide elementary school students in scientific activities, teachers must possess both the
appropriate scientific knowledge and the necessary abductive inference skills.

Keywords: Alternative Models; Seasonal Change; Distance Theory; The Inference of Abduction; Pre-
Service Teachers’ Science Education.

INTRODUCTION

Scientific theories explain regularities in nature by describing their causes. Scientific
laws are statements about the relations between observable phenomena, whereas a theory
explains the properties of a phenomenon that cannot be observed. When a generalization
hypothesis or an explanatory hypothesis is proven, it becomes a law or a theory, respectively.
Facts and laws are discovered in nature, whereas concepts and theories are constructed in the
abstract. Current scientific theories are, in fact, just explanatory hypotheses (McComas,
2000). Therefore, the key to scientific advancement may lie in developing explanatory
hypotheses.

Peirce (1839-1914) was one of the first to claim that abduction is a process that
eventually yields explanatory hypotheses (Eames, 1977). He stated that “all of the well-
established scientific theories of today are due to abduction” (PC 5, 172). In addition,
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researchers who study the hypothesis formation process have claimed that this process is
guided by abduction (Magnani, 2001; Walton, 2004) rather than taking place within the
inductive or the hypothetico-deductive system (Lawson, 1995)

Normally, the generation of a preliminary explanatory hypothesis is the third stage of
abduction. However, scientists and philosophers recognize that it is difficult to accept a
hypothesis unless it is evaluated against competing hypotheses based on all available
evidence. Philosophers have referred to this stage as “Inference to the best explanation” and
consider it as the fourth stage in the process of abduction (Harman, 1973; Thagard, 1988).
During the problem-solving process, abductive reasoning can play an important role in
scientific discoveries and creative reasoning (Magnani, 2001).

In the field of astronomy, students have reported constructing a few limited mental
models. Understanding these explanatory mental models can provide important information
about the students’ knowledge structure, based on questions’ responses (Vosniadou, 1994). In
other words, if we do not understand students’ mental models, we cannot know the basis from
which the students will form theoretical models in the future.

Therefore, the main objective of this study is to explore the types of models developed
by pre-service elementary school teachers who are not scientists when they were asked to
form their own models about seasonal changes and to develop hypotheses about how they
develop. To accomplish this objective, the abduction process was followed in stages to
explore the types of alternative conceptions of seasonal changes among pre-service
elementary teachers.

Through many surveys (Atwood & Atwood, 1996; Oh & Kim, 2005; Trumper, 2006),
many people, especially Pre-service elementary teachers believe that the seasons are the result
of the changing distance between the Earth and the Sun.

Mental Models and Concepts

Learning theories that science educators have interest in since 1980c can be divided into
concept-learning and problem-solving (Eylon & Linn 1988). They are classified into studies
on the contents and structures of knowledge areas of beginners and experts during conceptual
changes and studies on kinds of knowledge acquired in process of problem solving. The
former is called to be a “Conceptual Change Model” and the latter is called “Model Building
Problem Solving.”

In the research of Conceptual Changes, the unit of learning is concepts, and learning
science is defined as changes in the concepts of learners about the nature world. In a conflict
situation of concepts, according to status of concepts, conceptual changes occur or existing
concepts are maintained. Learners acquire concepts through inquiries with existing
conceptions, or form knowledge as conceptual exchange about anomalies (Hewson 1981,
Posner, et al., 1982).

In the tradition of Model Building Problem Solving, abilities to solve problems can
show that learning was immediately conducted (Stewart & Van Kirk 1990). In this tradition,
Learner is compared to a scientist who solves given-problems in a class environment
compared to a science laboratory (Peterson & Jungck 1988).

The Conceptual Change Model and Model Building Problem Solving deal with
concepts and a mental model as units of learning respectively. Concept and the mental model
have something in common in that they play functional roles as means and objects of thinking
at the same time. Also, the mental model has private characteristics and is different from a
received model prescribed in the society of scientists.

According to Hewson and Hewson (1988), they said that science is shown as a sequent
course of conceptual changes. Posner at al (1982) propose that science suggests problems and
what things should be decided based on using of paradigms.
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These views of science were originated form Kuhn and Lakatos. Accumulations of
anomalies are linked with changes of paradigms and progression or degeneration of research
programs. In the tradition of Conceptual Change Model, paradigm and core of research
program become the foundations for epistemic belief of learners which realize inner
consistency and generalization.

On the other hand, in the tradition of Model Building Problem-Solving, science is
regarded as activities of problem solving. Science exists as a procedure for theories to be
formulated. The tradition of Model Building Problem Solving considers the mental model as
conceptual knowledge. As concepts, the mental model is a mental construct on some aspects
of the environments (objects) of learners.

The mental model is causal as a unit of problem-solving and can be defined functionally
in the meaning that solvers for problem explain, and predict them. In science classrooms or
textbooks, the most important approved models among models made by scientists in the past
are proposed. Therefore, learners apply to existing concepts and form harmonized models.
These may not be profitable to the aims suggested by teachers. The individual and diverse
types of model by learners are called the mental model.

Concepts and the mental model have similarity in structural and functional aspects. But,
in this research, we use the mental model from accepting the suggestion of VVosniadou (1994)
that students infer causally about problem solving with theories and premises of their own, in
the process of problems solving, though they are imperfect circumstantially and contextually,
especially in the process of knowledge development for astronomical phenomena. And
dynamic, physical models are abundant in Earth & Space Science education, at all levels from
elementary through college (Kastens & Rivet, 2010).

Abduction and an Inquiry Process

Peirce called this a “reasoning abduction.” Charniak and McDermott (1985)
characterized abduction as a form of looking back to infer the cause of something and to
generate explanations for things we see around us and infer the best explanation. In these
views, abduction is inference in which the observed evidence is presented first and the related
hypothesis is presented later, as shown in the following general format (Hanson, 1972, p. 86):

The surprising, C. is observed;
But if H [an explanatory hypothesis] were true, C would be a matter of course,
Hence, there is reason to suspect that H is true.

“Abduction can be understood as a mode of inference that seeks explanations for
anomalous or surprising phenomena. Here, A might be a general theory (or, using the earlier
terminology, it might include both a rule and a case). The conclusion is not A in and of itself
but is rather the assertion that there is reason to suspect A is true™ (Niiniluoto 1999, p. 439).

Peirce stated the following:

(1) Every inquiry whatsoever takes its rise in the observation...of some surprising
phenomenon... (CP, 6.469).

(2) The inquiry begins by pondering these phenomena in all their aspects, in the search for
some point of view whence the wonder may be resolved. At length, a conjecture arises that
furnishes a possible explanation, by which I mean a syllogism exhibiting the surprising fact as
necessarily consequent upon the circumstance of its occurrence together with the truth of the
credible conjecture, as Premises (CP, 6.469). “The very phrase ‘as a matter of course’
indicates a degree of intuitiveness, a point underscored by the fact that an explanatory
conditional conveys a connection of necessity or high probability” (8.231, 7.36). (Kapitan,
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1992)
(3) Based on this explanation, the inquirer is led to regard his conjecture, or hypothesis, with
favor. As I phrase it, he provisionally holds it to be “plausible” (CP, 6.469).

Thus, we propose that premise one (1) in [PA] corresponds to the "surprising
observations." Premise two (2) in [PA] corresponds to the "conjecture and invention of
hypotheses" and the conclusion (3) in [PA] corresponds to the “selection of
hypotheses.”(Oh, 2012; Oh, 2013)

1. Generation of Hypotheses Phase: According to Peirce, we study science for the
purpose of understanding reality, and the first phase of reasoning that needs to be performed
for this purpose is abduction. In turn, abduction is classified as the observation of unusual
phenomena and the speculation about what was observed. Observation of an unusual
phenomenon makes us seek a hypothesis to explain that phenomenon. Following Hanson’s
suggestions, the reasoning process was specifically adjusted as follows. Although Hanson
himself did not develop these ideas in this exact manner, these points can be viewed as
strategic principles (Paavola, 2004).

Oh (2012, 2013)'s suggestions was referred to individually as “Surprising Observation
(1), “Conjecture and Invention of Hypothesis (2)”, and “Selection of the Hypothesis
(3).”

“Surprising Observation” refers to a rather unexpected phenomenon. In other words, it
refers to a phenomenon that cannot readily be explained by ordinary experience or existing
knowledge because it is a phenomenon that does not normally occur. When new knowledge is
required to solve a difficult problem, beginning with unusual or little facts and attempting to
discover a solution or hypothesis is a good strategy (Niinluoto, 1996b).

“Conjecture and Invention of Hypothesis” refers to developing hypotheses in our
minds. At first, we begin our conjecture from inconclusive and varying data, but eventually,
we can make reliable inferences from well-organized evidence. The transition from poorly
understood data collected by a person making an inference to rich and well-documented
evidence based on well-developed theories is continuous. These endpoints differ only in
degree, not in logical pattern. Initially, of course, good evidence is lacking (Hanson, 1965).

“Selection of Hypothesis” refers to expressing and adhering to preferences for one
hypothesis out of several possible hypotheses. An abduction is completed with the selection
of a hypothesis. The reasoning process involves analogical reasoning and eliminative
induction (Laudan, 1987).

A characteristic of the abduction process is that the initial process of developing
explanatorily useful hypotheses and the subsequent choice of one hypothesis takes place
during the process of critically evaluating the best explanation (Josephson & Josephson,
1996). Therefore, this study considers not only the hypothesis-generation phase but also the
process of evaluating the selected hypothesis as follows.

Testing of Hypotheses Phase

Preliminary testing of Hypotheses: When considering a new, inconsistent event as part
of the preliminary evaluation of a hypothesis, it may be necessary to determine the
explanatory consistency of the hypothesis. Let us resume the kinds of change considered in
the original belief revision framework (see Figure 1) (Magnani, 2001, p.31-32). The
expansion of a set of beliefs K taken from some underlying language (considered to be the
closure of some finite set of premise KB. The addition happens “regardless” of whether the
larger set is consistent.

The case of revision happens when the new A is inconsistent with K and we want to
maintained consistency: some beliefs in K must be withdrawn before A can be accommodated
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(Gérdenfors, 1988). Hence, inconsistent resolution in belief revision framework is captured
by the concept of revision.

Another way of belief change is the process of contraction. When a belief set K is
contracted by A, the resulting belief set K + A is such that A is no longer held, without adding
any new fact. Aliseda (2000) makes use of the belief revision framework to construct a theory
of the epistemic transmission between the states of doubt and belief revision dynamics in data
bases and abduction.

When a belief set K is
contracted by A, the
resulting belief set K +

Regardless of whether

A is such that Aiis no :
longer held, without EXPANSION L _._._. > the larger set is
: constant
adding any new fact.
A
I
|
i T
CONTRACTION BELIEF CHANGE
BELIEF
REVISION
Revision happens when the
new a is inconsistent with K
and we want to maintain
£ consistency.
REVISON |[-'=-=-=-=.o. .. _. - Some beliefs of K must be

withdrawn before o can be
accommodated.

Figure 1. Belief Change (Aliseda, 2000)

In this study, to understand the development of students’ theories, it is necessary to
examine the changes in the patterns of the students’ existing main concepts (K) when an
inconsistent event (A) is presented. This approach assumes that such changes are analogous
to the changes in scientific theories in response to anomalies for the generation and
development of scientific theories that emphasize existing background knowledge (see
Figurel).

Explanatory Coherence/Consistency: The degree of explanatory coherence, or the
explanatory power, of a model must be relatively high (Thagard, 1992).This standard was
used to evaluate the structures and types of the students’ explanatory model sand their
explanatory consistency.

First, many students have a theoretical basis (an underlying rationale) for their
explanation. The students’ explanations differ from the scientific viewpoints, but from the
perspectives of the students themselves, they appear consistent. In our study, we refer to the
students’ explanations as the main theory (K) (Watson et al., 1997).

Second, the degree of explanatory coherence is said to be high as the number of primary
theories among the students’ explanations is low, as is the number of auxiliary (ad-hoc)
hypotheses (number of ad hoc) based on one primary theory. The number of auxiliary
hypotheses related to the main theory is found during the process of forming a scientific
theory. Strictly speaking, the one of the auxiliary hypotheses are ad-hoc hypotheses, which
have the sole purpose of avoiding refutation. For the main theories, when an anomaly is
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presented, the initial theory is considered to be on hold temporarily, even if it is modified, and
the initial and modified theories are provisionally considered to coexist.

This process of establishing and evaluating the hypothesis can be summarized as
follows. Surprising observations, conjecture and invention of hypotheses and the selection of
hypotheses together constitute abduction. Preliminary testing of a hypothesis involves
“inference to the best explanation”, and abduction ends when the individual is mentally
satisfied. However, the hypothesis test provides a more accurate evaluation in the form of a
“hypothetico-deductive” process.

“Hypothetico-Deductive Method”: The hypothetico-deductive method, HD, is a
process that starts with established hypotheses and initial conditions and proceeds to form
testable statements. In summary, plausible hypotheses are generated through abduction, and
generated hypotheses are tested through HD. Preliminary hypothesis testing is the first stage.
After the predictions are deduced from the hypothesis, an experiment is performed to obtain
evidence to support the hypothesis. The inquiry begins with observation and ends with
experiments. (See Figure 2)
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Figure 2. Abductive Process Involving Testing Process of Hypotheses
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METHODOLOGY
a) Participants

30 first-year students of J. National University of Education (South Korea) participated
in this research. First-year students were selected because we determined that scientific
knowledge acquired from high school classes would be utilized the most for generating
explanatory hypotheses that explain astronomical phenomena. All students had completed
physics and earth science courses during high school and consented to participate in the study.

b) Testing Instruments and Interview

Understanding the growth of scientific knowledge has been one of the main goals of the
philosophy of science for the past 30 years (for example, see Kuhn, 1970; Toulmin, 1972;
Lakatos, 1970; Laudan, 1977). Another new approach is to view science as a problem-solving
method. Domain-general and domain-specific knowledge are used as background to solve
novel problems (Nickles, 1987; Thagard, 1988).Therefore, students’ domain-general and
domain-specific knowledge was considered to be a source of possible hypotheses. In this
study, interviews were conducted by utilizing the following testing tools to find out how pre-
service elementary school teachers use their existing background knowledge to explain the
astronomical phenomenon of seasonal changes.

1) Domain-general entrenched presupposition background knowledge: Questions
(Questions 1, 2) developed by Feigenberg et al. (2002) were used and expanded upon
throughout the interviews.

2) Domain-specific background knowledge of specific astronomical phenomena: The
questionnaire (Questions 3, 4) developed by Kikas (1998a,b) was used, and the interview was
conducted to elicit more detail about the students’ thoughts.

3) Interview Stages

Preliminary  Stage  (Domain-general  background  knowledge, entrenched
presupposition): Draw a diagram in the survey to illustrate your thoughts.

First Stage (Unexplained phenomena, Surprising phenomena): Seasonal temperature
changes occur in Korea, which lies at a middle latitude. Describe the phenomena
accompanying seasonal temperature change.

Second Stage (Domain-specific background knowledge, Conjecture and invention of
hypotheses):List the possible explanations for the phenomena you identified. Use as much of
your existing knowledge as possible.

Third Stage (Domain-specific background knowledge, the selection of hypotheses):
Check to see if the explanations of the observed phenomena proposed are adequate. What is
the most plausible explanation?

Fourth Stage (suggesting anomalies):How is your explanation affected by the fact that
the distance between the Sun and the Earth is slightly greater during summer than in the
winter?

Fifth Stage (Hypothetico-deductive Method, justification of selected hypothesis) If your
hypothesis is correct, then what happen?
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c) Classification of the Pre-service Elementary School Teachers’ Alternative
Models through Belief Revision based on Abductive Process

Construction of the Explanatory Alternative Models

Preliminary Stage (Domain-general entrenched presupposition background

knowledge)

After exploring students’ knowledge related to astronomical phenomena based on their
responses to the questions developed by Feigenberg et al. (2002), we interviewed students
about the concept of celestial bodies that are far from Earth. We investigated whether they
understood sunlight as rays emitted from a nearby heat source (the “lamp theory”) or as a
nearly parallel ray from a distant celestial body. We selected six people who proposed the
lamp theory and conducted the interviews according to an abduction strategy. We assumed
that all six students generated this theory on their own.

The question about the shadow of a tree in the appendix (Appendix1, Question 2) was
used only as a reference. This is because the lamp theory is rarely proposed when considering
a narrow range and is more often shown when the range is large, as in (Appendix1, Question
1) As shown in Figure 3 below, the responses for the two cases were tied in to the “lamp
concept”. Similarly, in Figure 4 (b), the light of the lamp is in close proximity to the ground,
so it spreads everywhere and illuminates everything nearby.

.

W

Correct

Vi

Responses

Aledandria

Figure 3. Students’ Explanations About Sun’s Position At Noon

s AT
o (hw

YYVYVY VY

(a) (b}

Figure 4. a) Correct understanding b) every day experiences

For this preliminary interview stage, we used the diagrams by Feigenberg et al.
(2002).They show that light radiates in all directions when close to the Sun, as in Figure 4 (a),
but once the light reaches the Earth, it is approximately parallel because the distance between
the Sun and the Earth is very great. Therefore, it is not externally apparent but is deeply latent.
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Surprising Phenomena (domain-specific background knowledge):

Students were given the following prompt: Seasonal temperature changes occur in
Korea, which lies at a middle latitude. Describe the phenomena accompanying seasonal
temperature change. The main strategy in this stage is to emphasize that the phenomenon
occurs only in the middle latitudes, as in Korea.

Conjecture and Invention of Hypotheses:

This step involves identifying the key explanatory hypothesis for explaining a certain
astronomical phenomenon. First, the students’ main thoughts were investigated using the
questionnaire (Appendix 3, 4) developed by Kikas (1998a, 1998b). The interviews were based
on this questionnaire to understand their thoughts more clearly. The interviews were tape
recorded. The interviews began with the following instructions: List all possible explanations
and how they explain the phenomena observed around us.

Development of possible hypotheses determines which background knowledge will be
used. In other words, we first consider whether the background knowledge being used is based
on life experience, existing scientific knowledge, or both. Thus, the hypotheses generated can
be grouped according to their source.

Selection of Hypotheses:

This phase involves selecting the most plausible explanation out of the possible
explanatory hypotheses generated. The students were given the following instructions:

Of the explanations you have proposed, determine if there is any explanation that is not
adequate for explaining the observed phenomena based on your background knowledge.
Additionally, identify the most plausible explanation.

In abductive reasoning, eliminating the explanations that contradict background
knowledge or the observed phenomena is an important strategy. At least one hypothesis with a
relatively high probability of survival should be selected.

Preliminary Testing: In this phase, students evaluate the selected hypothesis in terms of
consistency with the presentation of an inconsistent event. The anomaly that was presented
varied according to each student’s thought process.

Preliminary hypothesis testing is usually defined as the selection of the hypothesis, but
the two phases can be distinguished from each other. If a hypothesis is selected based on what
is believed to be plausible, preliminary hypothesis testing is an evaluation of the probability
and truth of the hypothesis itself.

In epistemology, hypotheses that become laws are called generalization hypotheses, and
hypotheses that become theories are called explanatory hypotheses (McComas, 2000).
Theories are developed based on the laws of nature, and they explain the laws by presenting
their causes. Furthermore, a law is a statement about the relationship between observable
phenomena, whereas a theory is a system explaining the properties that cannot be observed
(McComas, 2000).

Consistency, an important element of coherence, is a form of epistemological
commitment that shows the reasoning between the concepts. Students organize existing
concepts, and in the process of validating them, they display a pattern of explanatory
consistency. Here, explanatory consistency does not refer to reasoning about scientific
concepts but rather to the students’ individual consistency. In conflicting situations,
explanatory consistency is important for the maintenance and protection of the existing
concepts or for developing temporary hypotheses (Watson et al., 1997, p.426).

In this study, the explanatory hypotheses were considered to be incomplete as they
explain only some phenomena, despite being developed for use as theories. In the preliminary
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evaluation stage, we examined how the students’ explanatory hypotheses changed based on
their explanatory consistency.

m Revision: Participants with an in-depth (entrenched presupposition) lamp conception were
selected, and their process of explaining the seasonal changes was reconstructed through
interviews as follows. The following is an excerpt from the interviews with pre-service
teachers who hypothesized a visibly elliptical orbit and placed summer at the perihelion.

Researcher: Seasonal temperature fluctuations occur only at middle latitudes, as in
Korea. Describe the phenomena that accompany seasonal temperature changes.

Respondent 1. The Sun gets weaker and then stronger. [After thinking for a while] In
Korea, the Sun is low during winter and high during summer. (Additional
observations)

Researcher: List all possible explanations for these phenomena.

Respondent 1: If we think that the Sun is an object that gives off heat, it would be the
changes within the Sun itself, and the changes in the distance between the Sun and the
Earth. Um... the tilt of the rotation axis based on before knowledge... (Conjecture
and invention of hypotheses)

Researcher: Of the explanations you have proposed, is there any explanation that did not
explain the observed phenomena adequately? In contrast, what is the most plausible
explanation?

Respondent 1: As | understand, change within the Sun itself is unlikely. That is because
the Sun is known as a very stable star. If the Earth is closer to the Sun due to the
elliptical orbit, then wouldn’t it be summer, while at a far distance it would be winter?
Additionally, in Korea, um... if the axis of rotation is tilted this way, then it can be
explained with the meridian altitude. (Selection of a hypothesis)

Researcher: Then, if it is summer in the Northern Hemisphere, would the Southern
Hemisphere also be the same summer season? (Anomalies 1)

Respondent 1: [Appearing embarrassed] No.[Appearing to be thinking carefully] As |
told you a moment ago, the Southern Hemisphere would be further from the Sun due
to the tilt of the rotational axis, so it would be a different season.

Researcher: Actually, summer in the Northern Hemisphere corresponds to the aphelion
of the Earth’s elliptical orbit, so how would you explain that? (Anomalies 2)

Respondent 1: [Flustered] Then, it is certain that the elliptical orbit has no effect.

Researcher: Then, can you explain why the meridian altitude is higher and the daytime is
longer during the summer compared to other seasons? (Additional observations)

Respondent 1: [Confidently] I think that is because the rotational axis is tilted.
Obviously, if the meridian altitude is higher, then the day is longer. Additionally, it is
natural that a large amount of the Sun’s energy comes to the Earth. (Preliminary
Testing of Hypotheses)

After presenting multiple anomalies, the initial lamp conception and the consistent initial
belief in the effect of the changing distance from the Earth to the Sun were discarded. An
additional anomaly was presented to illustrate the revision or change in the student’s
hypothesis.

When suggested hypothesis is more comprehensive, it can be justified as follow:

Reconstruction based on hypothetico-deductive method procedure
(If ..... )The reasons of the seasonal change are the tilt of Earth’s axis to the plane of its
orbit around the Sun is correct (Tilt of sun’s lay hypothesis),
(and..)Approximately plane wave arrive at surface, and have learned that Earth is nearly
circular revolution (test conditions)
(then..) the amount of light at same surface we receive from the sun will be varied
(expected Results)
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(And......) students have learned that Earth is nearly circular revolution, the variation of a
amount of sun’s light intensity by the Earth’s axis tilt are explained(observation
results).

(Therefore...) the causes of the seasonal change owing to the tilt of Earth’s axis to the
plane of its orbit around the Sun are correctare supported (conclusion).

mExpansion: In this step, the addition happens regardless of whether the larger belief set is
consistent.

Researcher: Seasonal temperature fluctuations occur only at middle latitudes, as in
Korea. Describe the phenomena that accompany seasonal temperature changes.

Respondent 2: The Sun gets weaker and then stronger. The wind blows from the north
during winter, and the wind blows from the south during summer. [After thinking
further] In Korea, it seems that the altitude of the Sun during winter is low and high in
the summer. Is this correct?(Observation of phenomena)

Researcher: List all possible explanations for these phenomena.

Respondent 2: If you compare the Sun to an object that gives off heat, | think the reason
may be the changes in the Sun’s latitude, as well as the changes in the distance
between the Sun and the Earth based on life.(Hypothesis generation)

Researcher: Of the explanations you have proposed, is there any explanation that did not
explain the observed phenomena adequately? In contrast, what is the most plausible
explanation?

Respondent 2: If the Sun is at a close distance, wouldn’t it be summer, and if the Sun is
at a far distance, wouldn’t it be winter? Wouldn’t the Earth’s elliptical orbit of
revolution explain it? And, um... also, if the Earth’s rotational axis is tilted, the
meridian altitude can also be explained. I don’t know exactly, but the changes in the
latitude do not explain it, except for the effect of the wind.(Hypothesis selection)

Researcher: Then, if it is summer in the northern hemisphere, would the southern
hemisphere also be the same summer season?

Respondent 2: [Stumped] No, it wouldn’t be. [Thinking for a while] In my opinion, the
seasons are different because the energy that the southern hemisphere receives from
the Sun is different due to the tilt of the rotational axis.

Researcher: Then, can you explain why the meridian altitude is higher and the daytime is
longer during the summer compared to other seasons?

Respondent 2: | think that is due to the tilt of the rotational axis. If the meridian altitude
is high, then the day would obviously be long. Additionally, a lot of the Sun’s energy
comes to the Earth.

Researcher: Are you saying that the distance from the Sun and the tilt of the rotational
axis have effects?

Respondent 2: [Hesitant again, but appearing satisfied] Yes, | think the tilt of the
rotational axis has an effect, but the effect of the distance must also be present.
(Preliminary evaluation of the hypothesis)

Pre-service teachers who initially had an in-depth (entrenched presupposition) lamp
conception were interviewed according to the abduction strategy. The transcript below
illustrates that when a new tilt theory was simply added without changing the distance
variation; the inconsistent event was not recognized as above and instead was used to justify
the distance theory.

Reconstruction based on hypothetico-deductive method procedure
(If ... )the reasons of the seasonal change are the distance between Earth and Sun and the
tilt of Earth’s axis to the plane of its orbit around the Sun are correct (distance
variation hypothesis),
(and.. ) Spherical wave (lamp conception)arrive at surface, and have learned that Earth is
elliptical revolution(test conditions)
(then..)the amount of light at same surface we receive from the sun will be varied owing to
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ecliptic revolution around the sun ( expected Results)
(And...... )students have learned that Earth is nearly circular revolution rather than extreme
ecliptic revolution (observation Results).
(Therefore... )the reasons of the seasonal change owing to distance between the sun and
Earth is not supported (conclusion).
Thus teacher show the need of a new hypothesis generation procedure to students.

m Contraction: In this process, the initial belief set became so small that it could no longer be
maintained without adding any new facts.

Researcher: Seasonal temperature fluctuations occur only at middle latitudes, as in
Korea. Describe the phenomena that accompany seasonal temperature changes.

Respondent 3: It seems that the Sun’s altitude is low during winter and high during
summer. Am | correct? The Sun becomes weaker and then stronger. (Observation of
phenomena)

Researcher: List all possible explanations for these phenomena.

Respondent 3: If you compare the Sun to an object that gives off heat, | think the reason
would be the changes in the Sun’s latitude, as well as the changes in the distance
between the Sun and the Earth based on the intensity variation of lamp
light.(Hypothesis generation)

Researcher: Of the explanations you have proposed, is there any explanation that did not
explain the observed phenomena adequately? In contrast, what is the most plausible
explanation?

Respondent 3: If the Sun is at a close distance, wouldn’t it be summer, and if the Sun is at
a far distance, wouldn’t it be winter? Wouldn’t the Earth’s elliptical orbit of revolution
explain it? And, um... also, if the Earth’s rotational axis is tilted, the meridian altitude
can also be explained. There is a change due to the distance, but wouldn’t the changes
in energy due to the tilt of the rotational axis be a more likely possibility?(Hypothesis
selection)

Researcher: Can you explain the reason for indicating the position of the Earth on the
orbit for each season and the cause of seasonal changes? Additionally, why is it
wintertime when the Earth is closest to the Sun? (Presentation of anomaly)

Respondent 3: | knew even before this interview that it is winter when the Sun is close
and summer when it is far. However, couldn’t the reason for this be that ...... the
change in the distance caused bythe elliptical orbit is small?

Researcher: Then, can you explain why the meridian altitude is higher and the daytime is
longer during the summer compared to other seasons?

Respondent 3:[Awkwardly] I just know that the Earth’s rotational axis does not stand
straight but is tilted. Now that I think about it, I think | learned in the past that it has an
effect of changing the meridian altitude and so there is a change in the energy
received. Um.... Um... Perhaps the seasonal changes may be caused more by the tilt
in the rotational axis rather than the effect of the Earth’s elliptical orbit ...probable the
elliptical orbit seem to be more explored.(Confirmation of the hypothesis through
preliminary evaluation of the hypothesis)

Participants had an in-depth(entrenched presupposition)plane wave, but they did not
explicitly endorse the distance theory (main hypothesis).

Evidence of eccentricity challenges the distance theory, leading students who hold this
theory to question their chosen explanation.

However, additional effort (data) is required because emotional uncertainty is expressed to
some extent. And then, teachers must show that justification of hypothesis was completed
after additional data suggestion to students
{If ..... ) the cause of the seasonal change are the tilt of Earth’s axis to the plane of its orbit

around the Sun rather than Earth’s ecliptic revolution around the Sun is correct (tilt of

sun’s lay Theory),
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(and.. ) Approximately plane wave arrive at surface, and have learned that Earth is nearly
circular revolution(test conditions)

(then..)the amount of light at same surface we receive from the sun will be varied ( expected
results)

(And...... )students have learned that Earth is nearly circular revolution, the variation of a
amount of sun’s light intensity by the Earth’s axis tilt are explained (observation Results).

(Therefore... ) If students have learned that Earth is nearly circular revolution, the reasons of
the seasonal change owing to the tilt of Earth’s axis to the plane of its orbit around the Sun
are correct are supported (conclusion).

The pre-service teachers with an in-depth lamp conception who explained the seasonal
changes with distance theory, Respondent 1(6/30)demonstrates a case of withdrawing the
distance theory when a type of inconsistent event was present and accepting a new theory

Respondent 2 (10/30)demonstrates case of partially accepting the tilt theory while
continuing to adhere to the distance theory. Respondent 3(5/30)initially held the distance
variation but later partially withdraw it, with a doubt for his initial conceptions, leaving this
student in a transitional stage in which the abduction process is not complete. Additional
information is necessary for this student to complete the abduction process.

No classification, Respondent (7/30) demonstrates a case of different types of hypothesis
with Respondent 1 and Respondent 2(see The Table 1).

Table 1. Classification Of Belief Variation Of Pre-Service Elementary Teachers About Seasonal
Change Through Abductive Strategies

Phase Stage Revision Expansion Contraction Correct
<respondent 1> <respondent2> <Respondent3>
b % entrenched Spherical wave at | Spherical wave at | Nearly plane wave of the Nearly plane
‘€ g presupposition lamp at near heating lamp at near sun’s ray arriving at Earth's | wave of the sun’s
© -~ § heating surface ray arriving at
o O '
Earth's surface
Sun’s Intensity and , Intensity of Sun Sun’s Intensity and , Altitude variation
Surprising Altitude variation of and Wind, and , Altitude variation of of meridian
observations meridian passage Altitude variation meridian passage passage
of meridian
passage
Conjecture and | Sun’s intrinsic energy Earth’s Latitude Earth’s Latitude variations | Earth’s revolution
& Invention variation, and the variations of Sun of Sun and, distance about Sun and
5 of Hypotheses earth’s distance and, distance variation between Sun and | Earth’s axis
@ variation to the sun variation between Earth based on everyday | rotation based on
§ based on everyday Sun and Earth experiences tilt of  earth’s
H5] experiences based on rotational axis
s everyday based on
E experiences scientific
2 knowledge
2 Selection the earth’s distance | distance variation distance variation between
g of variation to the sun between Sun and Sun and Earth, and tilt of Main
g Hypothesis Earth earth’s rotational axis theory
8 Give up of distance The consistent Through give up of distance
£ Preliminary variation: holding of variation, Classification
a8 Testing Altitude variation of | distance variation | tilt of earth’s rotational axis- criteria
T of Hypotheses meridian passage between Sun and - need to additional data By suggestion of
- owing to tilt of earth’s Earth anomalies
° rotational axis
o Hypothetico- Justification Falsification Conditional Expected No classification
=8 Deductive justification Results
8 S Method
o
Numbers of pre-service 6 10 5 2 7
teachers (n/30)
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First, what is the abduction strategy for explaining surprising phenomena?

In the first stage of the abduction strategy, by stressing that surprising phenomena only
occur in middle-latitude countries like Korea, we were able to naturally draw out the tilt of the
rotational axis in interviewees’ explanations of the seasonal change.

Second, what background knowledge is used for generating and selecting
hypotheses in the abduction process?

During hypothesis generation, which is the second stage in the abduction strategy, the
generated hypotheses are not completely different hypotheses but rather hypotheses of the
same type (Hanson, 1965). This means that the same elements of background knowledge were
used to develop all of the possible hypotheses.

Excluding the transitional period in the model formation, the lamp theory developed
from domain-general background knowledge acquired during childhood is found to constitute
the core of the current model. Figure 5 shows that a new theory develops gradually based on
domain-general background knowledge.

Near heating

source Slant of
Parallel light
ray by distant
Lamp Distance celestial
Conception > Variation :> body

Figure 5. Pre-Service Elementary Teachers’ Conceptual Change Aspects
Third, what is the students’ preliminary evaluation of their main theory and hypotheses?

The fourth stage of the abduction strategy, which concerns the consistency or
inconsistency of students’ responses during the process of justifying the initially selected
hypothesis, asks how the initially introduced point of view changed. To protect their unclear
explanation, students may have one theory that becomes the basis for their explanations, and
the students may explain the phenomena within the scope of their limitations or enter a
transitional state from one theory to another.

With more auxiliary hypotheses, the degree of consistency is lower, and if a new
hypothesis was implemented but had little effect on the initial theory, then consistency
decreases. Nevertheless, there is consistency because the auxiliary hypotheses within the
theory are adjusted. At first, the students believed that the perihelion in an exaggerated
elliptical orbit corresponded to summer. When presented with the information that summer in
the Northern Hemisphere does not occur concurrently with summer in the Southern
Hemisphere, they explained this anomaly with the tilt of the Earth’s rotational axis without
weakening the distance theory. This alternative model has consistency, albeit less than the
scientific model. In sum, students tended to move towards a lower consistency of their beliefs
during the process of justifying the hypothesis they selected.

Furthermore, at first, the students believed that the Earth follows an exaggerated
elliptical orbit and that the perihelion took place during the summer, but then they began to
explain the seasonal changes only with the tilt of the light. Therefore, the distance theory was
limited or temporarily suspended and logically incomplete, and the consistency of the
explanation was low. We categorized this step of the process as a “transitional mental
model.”However, the students’ thought processes may not have changed completely.
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Fourth, Lawson (1995) said that the hypothetico-deductive process and the abduction
process have a recursive relationship. Tracing the main hypothesis that constitutes the pre-
service teachers’ alternative models through HD would obviously result in its dismissal.
Therefore, using HD with the abduction process is a good strategy to show that the hypothesis
selected by the students is ineffective.

CONCLUSION and SUGGESTIONS

In this study, we examined pre-service elementary school teachers’ process of forming
alternative models explaining seasonal changes according to abductive reasoning. In addition,
based on these results, we constructed an alternative model development process based on the
abduction process to understand how the pre-service elementary school teachers generate and
justify hypotheses that explain seasonal changes to develop their own alternative mental
models.

First, In response to the question of whether seasonal changes occur only in middle-
latitude countries like Korea, most pre-service teachers considered the tilt of the Earth’s
rotational axis, although insufficiently.

Second, Most students demonstrated the lamp theory of a close heat source to explain
the Sun’s behavior rather than considering it to bea celestial body. They limited the number
and structure of their alternative models and used domain-general background knowledge for
generating their models. This result is consistent with the suggestion that the hypotheses
generated from the students’ background knowledge by the abduction strategy are ultimately
of the same type

Third, As an explanation for seasonal changes, the pre-service teachers believed that
the Sun’s energy changed due to the Earth’s revolution within the exaggerated elliptical orbit.
This explanation strongly supports the “distance theory”, which is an offshoot of the “lamp
conception”. It is more appropriate to discuss the process of belief changes as the
“maintenance of the hypothesis (belief) by additional concepts” rather than as ‘“changes in
hypothesis (belief)” or “revision of hypothesis (belief)”.

The results illustrate the process of using only nonscientific hypotheses while using
only one theory consistently without modification. As the beliefs contributing to the model
change, “maintenance of the hypothesis (belief) by additional concepts” is shown. Moreover,
pre-service teachers who are in the intermediate stage of moving toward a scientific
understanding of the phenomenon were found to undergo a transitional period of doubting the
belief without showing any change in the belief (theory). Although the existing hypothesis
(belief) is significantly restricted in its relevance, additional evidence and learning are
necessary to accept the new hypothesis.

Fourth, It is possible to have more than one competing hypotheses to explain a
phenomenon. However, teachers can be help their students to know whether their hypothesis
is correct or falsified through the hypothetico-deductive method from the students’
perspective.

Finally, abduction strategies can trace the students’ process of generating hypotheses
during problem solving. Because the abduction process emphasizes hypothesis generation via
discovery, it is possible to identify the process and the source of hypothesis generation.

Our study used the abduction strategy to describe the stages of the students’ alternative
model formation, but research identifying more detailed stages of the abduction strategy is
necessary. Additionally, seasonal change is a very difficult process to understand when it is
taught in elementary school. Hence, we propose that pre-service elementary school teachers
learn how to explain seasonal change through abductive reasoning. For teachers to
successfully guide elementary school students in scientific activities, teachers must possess
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both the appropriate scientific knowledge and the necessary abductive inference skills.
Therefore, the educational courses for pre-service teachers must recognize problems in
scientific inquiry situations and create process to resolve those problems.

Finally, future research should compare the research process of actual scientists to the
research process of teachers. This suggestion is based on the assumption that scientists and
students use similar processes to develop scientific knowledge.
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ABSTRACT

This study aims to explore the gender, grade level and ethnicity differential in attitudes towards science.
Using a 3-point Likert scale 8-item unidimensional Attitudes Towards Science Questionnaire with
appropriate validity and reliability, the questionnaire was administered to 84 respondents from two
national primary schools in Temerloh District in Pahang comprising 29, 25 and 30 primary students from
years 4, 5 and 6 respectively. The dataset was analysed using a two-way (gender and grade level) factorial
ANOVA and an independent samples t-test for ethnicity. The findings indicated that while there were no
significant two-way interactional effect and main gender effect, the grade level effect was significant in
which Year 5 and 6 students were having more positive attitudes than Year 4 students. Additionally, the
Malay students have a markedly higher level of attitudes towards science as compared to the Aboriginal
students. The results are discussed in the context of science teaching and research.

Keywords: Attitudes towards Science; Malay; Aboriginal; Primary Students.

INTRODUCTION

Scientific literacy, probably the most commonly use terms in science education today
(Roberts, 2007), has been one of the main goals of science education in many countries across
the globe. The National Philosopy of Science Education in Malaysia embodies the aspiration
to develop scientific literacy among Malaysians by fostering “a culture of Science and
Technology, focusing on the development of an individual who is competitive, dynamic, agile
and resilient, and is able to master the knowledge of science and technological competence”
(Ministry of Education, 2010, p. v). While there is virtually no consensus on the definition of
scientific literacy and it has been hailed as “an ill-defined and diffuse concept” by Laugksch
(2000, p.71), the characteristics of a scientifically literate person, as described in the Twenty
First Century Science (u.d.) — a suite of science courses offered at GCSE in the UK,
encompass the ability to appreciate and understand the impact of science and technology on
everyday life; take informed personal decisions about things that involve science, such as
health, diet, use of energy resources; read and understand the essential points of media reports
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about matters that involve science; reflect critically on the information included in, and (often
more important) omitted from, such reports; and take part confidently in discussions with
others about issues involving science.

Accordingly, scientific literacy involves not only the cognitive domain, but also the
affective or attitudinal domain which deals with appreciation, taking informed personal
decisions, and taking part confidently in discussions on scientific issues. Hence, scientific
literacy is affected by a student’s attitudes towards science, which in turn, contributes to how
well he or she performs in a science class (Dalgety, Coll & Jones, 2003; George, 2000).
Research also indicates that prior learning of, and past exposure to, science-based subjects do
have an impact on science achievement and attitudes (Baldwin, Ebert-May, & Burns, 1999;
Wandersee, Mintzes, & Novak, 1994).

Research in academic achievement reveals that there is a strong association between
science achievement and attitudes towards science (e.g., Nuttall, 1971; Simpson & Oliver,
1990; Papanastasiou & Zembylas, 2002; 2004). In TIMSS 2011 International Science Report
(Martin, Mullis, Foy, & Stanco, 2012), students' attitudes towards science was one of the ways
to elicit information that could provide an educational context for interpreting the science
achievement results. The work by Germann (1988) indicates that students who have more
positive attitudes towards science show increased attention to classroom instruction and
participate more in science activities. The development of attitudes towards science in
schools, particularly among elementary school children, is regarded as important because
positive attitudes may contribute to the increased uptake of science and the sufficiency of
scientists. Osborne, Simon, and Collons (2003) opine that “educating more children in
mathematics and science is, at the very least, very unlikely to have a negative effect on the
economic well-being of any society” (p. 1053) and research indicates that many latent
scientists appear to make early decisions about their careers in the elementary years
(Blatchford, 1992; Wellington, 1990; Woolnough, 1990).

Therefore, the development of positive attitudes towards science is one of the legitimate
goals of science education globally. Although attitudinal research has been conducted
amongst students at secondary and pre-university levels in Malaysia (e.g., Ahmad Nurulazam,
Mohd Ali, Rohandi, & Azman, 2010; Aziz & Lin, 2011; Kamisah, 2013; Kamisah, Zanaton,
& Lilia, 2007; Ong & Ruthven, 2009; Zanaton, Lilia, & Kamisah, 2006), there is still a
scarcity in attitudinal research amongst students at the elementary level.

Aims

This study aims to investigate the attitudes towards science among elementary school
students, looking at the differences by gender, grade level, and ethnicity. Ethnicity difference
is worth investigating given that there are some aboriginal (indigenous) students among the
predominantly Malay students in the selected schools. Accordingly, this study seeks to answer
the following questions:-

(@) Is there any difference in attitudes towards science between the girls and the boys?

(b) Are there any differences in attitudes towards science among the students in grades 4, 5
and 6?

(c) Is there a difference in attitudes towards science between the aboriginal and the Malay
students?

Attitudes towards science: A literature review

The concept of attitude and its relation to academic achievement has been the targeted
area of educational research since 1920s when Thurstone declared in an article that attitudes
were measurable (Simpson, Koballa, Oliver, & Crawley, 1994). From 1920s till the early



Ong, E.T., Mesman, N. & Yeam, K.-P. (2014). Exploring Attitudes Towards Scince......

1970s, the scope of attitudinal research was in one of the three areas, namely measurement of
student attitudes; measurement of change in student attitudes resulting from various
interventions or treatment methods; and identification of relationship in support of student
attitudes and science-related behaviours (Simpson et al., 1994). In the late 1970s and early
1980s, attitudinal research “focused on documenting student attitudes and their relationship to
science achievement” (Koballa & Glynn, 2007, p.77). While there seemed to be a pause in
attitudinal research in the 1990s, possibly due to uncharted direction, the first decade of the
21% Century displayed an uptrend in attitudinal research which looks into “a variety of student
attitudes and beliefs that shape and are shaped by student classroom experience” (Adams,
Perkins, Podolefsky, Dubson, Finkelstein, & Wieman, 2006, p. 1). Such growth in attitudinal
research was due, in part, to the concern among science educators and researchers regarding
the decreasing uptake of science post-16, which correspondingly, causing a significant decline
in the number of students in the scientific career pipeline (Osborne, Simon, & Collins, 2003)
which was described as “a murky pool of talent” by The Royal Society (2006, p.3).

Gardner (1975) acknowledges the broad nature of the term attitude that takes on
different meanings in discussions about science education. He distinguishes two broad
categories of attitude. The first category, "attitudes towards science™ (e.g., interest in science,
attitudes towards scientist, attitudes towards social responsibility in science) shows some
distinct attitude object such as science or scientist, to which the respondent is invited to react
favourably or otherwise. Viewed as an emotional reaction of students, Gardner (1975, p.2)
regards attitudes towards science as "learned disposition to evaluate in certain ways objects,
actions, situations or propositions involved in the learning of science". The second category,
"scientific attitudes” (e.g., open-mindedness, objectivity, honesty, and skepticism), by
contrast, are best described as styles of thinking which scientists are presumed to display. In a
similar vein of differentiating, Simpson et al. (1994) reckon scientific attitudes as “ways in
which scientists believe in and conduct their work™ (p.212), while attitudes towards science
represent “a person’s positive or negative response to the enterprise of science ... [or] refer
specifically to whether a person likes or dislikes science” (p.213). Osborne, Simon, and
Collins (2003) subscribe to Gardner's distinction between "attitudes towards science” and
"scientific attitudes”, reckoning such distinction as not only clear, but "fundamental and
basic" (p.1053) in an otherwise "nebulous, ...poorly articulated and not well understood" (p.
1049) concept of attitudes in science educational research.

The review of research into attitudes towards science by Osborne, Simon, and Collins
(2003, p.1054) indicate that the attitudes towards science are multidimensional in terms of
construct, and that the subconstructs, which contribute in varying proportions towards an
individual’s attitudes towards science, consist of the combination of these measures: the
perception of the science teacher; anxiety toward science; the value of science; self-esteem at
science; motivation towards science; enjoyment of science; attitudes of peers and friends
towards science; attitudes of parents towards science; the nature of the classroom
environment; achievement in science; and fear of failure on course.

Nevertheless, the problem of interpreting the significance of these subconstructs or sub-
dimensions of attitudes towards science has been pertinently pointed out by Gardner (1975)
when he comments: “An attitude instrument yields a score. If this score is to be meaningful, it
should faithfully reflect the respondent’s position on some well-defined continuum. For this
to happen, the items within the scale must all be related to a single attitude object. A disparate
collection of items, reflecting attitude towards a wide variety of attitude objects, does not
constitute a scale, and cannot yield a meaningful score” (p. 12). Accordingly, Gardner (1975)
strongly advocates that when measuring attitudes toward science, the instrument used needs
to be internally consistent and unidimensional. While internal consistency is commonly
determined through the use of a measure known as Cronbach’s alpha, the unidimensionality
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of scales are tested using an appropriate statistical technique such as factor analysis. Osborne,
Simon, and Collins (2003) reinforced Garner’s (1975) advocacy by cautioning that “while
unidimensional scales will be internally consistent (since they all measure the same
construct), it does not follow that internally consistent scales will be unidimensional” and
reminding researchers that “if a scale does measure what it purports t0 measure, then the
variance should be explained by a loading on a unitary factor” (p. 1058).

A clear feature of the attitudinal research is the decline in attitudes towards science from
age 11 onwards. Yager and Penick (1986) found that students in elementary schools perceived
science to be enjoyable, interesting and useful. However, a decline in attitude occurs
throughout junior high and high school, resulting in young adults who do not feel positive
about their school science. Osborne, Driver, and Simon (1998) noted that positive attitudes
towards school science appear to peak at, or before, the age of 11 and decline thereafter by
quite significant amounts, especially for girls. Lowery (1967) found that at the age of 10 to
11, science in children's mind was associated with difficult words, monsters, precious metals
and jewels, and that science was unsafe. The results of the national survey in Australian
schools undertaken by Rennie, Goodrum, and Hackling (2001) indicate that a significant
number of adolescents view science as a difficult and boring subject.

Another clear feature of the attitudinal research, supported by meta-analyses of Schibeci
(1984), Becker (1989), and Weinburgh (1995), and by subject preference study of Lightbody
and Durndell (1996) in one school is that boys have a consistently more positive attitudes
towards school science than girls. The plausible thesis offered to explain this finding is that it
is a consequence of “stereotype threat” (Hill, Corbett, & St. Rose, 2010, p. 38) whereby boys
are generally being perceived as better suited and possessing higher ability for science careers
than girls. Such thesis is supported by Corell (2004) whose study indicates that fewer girls
than boys are interested in becoming scientists or engineers, and by Jovanovic and King
(1998) who contend that girls’ antipathy towards science is explained by their own
comparative judgments across academic domains, perceiving that they are better at other
subjects (i.e., English) and, therefore, not as good at science.

However, while boys’ attitudes towards science are significantly more positive than
girls, the effect is stronger in physics than in biology. Such a bifurcation of interest in physical
and biological science between boys and girls (i.e., Harvey & Edwards, 1980) has been given
additional salience by the work of Ormerod, Rutherford, and Wood (1989) where boys were
found to be far more interested in "space™ and girls far more interested in "nature study".
Meanwhile, by employing the use of focus groups to explore 16-year-old student’s views and
attitudes towards science, Osborne and Collins (2000) found that, to their surprise, chemistry
was perceived as less appealing than physics, although the analysis by gender in Osborne,
Simon, and Collins (2003) shows that the male to female ratio is approximately equal in
chemistry as compared to 3.4:1 in physics, favoring the males, and 1.6:1 in biology, favoring
the females.

The work of Jarvis and Pell (2005) suggests that an intervention of visiting UK National
Space Centre had positive significant effects on Year 10 and 11 children’s attitudes towards
science in terms of interest in space, science in a social context, and lowering anxiety.
However, there was no significant effect on attitudes with regard to science enthusiasm. As to
its long-term effect, while the space interest was not sustained, the attitudes towards science
in a social context continued to remain at a high level and that the anxiety levels which
showed a much lower score after the visit continued to decline for the remainder of the year.
In terms of the impact on attitudes towards science deriving from intervention using student-
centered strategies, the results seem to be mixed. While some studies suggest that the use of
inquiry-based teaching does have positive impact on students’ attitudes towards science
(Gibson & Chase 2002; Jones, Gott, & Jarman, 2000; Lord & Orkwiszewski 2006; Sesen &
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Tarhan, 2013), other studies concluded that there was no significant impact of activity-based
teaching or programmes (e.g., Gantreau & Binns, 2008; Turpin, 2000; Wideen, 1975) on
students’ attitudes towards science.

Studies reviewed in this section support four conclusions of research on attitudes
towards science. Firstly, age is related to attitude (i.e., as a student advances to higher levels
of schooling, attitude declines). Secondly, gender is related to attitude (i.e., boys have more
positive attitudes towards science than girls). Thirdly, gender is also related to biological
science relative to physical science (i.e., boys are more interested in physical science while
girls are more interested in biological science). Finally, students’ attitudes towards science are
related to the pedagogical approach employed by the teachers (i.e., inquiry-based teaching and
outdoor science may have positive impact on attitudes towards science). Nevertheless, the
review of the literature in this section indicates that, while there is an abundance of attitudinal
research conducted among secondary and post secondary students, the research on elementary
(primary) students’ attitudes towards science is relatively scant and inadequate.

METHODOLOGY
a) Research Design

In view of the aim of this research which is to gauge the level of attitudes towards
science among elementary school students, comparing it by gender, grade level, and ethnicity
in a natural, intact ecological school setting, and subsequently, providing possible reasons and
explanations for the findings, the appropriate methodology used was a causal-comparative
research design. This is in line with the principles in the causal-comparative design where
“investigators attempt to determine the cause or consequences of differences that already exist
between or among groups of individuals” (Fraenkel, Wallen, & Hyun, 2012, p. 366).

b) Instrumentation

The instrument used in this study, a modified version of the Attitudes Towards Science
Inventory (m-ATSI), was adapted from the Attitude Toward Science Inventory or ATSI
(Gogolin & Swartz, 1992). While the multidimensional ATSI has 48 items measuring Six
constructs, namely perception of the science teacher, anxiety towards science, value of
science in society, self-concept in science, enjoyment of science, and motivation in science,
using a 5-point Likert scale of which some items are worded negatively, the m-ATSI is
basically an 8-item unidimensional inventory measuring only the construct of enjoyment in
science using a 3-point Likert scale where each item is worded in a positive manner. The
adaptation took into consideration the age range, reading ability and the concentration time
span of upper primary students, and hence it is pre-determined as unidimensional with 8 items
using a 3-point Likert scale (1=Disagree, 2=Undecided, 3=Agree). Despite the fact that ATSI
was developed in the 90s, the construct measuring students’ attitudes towards science in terms
of their enjoyment in learning science is still relevant to the Malaysian context as evident in
the study by Kamisah (2013).

In order to establish its unidimensionality, a factor analysis was run with the dataset
collected from a sample of 84 students. The value of Kaiser-Meyer-Olkin (KMO) obtained
was 0.740, suggesting good sampling adequacy (Hutcheson & Sofroniou, 1999) and that
factor analysis is appropriate (Field, 2005). Bartlett’s test of spherity has a significant value, p
< .001, indicating that the R-matrix is not an identity matrix, having some relationship
between variables, and therefore, factor analysis is appropriate (Field, 2005). The
unidimensionality, established through a factor analysis with varimax rotation, was evident in
one factor solution with factor loadings that ranged from 0.49 to 0.74 and an eigenvalue of
3.03 which accounted for 37.92 per cent of the total variance. The Cronbach’s alpha for m-
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ATSI was 0.76, suggesting that the instrument has sufficient internal reliability. Accordingly,
the use of the 8-item m-ATSI justifies the use of summated-ratings procedure to measure
students’ attitudes towards science. Table 1 presents the items in the unidimensional scale for
the modified Attitudes Towards Science Inventory (m-ATSI).

Table 1. Unidimensional Scale for the Modified Attitudes towards Science Inventory (m-ATSI)

Attitudes Towards Science Inventory (m-ATSI) (o= 0.76) Factor Loading

1. Doing science labs or hands-on activities is fun (#6) 646
Aktiviti dalam makmal sains menyeronokkan

2. Science is something that | enjoy very much (#2) 533
Saya sangat suka sains

3. I do not like anything about science (#18)* 589
Saya tidak suka apa-apa juga yang berkaitan dengan sains

4, I enjoy watching a science program on television (#29) 605
Saya seronok menonton program sains di TV

5. I enjoy talking to people about science (#28) 749
Saya seronok bercakap mengenai sains dengan orang lain

6.  Working with science upsets me (#34)* 699
Kerja-kerja berkaitan dengan sains menggembirakan saya

7. Science is one of my favourite subjects (#45) 581
Sains merupakan salah satu mata pelajaran yang saya gemari

8. I would like to spend more time in school studying science (#13) 492

Saya ingin menghabiskan lebih masa untuk mempelajari sains di sekolah

Note: * reverse-coded item

c) Sampling

A convenience sampling was used in this study given that the second author and her
friend taught science in the participating schools. While we acknowledge the criticism of bias
and non-representativenes in convenience sampling, such sampling technique, nevertheless,
has the benefit of obtaining preliminary data for understanding of attitudinal trend among
upper primary students without the complications of using a randomized sample. There were
84 students, drawn from Year 4, 5 and 6 intact classes of two national primary schools in
Temerloh, participated in this study. Analisis by gender, there were 49 boys (32 Malay, 17
Indigeneous) and 35 girls (29 Malay, 6 Indigenous). The two participating schools are
classified as rural schools by the Ministry of Education and the total number of Year 4, 5 and
6 students as gleaned from the official records was 116, with the Malay and Aboriginal ratio
of approximately 3:2. This suggests a high absenteeism, particularly among the aboriginal
students who regularly skip school for various reasons which include helping parents in
farming. Table 2 presents the number of students by gender and grade level for ethnicity.

Table 2. Sample Distribution

Malay Indigenous
Grade Level Boys Girls  Total Boys  Girls Total Grand Total
Year 4 11 7 18 8 3 11 29
Year 5 5 12 17 6 2 8 25
Year 6 16 10 26 3 1 4 30
Total 32 29 61 17 6 23 84

d) Data Collection Procedures

The m-ATSI was administered to the students in each class by the second author in
school time. Before responding to the items, a moderation session was held with the students
in which they were tuned to what it means to agree, undecided, and to disagree by means of a
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simulation. To simulate or walk through what “agree” means, students were presented a
hypothetical situation in which they have just eaten a sumptous lunch till they are really full,
and then they were presented with the statement, “I want to have a bowl of noodle”. In the
same fashion, undecided and disagree responses were simulated through a partially full and
hungry (or starving) hypothetical situations respectively. Once students were accustomed or
tuned to the three responses, the first item in the m-ASTI was then audibly read to the class,
clarifing any question and explaining any meaning of a problematic word or phrase. The
students then picked their self-perceived most suitable response by checking the
corresponding box. This process was repeated for each of the eight items.

e) Data Analysis Procedures

With the significance level set at 0.05, the scores on m-ATSI were analysed using a 2 X
3 (gender x grade level) ANOVA. The reason for using factorial design was to ensure that the
interpretation of gender and grade level differences was not spurious as measure had been
taken to establish if there was any two-way interaction effect. Should the interaction effect is
significant, then the moderating effect of one independent variable on the other independent
variable would be judiciously considered; otherwise, the main effects of gender and grade
level could be interpreted in a straightforward manner. Additionally, ethnicity was not entered
into the equation for three-way factorial ANOVA simply because the number of Aboriginal
students was small and should it be entered into a three-way factorial analysis, some cells
would have less than 5 cases as indicated in Table 2, thus rendering the analysis as non-
robust. As such, the difference in attitudes towards science by ethnicity would be analysed
separately using an independent samples t-test.

FINDINGS

A two-way ANOVA for attitudes towards science was carried out. The results are
presented in Table 3.

Table 3. 2 x 3 (Gender x Grade Level) between-subjects Analysis of Variance for attitudes towards

science

Source Type Il Sum of Partial Eta
Squares df Mean Square F Sig. Squared

Gender (A) 13.575 1 13.575 1.151 .287 .015
Grade Level (B) 185.339 2 92.669 7.856 .001 .168
A*B 5.744 2 2.872 243 .784 .006
Error 920.038 78 11.795
Total 29243.000 84
Corrected Total 1119.560 83

One-Way Gender Effect

Based on Table 3, the main effect of gender was not significant, F(1, 78) = 1.151, p =
.287. Table 4 shows the means and standard deviations by gender for attitudes towards
science.

Table 4. Means and Standard Deviations by Gender for Attitudes towards Science

Boys (n=49) Girls (n=35) Difference
Mm SD Mf SD Ivlm _ Mf
attitudes 18.49 4.13 18.03 2.96 0.46

towards science
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One-Way Grade Level Effect

Based on Table 3, the main effect of grade level was statistically significant, F(2, 78) =
7.856, p = .001 < .05, and accounted for 16.8% of the total variance in the attitudes towards
science. Table 5 presents the means and standard deviations by grade level for the attitudes
towards science.

Table 5. Means And Standard Deviations by Grade Level for Attitudes towards Science

Year 4 Year 5 Year 6 Differences
(n=29) (n=25) (n=30)
M, SD Ms SD Mg SD Ms—Ms  My— Mg Ms — Mg
attitudes 16.28 4.11 19.36 2.69 19.37 3.17 -3.08* -3.09* -0.01
towards p=.004 p=.002 p=1.000

science

" Significantat p < .05

When the statistically significant grade level effect was followed up with the Bonferroni
Post Hoc Tests for attitudes towards science, significant differences were found between the
attitudes of Year 4 and 5 students favouring Year 5, and of Year 4 and 6 students, favouring
Year 6. However, the attitudes towards science between Year 5 and 6 students were not
statistically significant.

Two-Way Gender and Grade Level Interaction Effect

Based on Table 3, there was no statistically significant effect of interaction between
gender and grade level, F(2, 78) = 0.243, p = .784 > .05, for attitudes towards science. The
descriptive statistics by gender and grade level for attitudes towards science are given in
Table 6.

Table 6. Means and Standard Deviations by Group and Grade Level for Attitudes Towards Science

Boys (n=49) Girls (n=35)
Year 4 Year 5 Year 6 Year 4 Year 5 Year 6
(n=19) (n=11) (n=19) (n=10) (n=14) (n=11)
M SD M SD M SD M SD M SD M SD
attitudes 16,58 451 20.18 3.63 1942 3.36 15,70 3.37 18.71 149 19.27 2.97
towards
science

Ethnicity Effect

The attitudes towards science between the Malay and the Aboriginal students were
investigated by performing an independent samples t-test. As shown in Table 7, the analysis
of independent samples t-test yielded a t(83) of 3.22 that was statistically significant (p <.05).
This indicates that the level of attitudes towards science among the Malay students is
statistically significantly higher than the level of attitudes among the Aboriginal students.

Table 7. Results Obtained from Independent Samples T-Test for Attitudes towards Science
Malay Aboriginal

N Mean SD N Mean SD t p
61 19.05 3.24 23 16.30 4.06 3.22 .002




Ong, E.T., Mesman, N. & Yeam, K.-P. (2014). Exploring Attitudes Towards Scince......

DISCUSSION and CONCLUSION

The aims of this research were to explore the differences in attitudes towards science
among the Malay and Aboriginal Year 4, 5 and 6 primary students, specifically by gender,
grade level, and ethnicity. Since there was no two-way interactional effect between gender
and grade level, the main effects for gender as well as grade level could therefore be
interpreted in a straightforward manner without any concern of moderating effect. The
findings indicated that, while there was no significant difference in attitudes towards science
between the boys and the girls, there was a statistical significant difference by grade level in
which Year 5 students had more positive attitudes towards science than Year 4 students, and
that Year 6 students had more positive attitudes towards science than Year 4 students.
However, there was no significant difference in attitudes towards science between Year 5 and
Year 6 students. In terms of ethnicity, the Malay students have more favorable attitudes
towards science as compared to the Aboriginal students.

The findings of this study in which Year 4 (aged 10 in Malaysia) students’ level of
attitudes towards science seems to increase as they progress to Year 5 (aged 11) and
subsequently hovering around or rather plateuring at similar level in Year 6 (aged 12),
provide credence to Osborne, Driver, and Simon’s (1998) observation that positive attitudes
towards school science appear to peak at, or before, the age of 11. Such parallel findings were
rather accidental because the participants in Osborne, Driver, and Simon’s (1998) study were
geographically, culturally, and socially dissimilar, albeit similar in age. Accordingly, this may
suggest similar trend in students’ attitudes towards science at ages 10-12 across boundaries,
and that such attitudinal trend is not idiosyncratic to Malaysian students. Further study is
required to determine if similar trend in attitudes towards science can be found should a more
representative sample be used. Morever, this trend in attitudes towards science among the
Malay and Aboriginal students can be explained within the context of primary science
teaching in Malaysia. One of the possible explanations is that science is introduced as a
subject in Year 1 with simple hands-on, minds-on, and hearts-on classroom activities, and
these activity-based lessons increase in numbers and complexity in tendem to the cognitive
demand as stipulated in the syllabuses. At Years 5 and 6, the teaching and learning of science
in the primary classrooms is characterized by note-copying and drilling in preparation for the
National Standardised “Primary School Evaluation Test” or its acronym UPSR (Ujian
Penilaian Sekolah Rendah), and this may contribute towards a stagnated level of attitudes
towards science among these Year 5 and 6 students.

The finding in this study which shows no difference in attitudes towards science
between the girls and the boys is not consistent with the study of Lightbody and Durndell
(1996) and meta-analyses of Schibeci (1984), Becker (1989), and Weinburgh (1995) which
indicate that boys have consistently more positive attitudes towards science. The no-gender-
difference phenomenon could be explained from a sociocultural perspective. While boys and
girls at the primary ages see themselves as members of a group, the group membership seems
to be gender inclusive, rather than gender exclusive where the boys see themselves in a
masculine group and the girls, feminine group. Gender exclusive perception has been
propounded to explain the differences in achievement where boys more than girls reckon that
excelling in education as not “cool” (Francis, 2000; Warrington, Younger, & Williams, 2000;
Whitelaw, Milosevic, & Daniels, 2000) and that displaying a positive attitudes towards
science as not being the “done thing” (Osborne, Simons, & Collins, 2003, p. 1054). By
similar vein, it can be theorized that gender inclusive perception which is more dominant
among non-adolescent boys and girls, may explain for the non-statistical difference in
attitudes towards science by gender. This has implications for science teaching, particularly in
structuring group activity, where teachers should make a conscious effort and preparation to
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ensure that heterogeneous grouping is used in activity-based lessons; heterogeneity not only
in terms of academic achievement, but also in terms of gender and ethnicity.

In relation to ethnicity in which the Malay students have more positive attitudes towards
science than the Aboriginal students, we were not able to find any previous studies done with
which this finding could be directly compared, thus explaining the novelty and distinctiveness
of the ethnicity effect of this study. However, there is a cause for concern as the Aboriginal
students who responded to the attitudinal questionnaire in this study were the students who
did not play truant on that day. What about the level of attitudes towards science among those
Aboriginal students who were absent? As such, it would contribute significantly to the
research and literature if the future research could determine whether such level of attitudes
towards science is reflective of the Aboriginal students through a more representative
sampling at the district, state and national levels.

The data collected in this study were based on students’ self-rating on the questionnaire,
and hence subjective in nature. While the validity and reliability of students’ self-ratings are
no longer a bone of contention (Meece, Anderman, & Anderman, 2006; Ramsden, 1997) and
that the use of self-ratings has been widespread even among highly respected researchers who
used self-ratings of students (Fraser, 1981; Hofstein & Lazarowitz, 1986; Kempa & Orion,
1989), a more balanced, comprehensive, and triangulated view is advocated by considering
the views of teachers and parents.
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ABSTRACT

Utmost important is students should be able to understand chemistry concepts at multiple representation
levels and integrate between these levels. However, previous research showed that students face difficulty
in this aspect. Thus, this study embarked into investigating how chemistry teachers apply these multiple
representation levels in teaching redox reactions through verbal interaction. Ten chemistry secondary
school teachers in Kuala Lumpur, Malaysia were involved in this study. Data were collected using
observation and semi-structured interview. Analysis of data was done quantitatively to determine the
percentages of verbal interaction at multiple representation levels. Data were also analyzed qualitatively
to determine the pattern of application of multiple representation levels. Findings showed that teachers
emphasized more on macroscopic level compared to submicroscopic and symbolic levels. It was found
that students’ statement on multiple representation levels dominates interaction that occurred during
chemistry lessons observed. Furthermore, there were three types of patterns of integration between
multiple representation levels illustrated by chemistry teachers. Eighty percent of the respondents showed
incomplete integration between these multiple representation levels. In conclusion, chemistry teachers
should be aware and understand the application of these multiple representation levels in order to produce
chemically literate students.

Keywords: Multiple Representation Levels; Macroscopic; Submicroscopic; Symbolic; Verbal
Interaction.

INTRODUCTION

In Malaysia, students start learning chemistry as a subject in tenth grade. The students
will learn many concepts in chemistry in two years before they are required to sit for the
public examination prepared by Malaysian Education Certificate at the end of Form Five
(Year 11). In Curriculum Specifications Chemistry for Secondary Schools developed by
Curriculum Development Centre, there are nine chapters in Tenth Grade (Year 10) and five
chapters in Form Five (Year 11) (Curriculum Development Centre, 2005; Bahagian
Pembangunan Kurikulum [Curriculum Development Centre, 2012). Allocation of time for
chemistry lessons specified by the Ministry of Education (1990) is 160 minutes per week.
With so many concepts to be learned and being a novice learner in scientific community, this
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subject is considered as difficult. This is supported by Johnstone (2000); Sirhan (2007);
Tsaparlis, Koliulis and Pappa (2010) and Noor Dayana et al. (2010) which stated that
chemistry is considered as one of the tough subject.

Chemistry involves understanding and application of chemical concepts. Chemistry
concept or knowledge can be represented at multiple representation levels which are also
known as chemistry triplet (Talanquer, 2011) or triplet relationship (Gilbert and Treagust,
2009). These multiple representation levels are the observable world (macroscopic), model
(submicroscopic world) and symbolic level (Johnstone, 1991, 2000; Treagust, Chittleborough
and Mamiala, 2003; Jaber and BouJaoude, 2012). Johnstone (1993) stated that chemistry
which was often discussed in terms of macro and symbolic level, which excludes the
submicro part. Therefore, this study attempts to study the verbal interaction at multiple
representation levels in redox reactions lessons. These forms of the subject are the macro and
tangible: what can be seen, touched and smelt; the submicro: atoms, molecules, ion,
structures; and symbolic: the representational symbols, formulae, equations, molarity,
mathematical manipulation and graphs (Johnstone, 2000). He added that in order to ‘fully
understand’ chemistry, more emphasis should be given to submicro and symbolic levels
(Johnstone, 2000). Jaber and BouJaoude (2012) pointed that failure to understand chemistry at
multiple representation levels could lead to alternative conception and prevent students to
learn and appreciate chemistry. Not only understanding at these levels are important, students
should also link between one level to the other or integrate these levels as these chemical
representations complement each other (Johnstone, 2000; Treagust, Chittleborough and
Mamiala, 2003) (see Figure 1).

Macroscopic
(experiments and experiences)

Symbolic Sub-microscopic
{e.g. pall & slick mode's, (e.g. electrons, molecules,
struciural formuia, empirical atoms)

forma|a, computer models,
chemical equations)

Figure 1: Three Levels of Representation in Chemistry (Johnstone, 1991; Treagust, Chittleborough
and Mamiala, 2003)

In other words, to understand chemistry, it needs a deep and thorough understanding of
a concept. This is the key component in learning chemistry. There is evidence which showed
that chemistry students often face difficulty with regards to this chemistry triplet (Gilbert and
Treagust, 2009). Students wunable to relate observations made (macroscopic) to
submicroscopic and symbolic world. Understanding at submicroscopic level involves
understanding particulate nature of matter. However, due to students’ inability to visualise the
particles, unable to make connection between macro and submicroscopic add to the challenge
for students to learn chemistry. Eventually, due to the complexity of these multiple
representation levels, which is the nature of chemistry itself left the students fell bored,
frustrated and ended up with memorising the facts. They ‘learn’ chemistry through rote
learning as reported by Nurfaradilla et al. (2010). This rote learning acts as barrier to
meaningful learning as stated by Dori and Hameiri (2003).

The application of these multiple representation levels in redox reactions is as follows.
For example, a reaction between zinc and copper (II) sulphate solution, students could do
some observation at the end of the reaction. The students could have observed that, for



Li, W.S.S., & Arshad, M.Y. (2014). Application of Multiple Representation Levels ....

example, a brown solid is deposited. That observation represents the macroscopic level. In
order to understand what actually happens in the reaction, we have to look at submicroscopic
and symbolic level, which is the type of particles, took part in the reaction. In the example of
displacement reaction, zinc metal which is all in atom form will displace copper two ions
from its salt solution (submicroscopic). The reaction can be represented by the following
chemical and ionic equation (symbolic).

Zn(s) + CuSO4(aq) —> 2ZnS0O, (aq) + Cu(s) (chemical equation)
Zn(s)+Cu*(aq) —> Zn*"(ag)+Cu(s) (ionic equation)

Sadly, in many experiments, students were being taught to write ‘standard’ answer (Tan
et al., 2009). If the teacher did not explain what happens in the reaction occurred and by
writing chemical and ionic equation, obviously the students’ understanding was merely at
macroscopic level.

Redox reactions concepts were mainly interaction between macroscopic and
submicroscopic world, which is the source of difficulty for many chemistry learners as
reported by Garnett and Treagust (1992); De Jong, Acampo and Verdonk (1995); Sanger and
Greenbowe (1997); Tsaparlis (2007), and also difficult for teacher to teach (De Jong, Acampo
and Verdonk, 1995). Furthermore, there is lack empirical studies on this topic (De Jong and
Treagust, 2002) in terms of student’s difficulties in learning. This topic was chosen also as it
is related to oxidation and reduction which students will learn in Year 11 (Curriculum
Development Centre, 2005; 2012). Therefore it is of utmost important that these students
grasp and master the concepts in this topic. Nevertheless, explanation of relevant concepts in
textbooks were found to be insufficient to provide students with adequate conceptual
knowledge of the topic (Ozkaya, 2002). This is where teacher plays an important role here.
The way teacher explain the concept is more important than the quantity of concepts impart to
the students. Sirhan (2007) mentioned that information delivered to students is not always
learned. If teacher fails to explain chemistry concepts at multiple representation levels, it may
leads to misconceptions.

Classroom learning involves interaction, between teacher and students (Suchman, 1966;
Brown, 1975; Chamberlain and Llamzon, 1982), or between student and other students
(Suchman, 1966). According to Shahabuddin, Rohizani and Mohd. Zohir (2003), there are
two types of interaction which occur in classroom; verbal interaction and non-verbal
interaction. This study focused on verbal interaction as verbal interaction is the common type
of interaction that occurred in classroom claimed by Chamberlain and Llamzon (1982).
Furthermore, verbal interaction could be used to investigate the process of teaching and
learning in classroom as stated by Flanders, 1970; Eggleston, Galton and Jones, 1975;
Malamah-Thomas, 1987; Mohamed Najib, 1997; Brandon et al., 2008). Three main
components of verbal interactions are teacher’s talk, student’s talk and silence (Flanders,
1970; Eggleston, Galton and Jones, 1975; Malamah-Thomas, 1987) or confusion (Mohamed
Najib, 1997). Teacher’s talk could be either teacher’s question or teacher’s statement; and
student’s talk could represents either student’s question or student’s statement. Although
research suggest the integration of these three aspects and the importance of these aspects (De
Jong and Taber, 2007; Gilbert and Treagust, 2009; Tan et al., 2009), yet there is lack
empirical research on how chemistry teachers at secondary schools apply multiple
representation levels during chemistry lesson. Hence, this study addresses this issue to
provide insight into application of triplet relationship in chemistry lesson.

This study was designed to describe and provide explanation on application of multiple
representation levels among chemistry teachers. In specific, research questions are as follows:
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1) What are the verbal interactions at multiple representation levels emphasised by
chemistry teachers in teaching redox reactions?

2) How do chemistry teachers link between these multiple representation levels in
teaching redox reactions?

METHODOLOGY

The following section discuss about setting and participants, instrument and data
analysis.

a) Settings and participants

This mixed method study involves seven urban secondary schools, in Kuala Lumpur,
Malaysia. Quantitative data was first collected, analysed, followed by qualitative data.
Qualitative data was used to explain findings of quantitative data as stated by Creswell
(2009). Therefore, these two types of data were needed as they complement each other to
enhance understanding of the application of multiple representation levels among chemistry
teachers.

This study involved ten chemistry teachers with teaching experience ranging between
one to twenty five years of teaching chemistry. The students were of mixed ability. General
information about the background of these teachers, who were the focus in this study (see
Table 1).

Table 1: Participant Information

Participant Gender Academic Specialisation Teaching Academic
Qualification experience Responsibilities
(year(s))

RO1 Female Bachelor of Chemistry 5 Chemistry teacher
(SMK A) Education

R02 Male Bachelor of Biology/Chemistry 2 Chemistry teacher
(SMK B) Education

R0O3 Female Bachelor of Biology/Chemistry 3 Chemistry teacher
(SMK C) Education

R04 Male Bachelor of Mathematics/Chemistry 7 Chemistry teacher
(SMK D) Education

R0O5 Female Bachelor of Chemistry 8 Head of Chemistry
(SMK E) Education Panel

R0O6 Female Bachelor of Chemistry 3 Head of Chemistry
(SMK E) Education Panel

RO7 Female Bachelor of Biology/Chemistry 15 Head of Science
(SMK F) Education and Mathematics

Division

R08 Female Bachelor of Chemistry 1 Head of Chemistry
(SMK G) Education Panel

RO9 Female Bachelor of Chemistry 25 Head of Science
(SMK G) Education and Mathematics

Division

R10 Female Master of Chemistry 10 Chemistry teacher

(SMK H) Education

R: Respondent

The data was collected over six months and involved two major data collection tools,
which are observation instrument and semi-structured interview. Each teacher was observed
four times. Duration of each lesson lasted between 70 to 80 minutes. Observations were done
based on date agreed between the researchers and the respondent. Field note was also used to
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complement data obtained from the two major data collection methods. The researchers
explained the purpose, instruments that will be used and the nature of the study which
involved recording the observations. Researcher also emphasised that observations will be
recorded and these recordings are only done to cater the purposes of this study and the
participants are ensured of confidentiality and anonymity of the participants. Only the
researchers have access to the recordings. As this study involved video and audio recording of
lessons observed, teachers are selected based on their consent given to participate in this
study.

b) Instrument

An observation instrument, known as Observation Instrument in Inquiry Teaching
through Verbal Interaction (Ol TVI) was built to identify the verbal interaction of teacher and
students at multiple representation levels in chemistry lessons (see Appendix 1). This
instrument was built based on modification of previous existing classroom observation
instruments developed by Flanders (1970), Eggleston, Galton and Jones (1975); Mohamed
Najib (1997), Brandon et al. (2008) and Tay (2010). Time sampling was every three seconds
as used by other researchers (Flanders, 1970; Mohamed Najib, 1997 and Tay, 2010). Face
validity and content validity has been obtained from two senior lecturers specialised in
chemistry education and one Master chemistry teacher to ensure that this instrument (OIITVI)
able to determine the inquiry teaching practices in chemistry lessons. In terms of reliability of
this observation, inter-rater reliability was applied as suggested by Creswell (2008). Hence,
the researcher and two other chemistry lecturers categorise a recorded chemistry lessons of 30
minutes using the instrument (OlITVI). Kappa value which measures the agreement between
observers was used to express the agreement between observers. Calculated kappa values
obtained were .977 and .808 for the first and second lecturer respectively. These values
showed high agreement between observers (Viera and Garrett, 2005). Besides that, to ensure
the reliability of data obtained from the OlITVI, recorded chemistry lessons were listened
twice.

These teachers were then interviewed based on the result obtained from the observation.
The interviews were conducted in order to explore and understand in detail about chemistry
teacher’s inquiry teaching practices (Bennett, 2003). Example of questions asked were “Are
you aware of macroscopic, submicroscopic and symbolic terminology?”, “Based on
observations, you tend to focus more on macroscopic aspect compared to submicroscopic and
symbolic levels. Why?”” and “How do you emphasise on these multiple representation levels
aspect in teaching chemistry?”.

Protocol of the interviews was as suggested by Creswell (2008).
Date of interview:

Time

Venue

Interviewer

Respondent

These interviews were audio recorded after respondents’ consent was obtained and
transcribed verbatim.

c) Data Analysis

Process of analysing data was done concurrently with the collection of data. Chemistry
lessons observed was first categorised based on categories in the observation instrument,
Observation Instrument in Inquiry Teaching through Verbal Interaction (OlITVI) (see
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Appendix 1). Categories 1a until 1p represent teacher’s questions and 2a until 2w represents
teacher’s statement. On the other hand, student’s question categories and student’s statement
categories were represented by categories 3a, 3b, 3c; and 4a, 4b, 4c respectively. Descriptive
statistics in terms of percentage of verbal interaction at multiple representation levels were
then calculated. The results were reported according to four main categories of verbal
interaction observed (teacher’s question, teacher’s statement, student’s question and student’s
statement). Data were analysed using Statistical Package for Social Sciences PASW Version
18.0.

Analysis on how teachers integrate these multiple representation levels was done
manually. All recorded chemistry lessons and interviews were transcribed verbatim. In order
to ensure validity of the findings, the participants were showed the transcribed classroom
observation lessons and interviews made. Overall, the participants agreed with the transcribed
lessons and interviews made by the researcher.

FINDINGS and DISCUSSION

This part discusses findings on distribution of multiple representation levels in redox
reactions and how teachers apply multiple representation levels in teaching.

What Are The Verbal Interactions of Multiple Representation Levels
Emphasised by Chemistry Teachers in Teaching Redox Reactions?

Overall distributions of multiple representation levels are stated in terms of percentage
which is shown in Figure 1. Chemistry teachers in this study tend to focus on macroscopic
level, followed by symbolic level and the least were submicroscopic level. Teacher’s focus on
macroscopic level was also reported by Tan et al. (2009). This finding differed from findings
from previous researchers, Garnett and Treagust (1992), Sanger and Greenbowe (1997) whom
stated that electrochemistry topic, which also includes redox reactions deals mainly with
macroscopic and submicroscopic levels. This showed that chemistry teachers showed a slight
deviation from the common teaching practice in this topic. Submicroscopic level is very
important, especially in this topic, as it explains the macroscopic aspect (observations made
during the laboratory sessions) and explain a chemical concept in detail as mentioned by
Johnstone (2000).

symbolic
13.01%

submicroscopic

5.89% /\\<I

macroscopic
81.10%

Figure 2: Overall Distribution of Multiple Representation Levels in Redox Reactions

Figure 3 shows a detail analysis of distribution of multiple representation levels in terms
of teacher’s question, teacher’s statement, student’s question and students’ statement.
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1.1 1.7 0at
0.00 . .
macroscopic submicroscopic symbolic
Multiple Representation Levels

Figure 3: Distribution of Multiple Representation Levels in Redox Reactions according to
Categories of Verbal Interaction

Surprisingly, finding from this study showed that the teaching and learning process is
student-centred as percentage of student’ talk, either questions or statements are higher than
percentage of teacher talk. Student’s statement dominates the interaction that occurred in the
classroom which is 37.9%. Domination of students’ verbal interaction was mostly due to
respondents’ encouragement and positive attitudes towards students’ involvement during
teaching and learning process. Students were seen giving response to teachers’ questions or
statements.

In terms of teacher’s talk at multiple levels of representation (macroscopic,
submicroscopic, symbolic), percentage of teacher’s statement (13.4%) is higher than
percentage of teacher’s question, which was only 7.7%.

How Do Chemistry Teachers Link Between These Multiple Representation Levels
in Teaching Redox Reactions?

Based on the transcribed classroom observations, line by line coding was made under
three major themes. Three major themes are macroscopic, submicroscopic and symbolic.
There are two types of arrows presented in this table. The single headed arrow,—> represents
shift from one representation level to another. The double headed arrow, which is represented
by <> means there is continuous link between the two representational levels. As shown in
Table 2, there are three patterns of integration of multiple representation levels in teaching
redox reactions.
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Table 2: Patterns of Application of Multiple Representation Levels

symbolic

macroscopic

submicroscopic

symbolic
macroscopic

AN

submicroscopic
symbolic

acroscopic

\

submicroscopic

symbolic
macroscopic
—>
submicroscopic
symbolic

macroscopic

AN

submicroscopic symbolic
croscopic
submicroscopic ~ symbolic

macroscopic

/\\

<>

submicroscopic

Type of Respondent Pattern Explanation
Pattern

1 RO1, RO2, macroscopic Incomplete integration of multiple
R0O3, RO4, levels of representation as it involves
RO5, ROG, two levels of representation only.
RO7, RO8, Furthermore, there is no continuous
R09, R10 <> discussion on these three levels as
submicroscopic represented by single headed arrow

).
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symbolic

2 RO5, RO7 macroscopic Incomplete integration of multiple
levels of representation. Although the
three levels of representation were
applied in discussing a concept,

however, there is no continuous
submicroscopic —> symbolic | discussion on these three levels as
represented by single headed arrow

macr?sc‘i =)

submicroscopic symbolic
3 R0O6, R10 Complete integration of multiple levels
macroscopic of representation. The three levels of
representation were applied in
/A\‘ discussing a concept, and there is
ra~ continuous discussion on these three
submicroscopic symbolic | levels as represented by double headed

arrow (€&>).

Type of pattern 1 showed the emphasis and integration occurred between two
representation levels only. All respondents showed this type of pattern during the observed
chemistry lessons. This type of pattern showed incomplete integration of multiple levels of
representation as it involves two levels of representation only. Example of an episode of
chemistry lesson that illustrates pattern 1:

[Context of lesson: Electrolysis of lead (11) bromide]

Teacher: See here... There is little bit of grey solid formed at this
electrode. This electrode, is it anode or cathode? — macroscopic

So, at cathode, were the electrons accepted or released? | submicroscopic
Student 1:
Accepted.

[Respondent RO1]

Nevertheless, it was found that there were two other types of patterns. Besides type of
pattern 1, two respondents (R0O5 and RO7) showed pattern 2. This type of pattern showed
emphasis occurred on three levels, however the integration is incomplete.

Example of episode of lesson that showed pattern 2 as shown below:
[Context of lesson: Reaction between magnesium and copper, copper and copper metals]

Teacher : Which metal is more electropositive?
Ok...the position is higher in the electrochemical
series?
Student 1 X Copper. — macroscopic
Student 2 : Magnesium.
Teacher : Ok. Magnesium metal.
Ok, why is magnesium more electropositive than
copper?




Student 3
Teacher
Student 4
Teacher
Student 2
Teacher
Student 1

Student 2
Teacher
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Tendency to release electron higher. ——submicroscopic

Because the position higher in?

Electrochemical series. > macroscopic

Which metal will donate the electrons? 4+—ssubmicroscopic

Magnesium.

Ok, so, magnesium will donate the electrons.
Ok, how many electrons?

(Teacher writing half equation at white board)
Three.

Two.

Ok. Two.

L5 symbolic

[Respondent R0O2]

In type 1 and type 2 patterns displayed, these respondents do not ask probing questions
to enhance discussion on redox reactions. Questions asked were merely based on questions in
the chemistry textbooks or modules. Consequently, there was lacking of integration between
these three levels of representations.

Meanwhile, respondents R06 and R10 also displayed type of pattern 3, besides than type
of pattern 1. This type of pattern 3 showed complete linkage between these three
representation levels. The best practice of teaching chemistry is showed by type of pattern 3.

However, only two teachers (20%) of the participants showed this pattern.

Example of an episode of the lesson which showed this pattern is as shown below:
[Context of lesson: Displacement reaction]

Teacher
Student
Teacher

Danisa
Teacher
Student 1
Teacher
Student 2
Teacher

Ailia

Teacher
Student 3
Teacher
Student
Teacher
Student 3

Do you observe what happened?

Yes.

Really? If yes, Danisa, what happened to the
magnesium ribbon?

Corrode...

Other than that?

Thinner.

Other than thinner?

Dissolve.

Yes. Magnesium dissolves or becomes thinner.
How about copper plate, Ailia?

Gas bubbles are released at copper plate.

{+— macroscopic

Is it the copper that releases the hydrogen?
No.

From the...?

Solution.

Ok, magnesium atom will form? Magnesium?
lon.

1__ysubmicroscopic
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Teacher : Yes, it will forms magnesium ion, Mg two plus.
Where do we add these electrons?

(Teacher writing equation on the white board) |_, symbolic
Student : On the right.

Teacher : Ok, and then put the two in front.
(Teacher balancing half ionic equation).

Teacher : Initially, magnesium is in the form of

metal. Then, it dissolves. —— macroscopic
Teacher : Why it dissolves? As it becomes? lon.

Where do the electrons go? — symbolic

(showing the equation)

Electrons will flow to copper plate. What are the |___spgbmicroscopic
ions present in the electrolyte?

Na plus, H plus...
(Teacher writing the chemical formula on the white board)

Student 2 : OH minus. — symbolic
Teacher : And?
Student 2 : H plus.
Teacher . The voltmeter reading shows the flow of electron. — submicroscopic
That is the reason the voltmeter shows a reading. — macroscopic
[Respondent RO6]

[Note: Danisa and Alia — pseudonym]

The example above showed that respondent R0O6 emphasises on these multiple levels
of representation and at the same time showed complete integration between these levels.
Based on observations made by students during practical work (macroscopic level), the
teacher linked those observations made (magnesium ribbon dissolves and gas bubbles
released at copper plate) to the theory to explain the phenomena (magnesium atom will forms
magnesium ion - submicroscopic level). Not only that, half equations of the reaction were
discussed (symbolic level). Hence, teachers should assist students in understanding chemical
concepts at multiple levels of representation to enhance their conceptual understanding as
suggested by Valanides, Nicolaidou and Eilks (2003); Tan et al. (2009); Nieves, Barreto and
Medina (2012). This is because these three levels of representations complement each other
(Johnstone, 2000). Furthermore, students’ reasoning and problem solving skills could be
improved when they learn scientific concepts at multiple representation levels as stated by
Nieves, Barreto and Medina (2012).

In order to investigate why teachers lacked practice of integration between these
multiple levels of representation, semi-structured interviews were carried out. The finding
from the semi-structured interviews revealed that all these teachers could not define the terms
“macroscopic, submicroscopic and symbolic” as they were seemed not to be aware of these
terms. Example of the transcribed interview:
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Researcher Are you aware of macroscopic, submicroscopic and symbolic
terminology?

Respondent 03: Ah? What is that?
After the researcher explained about these three terminologies, further question was
asked.
Researcher : You tend to focus on macroscopic compared to submicroscopic and
symbolic. Could you explain why?
Respondent R03: Based on my experience, as these students | am teaching are weak

students, hence, | focused more on macroscopic level which were
mostly asked in the examination.

Lacking in full integration at these multiple representation levels also may be due to
teachers were not exposed to these terminologies and depends on ability of the students in the
class. Treagust and Chandrasegaran (2009) emphasized that teachers should be aware of these
terminologies and need to apply these multiple representation levels in explaining chemical
phenomena during classroom instruction. Teachers’ implications of integrating these multiple
representation levels could lead to their students’ understanding of chemistry concepts.

CONCLUSION and IMPLICATION

The aims of this research were to explore the differences in attitudes towards science
among the Malay and Aboriginal Year 4, 5 and 6 primary students, specifically by gender,
grade level, and ethnicity. Since there was no two-way interactional effect between gender
and grade level, the main effects for gender as well as grade level could therefore be
interpreted in a straightforward manner without any concern of moderating effect. The
findings indicated that, while there was no significant difference in attitudes towards science
between the boys and the girls, there was a statistical significant difference by grade level in
which Year 5 students had more positive attitudes towards science than Year 4 students, and
that Year 6 students had more positive attitudes towards science than Year 4 students.
However, there was no significant difference in attitudes towards science between Year 5 and
Year 6 students. In terms of ethnicity, the Malay students have more favourable attitudes
towards science as compared to the Aboriginal students.

This study shed some light in bridging the gap between theory and practice of multiple
representation levels in chemistry lessons. Although many researchers suggest the usage of
integration on multiple representation levels, how chemistry teachers make link between these
three representation levels is still unknown. Finding of this study showed that majority of the
chemistry teachers emphasised on macroscopic aspect, followed by symbolic and the least
was submicroscopic aspect. Perhaps teachers could use model as suggested by De Jong and
Taber (2007) or video animation to illustrate particles involved during a chemical reaction in
redox reactions. Besides that, hands-on activity that incorporates these three levels of
representation as suggested by Nieves, Barreto and Medina (2012); Gonzalez-Sanchez, Ortiz-
Nieves and Medina (2014) are needed to enhance the application of these three levels during
classroom instruction.

Percentage of student’s talk is higher than teacher’s talk, which showed a positive sign
towards student-centred classroom. In terms of the manner teacher integrates these multiple
representation levels in classroom, there is lacking of the integration between these three
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levels, as it involves only two levels of representation (pattern 1) (see Table Il). Teachers
should try to link observations made at the macroscopic level to explain the observations
made at submicroscopic level as mentioned by Tsaparlis (2009). Based on the finding from
the interviews, chemistry teachers should be aware of these terminologies of multiple
representation levels. Although, most of these teachers specialised in chemistry education,
they have not heard of these terms and therefore could not define when asked by the
researchers.

Application of these three levels of representation is the key model for chemical
education (Gilbert and Treagust, 2009). Therefore, lecturers of higher institution should look
into this matter seriously in preparing well-versed pre-service teachers in these aspects.
Furthermore, in-house training should be organised for in-service teachers to expose these
teachers with these multiple representation levels and the application of it in chemistry lesson.
This is necessary as teachers are the key person in producing chemically literate students.

As this study focused on redox reaction, in future, an extensive in-depth study on other
chemistry topics which involves verbal and non-verbal aspects of interactions is necessary to
provide a broader view of application of multiple representation levels.
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APPENDIX 1: Observation Instrument in Inquiry Teaching through Verbal Interaction (OIITVI)

Category

Reference

Representation level

Teachers’ question
(Flanders, 1970;
Mohamed Najib, 1997;
Egglestone, Galton and
Jones, 1975; Brandon
etal., 2008; Tay, 2010)

Content

la. to relate students’ prior
knowledge and lesson

Eggleston, Galton and
Jones,1975; Tay, 2010

macroscopic

submicroscopic

symbolic

1b. to arouse students’ thinking of

a concept

Tay, 2010

macroscopic

submicroscopic

symbolic

1c. to obtain meaning of a
definition/principle/concept

Mohamed Najib, 1997;
Brandon et al., 2008

macroscopic

submicroscopic

symbolic

Science process skills

1d. Observing Eggleston, Galton and macroscopic
Jones,1975 submicroscopic
symbolic
le. Classifying macroscopic

submicroscopic

symbolic

1f. Measuring and Using
Numbers

macroscopic

submicroscopic

symbolic

1g. Making Inferences

Egglestone, Galton and
Jones, 1975, Mohamed
Najib, 1997

macroscopic

submicroscopic

symbolic

1h. Predicting

macroscopic

submicroscopic

symbolic

1i. Communicating

macroscopic

submicroscopic

symbolic

1j. Using Space-Time
Relationship

macroscopic

submicroscopic

symbolic

1k. Interpreting data

Egglestone, Galton and
Jones, 1975

macroscopic

submicroscopic

symbolic

11. Defining operationally

macroscopic

submicroscopic

symbolic

1m. Controlling variables

macroscopic

submicroscopic

symbolic

1n. Making hypothesis

Egglestone, Galton and
Jones, 1975; Mohamed
Najib, 1997

macroscopic

submicroscopic

symbolic

lo. Experimenting

Egglestone, Galton and
Jones, 1975; Mohamed
Najib, 1997

macroscopic

submicroscopic

symbolic

Not related to content/science

process skills

1p. Class management

Tay, 2010

Teachers’ statement
(Egglestone, Galton
and Jones, 1975; Mohd
Najib, 1997; Brandon
et al., 2008; Tay, 2010)

Content

2a. to relate prior knowledge and

lesson

macroscopic

submicroscopic

symbolic

2b. state the objective of the

lesson

macroscopic

submicroscopic

symbolic

2c.accept or use students’ ideas

Flanders, 1970; Tay, 2010

macroscopic

submicroscopic

symbolic

2d. explanation

Flanders, 1970; Tay, 2010

macroscopic

submicroscopic

symbolic

2e. application of the concept

macroscopic

submicroscopic

symbolic

Science process skills

2f.  Observing

macroscopic

submicroscopic

symbolic
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2g. Classifying

macroscopic

submicroscopic

symbolic

2h. Measuring and Using
Numbers

macroscopic

submicroscopic

symbolic

2i.  Making Inferences

macroscopic

submicroscopic

symbolic

2j. Predicting

Egglestone, Galton and
Jones, 1975

macroscopic

submicroscopic

symbolic

2k. Communicating

macroscopic

submicroscopic

symbolic

2l. Using Space-Time
Relationship

macroscopic

submicroscopic

symbolic

2m. Interpreting data

macroscopic

submicroscopic

symbolic

2n. Defining operationally

macroscopic

submicroscopic

symbolic

20. Controlling variables

macroscopic

submicroscopic

symbolic

2p. Making hypothesis

Egglestone, Galton and
Jones, 1975

macroscopic

submicroscopic

symbolic

2g. Experimenting

Egglestone, Galton and
Jones, 1975; Mohamed
Najib, 1997

macroscopic

submicroscopic

symbolic

Related to students’ statements

2r. Praise/encourage/guide

Flanders, 1970;
Brandon et al., 2008;
Tay, 2010

2s.criticize/ authority justification

Flanders, 1970;
Tay, 2010

Related to students’ questions

2t. With answer

Mohamed Najib, 1997;
Tay, 2010

macroscopic

submicroscopic

symbolic

2u. No answer

Brandon et al., 2008;
Tay, 2010

2v.revert the questions to class

macroscopic

submicroscopic

symbolic

Not related to student’s
statement or question

2w. Give instruction

Flanders, 1970; Egglestone,
Galton and Jones, 1975;
Mohamed Najib, 1997

Students’ question
(Flanders, 1970;
Egglestone, Galton and
Jones, 1975;

Mohamed Najib, 1997;
Brandon et al., 2008;
Tay, 2010)

Related to content/science
process skills

3a. to obtain/verify
facts/principles/ concepts

Mohamed Najib, 1997;
Egglestone, Galton and
Jones, 1975; Tay, 2010

macroscopic

submicroscopic

symbolic

3b. to obtain explanation of a
process

Mohamed Najib, 1997;
Egglestone, Galton and
Jones, 1975; Tay, 2010

macroscopic

submicroscopic

symbolic

Not related to content/science
process skills

3c. Class management

Tay, 2010

Students’ statement
(Flanders, 1970; Mohd
Najib, 1997; Brandon
et al., 2008)

Related to teachers’questions

4a. with answer

Flanders, 1970; Mohamed

macroscopic

or statement Najib, 1997; submicroscopic
Tay, 2010 symbolic
4b. no answer Brandon et al., 2008;
Tay, 2010

Chemistry content

4c. To give further explanation

macroscopic

submicroscopic

symbolic
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ABSTRACT

The purpose of this study is to identify university students’ conceptions of learning in genetics. In this
study, 108 students were asked to answer to open-ended questions to identify how they conceive learning
genetics. The data were analyzed using phenomenographic method. According to the results, sampled
university students’ conceptions of learning genetics can be divided into five different categories as
follows; memorization, testing, research, application and seeing in a new way. The educational system
and learning environment, to which these university students enrolled, played a role in their conceptions
of learning genetics. This study proposed a framework to describe the variations of the conceptions of
learning and how to consist of the desired conceptions.

Keywords: Conceptions of Learning; Genetics; Phenomenographic Method; Higher Education.

INTRODUCTION

One of the primary goals of the studies carried out in the field of education is to find
new ways to increase student achievement. In that respect, variety of research studies have
been conducted with numerous variables as different teaching methods and techniques,
identification of students’ cognitive and affective qualities, increasing both teachers and
students’ motivation and conceptions of scientific knowledge. Another issue that has recently
attracted the attention of researchers is to clarify how students are conceptualizing learning
especially in different countries. It is claimed that students’ approaches and conceptualization
of learning have close relationship and accordingly student achievement might be affected
(Entwistle & Peterson, 2004; Tsai, 2004; Chiou, Liang & Tsai, 2012; Alamdarloo, Moradi &
Dehshiri, 2013). In general, conception of learning refers to ways of learning and beliefs
regarding the learning period (Benson & Lor, 1999; Liang & Tsai, 2010; Chiou, Liang &Tsal,
2012). Therefore, it includes many variables such as individual’s aims and strategies in
learning, and efforts in the learning period (Vermunt & Vermetten, 2004; Alamdarloo,
Moradi & Dehshiri, 2013). The oldest study in this field was conducted by Saljo (1979) with
90 university students. In this study, one-to-one interviews were administered to identify the
students’ conceptions of learning and five categories were determined based on the data
analysis. These five qualitatively different conceptions of learning were a) increase of
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knowledge, b) memorization, c) acquisition of facts and procedures, d) abstraction of
meaning, €) an interpretative process aimed at the understanding of reality. Marshall et.al.
(1999) conducted a similar qualitative study and mentioned five categories of learning
conceptions. These categories were classified as a) memorizing definitions, formulas and
procedures, b) applying formulas and procedures, c) learning the rationale behind the
concepts and procedures in physics, d) creating a new perspective and €) causing a change in
behavior. Another phenomenographic study was conducted by Tsai (2004) with 120
university students and seven subcategories were identified for students’ conceptions of
science learning (memorization, exam preparation, calculation of problems and application,
increase of knowledge, application, understanding and creating a different perspective).
Similar to previous studies (Vermunt & Vermetten, 2004), Tsai (2004) claimed that there was
a hierarchical relationship among seven categories and first three categories are “lower-level
conceptions of learning” and the last four ones are “higher-level conceptions of learning.” In
lower-level conceptions of learning, students aimed only at acquiring knowledge, getting high
scores in the exams or learning in order to solve problems. However, in higher-level
conceptions of learning, there was a more sophisticated conception of learning. This includes
the application of new knowledge and creation of new perspectives. Liang and Tsai (2010)
conducted a quantitative study with 407 Taiwanese university students and they identified
these students’ opinions regarding scientific knowledge and their conceptions of learning. It
was found that there was a crosslink between these two important variables. It was concluded
in this study that student with sophisticated epistemological beliefs has higher-level
conceptions of learning. Recently Li et. al. (2013) conducted a study with 369 university
students to investigate students’ conceptions of learning chemistry and the link between these
conceptions and learning approaches. Learning approaches questionnaire and conceptions of
learning chemistry questionnaire were administered and therefore conceptions of learning
chemistry have been categorized under four categories as follows; memorization, exam
preparation, calculation and application, and creating a change in the individual (a change in
behavior for meaningful learning). It was also stated that students adopted in-depth learning
approach have higher-level conceptions of learning (a change in behavior for meaningful
learning), while students preferring superficial learning approach have lower-level
conceptions of learning (memorization, test preparation, calculation and application).

Additionally, researches has also revealed that students who conceptualized learning as
a qualitative view of learning (such as understanding) prefer to use deep approaches of
learning; on the other hand, students who conceptualized learning as a quantitative view of
learning (such as memorizing) tended to use surface approaches to learning (Dart et al., 2000).
Many educators agree that deep or more meaningful learning approaches as trying to integrate
the acquired knowledge were associated with better learning outcomes (Liang et al., 2010;
Chin & Brown 2000, Trigwell & Prosser 1991). Since some researchers have suggested
students’ conceptions of learning are related to students’ learning strategies, and thus their
outcomes (Lederman, 1992; Tsai, 2000), this study was intended to identify university
students’ conceptions of learning genetics in Turkey.

In addition to abovementioned studies, there have been just a few studies to identify
students’ conceptions of learning and to reveal their conceptualization in Turkey. Dikmenli
and Cardak (2010) conducted a qualitative study with 86 students at Biology Education
department to investigate their conceptions of learning biology. Through content analysis,
they divided students’ conceptions of learning biology under six categories (increase of
knowledge, memorization, acquisition of facts and procedures, abstraction of meaning,
interpretation, causing a change in the individual (a change in behavior for meaningful
learning)). These researchers claimed that students can be especially categorized under lower-
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level conceptions of learning (increase of knowledge, memorization, acquisition of facts and
procedures).

Analyzing the related literature, it is clear that studies usually focused on university
students’ conceptions of learning science or more specifically school subjects such as biology
and chemistry. These studies emphasized that students’ conceptions could change depending
on each subject and could be categorized different categories. Therefore future research
should move forward to explore conceptions of learning in more specific domains to gain a
deeper understanding of how students learn in various scientific domains (Chiou et al., 2012).
In particular, since university education involves different disciplines (i.e. genetics); a better
understanding regarding the students in higher education by different discipline is necessary.
Therefore, in this study, it is aimed to identify and then categorize the conceptions of learning
genetics of the students who took genetics course before or who are still taking the course
through a phenomenographic analysis. Among the research studies conducted in Turkey, any
study which specifically aims to find out the conceptualization of university students’
conceptions of learning genetics using the phenomenographic method was present. Therefore,
this study is expected to make an important contribution to the related literature. In addition it
was also suggested that there were some cultural differences in students’ conceptions of
learning and categorization of these conceptions (Purdie et al., 1996; Tsai, 2004; Tsai, 2006;
Tsai, 2008; Tsai & Kuo, 2008). For example; it is revealed that the conceptions of learning
Australian and Japanese students differ dramatically and these conceptions are differently
categorized (Purdie et al., 1996; Tsai, 2004; Tsai, 2006; Tsai, 2008; Tsai & Kuo, 2008). By
using qualitative research methods as phenomenography, researchers have tried to identify the
effect of the cultural beliefs about learning (Boulton-Lewis et al., 2004; Richardson, 1999;
Tsai, 2004).They generally stated that students’ conceptions of learning could be affected by
culture. Therefore, in Turkey which is a meeting point for many cultures because of its
geographical position, it is aimed to carry out a qualitative study to identify how students’
conception of learning genetics is categorized.

The aim of this study is to reveal how students conceptualized learning in genetics. In
this way, it will be possible to understand whether these students have higher-level
conceptions or lower-level conceptions and various solutions will be discussed for the
students who have lower-level conceptions.

METHODOLOGY

The phenomenographic method, which is one of the qualitative data analysis methods,
was utilized in this study. Aiming to reveal how events/phenomena in the environment are
perceived by individuals; phenomenographic method is a widely accepted method in
educational research studies (Entvistle 1997; Prosser & Trigwell 1999; Wihlborg 2004). In
phenomenographic studies, researchers aim to categorize the topic, based on the data which
they obtain from different individuals and they form qualitatively different categories (Tsal,
2004). However, each individual category should have a close link to the research topic.
Therefore, each and every category has an informative role in identifying individuals’
different conceptions (Marton & Booth, 1997). In this study, the answers that the students
provided to the open-ended questions were gradually analyzed according to the
phenomenographic method.

Like other qualitative studies, phenomenographic researcher provided an open account
of a study’s method to illustrate verification of the study. For that reason, in the present study
convenient samples were selected and used to prevent biased sample and to provide a
background for any attempt at applying the results in other contexts (Cope, 2004). Also, data
analysis method was clearly identified. Categories of description were tried to be fully
described and adequately illustrated with quotes.
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a) Research Group

This study was conducted in the fall term of 2012-2013 academic years with 108 (62
female and 46 male) students from department of Biology and department of Nursing. They
all taking genetics course as part of their undergraduate education. The convenience samples
were used to conduct this phenomenographic study. Ages of the students were varied between
20 and 22. The major characteristics of the students were similar with respect to socio-
economic status, the proportion of boys and girls in both departments. Such characteristics are
taken into consideration for this study since socio-economic status and gender may affect
learners’ conceptions of learning (Kapucu & Bahcivan, 2014). The students who took part in
the study were taken Genetics course as a must course for one semester because it was one of
the departmental requirements. The same instructor gave the course by using the same
teaching strategies. The course covered the definitions of several terms such as genetics,
variation, and modification in addition to chromosomes, chemistry and primary functions of
genes, replication, transcription, protein synthesis, gene manipulations and genetically
inherited diseases.

b) Data Collection Tool

The students were asked several questions to help them to express their conceptions of
learning genetics. These questions were prepared based on previous studies (Tsai, 2004).
Answers to questions of “what is learning?”, “how do you learn topics related to genetics?”
“how would you define your learning in genetics course?” “how do you realize that you have
acquired a new piece of information related to genetics?” were analyzed.

c) Data Analysis

In the present study, the students’ answers to open-ended questions were analyzed in
line with the aim of the phenomenographic method and the categories were formed. Firstly,
the answer sheets of the students were quickly read three times. After the third reading,
important sentences and some key words in each answer sheet that were relevant to students’
conceptions of learning genetics were underlined. In the next step, preliminary categories
were formed according to the similarities and differences in the underlined sentences and
keywords (Tsai, 2004). These preliminary categories were re-examined in detail in the next
stages and students’ answers were located in the appropriate categories. As a result, how
students conceptualize learning genetics was identified with the help of qualitatively different
categories.

To exemplify how these categories were formed, it can be said that words such as
“memorizing,” “remembering,” and “revising” were thought to be in the same conception
class and thus, were located in the first category of “memorization” (Tsai, 2004). For
example, the student answer below can be examined:

“There are a lot of terms in genetics. In order to remember those terms, I do a lot of
revisions.”

In this answer, the researcher tried to identify the student’s conceptions of learning
genetics by underlining the words “remember” and “revision”. Another student’s paper was
examined below:

“When learning genetics, 1 generally try to memorize. Before taking the exam, I
continuously read my notes and do some revision. In this way, it becomes easier for me to
remember in the exam.”

In this answer, the researcher underlined the words “memorize,” “revision” and
“remember” again and put the answers of these two students in the same category. As a result,
categories of students’ conceptions of learning genetics were created by taking into
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consideration similar and different answers. In short, the researcher took into consideration
the similarities and differences in the answers among the students rather than the similarities
and differences in students individual papers and formed the categories (Marton et al. 1997,
cited in Tsai, 2004).

Additionally, to check reliability in this phenomenographic study, interjudge reliability
(interjudge communicability) has been used (Cope, Horan & Garner, 1997; Trigwell, Prosser
& Taylor, 1994). The quotes and entire answers were given to researcher external to the study
to ensure interjudge communicability. Then, the researcher outside the study independently
classified the students’ answers against the categories of description. Both researchers had the
same idea in the creation of the categories.

FINDINGS

Through a phenomenographic analysis of students’ answers to open-ended questions,
five different conceptions of learning genetics were identified. If the name given to each
category and the conceptions of learning in the literature overlapped, the same category name
was preferred. For example, if key words in student answer sheets such as “remembering” and
“revising” are widely categorized into the category of memorizing in the literature. Same key
words were located into same category with the same category name in this study.

In order to explain and exemplify each category, the student answers were given in
detail below. However, when choosing the answer, a number and a letter were given to each
student (Tsai, 2004). Letter B was used for “Biology” students and Letter N was used for
“Nursing” students. Numbers were given to each student respectively.

Memorizing: In the first category, students characterize learning genetics as
“memorizing” definitions, formulas and terms. For them the purpose of learning genetics is
storing all information in mind and remembering it when necessary. Students’ answers are
given below:

B12: “When learning genetics, I memorize the topics and their definitions that I find
important. If | revise them for several times, | remember them more easily. When
studying, | always underline the terms and definitions and re-read them to remember
easily.”

B27: “When learning genetics, I continuously try to write down what my teacher tells us.
The notes that | take during the lesson are very important for me because | revise my
notes for several times and try to memorize them. If I don’t memorize them, I can’t
remember the terms and definitions.”

N3: “When learning genetics, I listen to my teacher very carefully and take notes of the
points that | find important. Later, | memorize my notes by reading them for many times.
Then, it becomes easier for me to remember in exams.”

N24: “In genetics course, there are a lot of terms and most of these terms are not familiar to
me and learning them is very difficult. In order to keep the terms in mind, first of all, |
read them several times, and then, I revise them by myself. I try to memorize until I don’t
need to look at the book.”

The students in this category prefer to use memorization technique in order to learn
genetics. Therefore, it can be concluded that the most important indicator of their conceptions
of learning genetics is memorizing topics in genetics.

Testing: In the second category, students’ primary goal in learning genetics is to pass
the exams. They categorize conceptions of learning genetics as preparing for the exam and
passing the course. The answers in this category are given below:

B8: “To me, learning genetics means passing the exam successfully. When learning the

topics, I learn the related topics by focusing on the possible exam questions.”

B10: “When learning genetics, my primary aim is to pass the course by getting a high grade
in the exams. If there weren’t any exams, I don’t feel any need to learn genetics.”



Journal of Turkish Science Education. 11(3),53-63

B18: “Learning genetics doesn’t mean much to me, but I have to pass the exams since we
take them as a must course. Therefore, [ am learning genetics.”

N22: “I am learning genetics just because it is a course. I have to answer the questions in the
exams.”

N36: “I cannot learn genetics well. I learn it in an exam-oriented manner. Getting a high
grade in the exams is very important to me.”

N48: “When learning genetics, | identify the topic that might be asked in the exam and I try
to keep them in mind even if I don’t understand because these topics usually appear in the
exam.”

Among the students who participated in this study, the ones who were categorized in
this group define learning genetics as preparing for the exam and getting high grades.
Moreover, they decide whether they have learned genetics or not by considering their exam
results.

Researching: The third category refers to students’ conceptions of learning genetics
which they define as researching. The university students in this study stated that it is
effective in learning genetics to do research especially on the Internet. Student answers are
given below as follows;

B5: “I like learning while doing research on topics related to genetics on the Internet. I
search every topic on the Internet when | find it interesting. | learn genetics by finding out
about the topics that [ wonder about genetics.”

B22: “Learning genetics means being curious about a topic and obtaining information on that
topic by doing a research.”

N8: “I learn genetics through books or by doing research on the Internet. When there is a
topic that I don’t know, I prefer to get help from somebody or to do research on it.”

N14: “I don’t follow the teacher in genetics course; therefore, I can say that I learn it through
the Internet. I learn by doing research with the help of books and the computer.”

These university students characterized learning genetics as doing research. In order to
get information about a topic related to genetics, they usually preferred doing research on the
Internet.

Applying: The university students characterize conceptions of learning genetics as
“application”. They define the goal of learning genetics as the application of the topics related
to genetics to daily life. For example:

B33: “My purpose in learning genetics is to have some information that | can apply on

genetically inherited diseases that [ may come across all my life.”

B39: “Learning genetics is not to learn the concepts and terms, but it is to solve the problems
that we may come across in daily life by using these pieces of information. Therefore, |
try to apply each and every piece of information.”

N66: “Especially for my subject area, learning genetics is to apply the pieces of information
that | have acquired because | know that in my professional life, I will need all the
information that I have learned in genetics course.”

In the application category, the participants of the study believe that it is necessary to

apply the acquired information and to transfer it to the daily life.

Seeing in a new way: In the last category, university students regard the conceptions of
learning genetics as self-improvement by creating a new perspective. Learning genetics is
seen as interpreting what is happening around them and in the nature in a different way and
suggesting solutions to the problems. The students’ answers are given below:

B2: “Learning genetics enable me to make different comments and provide a new
perspective in some events that take place around me, especially in medical cases. As a
result, I believe that I improve myself with every piece of information that I learn.”

N67: “Genetics is an area which covers a lot of topics and has a link with different subject
areas such as physics and chemistry. Learning genetics means improving myself in other
areas at the same time and suggesting different solutions.”



Sadi, O. (2014). Students’ Conceptions of Learning in Genetics: A Phenomenographic ...

Although some students stated that learning genetics is important to improve themselves
and creating different perspectives, it is necessary to emphasize that they are in low
frequency.

Distribution of Students’ Conceptions of Learning Genetics

Based on the answers provided by participating university students giving answers to
the open-ended questions, five different categories were identified and each category
students’ conceptions of learning genetics is expressed. While naming the categories,
previous studies were taken into consideration based on the related literature. Another
independent researcher was also asked to contribute in stages where the similarities and
differences in student papers were identified. The given answers were categorized and the
frequencies of each subcategory were given in table 1.

Table 1:  Students’ Conceptions of Learning Genetics (N=108) and Their Frequencies.

Conceptions n f (%)
Memorizing 30 27.8
Testing 35 32.4
Researching 20 18.5
Applying 15 13.9
Seeing in a new way 8 74

It is clear from Table 1 that, students’ conceptions of learning genetics were heavily
distributed in the category of “testing” (32.4 %). The next frequent one was “memorizing” for
30 students (27.8 %). Some of the students (18.5 %) stated that they learn by “researching”.
However, 13.9 % of the students viewed learning genetics as “applying” and few students
perceived learning genetics as ‘seeing in a new way’ (7.4 %).

DISCUSSION and CONCLUSION

This study was conducted to explore university students’ conceptions of learning,
particularly toward the subject of genetics by using phenomenographic method. Many
students who participated in the study conceive learning genetics in the categories of
“testing”, “memorizing” and “researching”, but fewer students has “applying” and “seeing in
a new way” as their conceptions of learning genetics. In fact, this result shows that the deep-
rooted structure in the education system which has been expected to overcome for many years
but has not been changed yet. The reason is that the conceptions of learning by “memorizing”
and “testing” has not changed. However, although they are few in number, there are still some
students who prefer to learn by applying the information they have acquired and by improving
themselves.

According to the results, 18.5 % of the students learn genetics by “researching” (Table
1). In fact, this category has not been mentioned in the previous studies in the literature. The
lecturing style of the lecturers at universities might have an effect on the emergence of this
new category because it is known that educational environments have an effect on students’
conceptions of learning (Cano, 2005; Chin & Brown, 2000; Trigwell, Prosser & Waterhouse,
1999). If the lecturers ask students to do some research on the topic and then make a
presentation in class, students might also prefer learning by “researching.” This new category
might have emerged as the direct result of the educational environment. This study reveals
that especially the participants of this study prefer to do research through the Internet. They
prefer doing research using a computer rather than using written sources. In future studies,
this issue might be chosen as the research topic to discuss its reasons and results. Another



Journal of Turkish Science Education. 11(3),53-63

striking finding of the study is that the conception of “testing” is the category with the highest
frequency among the all categories. Nearly 32% of the students expressed their conception of
learning genetics as “testing.” This result is not so surprising for Turkey because this country
is described as “a country of exams” (Yildirim, 2010), where students take a lot of exams
during their education life. They also have to take another exam to start working at public
institutions after they graduate from high school/university. For example, in Turkey, in the
new system regarding the transfer to secondary education (for students to be able to make a
preference list for high school), from 2013-2014 academic year on, one of the exams given by
the teacher for 6 basic subjects in 8™ grade during a semester will a centralized examination.
In other words, every student has to take 2 examinations prepared by the Ministry of National
Education (MoNE) per year. As a result, they will be able to make their preferences for the
following year’s high school (Anatolian, science, vocational and religious high schools)
depending on their yearly grade average. In the last year of their high school education, they
have to take Higher Education Examination (HEE) and Undergraduate Placement
Examination (UPE) in order to enroll a university. Every year, about two million people apply
for these exams and these students are expected to get high grades and gain the right to get
education at the desired university and desired department. After they complete their
undergraduate education, if they want to work at public institutions as a civil servant, they
also have to get high grades in Civil Servant Selection Examination (CSSE) and to gain the
right to apply for the related vocational positions. Therefore, in a country where there is such
an exam load mentioned above, it is not surprising that students have a conception of learning
in the category of “testing” In addition, since getting high grades in the exams is something
that pleases the teachers and the parents, it is natural for these students to have the conception
of “testing.” However, Tsai (2004) in his study highlighted that the conception of “testing” is
a quantitative view of learning. Quantitative learning refers to the action of keeping or saving
up new and correct pieces of information in mind. In other words, the students in this study
perceive genetics as a separate learning area and memorize the concepts, terms and definitions
without forming a lot of links because they aim to get a high grade in the exam. On the other
hand, 27.8 % of the students participated in the study has “memorizing” as their conception of
learning genetics. In order to change this familiar learning style (memorizing), which has a
long tradition in the education system, there are revised curricula which have been
implemented gradually since 2004 in primary and secondary education. Unfortunately, these
curricula which are based on the constructivist philosophy have not yet implemented at the
desired level. This might be the reason why the conception of “memorizing” still has a high
frequency. In order for a conception of learning to change from “lower level conceptions of
learning” to “higher level conceptions of learning” (Dart et al., 2000; Tsai, 2004; Ferla,
Valcke, & Schuyten, 2008; Lee et al., 2008; Edmunds & Richardson, 2009), it is necessary
for teachers to completely change their teaching style from traditional teaching to
constructivist teaching and to educate their students accordingly. According to Trigwell,
Prosser and Waterhouse (1999), if teachers adopt the content-oriented view of teaching and
use traditional methods, students perceive learning as only acquiring information and keeping
that information in memory. However, at this point it is necessary to mention that if this study
was conducted in secondary or high school level, the number of the conception of
“memorizing” in learning genetics might not be so high. Depending on the change in the
learning environment, different results might be obtained. Since this kind of a study is
necessary for Turkey, this might be an important research topic for future studies.

Another conclusion that can be drawn from the results of the study is that 18.5% of the
students have “applying” as the conception of learning, while 7.4% have the conception of
“seeing in a new way.” As it was stated in the previous studies, these two conceptions of
learning are called “qualitative view of learning” (Marton et al. 1993, 1997 cited in Tsai,
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2004). The students achieve meaningful learning by forming a link between the new
information they have acquired and the existing information. Learning is not only keeping the
information in mind, but it is also using it in different situations. According to Dart et. al.
(2000), if students adopt a qualitative conception of learning (such as seeing in a new way and
applying), they tend to have deep approaches to learning. Tsai (2004) claimed that there is a
link between the qualitative view of learning and constructivist view. From this perspective,
for example, the constructivist view of dealing with the curriculum and the lessons thoroughly
instead of dealing with them in a superficial manner (Brooks & Brooks 1993, cited in Tsai,
2004) and of the application of the acquired information (Tsai, 2001) are included in scope of
the qualitative view of learning (Tsai, 2004). Therefore, educators, guidance teachers and
teachers should internalize and implement the constructivist approach in educational settings
very well in order to create qualitative view of learning instead of quantitative view of
learning. Both the educators and the students have a lot of important responsibilities in all
grade levels in Turkey. Administrators, teachers, experts and curriculum developers should
spend more efforts to change the students’ lower-level conceptions of learning such as
“memorizing” and “preparing for the exam.” Fully implementing the constructivist approach
in class might be the most important stage of this change.

In this study, as mentioned above, a new category named “researching” was formed.
Depending on the students’ answers, this category was defined as accessing information only
by researching. The category of “researching” was not regarded as a higher-level conception
of learning which requires the discovery of new information. Therefore, it was defined as
merely obtaining information and was regarded as quantitative view of learning together with
“memorizing” and “testing.”

In short, in this study, five categories of conceptions of learning genetics (memorizing,
testing, researching, applying and seeing in a new way) for sampled university students were
identified. The subject of genetics which has a close link with other subjects (biochemistry,
chemistry, general biology and health) was chosen and the study was conducted on this
subject. Since conception of learning is domain dependent (Buehl & Alexander, 2001; Hofer,
2000; Tsai, 2004; Lee et al, 2008; Chiou et al. , 2012, cited in Li, Liang & Tsai, 2013), it does
not mean that the same categories will be identified in conceptions of learning in other
subjects. As a result, it is necessary to identify the students’ conceptions of learning in other
subjects such as biochemistry, chemistry, physics and mathematics to form the categories.
Also, the effect of departments on the conceptions of learning should be researched in future
studies. In addition, there might be differences in the identification of conceptions of learning
at high school. New studies would be conducted for different grade levels. Moreover, this
study was conducted using phenomenographic method. After the analysis of the answers to
open-ended questions, the categories were formed. The study might be repeated by making
interviews. Students’ conceptions of learning might be identified by using quantitative
research methods as well as qualitative research methods.
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ABSTRACT

This study investigates the effectiveness of a brain based teaching approach on biology achievement,
attitude, critical thinking disposition and self-efficacy scores of science teacher trainees. Also, science
teacher trainees’ opinions about brain based teaching were investigated. A mixed method approach was
used in the current research and it was composed of two parts: Part A and Part B. Part A was comprised
of a sample of 65 science teacher trainees and Part B was composed of nine science teacher trainees. The
results of Part A revealed no significant effect of the teaching method on achievement, attitude, critical
thinking disposition and self-efficacy scores. On the other hand, the results of Part B showed brain based
teaching to some extent affects cognitive, affective and metacognitive features. This is similar to the
results of some other studies. This study also indicated that various factors may affect students’ cognitive
and affective features besides the teaching method.

Keywords: Brain Based Learning; Pre-Service Science Teachers; Achievement; Attitude; Critical
Thinking Disposition; Self-Efficacy.

INTRODUCTION

In the last 25 years, with the growth of neuroscientific knowledge, some scientists and
educators are becoming increasingly aware of the benefits neuroscience is making in terms of
the brain and its function when students learn (Howard-Jones, 2008). However contemporary
opinions exist regarding the relationship between neuroscience and education - on the one
hand, neuroscience is believed to have potential for solving many important challenges
educators face and on the other hand, it is thought that neuroscientific knowledge is irrelevant
to educators’ understanding of learning. This debate continues to be discussed (Bruer, 1998;
Geake & Cooper, 2003; Davis, 2004; Goswami, 2004; Howard-Jones, 2008; Bawaneh et al.,
2012; Clement & Lovat, 2012). However it is clear that neuroscience provides additional data
related to human learning and learning deficits. Therefore, educators can benefit from those
data. However they should avoid direct applications of neuroscience findings to education
since learning is related to several factors such as social, cultural and contextual (Mason,
2009).
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Leslie A. Hart synthesized the findings of many disciplines including neuroscience and
proposed a theory known as the “Proster Theory” which is a brain based theory of human
learning (Hart, 1981). Various researchers have taken her work as well as data of current
neuroscience in order to develop methods and strategies that will complement the brain's
natural development (Caine & Caine, 1990; Caine & Caine, 1995; Jensen, 2000; Prigge,
2002; Roberts, 2002; Willis, 2007; Nuangchalerm & Charnsirirattana, 2010; Hardiman,
2012). These researchers assisted educators in implementing brain based teaching strategies in
the classroom. Caine and Caine (2002) define brain-based learning as “recognition of the
brain’s codes for a meaningful learning and adjusting the teaching process in relation to those
codes.” Therefore, instruction should be planned and organized so that it is respectful of the
brain’s natural learning system and educators should know how the brain receives, processes,
interprets, connects, stores and retrieves information (Greenleaf, 2002).

The aim in constructing a brain based classroom is to help students optimize the usage
of their brain potential and learning during each lesson. This needs students to feel safe and
also to be cognitively, physically and emotionally prepared to learn a given topic in the
classroom, since research findings presented that environment, diet, teaching time,
chronotype, amount/quality of sleep, music, colour, oxygen, temperature, humidity,
movement, exercise, and water intake all affect the way our brain responds and learns (Taylor,
2007; Azevedo et al.,, 2008; Valdez, Reilly & Waterhouse, 2008; Wilmes et al., 2008;
Kotsopoulou & Hallam, 2010). Therefore, teachers’ decisions on what, where and how much
should be done in order to improve learning outcomes and achieve meaningful learning are
important. The main goal in these decisions should be to create an enriched environment
where all students can learn and develop. Therefore, brain based learning is closely related
with the constructivist theory of learning which indicates learning is individual and unique
(Cercone, 2006). However, teaching in higher institutions is still conducted without
considering individual differences (e.g. learning styles and learning approaches) and is
generally teacher-centred. This implies that current practices and instruction may in fact
diminish or prohibit learning and its quality.

The quality of learning is closely related to students’ beliefs about their abilities,
attitudes towards courses and how they accept the learning content (Enochs et al., 1995;
Besoluk & Onder, 2010; Brigido et al., 2012). In higher education students are expected to be
good critical thinkers who can interpret, analyse, evaluate and criticise the content taught.
Meanwhile, their judgments regarding their capabilities to execute a given type of
performance should be positive since those judgments affect their effort, goals and
commitment to learn (Bandura, 2006). In fact, brain based teaching can meet expectations of
higher education since, in brain based teaching, students are encouraged not to limit their
learning with the content provided, have creative thinking skills, criticise the information
obtained, be aware of what they have learned and construct relations between the concepts so
as to learn meaningfully (Bulut, 2014).

Several studies investigating the effectiveness of brain based learning indicated that
teaching designed on brain based learning affects positively students’ cognitive and affective
features, such as; conceptual understanding and learning motivation (Saleh, 2012), knowledge
and practice of healthy behaviour (Banchonhattakit et al., 2012), academic achievement
(Cengelci, 2007; Ozden & Giiltekin, 2008; Duman, 2010; Odabas1 & Celkan, 2010; Celebi &
Afyon, 2011; inci & Erten, 2011; Aziz-Ur-Rehman et al., 2012; Oktay & Cakir, 2013) and
attitude (McFadden, 2001; inci & Erten, 2011; Seyihoglu & Yarar Kaptan, 2012; Yavuz &
Yagli, 2013). However, contrary to the aforementioned experimental studies McFadden
(2001) and Yavuz and Yagli (2013) indicated no significant differences in achievement scores
when brain based methods were compared to traditional methods. Similarly, no significant
reduction in anxiety was obtained when methods were compared in McFadden’s study.
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Studies that explore the effectiveness of brain based learning on some cognitive and
affective variables are generally conducted on primary and secondary school students. Few of
these studies questioned the effect of brain based learning on university students and even less
is longitudinal. Therefore the objectives of this long term study were 1) to investigate the
effectiveness of brain based teaching on biology achievement, attitude, critical thinking
disposition and self-efficacy scores of science teacher trainees, and 2) to find out their
opinions about brain based teaching.

METHODOLOGY

A mixed method approach was used in the current research and it was composed of two
parts: Part A and Part B. The research design of Part A was quasi-experimental with a non-
equivalent control group pre-test-post-test design. The experimental group received
instruction based on brain based learning while the control group was taught with
conventional teaching. Part A lasted 14 weeks (one semester). Part B was conducted at the
end of the Part A. In Part B a phenomenological approach was followed. Nine students from
the experimental group of Part A were interviewed in order to capture their thoughts, feelings,
and perceptions regarding the application of the experimental treatment and its effects. Semi-
structured interviews were conducted and each interview lasted 25 to 30 minutes.

a) Sample

The participants in Part A were 65 sophomore elementary science teacher trainees
enrolled in Elementary Science Teacher Education Programme at Sakarya University, Turkey.
There were 30 students in the experimental group and 35 in the control group, all of whom
were from a General Biology class. In the experimental group, 66.4% of the subjects were
female and 33.4% male while in the control group, 71.4% of the subjects were female and
28.6% male. The mean age of the sample was 20.2 years (ranging between 19 and 21). The
participants in Part B were nine sophomore elementary science teacher trainees. They were
selected randomly from the experimental group of Part A. Five of the participants were
female and four were male.

b) Procedure

Procedure of part A: Once the experimental and control group were defined, students in
the experimental group received a four hour workshop about how the brain learns, what brain
based learning is, what they were going to do in the biology course throughout the semester,
their learning styles and learning approaches. Meanwhile, the importance of learning styles
and approaches in teaching and learning were discussed. The biology course is a six hour
compulsory course. Since the course was given by the same instructor, the course for the
control and experimental group started at different times of the day. In the control group the
course started at 10:00 a.m. and ended at 11:45 a.m. while in the experimental group the
course started at 3 p.m. and ended at 4.45 p.m. in a three day of a week. One of the
researchers thought out the course for both the experimental and the control groups. At the
beginning of the research, researchers developed the materials, power point presentations,
animations, models, laboratory activities and concept maps that were going to be used while
teaching the course. Meanwhile photographs and music were chosen. Classical music without
lyrics was chosen in order not to disturb the students’ attention and to make the process more
enjoyable and interesting (Brewer, 1995; Dosseville et al., 2012) since listening to music
engages the entire brain (Jensen, 1998). Kolb Learning Style Inventory Il and Revised Two
Factor Study Process Questionnaire were administered before the study in order to determine
students’ learning styles and approaches and for arranging instruction and informing students
(see Table 1).
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Table 1. Students Learning Styles and Learning Approaches

Group Learning Styles (f) Learning Approaches (f)
Converger Diverger Assimilator Accommodator DA SA

EG 30 4 12 3 11 23 7
Female 20 3 7 2 8 16 4
Male 10 1 5 1 3 7 3

CG 35 3 18 8 6 26 9
Female 25 2 13 6 4 19 6
Male 10 1 5 2 2 7 3

Note: EG: experimental group, CG: control group, DA: deep learning approach, SA: surface learning approach,
N: number, f: frequency

Biology Achievement Test, Attitude Scale towards Biology, California Critical
Thinking Disposition Inventory and Biology Self Efficacy Scale were administered as pre and
post-tests to both groups before and at the end of the research. Below the teaching processes
in both groups were summarised.

The students in the experimental group received instruction based on brain based
learning. The instruction was designed mainly considering twelve principles and three
elements mentioned by Caine and Caine (1990; 1995) for brain based learning. Meanwhile,
instruction was conducted considering individual differences between students such as
learning styles and learning approaches. Therefore, several activities, models, visuals and
animations were included and students were free to study alone or in a group. In addition,
students developed posters and PowerPoint presentations and they worked individually or as a
group on a project they had selected. Also they performed open ended laboratory
experiments. The lecturer was responsible for helping students concentrate on a subject and to
help them when they needed support. Moreover, students were allowed to drink water and eat
something while courses were occurring and were reminded of the importance of healthy
feeding for learning from time to time.

In one of the lectures, for example, the lecturer started with an event he had experienced
about plants and posed a question regarding photosynthesis (How the anatomy of leaves
affects the performance of photosynthesis in various environmental conditions?). While
students were working as a group the lecturer presented some visuals that would help them
realise the problem and find some clues. Students searched on the internet, looked at the
PowerPoint presentations prepared, watched videos explaining the photosynthesis and read
their books in order to provide an answer to the question. While students were working, a
lecturer supported each group and joined groups as one of the group members in order to
observe the process and help groups. Then answers from each group were gathered and
discussed. After the discussion the lecturer asked them to design and then conduct an
experiment that would help students to understand better the answer to the question they had
just discussed.

The students in the control group received conventional teaching in which the course
was mainly taught by lecturing. Major concepts (photosynthesis, immunity, reproduction,
blood circulation, respiration, excretion etc.), equations, and definitions were presented by the
lecturer and students were asked to take notes while listening to the lectures. The laboratory
activities were designed as closed-end experiments.

Procedure of part B: Each of the nine science teacher trainees (STT) was interviewed
separately and all interviews were video-recorded. The duration of the interviews varied from
25 to 30 minutes. Then, the interviews were transcribed and these transcripts were checked by
comparison with the video-recordings. The data were analysed by following a qualitative
content analysis approach. The researchers individually decided on categories and themes
based on careful reading of the nine records. The classification of the data among the
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researchers was reviewed and the reasons for the classification were discussed during a one
hour meeting. In the case of inconsistencies in classification among the researchers,
agreements and disagreements were discussed until consensus was achieved.

¢) Instruments

Data collecting tools that were used for informing students and arranging instruction
before the study are presented below.

Revised two factor study process questionnaire: The Revised Two-Factor Study Process
Questionnaire (R-SPQ-2F) which was developed by Biggs, Kember and Leung (2001) and
was adapted into Turkish by Onder and Besoluk (2010) was used to measure the students’
approaches to learning. It is a 20-item Likert-type instrument with deep and surface approach
scales. The total score in each scale ranges from 10 to 50. The test retest validity was reported
as 0.60.

Learning style inventory: Learning style preferences were determined using the Kolb
Learning Style Inventory 111 (KLSI-111) which was developed by Kolb (1999). This scale was
adapted into Turkish by Evin Gencel (2006). The scale contains 12 items. The total score in
the scale can range between 12 and 48. The internal consistency coefficients reported for the
sub-scales in the adapted version were changing between 0.71 to 0.84.

Data collecting tools that were used in Part A and B of the study are presented below.

Biology achievement test: The Biology Achievement Test was developed by the
researchers of the study. This test was administered to both experimental and control group
students as a pre and post-test. The test was composed of 61 multiple choice questions related
to the biology concepts they will study throughout the semester. The test contains items
related to Embryonic Development, Nervous System, Hormone System, Reproductive
System, Circulatory System, Respiratory System, Excretory System, Immune System and
Digestive System. In order to establish whether the content universe addressed by the test is
appropriate, the test was judged by two experts in biology teaching. They have indicated that
the test adequately samples the intended universe which is an evidence of content validity.
The internal consistency of the test was 0.73 and a Split-half reliability coefficient was 0.75.

Attitude scale towards biology: This scale was developed by Geban et al. (1994) and
was adapted to the Biology course by Ozatli (2006). It was used to measure students’ attitudes
towards Biology as a school subject. The scale contains 15 items in 5 point Likert-type scale.
The internal consistency coefficient of the scale was reported as 0.92. The Cronbach’s a for
the scale of the current study was 0.89 and .86 in pre and post administrations respectively.

California critical thinking disposition mventory: Critical thinking dispositions were
measured by the California Critical Thinking Disposition Inventory (CCTDI) developed by
Facione, Facione and Giancarlo (1998). This scale was adapted into Turkish by Kdkdemir
(2003). The original scale contains 75 items, however the adapted scale contains 51 Likert-
type items. The adapted scale consisted of six sub-scales which are; analyticity, open-
mindedness, inquisitiveness, self-confidence, truth-seeking and systematicity. In CCTDI a
score with marks above 300 indicates a positive overall disposition towards critical thinking.
Koékdemir (2003) found an overall alpha coefficient of 0.88, with 0.61 to 0.78 on the sub-
scales. In the present study, the Cronbach's alpha of the CCTDI was 0.83, and for the sub-
scales was 0.55 to 0.81.

Biology Self Efficacy Scale: Self-efficacy scores of the students were determined by the
“Biology Self Efficacy Scale” which was developed by Woo (1999) and was adapted into
Turkish by EKkici (2009). The scale was composed of 40 Likert-type items and three sub-
scales. The total score of the scale can range between 40 and 200. The reliability constant
reported for the scale was 0.94. In the present study, the Cronbach's alpha of the scale was
0.89.
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Semi Structured Interviews: Semi-structured interview questions developed by
researchers were used to collect data on elementary science teacher trainees’ thoughts,
feelings, and perceptions regarding the application of the experimental treatment and its
effects. A semi-structured interview method was chosen since it allows for the obtaining of
rich and varied data. The following are the main interview questions used:

1. Which factors do you think were remarkable in the teaching and learning process of

this course? Please explain.

2. How were you affected by this teaching and learning process? Please explain.

FINDINGS

Part A

One way ANCOVAs were performed on whether differences existed between the two
groups on achievement, attitude, critical thinking disposition and self-efficacy scores. Pre-
tests were treated as a covariate in order to partial out their effects on each analysis. Adjusted
means and standard deviations of post test scores for experimental and control groups are
given in Table 2.

Table 2. Descriptive Statistics of the Achievement, Attitude, Critical Thinking Disposition and Self-
Efficacy Scores

Critical Thinking

Achievement Attitude . . Self-Efficacy
Group N Disposition
Adjusted M+ SD  Adjusted M + SD Adjusted M+ SD  Adjusted M + SD
EG 30 56.60+11.75 56.37+8.79 194.53+16.54 102.56+13.57
CG 35 58.36+9.44 56.34+8.31 191.00+15.88 102.57+15.40

Note: M: Mean, SD: Standard deviations

The results of ANCOVASs that were utilised to analyse whether there is a significant
difference or not are given in Table 3.

Table 3. ANCOVA Results of Achievement, Attitude, Critical Thinking Disposition and Self-Efficacy

Scores
Factors Source SS df MS F p
Achievement Covariate (pretest) 2235.93 1 223593 28.90 .00
Group 4521 1 45212  0.58 45
Error 4795.82 62 77.35
Total 222849.00 65
Attitude Covariate (pretest) 1571.43 1 1571.43  32.26 .00
Group 54.14 1 5414 111 .29
Error 3019.41 62 48.70
Total 211015.00 65
Critical Covariate (pretest) 2909.77 1 2909.77  13.26 .00
Thinking &0 3317 1 3317 051 .69
Disposition
Error 13601.68 62 219.38
Total 2428643.00 65
Self-Efficacy Covariate (pretest) 1836.46 1 1836.46  9.83 .00
Group 52.04 1 52.04  0.27 .59
Error 11573.46 62 186.66
Total 697239.00 65

Note: SS: Sum of Squares, df: Degrees of freedom, MS: Mean Square

Results of ANCOVAs performed indicated a non-significant group difference in
achievement (Fy .= 0.585, p > .05) and attitude (F1 6, = 1.112, p >.05). Similarly, there were
no significant differences between groups on critical thinking disposition (F1e, = 0.151, p >
.05) and self-efficacy scores (F16, = 0.279, p > .05).
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PART B

During qualitative data analysis three main themes were developed: “Teaching
Materials”, “Outstanding Factors”, and “Attention to Physiological Needs” regarding the
teaching and learning process. Meanwhile four main themes were developed: “Affective
Domain”, “Metacognitive Awareness”, “Cognitive Skills”, and “Habits” regarding the effect
of the experimental treatment. Tables 2 and 3 show the frequency and percentages of science
teacher trainees for each category of beliefs, based on their responses. Below each table
narrations and quotations were provided to explain the meaning of each theme in relation to
the study aim.

Table 4. Science Teacher Trainees’ Opinions about Remarkable Things in Teaching and Learning

Process

Codes Themes f %

PowerPoint presentations 7 33.4
Videos 5 23.8
Posters Teaching Materials 4 19.0
Animations 3 14.3
Pictures 2 9.5
Total 21 100
Music 7 28.0
Enjoyable activities 6 24.0
Open-ended experiments 5 20.0
Friendly atmosphere . 2 8.0
Increade WorkFI)oad Outstanding Factors 2 8.0
Learning by discovery 1 4.0
Mutual interaction 1 4.0
Boring course 1 4.0
Total 25 100
Water 3 334
giefégg Attention :\(l) Physiological g ggg
Sleep eeds 1 11.1
Lighting 1 111
Total 9 100

As it can be seen in Table 4, science teacher trainees mostly mentioned some
experiences they had in the teaching and learning process (outstanding factors) and teaching
materials as remarkable factors of the course. Meanwhile, some of them also stated the
importance of paying attention to physiological needs. In considering teaching materials,
science teacher trainees generally indicated visual elements such as PowerPoint presentations,
videos and posters. For example, two of them gave the following explanations in the
interviews:

“STT2: ...especially presentations, I mean PowerPoint presentations were remarkable. We

saw how the things were in reality in the presentations and videos

“STT7: The posters were attractive and fairly interesting for me and the videos were useful

in visualisation of things.”

Music, enjoyable activities and open-ended experiments emerged as the main
outstanding factors from the interviews. Regarding music some of the participants presented
positive feelings, however negative and neutral feelings were also stated. Some quotations
from interviews were presented below:

“STTS5: Music helped me to gather my attention and concentration and motivated me.’

“STT4: Music actually everybody says is positive but in fact it was not positive for me,

rather | was distracted. | think | cannot do two things at the same time. Frankly, both
listening to music and the lesson was not favourable for me.”

>
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“STTS. To be honest, music did not affect me either positively or negatively...”

“STT6. It was more effective to do open ended laboratory experiments since we were
discovering. Seeing things was more impressive...”

Also, water, feeding and oxygen were generally mentioned as physiological needs that
are considered in the teaching and learning process. They gave the following explanations in
the interviews:

“STT7. ...the instructor reminded us every time and said that if you're hungry, eat something
because when you feel fear or you are hungry or you are nervous you and your
learning will be affected. For example, low oxygen also affects you therefore these all
helped me to pay attention to them...”

“STT2: In addition, the relaxation of the brain requires a certain level of oxygen to be in the
environment. Therefore, during our courses we opened the windows in the classroom
and paid attention to our environment so as to have enough oxygen...”

Table 5. Science Teacher Trainees’ Opinions about How They were affected by the Teaching and
Learning Process

Codes Themes f %

Increase in motivation 5 35.7
Increase in interest 5 35.7
Increase in attention Affective Domain 2 14.4
Increase in attitude 1 7.1
Distracted attention 1 7.1
Total 14 100
Recognising how the brain works 5 55.5
Recognising his/her own learning style Metacognitive Awareness 3 334
Recognising his/her own deficiencies 1 111
Total 9 100
Ability to relate their knowledge to daily life 6 66.7
Increasing problem solving skills . . 1 111
Increasing critical thinking skills Cognitive Skills 1 111
Increasing research skills 1 111
Total 9 100
Difficulty in note taking 2 33.3
Sustain his/her own study habits Habits 2 33.3
Sustain his/her own learning habits 1 16.7
Not preparing for the course 1 16.7
Total 6 100

According to Table 5, science teacher trainees’ opinions mainly focused on Affective
Domain, Metacognitive Awareness and Cognitive Skills. Meanwhile, in some views, effects
on habits were indicated. In affective domain, science teacher trainees generally mentioned an
increase in motivation, interest and attention. For example, some of them said that:

“STT7: So, what we did in the course helped me to give my attention to the lessons, and so |

was more interested in the course. ”

“STT8: I always loved biology and loved it even more this semester...’

“STT6. ...different activities in the course helped me to be more motivated.”

With respect to Metacognitive Awareness, interview results indicated that some trainees
recognised and presented their positive feelings on understanding how the brain works. Two
of them said that:

“STT2: ...in some activities 1 have realised that the things that we were doing were in
parallel with how the brain works and | also understand better how the brain
works...”

“STT3.: For example, I have realised that I am learning better with visual representations
and therefore, | started to give more weight to visuals. For example, | started
watching videos about biology; in order to understand the subject better. Also, |
bought magazines related to living things."

>
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For Cognitive Skills, science teacher trainees’ opinions were mainly concentrated on the
ability to relate their knowledge to daily life; on the other hand, few opinions were centred on
an increase in problem solving skills, critical thinking skills and research skills. Some
quotations were presented below:

“STT5: For example, I can now relate biology to problems I have faced, so I can say that

this is the case or as follows now.”
“STT4: ...for example when someone has a headache or an event occurs, | can provide
some suggestions and relate it to daily life.

Finally it is interesting that science teacher trainees resist changing their habits. They
still indicated that they have difficulty in note taking, sustaining their study and learning
habits and preparing for the course. For example one of them gave the following explanations
in the interview:

“STT4. I sometimes felt as if I had lost the connection with the lesson while trying to take

notes...”

“STT5. It was nice to know how the brain works, but I did not change my way of working”

“STT3: ... learning how one learns was good, but I continued in the same way, so I did not
change my learning style.”

DISCUSSION and CONCLUSION

In the current study the effectiveness of brain based teaching on achievement, attitude,
self-efficacy and critical thinking dispositions was investigated and no significant effect of the
teaching method on achievement, attitude, critical thinking disposition and self-efficacy
scores was found. It is an unexpected result to obtain no difference between groups with
respect to self-efficacy and attitude scores since brain based education was more student
centred. In fact, some studies presented positive effects of brain based education to attitude
scores (McFadden, 2001; Yavuz & Yagli, 2013). On the other hand obtaining no difference in
critical thinking disposition scores can be explained to some extent. Although one of the goals
of university education is to improve students’ critical thinking dispositions, recent studies
indicated that university students’ critical thinking scores are generally low (Guest, 2000; Van
Gelder, 2005; Besoluk & Onder, 2010) and resistance to using critical thinking is prevalent
among higher education faculties (Paul 1990). In the faculty where the research was
conducted, courses are generally taught by the lecturing method and the content presents little
chance for students to discuss topics so as to enhance their critical thinking dispositions. On
the other hand, qualitative results showed that brain based teaching has an effect on affective,
cognitive and metacognitive variables of some science teacher trainees. Changes indicated in
the affective domain were high compared to other themes. This is contrary to the quantitative
results of this study. However, in quantitative analysis group means are used which may in
turn hinder to observe the variation in scores individually. Therefore, if we consider both
quantitative and qualitative results, we can say that brain based teaching may have an effect
on the affective, cognitive and metacognitive domain, and this effect may be different with
each individual.

Similar to the results of this study, McFadden (2001) found no significant difference in
achievement and reduction in maths anxiety when traditional and brain based teaching
methods were compared. Yavuz and Yagl (2013) also found no significant difference in
achievement scores of students who received brain based teaching and conventional teaching.
However, qualitative results of the current study and several other studies have found brain
based teaching to affect cognitive and affective features (Ozden & Giiltekin, 2008; Duman,
2010; Inci & Erten, 2011; Aziz-Ur-Rehman et al., 2012; Banchonhattakit et al., 2012; Saleh,
2012). Those studies indicating the effectiveness of brain based teaching on students’
achievements are generally conducted in primary or secondary schools. As the age of students
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increases, it becomes harder to change students’ learning and studying habits. Qualitative
results of the study support this argument. Therefore, adaptation of university students to new
teaching methods becomes difficult. Moreover, loakimidis and Myloni (2010) indicated that
culture plays an important role and unintended results can occur if instructors employ
teaching methods which violate the cultural expectations of students. In countries like Turkey
where generally the masculine culture is dominant, students feel most comfortable in
structured learning situations where clear objectives, detailed assignments, and strict
timetables exist and they expect expert teachers who can answer all the questions. Therefore,
it is difficult to develop learner autonomy and the students’ ability to learn on their own since
it requires them to change their ideas about the teachers’ and students’ roles in the education
process and examine their learning and study habits. One of the reasons for obtaining no
effect from the teaching method may result from this fact.

The students in the experimental group took five courses as well as Biology while the
study was conducted. They received brain based teaching just in the Biology course, however,
in other courses mainly conventional teaching was used by instructors. This could make it
difficult for students to change their learning and studying habits and therefore, they probably
have had difficulty in adapting to this new environment and teaching. Therefore, the effect of
brain based education might be masked by the teaching methods used in other courses. To get
more reliable results, brain based education should be conducted in most of the courses.
Moreover, in order for students to achieve the maximum benefit from brain based education,
they should arrange their life styles, feeding habits, water intake, sleep schedule, study habits
etc. Therefore, to help students in arranging these habits, the structure and policy of
educational institutions should be designed or arranged in a way that supports brain based
education.

The students in both the experimental and the control group received instruction from
the same academician and the course schedule was different. In the control group the biology
course started at 10:00 a.m. and ended at 11:45 a.m., while, in the experimental group, the
course started at 3 p.m. and ended at 4.45 p.m. on three days of the week. Therefore, the
results may also have been affected from teaching time because the classes met at different
times of the day. The experimental group started the course at a time considered to be a “low”
time of the day for the brain to be working (Jensen, 1996). Moreover, students learning and
achievement depends on many factors (Fraser et al., 1987; Besoluk, 2011; Teodorovi¢, 2012)
including; methods of instruction, teaching materials, motivation, learning approach, learning
styles (Besoluk & Onder, 2010), anxiety, sleep (Drake et al., 2003), the quality of
teaching/teachers, teaching time (Besoluk & Onder, 2011), achievement goals (Gherasim et
al., 2013), chronotype (Besoluk, Onder & Deveci, 2011), feeding habits (Rampersaud et al.,
2005), self-discipline (Duckworth & Seligman, 2005), intelligence, thinking styles (Fabbri et
al., 2007), lifestyle regularity (Randler & Frech, 2006), physical condition of learning
environments, cultural and social factors (Teodorovi¢, 2012).

As a conclusion, we did not find any statistically significant difference in dependent
variables of the study although qualitative results presented some positive aspects. However,
knowing that many factors such as culture, school structure, course schedules, age and gender
may affect research variables and these effects change individually which may mask the effect
of the teaching method, considering both quantitative and qualitative results, we can conclude
that brain based teaching may affect some of the teacher trainees’ cognitive and affective
features.
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ABSTRACT

We investigated the belief system of Turkish preservice science teachers (PSTs) about teaching a
socioscientific issue (GM Foods) using a belief system model. This model includes three belief pools:
content beliefs (CBs), core pedagogical beliefs (CPBs) and pedagogy of content beliefs (PCBs). Based on
this model, we developed a questionnaire in order to see interrelationships among three belief pools about
teaching GM Foods. For content beliefs, we selected content knowledge, risk perceptions, moral beliefs
and religious beliefs. For pedagogy of content beliefs, we selected teaching efficacy, preferred teaching
methods and preferred teacher’s roles. We administered the questionnaire to 423 PSTs. Using correlation
analysis, multinomical logistic regression and structural equation modelling we tried to understand the
relationships between CBs and PCBs and to make interpertations about possible CPBs working as a filter
between CBs and PCBs. The results show that PSTs are relatively knowledgeable, hold high risk
perceptions and certain moral and religious beliefs about GM Foods. They possess high teaching efficacy
beliefs, choose the teaching role of Neutral Impartiality and prefer large class discussion and computer-
assisted teaching. As core pedagogical beliefs (CPBs), they may have traditional epistemologies, moral
and religiously-based teaching goals.

Keywords: Belief System; Teaching Socioscientific Issues; Preservice Science Teachers; Turkey.

INTRODUCTION

Genetically Modified (GM) foods, nuclear plants, cloning and global warming occupy
international agendas more than ever before. These issues are controversial and lack clear-cut
answers and decision alternatives. Therefore, all stakeholders (i.e., scientists, government
bodies, representatives of industry and, in particular, the public) have different points of view,
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ideologies and beliefs. These contemporary societal and scientific topics are referred to as
socioscientific issues (Driver et al., 1996). Many countries are attempting to engage with
these issues through policy development, perhaps because of their economic significance. For
instance, the European Union has addressed socioscientific issues (SSI) through the
development of responsible research and innovation as a fundamental policy (European Union
[EU], 2012). Turkey, in three vivid examples of SSI, has established two new nuclear plants
and invested in space and military technologies and in genetically modified (GM) foods.

On the other hand, in addition to the economic significance of SSI, governments
realised that public understanding of these issues is crucial after many of the policies that did
not account for public opinion failed (EU, 2012). The banning of DDT and closure of nuclear
plants in different countries are only two results of such ill-structured policies. Therefore,
many countries began to prioritise raising public awareness about these issues. They have
incorporated SSI into national curricula so that school students, future citizens, can make
informed decisions about them (Dawson, 2001).

There is sufficient evidence to argue that SSI-learning yields positive learning outcomes
that are favourable to government goals. In SSl-based courses, school students learn how to
collect and analyse data, build and defend strong arguments, develop decision-making skills,
address moral dilemmas and develop their moral sensitivity (Sadler, 2011a). However, these
learning environments have been designed either by researchers or by science teachers with
the guidance of scholars (Sadler, 2011a). Consistent with this idea, many science teachers in
countries that underwent SSI curriculum reform argue that teaching SSI is challenging and
requires a new set of teaching skills, such as giving authority to students, dealing with
uncertainties and discussing moral and emotional perspectives (Oulton, Dillon & Grace,
2004).

Turkey revised its science curriculum using SSlI-based education in February 2013,
when the Turkish Ministry of Education (TME) updated its science teaching programme. The
development of scientific habits of mind using SSI is now one of the 12 basic goals of
Turkey’s science teaching programme (TME, 2013). However, most of these new
developments are not yet reflected in teaching materials, textbooks or in preservice and in-
service teacher education programmes. Currently, Turkish science teachers present SSI topics
in unplanned learning environments because they do not know how to address these issues
(Author, 2012a). In the present study, we focused on PSTs who must apply SSI perspectives
in their classrooms under recent curriculum reform. Taking a closer look at PSTs, we aimed to
measure the possible success of SSI educational reform in Turkey.

Furthermore, studies on SSl-based science teaching and teachers’ perspectives are, to
date, limited, and the literature focuses on knowledge types (subject matter or pedagogical
content) (vanderZande et al., 2012) and individual beliefs such as goals for teaching SSI
(Jones & Carter, 2007), teaching efficacy beliefs (Lee, Abd-El-Khalick& Choi, 2006) and the
intention to use SSI (Sadler et al., 2006). At this point, a theoretically sound approach - such
as one using the model of ‘belief system’ - will provide stronger results about the nature of
teachers’ approaches and beliefs (Pajares, 1992). Thus, in the present study, we focused on
preservice science teachers’ belief system about a socioscientific issue.

Teaching SSI

Scholars agree that science teachers usually have positive attitudes towards
incorporating SSI into their teaching programmes (Lumpe, Haney &Czerniak, 1998).
Teachers believe that addressing SSI in classrooms gives them the opportunity to promote
democratic participation and social justice and to raise scientifically literate citizens (Jones &
Carter, 2007). They also stress that teaching SSI helps students understand scientific concepts,
apply science to everyday life and develop decision-making skills (Ekborg et al., 2013).
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However, despite this positive affect, many teachers do not enact their beliefs in practice and
do not address SSI in a systematic manner (Author et al., 2012a). Students usually raise topics
in their classrooms, and their teachers respond quickly (Sadler et al., 2006) with informal
discussions of poor quality (Day & Bryce, 2010). In addition, teachers spend little time on
these discussions (Lee et al, 2006).

The existing literature shows that low level of efficacy beliefs among teachers (Lee et
al., 2006), incorrect roles during SSI teaching (Simmonneaux, 2007) and inappropriate
teaching methods (Author 1 et al., 2012a) are responsible for these negative results. Below,
we discuss each component in detail.

Teaching Efficacy Beliefs about SSI Education

Bandura (1997) defines self-efficacy as ‘beliefs in one’s capabilities to organize and
execute the courses of action required to produce given attainments’ (p.3). A teacher’s self-
efficacy implies ‘a teacher’s belief that he or she can reach even difficult students and help
them learn’ (Woolfolk, 2001, p.389). Teachers with a high sense of efficacy work harder and
persist even when students are difficult to teach; they are also strong motivated in helping
their students learn (Bandura, 1997).

There are a few studies about self-efficacy beliefs associated with teaching SSI. Lee,
Abd-El-Khalick and Choi (2006), for example, stressed that Korean science teachers do not
have a strong sense of efficacy about teaching SSI. They found SSI different from other topics
in the science curriculum because there are no clear-cut answers to the queries they posed for
students. Similarly, Reiss (1999) reported that science teachers feel under-equipped to teach
ethical and moral questions. In addition, Bryce (2004) noted that teachers do not feel they are
experts on these issues and said that a ‘messy’ science curriculum was a time-consuming
obstacle to teaching.

Teachers’ Roles in SSI Education

Kelly (1986) identified four teachers’ roles in teaching controversial topics: Exclusive
Neutrality, Exclusive Partiality, Neutral Impartiality and Committed Impartiality. In
Exclusive Neutrality, teachers do not introduce controversial issues into the broader
community or share opinions on such topics. These teachers see scientific knowledge as the
key and avoid potential problems in teaching SSI by sticking to facts (Oulton et al., 2004).

In Exclusive Partiality, teachers aim to convince students to adopt a correct position on
controversial issues and share their views to persuade students to accept their own
perspectives. In SSI teaching, Lemke (1990) considers that power relations in science
classrooms may contribute to this effect. Ratcliffe and Grace (2003) note that teachers in this
group use strategies to show their bias, such as presenting their opinions as facts and
highlighting a particular set of facts that support their opinions.

In Neutral Impartiality, the teacher promotes classroom discussion and does not reveal
his/her position on SSI. Rather than impose an opinion, the teacher aims to present different
opinions that can assist in making decisions about SSI. Most in-service and PSTs prefer this
role (Oulton et al., 2004). They suggest that they aim to provide a balanced experience and a
range of opinions so that students can make up their own minds and develop their own value
systems. Certain teachers in this group believe that they should provide equal information
about all perspectives on an SSI (Sadler et al., 2006), in terms of both quality and quantity
(Cross & Price, 1996).

In Committed Impartiality, the teacher promotes classroom discussion, discloses his/her
opinions on controversial topics and encourages students to do the same. The goal is to model
a thinking process, not to advocate an outcome. Certain science teachers would like to present
different perspectives neutrally but believe it is impossible to avoid revealing their views and



Journal of Turkish Science Education. 11(3),79-102

values. Therefore, they prefer to explain their positions without imposing them on students;
thus, they aim to be a role model for adult decision-making and argumentation (Simmoneaux,
2007). Certain scholars (Kelly, 1986; Oulton et al., 2004) suggest that Committed Impartiality
is the best role in SSI teaching.

Teaching Methods in SSI Education

Scholars (e.g., Sadler, 2011b) believe that teaching SSI requires collaborative and
interactive classroom environments, where students and teachers feel safe and demonstrate
mutual respect. Although most current science teachers’ practices do not create these
classroom environments (Lee et al., 2006; Sadler et al., 2006), empirical research (e.g.,
Sadler, 2011a) that assisted teachers in designing SSl-based classroom environments showed
that certain existing teaching methods fit with SSI teaching.

The following teaching methods yield positive learning outcomes in SSI teaching:
online modules based on student discussion, field trips (Tal et al., 2011), role playing, small
group discussions and debates (Sadler, 2011b), drama (Aikenhead, 2006), case studies based
on real contexts (Driver et al., 1996), problem based learning (Keefer, 2003), ethical and
moral dilemmas (Zeidler& Lewis, 2003) and preparation of media reports (Ratcliffe& Grace,
2003). In addition, classrooms benefit from didactic teaching (i.e., lecturing), lab exercises
and, to some extent, guided inquiry (Sadler, 2011b).

Teachers’ Belief Systems about SSI Teaching

Empirical and theoretical work has shown that teachers’ beliefs exist as a system (Fives
&Buehl, 2012). Because they are insiders of education (Pajares, 1992), they develop many
beliefs about learning and teaching even in precollege education (Borko& Putnam, 1996).
These beliefs are incorporated into a complex network that includes core and peripheral
beliefs. Core beliefs are usually more resistant to change relative to the peripheral ones (Fives
&Buehl, 2012).

Author and colleagues (2013) argued that teachers possess a belief system that
incorporates the three types of beliefs: content beliefs (CBs), core pedagogical beliefs (CPBs)
and pedagogy of content beliefs (PCBs). They used the theoretical assumptions of Abelson
(1979) and Rokeach (1968) to support this belief system model. The unbounded nature of
beliefs suggested by Abelson (1979) helped them to understand the relationships between
different beliefs in the same system. Accordingly, they argued that teachers’ CBs, CPBs and
PCBs are strongly interrelated because the boundaries among these beliefs are uncertain. For
instance, a teacher with strong pessimistic beliefs about building nuclear plants (CBs) may try
to impose his or her point of view when teaching nuclear energy (PCBs). Similarly, a teacher
with naive epistemologies about the nature of knowledge (CPBs) may choose didactic
methods when teaching cloning (PCBs).

Using Rokeach’s (1968) opinions about belief segmentation (Types of Beliefs), Author
and collaborators (2013) also determined two levels of belief in a system. CBs and PCBs were
peripheral, whereas CPBs were the core beliefs underlying peripheral ones. Core beliefs can
be epistemologies, beliefs about the Nature of Science (NOS) and teaching goals. Author and
colleagues (2013) argued that CPBs work as a filter between CBs and PCBs eventhough they
believed that there may also be direct relationships between peripheral beliefs.

To test the concept of belief systems, Author and colleagues (2013) designed a mixed
study focused on a socioscientific issue: GM foods. Their model included two pools of
beliefs, which were CBs and PCBs. As CBs, they identified content knowledge, risk
perceptions, moral beliefs and religious beliefs about GM foods. For PCBs, they used
teaching efficacy beliefs. They first prepared specific questionnaires targeting the belief types
in their model and administered them to 445 PSTs. The quantitative results showed that
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content knowledge and risk perceptions were positive and significant predictors of teaching
efficacy. Follow-up interviews with eight participants identified that traditional
epistemologies, such as knowledge transfer, explained the relationships between knowledge
and teaching efficacy. In addition, the task values (or goals) of teaching science, such as a
desire to shape future generations, were responsible for the relationships between risk
perceptions and teaching efficacy. Therefore, they incorporated these CPBs into their belief
system model (for further information, please see Author, 2013).

An Extended Belief System Model for Understanding Beliefs about Teaching a
Socioscientific Issue

The proposed belief system model in the present study is shown in Figure 1. We
extended the set of PCBs by adding two new dimensions: beliefs about teacher’s roles in SSI
teaching and beliefs about methods in teaching GM foods. We used the same CBs that we
used in our previous research (Author, 2013). Our goal was to retest the belief system model
for SSI teaching by extending it. This test will also provide us stronger information about the
nature of teachers’ belief systems in SSI teaching. Such information can be used in preparing
more efficient curricula for preservice teacher education and professional development
oppurtunities for current teachers.

Our criteria for selecting CBs were a high frequency for each parameter in the literature
and the potential impact of these parameters on the PCBs. For beliefs related to GM foods, we
selected content knowledge, religious beliefs, moral beliefs and risk perceptions, which we
identified as important content-specific beliefs in understanding SSI and decision-making
(EuroBarometer, 2010). For the PCBs, we identified teaching efficacy beliefs, beliefs about
teachers’ role in SSI teaching and beliefs about teaching methods in SSI teaching that were
problematic and that became important bariers before successful SSI teaching. In addition, as
scholars (Lee et al., 2008; Oulton et al., 2004; Sadler, 2011) suggest, we consider these three
dimensions to be crucial in decisions about SSI teaching, teaching material preparation, the
management of student learning and the achievement of learning outcomes such as higher
order thinking skills and ethical reasoning.

We believe that PCBs are, of all belief types, the closest to real classroom practices.
These professional beliefs are usually formed when teachers enter teacher training, and we
hold that personal CBs and CPBs shape these beliefs. In the present study, we firstly
investigate the relationships between CBs and PCBs. These relationships help us to elicit
CPBs as Author (2013) suggested that these beliefs work as a filter between peripheral
beliefs. We believe that identifying three types of beliefs in the same belief system will allow
us to find significant educational implications for SSI reform in Turkey and in similar

contexts.
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Figure 1. Theoretical Belief System for Teaching about GM Foods
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The purpose of this research is to investigate Turkish preservice science teachers’
belief systems about teaching GM foods. We attempted to answer the following research
questions:

1. What types of relationships exist in preservice science teachers’ belief systems about
teaching GM foods?

2. To what degree does the belief system model (Figure 1) reveal the contributions of
factors related to belief systems in the teaching of GM foods?

METHODOLOGY

We organized a quantitative research based on correlation and regression models in the
present study.

a) Sample

We selected PSTs from ten universities with Teaching Science departments in different
regions of Turkey as our sample using convenience sampling procedures. These universities
offer same science teacher education curricula with slight changes permitted by Higher
Education Council. The science teacher education in Turkey takes four year. The PSTs take a
range of content (e.g., Physics), pedagogy (e.g., Educatinal Pscyhology) and pedagogy of
content courses (e.g., Specific Teaching Methods). Our sample included 423 (127 [30 %]
male and 296 [70 %] female) PSTs with a mean age of 21.5 (SD=1.39, range=18-27). In
addition, we selected participants in their third and fourth years of study because they had
taken many pedagogical and science courses. Of the sample, 262 (62 %) participants were in
Year 3 and 161 participants (46.3 %) in Year 4.

b) Development of Belief System Questionnaire

We developed a Teacher Belief System Questionnaire (TBSQ) using the belief system
model in Figure 1. The TBSQ included eight sub-questionnaires: Content Knowledge about
GM Foods (CKGF), Moral Beliefs about GM foods (MBGF), Religious Beliefs about GM
Foods (RBGF), Risk Perceptions about GM foods (RPGF), Teaching Efficacy Beliefs about
GM Foods (TEBGF), Teachers’ Roles in Teaching GM Foods (TRTGF), Efficacy Beliefs
about Teaching Methods (EBTM) and Effectiveness Beliefs about Teaching Methods in
Teaching GM Foods (EBTMTGF). The questionnaire was preceded by a cover sheet
requesting personal information, such as gender, age, university and year group. The items in
the TBSQ are shown in Appendix.

We selected items based on questionnaires that are frequently used in the literature
(see Table 1). In the development of TEBGF, we also conducted semi-structured interviews
with six experienced science teachers regarding their teaching efficacy beliefs about SSI.
These interviews targeted teachers’ understandings of SSI, actual teaching experiences,
confidence in teaching these topics and the sources of their teaching efficacy (Author, 2013).

In the section of the questionnaire dealing with teachers’ role in SSI teaching, we used
Kelly’s (1986) teacher's roles (Exclusive Neutrality, Exclusive Partiality, Neutral Impartiality,
Committed Impartiality) in teaching controversial topics. We prepared a scenario to represent
each role and asked the PSTs to choose one of them (Author, in submission).

We investigated the potential use of a teaching method in teaching GM foods in two
final parts of the questionnaire. The first part (EBTM) included 25 teaching methods (e.qg.,
didactic teaching), and we asked PSTs how well they could use these methods. In the second
part (EBTMTGF), we relisted the same teaching methods and asked the PSTs to evaluate how
effective these teaching methods would be in teaching SSI.
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After the selection of items, we held a meeting with sixteen participants. This group
included four science education professors, a professor who worked in genetics and
biotechnology, a professor who was an expert in statistics and questionnaire development, a
reading education professor, a lecturer from the Turkish Language and Literature department,
three doctoral students and six Master’s students. This group scrutinised the items and the
layout of the sub-questionnaires in terms of content and language. Minor changes were made

to some items.

After pilot tests with large samples, we reached the final versions of the sub-
questionnaires in Table 1. The alpha reliability scores of the sub-questionnaires ranged from

0.61to 0.91.

Table 1. Information about the Sub-Questionnaires in TBSQ

Sub-questionnaire Abbreviation  Number Available Item sources
of responses
items
Content Knowledge about Eurobarometer
GM Foods CKGF 5 True, False, Don’t Know (2010)
Sjoberg (2008)
Absolutely not, Very little, Rather Fischhoff et al.
Risk Perceptions about RPGE 13 little, To some extent, To a rather (1978)
GM Foods high degree, To a high degree, Toa  Sjoberg (2008)
very high degree
. I completely disagree, | disagree, Eurobarometer
Moral Bellzlggsdzbout GM MBGF 4 I neither agree nor disagree, | agree, (2010)
I completely agree
- . I completely disagree, | disagree, Eurobarometer
Religious Beliefs about RBGF 5 I neither agree nor disagree, | agree, (2010)
GM Foods
I completely agree
Riggs &Enochs
Teaching Efficacy Beliefs 10 . (1990)
about GM Foods TEBGF Nothing (1).... A great deal (3) Semi-structured
interviews
Teachers’ Roles in
Teaching GM Foods TRTGF 4 Role 1, Role 2, Role 3, Role 4 Kelly (1986)
Efficacy Beliefs about ;
Teaching Methods EBTM 25 Never (1)... Very (5) Yilmaz-Tuzun
(2008)
Effectiveness Beliefs
about Teaching Methods BTMTGE 25 Never (1)... Very (5) Yilmaz-Tuzun

in Teaching GM Foods

(2008)

c) Administration of the Teacher Belief System Questionnaire (TBSQ)

We identified a lecturer contact in each programme, and, before administering the

questionnaire, the authors initiated phone conversations with the contacts to inform them
about the aims of the study, to identify possible questions from the participants and to explain
the administration procedure. Almost all of the lecturers distributed the questionnaires in their
regular classrooms and allowed time for the clarification of participants’ queries. The
participants completed the questionnaires in approximately 25 minutes.
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d) Data Analysis

We used various descriptive and inferential analyses in the present study. Descriptive
statistics were used to understand the psychometric factors of GM foods and the teaching of
this topic. We used structural equation modelling (SEM) as an inferential analysis to test the
relationships between CBs and teaching efficacy beliefs. We controlled the assumptions of
SEM such as normality, random missing data and model specification. To find the predictors
of beliefs about teachers’ roles in teaching SSI, we used Multinomial Logistic Regression
(MLR). In addition, we tried to understand the potential use of a teaching method in SSI
education with a scatter gram, which was plotted using the mean scores of the responses to
questionnaire items in the first part (efficacy beliefs) against the mean scores of the responses
to the items in the second part (effectiveness beliefs). To measure the relations between CBs
and beliefs about teaching methods, we used Pearson Moments Correlations and correlated
the CBs with the effectiveness beliefs about teaching methods in SSI education.

FINDINGS
Beliefs about Gm Foods (CBS)

Content Knowledge about GM Foods: We found that the participants were relatively
well informed about GM foods. 58 % of the participants answered all of the items correctly.
Many participants were aware of focus areas for genetic modification, such as development of
resistant species, and the basic techniques of GM food production.

Risk Perceptions about GM Foods: The participants considered GM foods risky, most
commonly reporting this idea with the responses ‘To some extent (4)’ and ‘To a high degree
(5)’. They agreed that GM foods are the result of humans’ negative impact on nature
(M=4.82, SD=1.15). They also believed that these foods present a serious risk to human
health, and the risks with high mean scores were illnesses in future generations (M = 4.86,
SD=1.08) and cancer (M = 4.88, SD=1.13). Other items also had relatively low mean scores:
items related to the severity of GM foods (M = 4.43, SD=1.14) and the harmful effects of GM
foods on plants (M = 4.41, SD=1.21).

Moral Beliefs about GM Foods: The participants held certain moral beliefs about GM
foods, which varied according to different items. In terms of emotional aspects, a small
proportion (31%) of the participants reported that they would feel guilty if they preferred GM
foods to other foods, whereas about a half (44 %) said that they would feel embarrassed. Only
a quarter (26%) believedthat buying GM foods would conflict with their principles. However,
approximately half (44 %) said that they would not eat GM foods for moral reasons.

Religious Beliefs about GM Foods: The participants in this study had moderate religious
beliefs. More than half (58 %), for example, thought that eating GM foods was a sin.
Similarly, 45 % believed that genetic modification was a sin. In addition, 45 % agreed that the
genetic modification of organisms interfered with God’s work. A similar proportion of the
participants believed that the people who performed genetic modifications would be punished
by God during their lifetime (51 %) or after their death (45 %).

Beliefs about Pedagogy of GM Foods (PCBs)

Teaching Efficacy Beliefs: Based on the descriptive results in Table 2, we can argue that
the participants had moderately high efficacy beliefs about teaching GM foods. All of the
items had mean scores over 6 and in the range of 1-9. On one hand, the participants strongly
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believed that they could hold their students’ attention during discussions and develop their
thinking skills. On the other hand, preparing materials and scenarios, using different teaching
methods and teaching ethical reasoning had lower mean scores.

Table 2. Descriptive Results for Teaching Efficacy Items

Items Std Range
Mean Deviation

How well can you prepare scenarios and materials for 6,02 1,64 1-9
discussions?

How well can you use different teaching methods in teaching 6,22 1,48 1-9
controversial issues, such as GM foods?

How well can you teach your students to reason ethically about 6,23 1,64 1-9
genetic modification?
How well can you respond to student questions about GM foods? 631 161 1-9
How well can you implement the necessary steps to teach ideas 6,32 1,52 1-9
about GM foods?
How well can you determine the learning goals for this course? 6,33 1,46 1-9
To what extent can you provide an alternative explanation or 6,38 1,51 1-9
example when students are confused?
How well can you help your students to be aware of different 6,39 1,67 1-9
opinions and beliefs about GM foods?
To what extent can you develop students’ higher order thinking 6,41 1,31 1-9
skills during discussions about GM foods?

6,57 1,43 1-9

How well can you hold students’ attention during discussions?

Based on the belief system model in Figure 1, we assumed that CBs (content
knowledge, moral beliefs, religious beliefs and risk perceptions) would affect teaching
efficacy beliefs about GM foods. Our theoretical structural model based on this belief system
is displayed in Figure 2.

Because the proposed structural relationships between the parameters can be conducted
with a SEM analysis, we analysed all the participant responses using AMOS 18. The
theoretical model was evaluated and compared with the various fit measures. Confirmatory
testing of the theoretical model revealed that the model is acceptable from an empirical point
of view. Considering the fit indices (chi-square = 1624.573, chi-square per degree of freedom
= 2.626, RMSEA = .062, NFI = .80, TLI = .85, CFI = .87), we can say that the theoretical
structure has a strong model fit (Tabachnick& Fidel, 1996).

Figure 2 also shows the summary of the maximum likelihood parameter estimates
(standard coefficients) and the significance of the t-values, indicated by asterisks. Knowledge
(content knowledge about GM foods) and risk (risk perceptions about GM foods) were
significant predictors of the variation in SEB (Self Efficacy Beliefs about teaching GM
foods). Religious beliefs (beta= .07) and moral beliefs (beta=.01) had small and
nonsignificant relations with teaching efficacy beliefs. In addition, the independent variables
were significantly correlated between -.33 and .37.
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18**

.07

.01

32%*

knowledge

Figure 2. Theoretical Structural Model Based on the Belief System in Figure 2 and Maximum
Likelihood Parameter Estimates (**: p <0.01, ***: p<0.001, risk: risk perceptions about GM foods;
religion: religious beliefs about GM foods; moral: moral beliefs about GM foods; knowledge: content
knowledge about GM foods; SEB: Self-efficacy beliefs about teaching GM foods).

Teachers’ Roles in SSI Education: The results showed that 34 (9.3 %) participants
selected Exclusive Neutrality, 34 participants (9.3 %) Exclusive Partiality, 204 (55.9 %)
participants Neutral Impartiality and 93 (25.5 %) participants Committed Impartiality.

To test the model in Figure 1, we used Multinomial Logistic Regression (MLR). This
type of regression enables the prediction of categorical dependent variables with either
nominal or ordinal independent variables. The categorical dependent variable in our model
was the selection of one of four roles for teachers in SSI education. The nominal independent
variables were mean scores of content knowledge, religious beliefs, moral beliefs and risk
perceptions. In MLR, the parameters are interpreted using odds ratios, whichrepresent the
odds that an outcome will occur with a particular exposure compared to the odds of the same
outcome occurring in its absence (Szumilas, 2010). Odds ratios over 1.0 indicate an increased
likelihood, whereas ratios between 0 and 1 indicate a decreased likelihood. We set Committed
Impartiality as the reference category because it is the role that many scholars (Oulton et al.,
2004; Simmonneaux, 2007) suggested during SSI discussions. The results ofthe MLR are
displayed in Table 3. We also provide descriptive results about each role in Table 4 to clarify
the results of the MLR.
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Table 3. MLR Results

Likelihood ratio tests P value Odds ratios
Chi-square df sig. EN EP NI EN EP NI
Knowledge 6.899 3 .075 .113 .052 .943 .25 21* 1.04
Religion 38.373 3 .000 .000 .011 .948 .23*** .50* .99
Moral 23.939 3 .000 .006 .001 .629 2.13** 255*** 92
Risk 4.822 3 .185 .049 .115 .209 .54* .65 .79

The reference category: Committed Impartiality (CI)
Model fit criteria: -2 log likelihood = 775.794, chi-Square =62.856, df = 12, p < 0.01, Nagelkerke R
=.19, *p <0.05, **p<0.01, *** p<0.001

Table 4. Descriptive Results about Each Role

Knowledge ~ Moral - Religious Risk
g Beliefs Beliefs  Perceptions
M SD M SD M SD M SD
Exclusive
Neutrality 69 28 319 .94 278 .83 465 .58
Exclusive
Partiality 66 .31 350 1.00 336 .87 470 128
Neutral =77 26 288 82 352 92 467 .72
Impartiality
Committed
Impartiality g7 26 298 86 359 .91 480 .74

Our results show that religious beliefs, moral beliefs and risk perceptions were
significant predictors in the selection of teachers’ roles. The participants who held strong
religious beliefs were 0.23 times less likely to select Exclusive Neutrality and 0.50 times less
likely to choose Exclusive Partiality, compared to the Committed Impartiality reference
group. In other words, the participants who had a lower level of religious beliefs than the ones
who chose Committed Partiality selected Exclusive Partiality and Exclusive Neutrality.

Furthermore, the participants who reported strong moral beliefs were 2.13 times more
likely to select Exclusive Neutrality and 2.55 times more likely to choose Exclusive Partiality,
compared to Committed Impartiality. Thus, the participants who had stronger moral beliefs
than the ones who selected Committed Impartiality selected Exclusive Partiality and
Exclusive Neutrality. In addition, the participants with high risk perceptions were 0.54 times
less likely to select Exclusive Neutrality than the Committed Impartiality group.

Overall, the characteristics of the participants who selected Neutral Impartiality and
Committed Impartiality were similar for all the independent variables (i.e., knowledge, moral
beliefs, religious beliefs and risk perceptions). The participants with less religious beliefs
tended to select Exclusive Neutrality and Exclusive Partiality. In addition, the ones who
selected Exclusive Neutrality and Exclusive Partiality held stronger moral beliefs than the
other groups. Finally, the participants who selected Exclusive Neutrality had the lowest risk
perceptions of all the groups.

Teaching Methods in SSI Education: In the scatter gram in Figure 3, the teaching
methods located in the upper part of the (those with a higher mean score) are considered
effective in GM food teaching by many students, whereas the methods in the lower part are
considered less effective. Similarly, the teaching methods to the left of the plot were
identified by the participants as inefficient, and those to the right were identified as efficient.
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Looking at the positions of the various teaching methods on the plot, it can be seen that
didactic teaching was not viewed as suitable for GM Foods teaching. Although the
participants considered that inviting experts to classroom would be useful in teaching GM
Foods, the efficacy of this method was limited.

Because the scales of efficacy and effectiveness included five response alternatives
(from low (1) to high (5)), we believe that the responses over 4 for both scales can be used to
find teaching methods with the highest use potential. We used the lines to show these teaching
methods. Accordingly, it seems that the participants would use large class discussions and
computer assisted teaching in their future careers because they identified these methods as
efficient and effective in teaching GM foods. Collaborative and inquiry-based teaching
methods (i.e., project based learning, inquiry, problem based learning, cooperative learning
and case method) follow these methods in the list of PSTs. In addition, the PSTs showed high
efficacy beliefs for lab-based activities and question-answer sessions even though they
reported relatively limited effectiveness beliefs. In addition, PSTs believed that the methods
about teaching conceptions such as analogy, 5E learning cycle, conceptual change texts and
concept maps would not be useful as much as other methods would be in teaching SSI.
Regarding role-play and drama, which are suggested methods for SSl-education, they
considered these methods to be useful in teaching GM Foods to some extent but reported a
limited efficacy in using them.

To measure the relations between CBs and beliefs about teaching methods, we used
Pearson Moments Correlations. We investigated the relationships between CBs and beliefs
about the effectiveness of each teaching method in teaching GM foods. Table 5 shows that
risk perceptions were positively correlated with beliefs about the effectiveness of certain
teaching methods. However, the correlation scores did not exceed .200, meaning that risk
perceptions had weak relationships with the effectiveness of teaching methods. Apart from a
few exceptions, the other content beliefs did not correlate with effectiveness beliefs.

DISCUSSION

In the case of CBs, we found that the PSTs were relatively knowledgeable and held
certain moral beliefs, moderate religious beliefs and high risk perceptions. Apart from
religious beliefs, the results about the CBs were consistent with our previous research (Author
1, 2013). It is possible that undergraduate courses, such as Specific Issues in Biology and
Genetics, as well as media coverage are responsible for the sample’s relatively strong
conceptual background in GM Foods. In addition, the PSTs in this sample had stronger
religious beliefs than did those in previous research (Author 1, 2013). It is hard to explain this
result because the PSTs are from different regions and backgrounds across the universities. It
is possible that genetic modification is a new topic for the religious authorities, and there is
not yet any confirmation for its use, which causes it to be of interest to people with moderate
religious beliefs. In addition, the new and unknown nature of these foods (Sjoberg, 2008) may
be the reason for high risk perceptions in Turkey.

In terms of PCBs, the PSTs reported relatively high teaching efficacy beliefs. They
commonly chose the role of Neutral Impartiality and preferred large class discussions and
computer assisted teaching as teaching methods. Although this picture seems optimistic for
the future of SSI reform in Turkey, we believe that further investigations are essential.

In the case of teaching efficacy beliefs, we noted that PSTs’ efficacy beliefs were high
for general instructional practices, such as holding student attention, but that efficacy
decreased in the cases of preparing discussion scenarios and teaching ethical reasoning, which
are specific components of SSI-based education. Similarly, Author (2013) found that PSTs
were not confident in teaching the nature of science or in incorporating families into learning,
which are specific elements of SSI teaching. It is possible that PSTs use general science
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teaching efficacy to interpret the items about teaching SSI and that this efficacy does not
represent the beliefs about SSI teaching (Author, 2013). In addition, content knowledge and
risk perceptions were positive significant predictors of teaching efficacy. Although certain
studies show similar relationships (Cakiroglu& Boone, 2002), Author’s (2013) comments are
crucial for understanding these relations. Consistent with their arguments, we believe that
certain CPBs influence these relations. In the case of content knowledge, traditional
epistemologies based on knowledge transfer might come into play because most Turkish
PSTs have naive beliefs about learning and teaching knowledge (YilmazTuzun & Topcu,
2008). The PSTs with a strong knowledge background and naive epistemologies based on
knowledge transfer might believe that they can teach SSI efficiently. Regarding risk
perceptions, a teaching goal such as the desire to raise a healthy generation might be
influential because Turkish PSTs are sensitive about the social utility of teaching (Author,
2012b). Author (2013) found that PSTs believed that their risk perceptions led them to teach
these topics effectively due to potential for health problems in the near future. Similarly, the
PSTs in the present study with high risk perceptions and a desire to foster a healthy society
might develop high teaching efficacy beliefs so that their students can better learn about the
negative sides of GM Foods.

Regarding teachers’ roles in SSI education, it was encouraging to find that only a small
percentage of the PSTs chose Exclusive Neutrality (Role 1) and Exclusive Partiality (Role 2).
This finding implies that most of the PSTs will incorporate SSI into their teaching without
imposing their personal opinions. Although a large portion of PSTs selected Neutral
Impartiality, the existing literature and we suggest this result might be an illusion. Many
scholars (Kelly, 1986; Oulton et al., 2004; Simmonneaux, 2007) argue that most teachers and
PSTs prefer this role before real teaching experience but soon change their role due to the
impossibility of not disclosing personal values and opinions in the classroom. In addition,
Author (in submission) noted that one of the reasons for choosing Neutral Impartiality was the
desire to reach absolute truths by discussing different perspectives, which is an immature
belief. They associated this result with the naive epistemologies of Turkish PSTs about
certainty of knowledge. In addition, about a quarter of the sample selected the teaching role of
Committed Impartiality. This proportion is similar to the results found in a previous study
(Author, in submission). We believe that certain PSTs may have concerns about this role,
such as the risk of influencing school students with their personal opinions and/or the
possibility for difficult and unplanned debates (Author, in submission).

We believe that the predictors for the set of CBs strengthen our comments about beliefs
in teachers’ roles because, using them, we may identify CPBs. For example, the PSTs with
higher religious beliefs preferred Neutral Impartiality or Committed Impartiality. They
reported that they would incorporate SSI into their democratic learning environments without
imposing their points of view on their students, though they may make their opinions explicit.
Religiously based CPBs may come into play in this finding. Regarding creating a democratic
environment highlighted in both Neutral Impartiality and Commited Impartiality, Islam, the
Koran and the practices of Prophet Muhammad emphasise that there should be no pressure on
people while they make their decisions. An individual should tell his/her opinion about a
controversial issue but leave the decision to others (Esposito & Voll, 1996). Regarding being
a model in Committed Impartiality, we can argue that modelling is crucial in Islam, especially
while raising children, who learn what to do and not to do from observing models around
them (Esposito & Voll, 1996). In addition, the PSTs with stronger moral beliefs particularly
selected Exclusive Neutrality and Exclusive Partiality. This finding may imply that if a PST is
convinced that GM foods are good or bad, he/she will not create a democratic environment
that permits the discussion of possible alternatives, as in the roles of Neutral Impartiality and
Committed Impartiality. These teachers will either avoid incorporating SSI into their teaching
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or impose their points of view. For the former, we believe that PSTs with higher moral beliefs
may not be willing to teach these issues in their classrooms because they do not want students
to learn different perspectives about them. For the latter, a moral teaching goal, such as
protecting children from the harmful effects of GM foods, might be responsible (Lee &Witz,
2009). In addition, the PSTs who chose Exclusive Neutrality had a lower level of risk
perceptions than did those who chose Committed Impartiality. It is possible that a higher risk
perception will lead PSTs to incorporate these issues into their teaching. This finding may
also be related to a moral teaching goal, such as desire to educate a healthy generation of
students (Cross & Price, 1996). However, we do not know whether PSTs with higher risk
perceptions will impose their ideas, create a democratic environment or be a model for
children.

Table 5. Pearson Moments Correlations between Effectiveness Beliefs about Teaching Methods and
Content Beliefs

Knowledge Moral Religion Risk

Conceptual Change text 112* 144%*
Drama

Large class discussion 143**
Role play 111*
Multiple intelligence .103*
Inquiry

Concept Cartoons 153**
Small group discussion A111*

Concept maps

Computer assisted teaching .107*

Using newspapers 133**

Project based learning JA111*

Didactic teaching

Lab activities .108*

Question-answer sessions A17*

Play

Inviting experts .135*

Discovery

Internet research .109*

Cooperative learning

Analogy

Problem-based learning

Case .135*

5E learning cycle

Outdoor education .184**
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Figure 3. The Scatter Gram Showing the Potential Use of Teaching Methods in SSI Education
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In terms of teaching methods, PSTs would potentially use computer assisted teaching
and large class discussions in SSl-based education in the future. Collaborative and inquiry-
based learning environments such as project based learning, cooperative learning, small group
discussion, inquiry and problem based learning follow these methods. In addition, they most
commonly considered that conceptual change methods would not be very effective in
teaching SSI. These results show that PSTs can feel that SSI-based education requires
collaborative and interactive classroom environments, where students collaboratively produce
knowledge, collect data and make inquires. In addition, they can separate these methods from
more classical ones based on teaching conceptions. These positive results are consistent with
expectations and suggestions of scholars (e.g., Sadler, 2011a). However, we still believe that
these results should be interpreted carefully considering certain opposite results in Turkish
literature. For example, computer assisted teaching and large class discussion are frequently
used by science teachers and lecturers in Turkey. It seems that the PSTs selected these
methods to provide a conceptual background about GM foods for their students because
computer assisted teaching in Turkey is a preferred method for particularly conveying new
concepts (Yesilyurt, 2011). In addition, large class discussions are a form of recitation,
including question-answer-evaluation sessions, in  Turkish classrooms (Author, in
submission). These findings show that the methods with high potential of use may turn into
the environments where students deal with conceptions and try to memorize them.

Another intriguing result was the reluctance of certain PSTs to use role-play and drama
in teaching about GM Foods, even though these methods include roles that represent different
positions and ideas about SSI cases. Consistent with their responses, we can argue that PSTs
lack experience in using these methods in SSl-based education. Lack of expertise is also
observed in inviting experts even though this method is considered very effective. This
situation may stem from PST’s previous schooling and teacher training. Perhaps they had
limited mastery and vicarious experiences about these methods. In addition, we found weak
correlations between CBs and beliefs about the effectiveness of teaching methods.
Considering the correlation coefficients are less than .200, it is not appropriate to make any
causal comment. However, we can speculate that PSTs with high risk perceptions tend to use
a range of teaching methods or a combination of different teaching methods to convey
pessimistic messages to school children.

Finally, based on the above interpretations, we completed our theoretical model in
Figure 1 by adding CPBs in Figure 4.

CORE PEDAGOGICAL\
BELIEFS

Beliefs about Content Traditional epistemologies @eliefs about the Pedagogy\

based on knowledge transfer £ Content
Moral goalof raising o1 .onten
healthy generations

Content-knowledge about

GM foods Teaching efficacy about
Risk percep;tlo(r;s about GM Goal of creating a " ?M E)oc’is S
ficious b °|9 fs b democratic environment and Fea‘é °rs rho. csin G
Religious beliefs.about GM being a model based on 00 s_teac ing-.
Foods Teaching methods in

ligi lief
Moral beliefs about GM religious beliefs

foods J
\_ / \_ 9%

Figure 4. Final Version of the Belief System for Teaching about GM Foods

teaching GM foods
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CONCLUSION and IMPLICATIONS

We argue that a belief system about teaching SSI exists and suggest that it includes a
nested belief framework including professional beliefs (CPBs and PCBs) and personal beliefs
(CBs). PSTs may bring their personal values and beliefs into classrooms and use their core
educational beliefs as a filter, and it is possible personal CBs about SSI, reshaped by CPBs,
influence PCBs about SSI. For instance, a teacher who is unwilling to cook with GM foods
for her children may believe that she should bring her pessimism from home into the
classroom. She may have a core educational belief such as raising a healthy future generation,
which will lead her to impose her personal beliefs on school children without discussing
positive views of GM foods. She may consider that she can teach negative perspectives more
efficiently because of her personal beliefs and core educational beliefs. She may not permit
exchanges in the classroom and prefer recitation and question-answer sessions that guide
students towards her personal truths. Therefore, any suggestions about the implications of this
study should not take only individual beliefs into account, but the whole belief system.

Two fundamental implications emerge from our results: Change and New Focus

A) Change

We could easily argue that PSTs are not ready for curricular reform in Turkey. In
particular, their PCBs do not generally fit with the expectations of SSI reform. In terms of
teaching efficacy beliefs, rather than general science instruction and knowledge transfer, we
believe that it is essential to prioritise NOS instruction, the development of moral and ethical
reasoning and sophisticated epistemologies. We suggest more (mastery) practices for SSI
instruction in Science Teaching Methods courses and teaching practicums in real classrooms
so that PSTs can experience inconsistencies between their existing beliefs and intended ones
(Posner et al., 1982). In these practices, explicit NOS learning and teaching (Akerson, Abd-
El-Khalick, 2000) and the tenets of ethical and moral reasoning (Zeidler& Lewis, 2003) can
be emphasised. In addition, incorporating advanced science courses such as ‘Specific Issues
in Biology’ into science teacher education will enhance PSTs’ teaching efficacy about SSI
because content knowledge is an important predictor of efficacy. Similarly, rather than
selecting positions of Exclusive Neutrality and Exclusive Partiality due to moral teaching
goals, teachers can select more dialogical roles such as Neutral Impartiality or Commited
Impartiality based on mature epistemologies and promising teaching goals such as character
development. At this point, the four teacher roles identified by Kelly (1986) can be introduced
to PSTs, who should then reflect on these roles. In addition, rather than selecting teaching
methods based on traditional goals, such as teaching concepts and transmitting knowledge,
teachers should choose methods based on the interplay of different ideas and dialogues
between student and teacher and student and student (small group discussion, role-play,
drama, etc.). Science teacher educators can highlight that conceptual understanding is only
one goal of SSI teaching among a set of cognitive, affective and behavioural outcomes.
Methods such as role play and drama can be incorporated into Science Teaching Methods
courses by contextualising them within SSI education. In addition, successful examples of
inquiry based technology integration in SSI education (see the COREFLECT project:
www.coreflect.org) and efficient discussion environments such as deliberative discourse
(Michaels, O'Connor &Resnick, 2008) can be introduced to those PSTs who already believe
that both these environments are suitable for SSI education.

Apart from content knowledge, we believe that we should not try to change personal
(content) beliefs because they are unique to individuals and are shaped by a range of factors,
on which pedagogical environments have a limited influence. In addition, certain personal
beliefs can make the belief shift easy, as in the case of the effect of religious beliefs on the
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selection of Committed Impartiality. We suggest that science teacher educators should
diagnose these content beliefs before giving instructions about teaching SSI. This diagnostic
awareness will provide educators with certain predictions (e.g., PSTs with strong moral
beliefs may not want their students to learn different perspectives) and allow them to organise
their teaching programmes, modules and materials to these specific groups.

We believe that if educators aim to create a complete shift in PSTs’ minds, then change-
based strategies should target CPBs (filters) even though these beliefs are the most resistant
group to change in the belief system (Ertmer, 2005). However, this change is likely to
automatically cause the expected changes in PCBs. Although most core educational beliefs
are shaped before entering university, teacher training institutions still have a chance to
reshape their student-teachers’ beliefs (Pajares, 1992). As scholars (e.g., Pajares, 1992) argue,
three steps may be useful: eliciting beliefs, creating inconsistencies and encouraging a
willingness to use suggested beliefs. Using questionnaires and/or interviews, science teacher
educators can understand PSTs’ existing core educational beliefs in first stages of university
education. After that, they can plan a purposeful teaching programme in both science and
science education courses that takes into account existing core frameworks. As a second step,
we believe that PSTs should encounter inconsistencies within their core system and the
system we ask them to enact. In our teaching SSI context, PSTs should master mature
epistemologies: for example, ‘knowledge is uncertain in some cases’, and ‘truths are true to
some extent and according to context’. In addition, the current goals of science teaching
should be made explicit in different courses (e.g.,educating scientifically literate people who
can make informed decisions, handle uncertainties and build arguments). Lecturers in science
and science education courses can continuously use inquiry based, collaborative teaching
approaches, support PSTs directly and/or vicariously and adopt dialogical roles in
controversial issues. In addition, it should be emphasised that teaching SSI is different from
teaching other regular science topics and that, in addition to conceptual learning, it includes
collecting and analysing the data, evaluating evidence, coping with uncertainties, defending
arguments and increasing moral and ethical sensitivity. If these goals and inconsistencies
based on experience and professional support are incorporated into science teacher training,
we believe that certain PSTs may be willing to change their core beliefs and produce better
ones that fit with suggested SSI teaching.

B) New Focus

One another contribution of this research is its theoretical approach. The study of belief
systems, rather than individual beliefs, provides more reliable information about teachers’
beliefs (Fives &Buehl, 2012). We suggest that beliefs are complex and interrelated. When we
discard a few beliefs from existing belief systems, we may lose sight of important
relationships and core factors. For instance, if we had focused on teaching efficacy beliefs
without investigating content beliefs, we may have concluded that PSTs have moderately high
efficacy beliefs and that this is good news for curricular reforms. However, our finding that
risk perception is a predictor of teaching efficacy recalibrated our focus and led us to suggest
that (science) teacher education researchers need to do the same. Instead of observing the
content of a small cell in a leaf, studying part of the tissue provides additional information
about the relationships between the cells and their effects on one another. The present study
reconfirmed the importance of the belief system model in SSI teaching, which was suggested
in previous works. We consider this model to be useful in understanding teachers’ beliefs and
reactions to topics in science and other areas.
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APPENDIX
Teacher Belief System Questionnaire

Content Knowledge about GM Foods

Genetically modified tomatoes include genes, whereas normal tomatoes do not.

One of the areas in which gene transfer is used in plants is producing disease resistance.
Genetically modified foods cannot be digested.

In order to modify the genes of a plant, its cells should be killed.

A plant’s need for fertilizers and pesticides is decreased by changing its genetical structure.

Moral Beliefs about GM Foods

Buying GM foods instead of normal ones is against my personal principles.

| feel guilty if I buy foods produced by genetically modified organisms instead of other foods.
I do not find any problem with GM foods in terms of moral aspects.

Buying foods produced by genetically modified organisms instead of other foods makes me
embarrassed.

I do not eat GM foods due to moral reasons.

Religious Beliefs about GM Foods

I think genetic modification of organisms is interfering with God’s work.

Modification of the genetic structure of an organism is a sin.

I believe that people who change the genetic structure of organisms will be punished by God
after they die.

| believe that people who change the genetic structure of organisms will be punished by God
in this world.

Eating GM foods is a sin.

Risk Perceptions about GM Foods

To what extent will genetic modification lead to illnesses in future generations?
To what extent will genetic modification cause cancer?

To what extent will genetic modification have severe consequences?

To what extent is genetic modification a result of humans who destroyed the balance of
nature?

How much will GM foods harm humans?

To what extent will the other people expose this risk?

How much will genetic modification lead to negative effects unknown today?
How much will genetic modification lead to negative irreversible effects?

How much will genetically modified organisms harm animals in nature?

How much will GM foods harm the environment?

How much will genetically modified organisms harm plants in nature?

To what extent do GM foods have risks that are not easily avoided?

How much is GM technology dreaded?

Teaching Efficacy Beliefs about GM Foods

There are different perspectives regarding the production of foods from genetically modified
organisms. Some scientists say that there may be significant harm from these foods in the
future in terms of health and the environment, whereas others say that this technology is risk-
free and may be important to healthily and cheaply meet the food needs of a rapidly
increasing population. Suppose that the Ministry of Turkish National Education asks students
to make informed decisions about the production, consumption, encouragement or restriction
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of GM foods. You plan a 3-h science course in which you attempt to teach the concepts and
skills needed to make informed decisions and to discuss different perspectives. The following
statements are possible competences we prepared for this course. Please choose one of the
options that best represent your opinion of how much you can realize these competences and
practices.

How well can you prepare scenarios and materials for discussions?

How well can you use different teaching methods in teaching controversial issues, such as
GM foods?

How well can you teach your students to reason ethically about genetic modification?

How well can you respond to student questions about GM foods?

How well can you implement the necessary steps to teach ideas about GM foods?

How well can you determine the learning goals for this course?

To what extent can you provide an alternative explanation or example when students are
confused?

How well can you help your students to be aware of different opinions and beliefs about GM
foods?

To what extent can you develop students’ higher order thinking skills during discussions
about GM foods?

How well can you hold students’ attention during discussions?

Teacher’s Roles about GM Foods Education
The roles that science teachers take in teaching GM Foods are given below. Please tick
one of these roles that best represents your choice when you become a science teacher.

ROLE 1: The teacher does not introduce controversial issues in the broader community, nor
does the teacher share opinions on such topics. Teachers should stick to the value-free
teaching of that knowledge and set of skills which have been conclusively demonstrated to be
true or important through rigorous scientific investigation or through broad consensus within
the community.

ROLE 2: The teacher strives to convince students to adopt a correct and preferable position
on controversial issues such as GM foods. Teachers disclose for the purpose of convincing
students to accept the teacher’s own perspective.

ROLE 3: The teacher promotes classroom discussion and is committed to not explicating
his/her position on GM foods, but encourages students to do so. The aim here is not to impose
other ideas, rather to show that different ideas, previously overlooked or under-considered in
the discussion, would be relevant in making informed decisions about GM foods.

ROLE 4: The teacher promotes classroom discussion and is committed to disclosing his/her
opinions on GM Foods and encourages students to do the same. The goal is to model a
thinking process not to advocate for an outcome.

Teaching Methods (Efficacy) in SSI Education
Pleaseshow how muchyou can use following each method efficiently when you become a
teacher, by choosing one of the numbers in response alternatives.
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Teaching Methods (Effectiveness) in GM Foods Education

How much will following teaching methods be effective in a course where concepts, different
points of views and decision making skills about GM foods are taught?
Role play

Drama

Large class discussion
Small group discussion

5E learning cycle

Problem based learning
Concept Cartoons
Conceptual Change text
Conceptmaps

Computer assisted teaching
Using news papers

Project based learning
Didactic teaching

Lab activities

Outdoor education
Cooperative learning
Question-answer sessions
Play

Case

Discovery

Internet research

Analogy

Inquiry

Inviting experts

Multiple intelligence
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OZET

Oniimiizdeki yirmi yil igerisinde nanoteknolojiye dayali is ve yasam tarzinin hayatimizda koklii
degisikliklere yol acacagi 6n goriilmektedir. Buna bagli olarak egitim sistemimizde de nanobilim ve
nanoteknolojinin daha fazla yer alacagi tahmin edilmektedir. Egitim sisteminde yer alan 6grencilerin
nanobilim ve nanoteknoloji hakkinda bilgilerinin ortaya ¢ikarilmasi, bahsedilen konularin egitim
sistemimize dahil edilecegi siiregte 6nemli ve oncelikli adimlardan birini teskil etmektedir. Bu siirece
yonelik olarak, Egitim Fakiiltesi Kimya Ogretmenligi programi ve Fen Fakiiltesi Kimya béliimii
Ogrencilerinin nanobilim ve nanoteknoloji hakkinda bilgi seviyelerinin belirlenmesi amaglanmistir. Bu
calisma 2011-2012 akademik yilinda Dogu Karadeniz’de yer alan koklii bir {iniversitenin Fen Fakiiltesi
Kimya Béliimiinde ve Egitim Fakiiltesi Kimya Ogretmenligi programinda 6grenim géren toplam 53
ogrenci ile yiiriitilmistiir. Katilimcilara, 11 agik-uclu sorudan olusan bir anket uygulanarak nanobilim ve
nanoteknoloji konusu ile ilgili anlamalar1 ve kimya bilgilerini nanoteknoloji konularina transfer etme
diizeyleri arastirilmigtir. Anketten elde edilen ham veriler anlama seviyelerini ortaya ¢ikaracak sekilde
kategorilere ayrilarak analiz edilmistir. Elde edilen bulgulara dayali olarak, Fen Fakiiltesi Kimya
Bolimiine devam eden o6grenciler biraz daha iyi olmakla birlikte, her iki programdaki 6grencilerin
nanobilim ve nanoteknoloji ve ilgili kavramlari anlama seviyelerinin olduk¢a diisiik oldugu ve sahip
olduklar1 kimya bilgilerini nanoteknoloji konularina yeterince transfer edemedikleri belirlenmistir.
Dolayisiyla hizla gelisen bir alan olan nanoteknoloji hakkinda, nano seviyedeki pargaciklar arasi iligikleri
irdeleyen bir alan olan kimyada 6grenim goren lisans 6grencilerin dahi ¢ok fazla bilgisinin olmadig1 ve
egitim sistemimizin gelismekte olan bu alana gore kendisini yeterince giincelleyemedigi goriilmiistiir.
Nanobilim ve nanoteknolojiye yonelik derslerin programlara zorunlu olarak girmesi zor olacagi i¢in, bu
alanla ilgili kavramlara temel kimya konular1 ve ilgili dersler ¢ercevesinde atiflarda bulunulmalidir.

Anahtar Kelimeler: Kimya; Kimya Ogretmenligi; Nanobilim; Nanoteknoloji; Kimya Bilgisi.

GIRIS

Bilimsel bulusglar ve icatlar ¢aginda fen bilimlerinde ve miihendisliklerde ortaya konan
buluslarin, icatlarin ve/veya tasarimlarin kimler tarafindan gerceklestirildigi apacik ortadadir.
Fakat son yiizyillda birgok disiplinin ortak calismasi sonucu ortaya konan bilim ve

miihendislige dayali eserlerde, buluslarda ya da icatlarda kimin neyi buldugunu veya kimin
neyi kesfettigini sdylemek oldukca giictiir. Bu teknolojilerden bir tanesi de Nanoteknoloji’dir
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(Sandhu, 2006). Nanoteknoloji terimi ilk kez nerede kullanildigi hususunda itilaflar olsa da
1960’li yillardan sonra kullanilmaya baslandig1 bilinmektedir (URL-1, 2013). Gilinlimiizde
nanobilim 1 ile 100 nanometre arasindaki biiyiikliiklerdeki atom ve molekiiler yapilar ve
bunlar arasi etkilesimler ile ilgilenmektedir (Katz, Shipway & Willner, 2004; Laherto, 2010;
Liz-Marzan & Kamat, 2004; Whitesides, 2005). Nanoteknoloji ise atomik ve/veya molekiiler
seviyedeki etkilesimlerden yararlanarak elektronik, ilag, tekstil, kozmetik vb. endiistri
alanlarinda {irtinleri tasarlamayi, tiretmeyi ve kullanmay1 igermektedir (Bowman & Hodge,
2007; Foley & Hersam, 2006). Bu baglamda nanoteknoloji disiplinler arasi bir alan olarak
karsimiza ¢ikmaktadir (Ratner & Ratner, 2003; Tessman, 2009). Nanoteknoloji sayesinde
maddeyi nanometre diizeyinde isleyerek ve ortaya ¢ikan degisik 6zellikleri kullanarak, yeni
teknolojik nano Ol¢ekte aygitlar ve malzemeler yapmak miimkiin olmustur. Tarihsel bir
perspektiften bakildiginda, 21. Yiizyilin sanayi devrimi denebilecek bir bilimsel ve teknolojik
devrime taniklik ettifimiz sdylenebilir (Ozdogan, Demir & Seventekin, 2006; Wansom,
Mason, Hersam, Drane, Light, Cormia, Stevens & Bodner, 2009). Bowman & Hodge (2007),
2015 yilina kadar diinya genelinde dogrudan iki milyon, dolayli ise 5 milyon yeni is
imkaninin olusacagini tahmin etmektedirler. Benzer sekilde Foley ve Hersam (2006), 2014
yilina kadar diinya ekonomisinde nanoteknolojiye dayali tretimlerin 2,6 trilyon dolar
diizeyinde yer alacagini tahmin etmektedirler.

Nanoteknolojinin hizli bir sekilde gelismesi ve ekonomiye olan etkisi, nanoteknoloji
egitimi lizerine odaklanilmasina neden olmustur. Zira bahsedilen biiyiikliikteki nitelikli insan
giiclinlin kolayca ve kisa siirede yetistirilmesi zordur (Laherto, 2010). Nanoteknoloji ve ona
dayali endiistrilerden pay almak isteyen toplumlar nanoteknoloji egitimi i¢in biiyiik miktarda
maddi kaynak ve insan giicii yatirimi1 yapmaktadirlar (Roco & Bainbridge, 2003; Wanson ve
dig., 2009). Bu nedenle ilk, orta ve yiiksek-0gretim seviyesinde aragtirmalar ve bunlara baglh
olarak gerekli diizenlemeler yapilmaktadir. Bu baglamda 2001 yilinda Amerika Birlesik
Devletleri bagkani Clinton’in 6nciiliigiinde “Ulusal Nanoteknoloji Girisimi” (National
Nanotechnology Initiative) baslatilmis ve akabinde Amerika Birlesik Devletleri Ulusal Bilim
Kurumu (NSF; National Science Foundation) destekli Ogrenme ve Ogretim icin
Nanoteknoloji Merkezi (NCLT; Nanotechnology Center for Learning and Teaching)
kurulmus ve egitim alanindaki girisimler desteklenmistir (Wansom ve dig., 2009). Benzer
calismalar Avrupa Birligi ¢ercevesinde yiiriitiilmektedir (Laherto, 2010).

Bu siiregteki oncelikli ¢oziilmesi gereken sorun nanobilim ve nanoteknoloji
egitimindeki igerigin belirlenmesi olarak goriilmektedir. Nitekim bu amagla “Biiyiik Fikirler”
(Big Ideas) olarak gegen nanobilim ve nanoteknoloji dgretiminde ve degerlendirilmesinde
temel olacak konu ve kavramlar ve bu kavramlar hakkinda dgrencilerin anlama seviyeleri
belirlenmeye calisilmistir (Daly, Hutchinson & Bryan, 2007; Hutchinson, 2007; Hutchinson,
Bodner & Bryan, 2011; Light ve dig., 2007; Stevens, Sutherland, Schank & Krajcik, 2007;
Tessman, 2009; Wansom ve dig., 2009). Nanobilim ve nanoteknoloji egitimcilerinin biiyiik
bir boliimiiniin fikir birligine vardigi konu ve kavramlar su sekilde siralanmaktadir (Hingant
& Albe, 2010; Stevens, Sutherland & Krajcik, 2009):

Boyut ve 6lcek

Maddenin yapisi
Kuvvetler ve etkilesimler
Kuantum etkileri

Boyuta bagl 6zellikler
Kendiliginden olusum
Araclar

Modeller ve benzetimler
Bilim, teknoloji ve toplum
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Amerika ve Avrupa’da nanobilim ve nanoteknoloji egitiminde ilkogretimden
seviyesinden baslayarak devam eden yogun egitim planlama ve aragtirmalarina karsin
ilkemizde gerceklesen egitim arastirmalarinda ve planlamalarinda nanobilim ve
nanoteknolojiye yeterince yer verilmedigi goriilmektedir. Yeni giincellenen Ilkdgretim Fen
Bilimleri ve Ortadgretim Biyoloji Dersi 6gretim programlarinda nanoteknolojiye hig
deginilmedigi tespit edilmistir. Ortadgretim Kimya Dersi i¢in sadece 12. Sinif programinda
“Karbon Kimyasina Giris” {initesi icerisinde “nanotiipler” bir 6rnek olarak yer almaktadir.
Ortadgretim Fizik Dersi programinda ise 12. simif “Modern Fizigin Teknolojideki
Uygulamalar1” tinitesi ¢ercevesinde bir konu baslig1 olarak nanoteknoloji ve nano madde
kavramlaria kisaca deginilmektedir (URL-2, 2013). Baska bir ifadeyle, 12 yillik zorunlu
orglin egitimde fen ve matematik alanlarii segen Ogrencilerin, mezun olana kadar tahmini
olarak iki veya 1i¢ ders saatlerinin nanoteknolojiye ayrildigi goriilmektedir.
Universitelerimizdeki ders iceriklerinde de benzer durum sézkonusu olmaktadir. Yapilan
katalog incelemelerine dayanarak, bazi liniversitelerimizin mithendislik ve fen fakiiltelerinde
nanobilim ve nanoteknoloji ile ilgili lisans diizeyinde sunulan segmeli dersler olmakla birlikte
bunlar smirli diizeyde kalmaktadir. Lisansiistii seviyede iilkemizde en bilinen ve &zellikle
nanoteknoloji lizerine aragtirmalar yapan Ulusal Nanoteknoloji Arastirma Merkezi (UNAM)
onemli bir adim olmakla birlikte benzeri sekilde kamusal ve 6zel olan enstitii ya da
merkezlere ihtiya¢ vardir. Ancak daha da onemlisi, bu merkezlerin kurulabilmesi ve iyi
beyinlerin buralara yonlenmesi i¢in genel bir nanobilim ve nanoteknoloji farkindaligina
varilmasi1 gerekmektedir. Bu baglamda nanobilim ve nanoteknoloji farkindaligini arttirmak
amaciyla ilkdgretimden {iniversite seviyesine kadar egitimin-6gretim faaliyetlerinin bilingli ve
programli bir sekilde diizenlenmesi gerekmektedir. Bu siirecteki en 6nemli ve ilk adim
mevcut durumu analiz etmek olarak goriilmektedir. Mevcut durumu analiz siirecine kimya
boliimii ve kimya Ogretmenligi programlarinda, egitimlerine devam eden Ogrencilerin
nanobilim ve nanoteknoloji hakkindaki bilgi seviyelerinin belirlenmesiyle baglamanin 6nemli
ve yerinde olacagi diisiiniilmektedir. Ciinkii Liz-Marzan ve Kamat’in (2004) ifade ettigi gibi
kimya nanoteknoloji ile dogrudan iliskili olup, nano-yapilarin ve materyallerin
olusturulmasinda iyi kimya bilgisine sahip olunmasi gerekmektedir. Benzer sekilde
Whitesides’in (2005) ifade ettigi gibi her ne kadar nanoteknoloji denince akla elektronik
cihazlar gelse de, kimya nanobilim ve nanoteknolojinin kalbinde yer almaktadir. Dolayisiyla,
nanobilim ve nanoteknoloji ile yakin bagi olan bir program olan kimya ve kimya
ogretmenliginde Ogrenim gormekte olan Ogrencilerin sahip olduklar1 bilgi ve anlama
diizeylerinin belirlenmesinin, iilkemizdeki nanobilim ve nanoteknoloji konusundaki
farkindalik ve bilgi diizeyi hakkinda 6nemli bulgular saglayabilecegi diisiiniilmektedir.

Bu calismanin temel amaci, Fen Fakiiltesi Kimya Boliimiinde ve Egitim Fakiiltesi
Kimya Ogretmenligi Anabilim Dalinda egitimlerine devam eden 6grencilerin biiyiik fikirler
baslig1 altinda toplanan temel nanobilim ve nanoteknoloji kavramlari hakkindaki anlama
diizeylerini belirlemektir.

YONTEM

Calismanin amaci dogrultusunda, 2011-2012 akademik yili giiz déneminde Dogu
Karadeniz Bolgesinde yer alan koklii bir iiniversitenin Fen Fakiiltesi Kimya Boliimii
dordiincii simifta (N=30) ve Egitim Fakiiltesi Kimya Ogretmenligi Program {igiincii ve
dordiincii siniflarda (N=23) 6grenim goren ve calismaya goniillii olarak katilan toplam 53
Ogrenciyle calisma yiiriitiilmiistiir. Kimya boliimii 6grencilerinin se¢ilmesinin nedenlerinden
biri kimya boliim mezunlarinin da kimya 6gretmenligi yapabilme ihtimallerinin olmasidir.
Kimya boliimii 6grencilerin ¢alismaya dahil edilmesindeki bir diger gerekge ise profesyonel is
hayatlarinda nanobilim ve nanoteknoloji ile daha cok karsilasabileceklerinden dolayidir.
Yukarida betimlenen 6rneklem grubuna agik-u¢lu sorulardan olusan bir anket uygulanmistir.
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Veri toplama araci olarak kullanilan anket, Hutchinson (2007) tarafindan “biiyilik fikirler”
tartismalarin1 dikkate alarak gelistirilmistir. A¢ik uglu 11 sorudan olusan ve son hali Tablo
1’de verilen bu anketin Tiirk¢eye uyarlanmasi arastirmacilar tarafindan gergeklestirilmistir.
Oncelikle anketin orijinali yukarida verilen “biiyiik fikirleri” kapsayacak sekilde hazirlanmis
oldugu i¢in kapsam gegerligi saglanmis oldugu varsayilmaktadir. Sorularin her biri giinliik
hayatta yer edinmis olan nanoteknoloji iiriinlerini baglama alarak bu 6rnekler iizerinden
aciklamalarin yapilmasi saglanmistir. Bu anket doktora egitimini yurt disinda tamamlamis
olan bir arastirmaci tarafindan Tiirkgeye ¢evrilmis daha sonra ise alan egitiminde lisansiistii
calisma yapan baska bir arastirmaci tarafindan gevirisi kontrol edilmistir. Ceviri isleminin
ardindan anket bir dil bilgisi uzman tarafindan incelenerek yeniden diizenlenmis ve alti
kisiden olusan kii¢iik bir grup kimya Ogretmen adayi iizerinde pilot calismasi yapilarak
anlasilmayan noktalari, eksiklikleri ve aksakliklar1 giderilmistir. Sorular agik uglu oldugu igin,
katilimcilara yonlendirme olmamasi i¢in nanobilim ve nanoteknoloji kavramlarina sorularda
yer verilmemistir. Katilimcilarin genis bir agiyla sorulart degerlendirmeleri ve kendilerinin
nanobilim ve nanoteknolojiyi temele alarak sorular1 cevaplamalar1 beklenmistir.

Tablo 1. Ogrencilere Yoneltilen Anket Sorular
No Sorular

1 Metal bir lira kiigiik pargaciklardan olusmasina ragmen neden kum gibi pargalarina ayrilmiyor?
Agciklayniz.

Kursun kalem, elmas yiiziik, araba lastigi ve komiiriin ortak noktasi sizce ne olabilir? Ag¢iklaymiz.
Sizce bir kertenkele tavanda bas asagi sekilde nasil yiiriiyebiliyor? Aciklayiniz.

Sizce aspirin bas agrisini nasil keser ve atesi nasil diisiiriir? Aciklayiniz.

o b w N

Hangi tiir makinelerin canli bir hiicre igine sigabilecek kadar kii¢iik olabilecegini diigiiniiyorsunuz?
Agciklayiniz.

Sizce DNA gibi hareket eden bir robotu nasil yapabiliriz? Aciklaymiz.

~N O

Sizce strafor, sis, siit, jole, lateks boya ve ¢eligin ortak noktalari neler olabilir? Ag¢iklayiniz.

Neden CD’nin arka yiizeyi rengarenk bir yansima gosterir? Sizce bu renklerin CD’ye depolanan
miizik ile ilgisi var midir? Agiklayimiz.

9 Kir ve suyun yapisip kalmadigindan emin olunarak bir camu temiz tutmak i¢in sizce ne yapilabilir?
Aciklayiniz.

10  Sizce ne zaman altin artik sar1 renkli olur/goriiniir? Agiklayiniz.
11  Sizce atomlarin varligini nasil anlayabiliriz? Agiklayimiz.

Kimya bolimii ve kimya Ogretmenligi Ogrencilerinin nanobilim ve nanoteknoloji
konularindaki bilgi seviyelerini tespit etmek amaci ile uygulanan anketteki her bir soru i¢in
elde edilen veriler, tiimden gelimsel bir yaklasimla (Patton, 2002), Abraham ve
meslektaslarinin (1994) 6grenci kavramalarini analiz etmede kullandiklar1 kategorilere benzer
olarak Tablo 2’de verilen kategorilere uygun sekilde iki kimya egitimcisi tarafindan ayr1 ayri
analiz edilmis ve analizler iizerinde fikir birligi olusturulmustur. Burada “dogru cevap”
sorunun cevaplanmasinda gegerli kavramlart dogru kullanmay1 ve anlamay1 ifade etmektedir.
Diger kategoriler de benzer sekilde hiyerarsik olarak anlamay ifade etmektedir. Bu baglamda
anlama ise nanobilim ve nanoteknoloji farkindaliginin bir gostergesi olarak goriilmektedir.
Kimya bolimii ve kimya 6gretmenligi Ogrencilerinin ankette yer alan sorulara vermis
olduklar1 cevaplarin analizleri ayr1 ayr1 tablo halinde organize edilmistir.
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Tablo 2. Sorularin Analizinde Kullanilan Kategoriler, Kategori Tanimi ve Ornekler

Kategori Kategori Tanim Soru 1’e Uygun Ornekler
Dogru Gegerliligi olan cevabin, ilgili kavramlart  Bozuk paray: olusturan atomlar: bir arada tutan
Cevap dogru kullanarak, tam olarak ifadesi metalik baglardir. Metal atomlarinin dis

yoriingelerindeki elektronlar serbestce hareket
ederek bir elektron denizi olustururlar. Bundan
dolayr atomlar biribirine siki sekilde baglanir ve

par¢alanmazlar.
Kismen  Gegerli olan cevabin bir yoniini i¢eren Metaldeki baglar daha kuvvetli oldugundan dolay.
Dogru ve kavramlarin dogru olarak kullanildig:
Cevap ancak, eksik ve yarim ifadeler
Yanlis Kavram yanilgilari igeren, tamamen Cok yiiksek sicaklikta eridigi i¢in; Metal daha
Cevap yanlis cevaplar kararli yapidadir.
Bos Bos birakma ve bilmiyorum seklindeki Fikrim yok; Bilmiyorum.
cevaplar
BULGULAR ve YORUMLAR

Katilimcilarin 11 maddeli agik-uclu sorulara verdikleri cevaplar Tablo 2’de belirtilen
kategorilere uygun olarak analiz edilerek Tablo 3 elde edilmistir. Tablo 3’de goriildiigii gibi
veriler dort ana kategoride her bir boliim i¢in ayr1 olacak sekilde frekanslart ve ylizde
dagilimlarina gbre soru soru verilmistir.

Tablo 3’de goriildiigii gibi metal bir paranin kiigiik pargaciklardan olusmasina ragmen
neden kum gibi dagilmadigiyla ilgili ilk soruyu Kimya Boliimii 6grencilerinin %3’i ve Kimya
Ogretmenligi 6grencilerinin %9’u bos birakmustir. Soruya Kimya Boliimii dgrencilerinin
%30’u dogru cevap verirken Kimya Ogretmenligi 6grencilerinden bu soruya dogru cevap
veren c¢ikmamistir. Dogru cevap veren 3 Ogrenci soruyu kimyasal baglar konusu ile
iliskilendirebilmislerdir. Ogrencilerin yaklasik iicte biri bu soruya kismen dogru cevap
kategorisine giren cevaplar vermislerdir. Bu cevaplar genellikle “Bag yapisindan dolayi”,
“Metaldeki baglar daha kuvvetli oldugundan dolay:” ve benzeri ifadeleri igermektedir.

Tablo 3. Anket Sorularina Katilimcilarin Vermis Olduklar: Cevaplarin Frekans Ve Yiizde Dagilimlar

Soru Dogru Cevap Kismen Dogru Cevap Yanlis Cevap Bos
No K KO K KO K KO K KO

f % f % f % f % f % f % f % f %
1 9 30 - - 9 30 10 43 11 37 11 48 1 3 2 9
2 4 13 2 9 24 8 18 78 1 3 3 13 1 3 - -
3 - - - 15 50 4 17 11 37 8 35 4 13 11 48
4 - - - - 4 13 1 4 19 63 18 7 7 23 4 17
5 - - 1 4 8 27 4 17 15 50 6 26 7 23 12 52
6 - - - - - - 10 33 10 43 20 67 13 57
7 1 3 - - 6 20 10 43 6 20 6 26 17 57 7 30
8 - - - - 5 17 2 9 17 57 14 61 8 27r 7 30
9 1 3 - - 3 10 - - 20 67 15 65 6 20 8 35
10 - - - - - - - - 22 73 13 57 8 27 10 43
11 1 3 - - 3 10 - - 11 37 14 61 15 50 9 39

K: Fen Fakiiltesi Kimya Boliimii KO: Egitim Fakiiltesi Kimya Ogretmenligi Anabilim Dali

Kismen dogru cevaplar kategorisine giren cevaplarda ogrenciler kum ve metal
arasindaki bag farkinin fiziksel 6zelliklerde farka neden oldugunu ifade etmelerine ragmen,
baglarin nasil etki ettigine dair bir fikir beyan etmemislerdir. Ogrencilerin biiyiik ¢ogunlugu
ise bu soruya yanlis cevap vermislerdir. Ogrencilerin soruya vermis olduklar1 yanlis cevaplar
arasinda en ¢ok asagidakilere benzer ifadeler yer almaktadir:
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“Cok yiiksek sicaklikta eridigi i¢cin”, “Metal daha kararli yapidadir”, “Metal icindeki
alasimlardan dolay1”, “Icinde par¢alar: bir arada tutan bir madde(dir) (vardir).”

Temel kimya bilgileriyle cevaplanabilecek diger bir soruda ise kursun kalem, elmas
yiiziik, araba lastigi ve komiirlin ortak noktasinin ne oldugu aciklamalar: istenmistir. Tablo
3’de gorildiigli gibi 6grencilerin biiylik bir kismi soruyu cevaplamiglardir. Soruya Kimya
%9’u dogru cevap verebilmislerdir. Genel olarak bakildiginda katilimcilarin cevaplarinin
bliyiik kism1 kismen dogru cevap kategorisine girmektedir. Bu cevaplar, iki 6grencinin
“Karbon icerdikleri i¢in,” ve “Karbon atomlarindan olusmustur’ ifadelerine benzer cevaplar
icermektedir.

Ogrenciler verilen 6rneklerin hepsinin karbon atomlarindan olustugunu bilmelerine
ragmen, atomlarin dizilimi hakkinda bir fikir beyan etmemislerdir. Kimya Bolimi
ogrencilerinin %3’ii, Kimya Ogretmenligi Boliimii 6grencilerinin ise %13 ii soruya yanlis
cevaplar vermislerdir. Ogrencilerin vermis olduklari yanlis cevaplar asagidaki alintilara
benzer ifadeler icermektedir:

“Hepsi karbonun izotopudur,” “Kalemde kémiirden yapilmis bir maddedir,” “Araba lastigi
koémiirden imal edilir.”

Nanoteknolojiye iliskin dogal ve canli bir 6rnek olan kertenkelenin tavanda bas asagi
sekilde nasil yiiriiyebildiginin sebebinin agiklanmasi istenen soruyu Kimya Bolimii
ogrencilerinin %13°i Kimya Ogretmenligi ogrencilerinin ise %48’i bos birakmuslardir.
Soruya her iki gruptan da tam dogru cevap veren Ogrenci ¢ikmamistir. Kimya Boliimii
ogrencilerinin %50°si ve Kimya Ogretmenligi Boliimii &grencilerinin %17’si bu soruya
“Kertenkelenin ayaginda kilcal yapil tiiyler bulunur” seklinde kismen dogru ifadeler iceren
cevaplar vermislerdir. Ogrenciler kertenkelenin ayaginda kilcal yapilar bulundugu hakkinda
fikir yiiritmelerine ragmen bu kilcal yapilarin boyutu, miktar: hakkinda yorum yapamamais ve
asil onemlisi tavana tutunmayi nasil sagladigi hakkinda fikirlerini belirtmemislerdir. Kimya
Boliimii 6grencilerinin %37’si ve Kimya Ogretmenligi Boliimii dgrencilerinin ise %35°i
soruya yanlig cevaplar vermislerdir. Bu cevaplar su sekilde ifadeler icermektedir:

“Kertenkelenin ayaklarinda vakum etkisi vardw” ve “Kertenkelenin ayaklarinda
modifikasyon saglayan yaptlar vardwr.”

Ozellikle organik kimya derslerinde sentezi ve dzellikleri verilen Aspirinin, bas agrisini
nasil kestigi ve atesi nasil disiirdiigline iliskin soruyu Kimya Boliimii 6grencilerinin %23’i
Kimya Ogretmenligi &grencilerinin %]17°si bos birakmislardir. Tablo 3’e bakildiginda
goriilebilecegi gibi, bu soruya dogru cevap veren ogrenci c¢ikmazken, Kimya BOlimii
ogrencilerinin %13’ Kimya Ogretmenligi ogrencilerinin %4’ii soruya kismen dogru
kategorisine giren “Agriya neden olan enzimi inhibe eder” ifadesine benzer cevaplar
vermislerdir.

Ogrenciler aspirinin agriya neden olan reaksiyonun enziminin inhibe oldugunu
belirtmisler fakat soruya tam olarak yorum getirememislerdir. Katilimcilarin tigte ikiden
fazlas1 soruya yanlis cevaplar vermislerdir. Bu cevaplar arasinda “Savunma mekanizmasinda
etkisi vardwr,” “Uyusturucu etki yapar,” ve “Psikolojik olarak bagimlilik yapar” gibi ifadeler
yer almistir.

Nanoteknoloji ile dogrudan iliskili olan hangi tiir makinelerin canli i¢ine siabilecek
kadar kiigiik olabilecegine iliskin soruyu Kimya Bolimii 6grencilerinin %23’l, Kimya
Ogretmenligi dgrencilerinin ise %52’si bos birakirken soruya Kimya Ogretmenliginden bir
ogrenci dogru cevap verirken, Kimya Bolimii 6grencilerinden soruya dogru cevap veren
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%17’si soruya “Biyogipler olabilir” gibi kismen dogru ifadeler iceren cevaplar vermislerdir.
Ogrenciler biyogiplerle bu islemin gerceklestirilebilecegini  diisiinmiislerdir  fakat
yapilabilecek islemler hakkinda tam olarak dogru ifadeler iceren cevaplar verememislerdir.
%26’s1 “Mikro makinelerle” ve “mikrogiplerle” gibi yanlig cevaplar vermislerdir.

Tablo 3’de goriildiigii gibi DNA benzeri kendi basina hareket eden bir robotun nasil
yapilabilinecegiyle ilgili olarak Ogrencilerin neredeyse tligte ikisi herhangi bir yorumda
bulunamamustir. Soruya dogru ve kismen dogru cevap veren de olmamistir. Baska bir ifadeyle
bu soruya verilen cevaplarin tamami1 “DNA ‘daki zayif etkilesimlerden yararlanarak” veya
“Yapay beyin takviyesiyle” gibi ifadeler iceren yanlis cevap kategorisinde yer almistir.

Strafor, sis, jole, lateks boya ve ¢eligin ortak noktasinin ne olduguna iliskin soruyu

karisimdir” seklinde kismen dogru ifadeler iceren cevaplar vermislerdir. Bu cevaplardaki
ifadeler su sekildedir:

Ogrenciler strafor, sis, jole, lateks boya ve celigin karisim oldugunu ifade etmelerine
ragmen nasil karisimlar olduklari hakkinda yorum yapmamislardir. Ayni soruya Kimya
Boliimii dgrencilerinin %20’si ve Kimya Ogretmenligi Boliimii dgrencilerinin %26’s1
beklenen cevaplardan farkli olarak “Deneysel olarak sentezlenebilir” ve benzeri yanlis
ifadeler igeren cevaplar vermislerdir.

Neden CD’nin arka ylizeyinde rengarenk bir yansima goézlendigi ve bu renklerin CD’ye
depolanan miizikle alakasi olup olmadigina iliskin soruyu 6grencilerin dortte birinden fazlasi
bos birakmiglardir. Soruya her iki gruptan da dogru cevap veren dgrenci ¢ikmazken, Kimya
Boliimii 6grencilerinin %17°si ve Kimya Ogretmenligi Boliimii dgrencilerinin %9’u kismen
dogru cevaplar vermislerdir. Ogrencilerin bu kategoride vermis olduklar1 cevaplara &rnek
olarak “Depolanan miizikle renklerin ilgisi vardir” ifadesi verilebilir. Ogrenci cevaplarinda
depolanan miizikle renklerin alakasi oldugu ve bunun renklerin absorplanmalar1 ile alakali
olabilecegi ifade edilmekle birlikte tam olarak dogru cevap verilememistir. “Depolanan
miizikle alakasi yoktur” ya da “sadece 15181 yansitir” seklinde ifadeler kullanan katilimcilarin
yaridan fazlasinin cevaplari yanlis cevap olarak siniflandirilmistir.

Havadaki kir ve yagmur suyunun yapisip kalmadigindan emin olunarak bir camin nasil
temiz tutulabilecegine iliskin soruyu Kimya Bolimii o6grencilerinin %20°si, Kimya
Ogretmenligi dgrencilerinin ise %351 bos birakmuslardir. Soruya yalnizca bir Kimya Béliimii
ogrencisi dogru cevap verebilmistir. Soruya Kimya Bolimi grencilerinin %10’u kismen
kismen dogru cevap veren de c¢ikmamistir. Ayni soruya katilimcilarin yaklasik tigte ikisi
yanlis cevaplar vermislerdir. Ogrencilerin cevaplar1 “Cam apolar madde ile kaplanabilir”
veya “¢ozeltiler kullanmilabilir” seklinde ifadeler icermektedir.

Tablo 3’e bakildiginda altinin ne zaman sar1 renkli oldugu/gériindiigiine iligskin soruya
hicbir katilimcinin dogru veya kismen dogru cevap veremedigi goriilmektedir. Kimya
bos birakirken geri kalan cevaplarlar “Altina beyaz 1sin diistiigiinde” ya da “altin atomlart o
rengi aldiginda” gibi “yanlis cevap” kategorisinde yer almaktadir.

Tarayict Tiinelleme Mikroskobu (Scanning Tunneling Microscopy) ve Atomik Kuvvet
Mikroskobu (Atomic Force Microscope) gibi teknik olarak karmagsik cihazlar ile nano
seviyede atomlarin varligr anlagilabilmektedir. Katilimcilara atomlarin/tanecikli yapinin
varhigina kanit olarak neler gosterilebilir seklinde yoneltilen anketin son sorusunu Kimya
Béliimii dgrencilerinin %50’si ve Kimya Ogretmenligi dgrencilerinin %39°u bos birakmustir.
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Soruya ancak bir Kimya Boliimii 6grencisi dogru cevaplar verebilmistir. Kimya Boliimii
ogrencilerinin %37’si ve Kimya Ogretmenligi Boliimii 6grencilerinin %61°1 soruya “Maddeyi
parcalayarak” ya da “Isikla etkilesime sokarak” seklinde yanlis cevaplar vermislerdir.

TARTISMA

Tablo 3’de goriildigii gibi 1. ve 2. soru haricindeki diger sorulara %40 ile % 80
arasinda degisen oranlarda cevap verilmistir. Ancak 6, 7, 10. ve 11. sorulara ise 6grencilerin
licte birinden fazlasi cevap vermemislerdir. Burada dikkate edilmesi gereken 6nemli bir husus
ogrencilerin verdikleri cevaplardan anlasildigr kadar konuyla ilgili kavram yanilgilarindan
ziyade bilgi ve fikirlerinin olmamasidir. Bu durum nanobilim ve nanoteknolojinin
ogrencilerin “asina” olmadigr bir konu oldugunu gostermektedir. Ayrica nanobilim ve
nanoteknoloji orneklemdeki Ogrencilerin egitimlerinin bir pargasi olmadigr gibi giinliik
yasantilarinin dahi bir pargast olmadigini gostermektedir. Baska bir ifadeyle 0grencilerin
gerek aldiklar egitimde ve gerekse kafe, yurt, ev, otobiis ve hatta medya gibi dogal yasam
alanlarinda nanobilim ve nanoteknolojinin siklikla yer almadigi ya da ilgili kavramlardan
bahsedilmedigi anlasilmaktadir. Karatas ve Bodner’in (2009) 6gretmenlerin miihendisligin
dogas ile ilgili diisiincelerini arastirdiklar1 ¢alismada ortaya koyduklar1 gibi bu kavramlar
giinliik hayatta kullaniliyor olsa da bireylerde yeteri diizeyde farkindalik olusturulamadigi
anlasilmaktadir.

Bu c¢alismadan elde edilen bulgular olduk¢a sasirtici bulunabilir. Anketteki ilk iki
soruya bakildiginda bu sorularin dogrudan temel kimya bilgisiyle, baska bir alan bilgisine
ihtiyag duyulmadan, cevaplanabilecegi goriilmektedir. Ancak bulgular birinci sorunun
yalnizca kimya boliimii 6grencilerinin %30 tarafindan tam olarak dogru cevaplandirildigini
gostermektedir. Ogrencilerin sahip olduklari kimya bilgisini iki farkli 6rnek {izerinde
uygulamasinin istenmesi temel diizey bilissel bir kazanim olmasina ragmen 6grencilerin ¢ok
kiiciik bir kismmin buna dogru cevabi verebilmesi ve neredeyse yarisinin yanlis cevap
vermesi basli basina ilizerinde diisiiniilmesi gereken bir sorun olarak karsimiza ¢ikmaktadir.
Benzer sekilde ikinci sorudaki drneklerin aslinda birbirlerinin allotropu olduklart ve kristal
yapilarmin farklilik gosterdiginden dolayr farkli fiziksel 6zelliklere sahip olduklari ¢ok az
ogrenci tarafindan ifade edilebilmistir. Bir bagka ornek ise onuncu soruda altinin makro
Olcekteki fiziksel 6zelliklerinin altin atomlar1 arasi etkilesimler sonucu belirlendiginin ifade
edilmesi beklenirken yine Ogrencilerin cevaplari bu konuda yiizeysel kalmigtir. Maddenin
tanecikli yapist ve tanecikler arasi etkilesimler (molekiil i¢in ve molekiiller arasi) konusu ve
ilgili kavramlar kimya ogretiminde en O6nemli ve ayni zamanda Ogrencilerin anlamakta
zorlandig1 konularinda basinda geldigi ilgili alan yazinda da ifade edilmektedir (Ayas, Ozmen
& Calik, 2010; Coll & Treagust, 2002; Haidar & Abraham; 1991; Karatas,Unal, Durland &
Bodner, 2013; Novick & Nussbaum, 1981; Ozmen, Ayas & Costu, 2002; Papageorgiou &
Johnson, 2005; Valanides, 2000). Aslinda bu ii¢ soruya verilen cevaplardan daha sonraki
nanoteknolojiye  yonelik  sorulara  verilebilecek  cevaplarin  neler  olabilecegi
anlasilabilmektedir. Ciinkii molekiiler etkilesimleri tam olarak kavrayamayan bireylerin
bunlar1 kullanarak, bugiin nanobilimin ugrastig1 olgulart ve buna bagli olarak gelistirilen
nanoteknolojileri anlamalarini ve agiklamalarini beklemek biraz hayalcilik olacaktir (Karatas
ve dig., 2013). Nitekim 6grencilerin sahip olduklar1 kavramlar ile ilgili yapilan ¢aligmalar,
temel ve 6n kosul kavramlar anlasilmadan onlarla iligkili diger kavramlarin anlasilmasinin zor
oldugunu ortaya koymaktadir (Acar & Tarhan, 2008; Bodner, 1986; Ozmen, 2004).

Elde edilen bulgular, nanobilim ve nanoteknoloji hakkinda ogrencilerin bilgi
diizeylerinin olduk¢a diisiik oldugunu ve basit temel kimya kavramlarini dahi nanoteknoloji
konularina aktaramadiklarin1 gdstermistir. Ogrencilerin sorulara verdikleri cevaplar tek tek
irdelendiginde bu iddiay1 destekler nitelikte kanitlar goriilebilmektedir. Ogrencilerin ¢ogu
metal bir paranin neden kum gibi dagilmadigin1 yorumlayamamis, baglardan kaynaklandigini
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bilmelerine ragmen soru hakkinda bilimsel olarak dogru kabul edilebilecek bir fikir beyan
edememislerdir. Ogrencilere kalem, elmas yiiziik, araba lastigi ve komiiriin ortak noktasi
soruldugunda karbon cevabmin O&tesine gecebilen Ogrenci sayist ¢cok az olmustur.
Nanoteknolojiyi ¢cok acik bir sekilde akla getirebilecek bir soru olan ‘Hangi tiir makineler bir
hiicre igerisine sigabilecek kadar kiiciik olabilir?’ sorusuna 6grencilerin biiyiik bir kisminin
cevabr mikro boyutta makineler olabilir seklinde olmustur ve O&grenciler hiicre igine
sigabilecek denmis olmasina ragmen bunun nano Dboyutlarda olabilecegini
diisiinememislerdir. Ogrencilere ‘DNA gibi hareket eden bir robotu nasil yapabiliriz?* sorusu
yoneltildiginde ogrenciler sadece ‘ileri bir teknoloji ile’ olabilecegi seklinde fikirlerini
belirtmigler ancak ilging bir sekilde nanobilim ve nanoteknolojiyle bunu iligkilendirmek
Ogrencilerin aklina gelmemistir. Benzer sekilde, Ogrenciler biyokimya bilgileri ile
nanoteknolojiyi iliskilendirememislerdir. ilkdgretim fen bilimleri derslerinden iiniversitede
verilen temel kimya derslerine kadar sik¢a deginilen karigimlar konusu ile iliskili olan strafor,
sis, siit, jole, lateks boya ve ¢eligin ortak noktasinin soruldugu soruda dahi 6grencilerin ¢ogu
dogru cevaplar verememislerdir. Ogrencilere ‘CD nin arka yiizeyinde neden rengdrenk bir
vansima goriiliir ve bu renklerin depolanan miizikle alakasi var midir?’ seklinde soru
yoneltilmis, 6grenciler bu soru hakkinda bir yorum getirememislerdir. Baska bir ifadeyle,
derslerde gormiis olduklar1 konularla teknolojik kavramlari yan yana disiiniip
yorumlayamamislardir. ‘Kir ve suyun yapisip kalmadigindan emin olunarak cami nasil temiz
tutabiliriz?” seklindeki soruya ise 6grenci cevaplarr “cami kaplayabiliriz” ifadesinden Gteye
gecememistir. Ogrenciler bu kaplamanin nasil olabilecegi ve bunun nanoteknoloji ile nasil bir
iliskisi olabilecegi hakkinda yorum getirememislerdir. Bu 6rneklerin hepsinde gorildigi gibi
katilimcilar sahip olduklar1 temel kimya bilgilerini ve tecriibelerini yeni bir duruma
aktarmakta veya transfer etmekte zorluk ¢ekmektedirler. Bu durum g¢agdas egitimin en temel
amaglarindan biri olan bir alandaki bilgilerin iliskili diger alanlara uygulanabilmesini
Ogrencilerimizin yeterince yapamadigim1 gostermektedir. Bunun sebebi kimya bilgilerinin
yalnizca kimya baglami iizerinde 6gretilmesi olabilir (Bransford, Brown & Cocking, 2004).
Dolayisiyla orta- ve yiiksekogretimde kimya konularinin farkli baglamlara iliskilendirilerek
verilmesinin, bilgilerin daha genis bir ¢ercevede uygulama bulmay1 kolaylastiracagi
diistiniilmektedir (Borh & Richardson-Klavehn, 1989).

Son olarak, smirliliklar1 olmayan hi¢ bir arastirma yoktur. Bu g¢alismada da bazi
sinirhiliklar géze ¢arpmaktadir. Bunlardan en 6nemlisi, veri toplama araci olarak agik-uglu
sorulart iceren bir anketin tek basina kullanilmasidir. Bu durum, c¢alismadan elde edilen
bulgularin gecerligi {izerinde kuskular olusturabilir. Ancak, anketin ve elde edilen verilerin
yapi, kapsam ve gorlinlis gegerligini arttrmak icin anketin gelistirilmesi, Tirkceye
uyarlanmasi, uygulanmasi ve analizlerinde titiz adimlar atilmigtir (Creswell 2003). Daha 6nce
de belirtildigi gibi bu adimlar c¢aligma tasariminin ve anketin uzmanlar tarafindan
degerlendirilmesi, pilot bir c¢alismanin gergeklestirilmesi ve elde edilen bulgularin
aragtirmacilar tarafindan kontrol edilerek ortak bir kararin ortaya konmasi sekilde
siralanabilir. Bu sayede tekil bir veri kaynagindan elde edilen sonuglarin gegerligi ve
giivenirligi arttirilmastir.

SONUC

Bu c¢alismada Dogu Karadeniz’de yer alan koklii bir liniversitenin Fen Fakiiltesi Kimya
Béliimiinde ve Egitim Fakiiltesi Kimya Ogretmenligi programinda 6grenim goren
ogrencilerin nanobilim ve nanoteknoloji hakkinda bilgi diizeyleri ve O6grencilerin kimya
bilgilerini nanoteknoloji konularma transfer edip edemedikleri incelenmistir. Calisma
sonucuna gore kimya programina devam eden ogrencilerin daha iyi olmakla birlikte her iki
programdaki Ogrencilerin nanobilim ve nanoteknoloji hakkinda bilgi seviyelerinin oldukca
diisik oldugu ve temel kimya bilgilerini nanoteknoloji konularina yeterince transfer
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edemedikleri belirlenmistir. Ornek olarak, molekiillerlerin kristal yapilarin1 ve molekiiller
arasi etkilesimleri maddelerin fiziksel 6zellikleri ile iligkilendirememektedirler.

Burada iizerinde durulmasi gereken 6nemli noktalardan birisi de katilimcilarin yanlis
anlama ya da kavram yanilgisindan ziyade konu hakkinda farkindaliklarinin ¢ok diisiik olarak
bulunmasidir. Bu durum {iniversite egitimlerinde belli bir seviyeyi ge¢mis kimya alanina
hakim olmas1 gereken 6grencilerin giinliik yasamlarinda nanobilim ve nanoteknolojinin fazla
bir yer tutmadigini gostermektedir. Nanobilim ve nanoteknoloji ile yakin iligkili olan bir
alandaki 6grencilerden elde edilen sonuclar diger alanlardaki tiniversite dgrencilerinin genel
durumu hakkinda diisiindiiriirken bilgi de vermektedir. Baska bir ifadeyle, arastirmadan elde
edilen bulgular incelendiginde hizla gelisen bir alan olan nanoteknoloji hakkinda, nano
seviyedeki pargaciklar arasi ilisikleri irdeleyen bir disiplin olan kimya egitimi alan
ogrencilerin dahi ¢ok fazla bilgisinin olmadig1 ve egitim sistemimizde gelismekte olan bu
disipline gore kendisini uyarlayamadigi goriilmektedir.

ONERILER

Calismadan elde edilen sonuglar degerlendirildiginde kimya bolimii ve kimya
ogretmenligi Ogrencilerinin nanobilim ve nanoteknoloji hakkinda bilgi diizeylerinin
gelistirilmesi ve kimya bilgilerini nanoteknoloji konularina transfer edebilmeleri i¢in asagida
baz1 onerilerde bulunulmustur:

e Kimya egitimi veren iiniversitelerin kimya 6gretim programlarina ‘Nanoteknoloji’ ad1
altinda yeni bir ders eklenmesinin dgrencilerin bu konudaki eksikligini gidermek i¢in iyi
bir baslangic olacag diisiiniilmektedir. Ogretim programlarina bdyle bir dersin eklenip-
eklenilmemesine bakmaksiniz temel kimya konular1 ve ilgili dersler g¢ercevesinde
nanoteknolojilere ve bunlarin bilimsel alt yapisina dair daha ¢ok ve farkli baglamlarda
atiflarda  bulunulmasinin  6grencilerin  hem 0Ogrendikleri konulart bir baglama
dayandirmada hem de nanobilim ve nanoteknolojide daha genis bir ufuk sahibi
olmalarinda faydali olacagma inanilmaktadir. Iligkili olarak, ilkdgretim ve ortadgretim
fen 6gretim programlarinda, disiplinler arasi bir alan olan, nanobilim ve nanoteknolojiye
daha fazla yer verilmesi gerekmektedir. Boylece ogrencilerin farkindalik diizeyi
arttirllabilecegi gibi, bazilarmin kariyer planlari igerisine bu alanlar1 almasi miimkiin
olabilir.

e (Genelde biitiin egitim seviyesindeki Ogrenciler icin ve 6zelde de Kimya alanindaki
(Kimya, Kimya Miihendisligi, Kimya Ogretmenli vb.) &grenciler igin okul dist
ortamlarda (miizeler ve bilim merkezleri, bilim senlikleri, yaz kamplar, TV
programlari, seminer ve paneller, vb.) bu konuya ilgilerini ¢ekebilmek ve onlar
bilgilendirebilmek i¢cin  nanobilim ve nanoteknoloji  hakkinda etkinlikler
diizenlenmesinin biiyiik faydalar saglayacagi diistiniilmektedir.

e Nanobilim ve nanoteknoloji konular1 hem fen alaninda hem de fen egitiminde yeni bir
aragtirma alani goriiniimiindedir. Arastirmacilarin bu alanlara yonlendirilmesinin bu
alandaki eksikligin kisa silirede giderilmesinde yardimci olacagi diisiiniilmektedir. Bu
nedenle yonlendirici konumundaki kurum ve kuruluslarn (TUBITAK, MEB, YOK vb.)
bu alana Oncelik vererek tesvik etmeleri gerekmektedir. Aksi takdirde 21.yy endiistri
atiliminda geride kalabiliriz.
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SYNOPSIS
INTRODUCTION

Nano-science is interested in atomic and molecular structures and interactions among
these structures whose size is between 1 and 100 nanometer (Katz, Shipway & Willner, 2004;
Laherto, 2010; Liz-Marzan & Kamat, 2004; Whitesides, 2005). Nano-technology, on the other
hand, involves in designing, producing, and using products in several industries including
electronics, pharmaceuticals, textile, cosmetics, etc. by utilizing interaction in atomic and/or
molecular level (Bowman & Hodge, 2007; Foley & Hersam, 2006). Thus, nano-technology
has been emerging as an inter-disciplinary field (Ratner & Ratner, 2003; Tessman, 2009).
From a historical perspective, it can be said that we are witnessing a scientific and
technological revolution in 21st century (Ozdogan, Demir & Seventekin, 2006; Wansom,
Mason, Hersam, Drane, Light, Cormia, Stevens & Bodner, 2009) that will generate over 2.6
trillion dollars of revenues in industry by the end of 2014 (Foley & Hersam, 2006).

Societies that would like to get a share from nano-technology and related industries
have invested a lot of money and human resources for nano-technology education (Roco &
Bainbridge, 2003; Wanson et al., 2009). Therefore, educational research and associated
regulations have been put in action at primary, secondary and tertiary levels in the US and
Europe (Laherto, 2010; Wansom et al., 2009).

One of the problems of nano-science and technology educations is to determine content
for teaching. Many nano-science and technology educations have a consensus over “Big
Ideas” which include following topics and concepts (Daly, Hutchinson & Bryan, 2007;
Hingant & Albe, 2010; Hutchinson, 2007; Hutchinson, Bodner & Bryan, 2011; Light et al.,
2007; Stevens, Sutherland, Schank & Krajcik, 2007; Stevens, Sutherland & Krajcik, 2009;
Tessman, 2009; Wansom et al., 2009):
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Size and scale
Structure of matter
Forces and interaction
Quantum effects
Size dependent features
Self assembly

e Tools

e Models and simulations

e Science, technology and society

Even though there have been a tremendous effort on research and education for nano-

science and technology in the US and Europe, our country has left behind of this movement.
To catch up this movement we need to invest more sources into nano-science and technology
and its education in order to improve nano-science and technology awareness from primary to
tertiary education. One of the early steps of this process is to determine current status. Thus,
we decided to investigate undergraduate chemistry students and pre-service chemistry
teachers and their nano-science and technology knowledge. As Liz-Marzan and Kamat (2004)
stated that chemistry is directly related to nano-science and producing nano-structures and
materials requires high chemistry knowledge. Therefore, determining undergraduate
chemistry students’ and pre-service chemistry teachers’ understanding of nano-science and
technology would provide valuable information regarding overall awareness level as
chemistry is related field with nano-science and technology.

PURPOSE of the RESEARCH

The purpose of this study is to determine undergraduate chemistry students and pre-
service chemistry teachers’ basic nano-science and technology understanding level based on
Big Ideas framework.

METHODOLOGY

The study was conducted at a university located in East Black Sea region of Turkey.
The participants were selected from third and fourth year students enrolled in department of
chemistry of faculty of science (N=30) and in division of chemistry education, department of
secondary science and mathematics education of faculty of education (N=23). A questionnaire
with 11 open-ended items was administrated to the participants to collect data. The
questionnaire were developed by Hutchinson (2007) based on “Big Ideas” framework and
translated into Turkish by the researchers. A pilot study was conducted with six students
while adapting the questionnaire to Turkish context.

The participants’ responses to the questionnaire were analyzed by sorting out each
response to one of the following categories: Correct response, partly correct response, wrong
response, and no response or unrelated response. This rubric was developed based on the
guidelines reported by Abraham and his colleagues (1994).

FINDINGS

The participants’ responses to the questionnaire were analyzed item by item based on
the rubric explained above and presented in Table 1. As seen in Table 1, percentages of
correct responses are very low. There is no correct response for items number 3, 4, 6, 8, and
10. The first item in the questionnaire asks why a metal coin does not fall apart like sand. This
item is directly related to chemistry and can be answered easily by employing basic chemistry
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knowledge. However, only 30% of chemistry students’ responses were correct and around
40% of the total responses were wrong. A few quotes from wrong responses are presented
below:

“Because its melting point is to high”

“The structure of the metal is more stable”

“Because of the alloys in the metal structure”

Table 1. The Participants’ Responses to the Questionnaire

Item Correct Response Partly Correct Wrong Response No Response
No Response
SC SE SC SE SC SE SC SE

f % f % f % f % f % f % f % f %
1 9 30 - - 9 30 10 43 11 37 11 48 1 3 2 9
2 4 13 2 9 24 80 18 78 1 3 3 13 1 3 - -
3 - - - 15 50 4 17 11 37 8 35 4 13 11 48
4 - - - - 4 13 1 4 19 63 18 7 7 23 4 17
5 - - 1 4 8 27 4 171 15 50 6 26 7 23 12 52
6 - - - - - - 10 33 10 43 20 67 13 57
7 1 3 - - 6 20 10 43 6 20 6 26 17 57 7 30
8 - - - - 5 17 2 9 17 57 14 61 8 27 7 30
9 1 3 - - 3 10 - - 20 67 15 65 6 20 8 35
10 - - - - - - - - 22 73 13 57 8 27 10 43
11 1 3 - - 3 10 - - 11 37 14 61 15 50 9 39

SC: Faculty of Science, Department of Chemistry SE: Faculty of Education, Division of Chemistry Education

Another question that can be answered by employing general chemistry knowledge asks
the commonality among a pencil, a diamond ring, a tire, and coal. As seen in Table 1, a few of
the participants’ responses are correct. Many responses fall under “partly correct” category
such as “All contains carbon,” and “They are made out of carbon atoms.” These responses
focused on carbon atom, but did not mention crystal structure.

The participants’ responses for other questions which are about nanotechnology
applications including nanobots, colors of a CD, self cleaning walls, etc. were no better than
the first two questions. As seen in Table 1, many participants did not respond to the items.

CONCLUSION

Based on the results, it is found that even though the participants from faculty of science
showed better performance, the participants in both groups had low level of understanding
about nano-scale science and technology as well as related concepts. It was also found that the
participants cannot transfer their chemistry knowledge to explain nano-scale phenomena.
They cannot, for example, link crystal structures of molecules and inter-molecular
interactions to physical properties of matter.

Another important conclusion is that the participants did not have high percentage of
misunderstandings or misconceptions about nano-scale science and technology, but rather
their awareness level is too low. In other words, nano-scale science and technology is not part
of their neither academic nor personal life. Therefore, it is concluded that even chemistry
students do not have adequate level of understanding about nano-science and technology
which is one of the emerging field of study related to chemistry. This also implied that
educational system does not adapt itself this new field.
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SUGGESTIONS

Based on the conclusions it is suggested that integration of nano-science and technology
into chemistry programs is necessary either as a separate course of as a topic of regular
chemistry courses. It is also suggested that out of school settings including museums, science
centers, science fairs, summer camps, seminars, TV shows, and other media should be utilized
to increase nano-science and technology awareness of students at all ages.
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OZET

Zihinsel risk alma davranigi, fen bilimlerine yonelik ilgi ve yaratici 6z-yeterlik gibi degiskenler ile
iligkisi oldugu ifade edilen bir degiskendir. Bu 6nemine ragmen iilkemizde, 6zellikle de ortaokul
diizeyinde bu konu {izerine yapilan ¢alismalarin sayist sinirlidir. Bu durumun standartlastirilmig dlgme
aract eksikligi ile ilgili oldugu diisliniilmektedir. Bu arastirmada, fen 6grenmede zihinsel risk alma ve
yordayicilarina iligkin algi 6l¢egi uyarlama calismasi yapmak amaglanmistir. Caligmanin 6rneklemi iki
farkli gruptan olusmaktadir (N=864). A¢imlayici faktor analizinin yapildig1 birinci 6rneklem grubunda
449, dogrulayict faktor analizinin yapildigr grupta ise 415 ogrenci yer almistir. Arastirmada uyarlanan
dlcek Beghetto (2009) tarafindan gelistirilmis, Likert tipte bir dlcektir. Olgek, zihinsel risk alma ve 3
yordayicisini (fene yonelik ilgi, yaratici 6z-yeterlik, 6gretmen destegine yonelik algi) igermektedir. Bu tiir
bir uygulama ile biitiinciil bir 8l¢ek uyarlamasi yapilacag diisiiniilmektedir. Olcekten elde edilen verilerin
aciklayici faktor analizi, karsit gruplar yontemi ve giivenirlik analizleri SPSS programu ile dogrulayici
faktor analizi ise AMOS programlari kullanilarak yapilmistir. Aragtan elde edilen verilerin gegerlik ve
giivenirlik diizeyleri, 6l¢egin Tiirk kiltiiriinde kullanilabilir oldugu gorisiinii desteklemektedir. Uyarlanan
Olgegin sonuglarmin, orijinal Olgekle benzer ozellikler tasidigi, yapr gegerligine sahip oldugu ve
giivenirlik diizeyinin sosyal bilimler i¢in yeterli oldugu sonuclarina ulagilmistir.

Anahtar Kelimeler: Fen Egitimi; Zihinsel Risk Alma; Yaraticilik; Ilgi; C)gretmen Destegi; Gegerlik;
Giivenirlik.

GIRIS

Fen; gozlenen dogayr ve doga olaylarini sistemli bir sekilde inceleme ve heniiz
gbzlenmemis olaylar1 kestirme gayretleri (Cepni, 2011) olarak tanimlanmaktadir. Bu yoniiyle
oldukca genis bir kapsama sahip olan fen dersi, icerigi geregi soru sormak, agiklamada
bulunmak ve onaylamak gibi zihinsel risk almay1 gerektiren bir etkilesim ortamidir. Ciinkii
ogrencilerin, sonuglar1 hakkinda kesin bilgi sahibi bulunmadiklar1 ve alternatif ¢oziimler
konusunda bilgilerinin olmadig1 durumlara iliskin girisimlerde bulunmalar1 gerekmektedir.
Risk alma davranisi, bireylerin sonuclarint tahmin edemedikleri, daha once iizerinde
performans gostermedikleri ve alternatiflerden haberdar olmadiklar1 durumlarda tepkide veya
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tahminde bulunmaya isteklilik olarak tanimlanabilir. Risk alma farkli alanlarda farkl
anlamlar tasimakla birlikte, genel anlamda sonuglar1 tahmin edilemeyen veya olumsuz
sonuglar iiretebilecegi diisiiniilen tehditlere ragmen diislincelerini ifade etme, girisimde
bulunma ve savunma yetenegi olarak da ifade edilmektedir (Denrell, 2007; Feldman, 2003;
Peled, 1997). Yapilan ¢alismalar insanlarin ¢ogunun risk alma egilimi bulundugunu ve risk
almanin normal dagilima benzer bir yapisi oldugunu gostermektedir (Arnett, 1992; Greene ve
dig., 2000). Trimpop (1994) da yine normal dagilim egrisinden hareketle, her zaman risk
alanlar ile hi¢bir kosulda risk almayanlarin, dagilimin uclarinda olduklarini; yani sayilarinin
¢ok az oldugunu belirtmistir.

Biligsel veya akademik risk alma toleransi olarak da ele aliman bu beceri; bir bireyin
itibar, diristlik, giivenirlik, onur ve zekd gibi oOzellikleri ile ilgili negatif
degerlendirilebilecek tehditlere ragmen diisiincelerini ifade etme ve savunma yetenegi olarak
tanimlanmaktadir (Feldman, 2003). Risk alma becerisinin artmasinda bir isi planlama, birlikte
calisma ve bir isi basarma gibi faaliyetlerin etkili oldugunu belirten Kaptan ve Korkmaz
(2002), boylece ogrencilerin kendi yeteneklerine iliskin olumlu egilim gostereceklerini ifade
etmislerdir. Ozellikle genglerin risk alma davranislarinin diger gruplara gore oldukea yiiksek
oldugu dikkate alindiginda (Steinberg, 2004), karar vermenin 6nemli faktorlerinden biri olan
bu becerinin dgretilmesine ve gelistirilmesine yonelik ¢abalarin oldugu goriilmektedir. Risk
almanin mantiksal akil yiiriitiime, psiko-sosyal ve duyussal faktorlerden etkilenen bir
yapisinin olmasi, bu becerinin kompleksligini artirmada etkili olmaktadir. Bireylerin deneyim
farkliliklarinin ve uyaranlarinin farkli olmasi da risk alma davranislariyla ilgilidir (Trimpop,
1994). Bu farkliliklar1 olusturmada 6gretmenlerin destegi oldukca 6nemlidir (Beghetto, 2009).
Cinkii 6gretmenlerin olusturduklart siif ortami ve ogrencilere sunduklari firsatlar, hem
bireysel beceri ve yeteneklerini ortaya ¢ikarmada hem de risk alarak basariya odaklanmada
anahtar rol oynamaktadir (Miller ve Byrnes, 1997).

Risk almanin farkl tiirleri oldugunu sdyleyen Neihart (1999), bu tiirleri bese ayirmustir.
Bunlar: a) zihinsel risk alma, b) sosyal risk alma, ¢) duygusal risk alma, d) fiziksel risk alma
ve €) manevi risk almadir. Egitimde risk alma daha c¢ok zihinsel risk alma ile ilgili bir
durumdur. Zihinsel risk almada, Ogrencilerin bir konu veya bir problem hakkinda
derinlemesine diisiinmesi, bu diisiincelerini baskalariyla paylasarak elestirilerini dinlemeleri
ve ¢Oziim i¢in bu deneyimlerini gelistirmeleri amaglanir (Dweck, 2000; Weiner, 1994).
Korkmaz (2002)’a gore zihinsel risk alma, ogrencilerin 6grenme zorluk ve giigliikleriyle
miicadele etme istekliligi veya isteksizligini gosteren bir davranistir. Clifford ve Chou
(1991)’ya gore okullarda Ogrencilerin karsilagabilecekleri zihinsel risklerden bazilarinin;
smifta 0gretmen veya arkadaslarina sorular sorma, islenen konular hakkinda aciklamalar
yapma, cevabini bilmedikleri halde sorular1 cevaplama egilimi gosterme, sonucundan emin
olunmayan durumlar i¢in sorumluluk alma davraniglari olabilecegi ileri siiriilmektedir. Bu
calismada Beghetto (2009)’nun zihinsel risk alma ile ilgili oldugunu belirttigi yukarida da
deginilen degiskenlere iliskin agiklamalar ayrintili olarak asagida yapilmastir.

Fen Basarisi ve Zihinsel Risk Alma

Bir¢gok arastirmada, fen alanindaki basari ile risk alma arasinda iliski oldugu ifade
edilmektedir (Meyer, Turner & Spencer, 1997; Peled, 1997; Tay, Ozkan & Tay, 2009). Ulusal
ve uluslararasi sinav sonuglari ve ¢esitli arastirmalar, fen bilimleri alanindaki basar1 agisindan
tilkemizin olumsuz durumunu ortaya koymaktadir (Berberoglu & Kalender, 2005; Ceylan ve
Berberoglu, 2007; MEB, 2011; OSYM, 2011, 2014; Sarier, 2010). Fen derslerindeki
basarinin belirli bir kisminin fen derslerinde zihinsel risk alma davranisi ile baglantist oldugu,
ulusal ve uluslararasi ¢aligmalarla ortaya konulmustur. Meyer, Turner ve Spencer (1997), risk
almaktan kaginan ve risk almaya goniillii olan 5. ve 6. smifta 6grenim goren 14 6grenciyle
yaptiklar1 aragtirmada, risk alma davranisi gostermeye egilimli olan &grencilerin, projeler
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yapma firsatina olduk¢a olumlu yaklastiklarin1 ve igbirligi i¢inde amag¢ yonelimli olarak
caligsmalarini yiiriittiiklerini ifade etmistir. Diger bir ¢alismada Peled (1997), basar diizeyleri
farkl1 olan 6. smif Ogrencilerini karsilastirmis ve basarili 6grencilerin yeni calisma
konularinda risk alma davranis1 agisindan istekli olduklarini belirtmistir. Tay, Ozkan ve Tay
(2009) ise, iistiin yetenekli 6grencilerle yaptiklar1 calismada 4.,5.,6., ve 7. simif 6grencilerinin
yiiksek risk alma diizeyine sahip olduklarini, bu 6zelliklerinin problem ¢ézmede de yiliksek
diizeyde becerili olmalar1 ile anlamli bir iliski gosterdigini belirtmislerdir.

Fene Yonelik Motivasyon, Ilgi ve Zihinsel Risk Alma

Yapilan aragtirmalarda 6l¢iilii risk almanin, bireylerin motivasyonunu artirmada etkili
oldugu ve buna bagli olarak basariin yiikselmesine katki sagladigi belirtilmistir (Beghetto,
2009; House, 2002). Risk alma bir i¢sel motivasyon unsuru olarak goriilmektedir. Icsel
motivasyonun 6grenmede digssal motivasyondan daha etkili oldugu ve bu iki motivasyon
tiiriiniin birbirleri arasinda negatif iliski oldugu ileri siiriilmektedir (Mendler, 2000; Rogers,
Ludington & Graham, 1999). Bu sonuglara gore digsal motivasyon yerine i¢sel motivasyonun
artirlmasinin, risk alma davranisinin gelismesinde katki saglayacagi ileri siiriilmektedir.
Ornegin; bir 6grenci bir 6diill veya derece icin bir seyler yapmaya veya risk almaya
yonlendirildiginde, bu gérevi minimum diizeyde basarmaya odaklanacaktir. Oysa bu durumu
kendisi i¢in gerekli olan bir ihtiya¢ olarak gormesi, hedeflerinin biiyiimesine katki
saglayacaktir. Buna bagli olarak 6grencilerin motive olduklar1 konu ve alanlara daha fazla ilgi
duyacaklar1 sdylenebilir. Ilgi diizeyi ile risk almanin iliskili oldugu ve dgrencilerin fene
yonelik ilgileri arttikca zihinsel risk almaya yonelik isteklerinin de arttigi belirtilmektedir
(Beghetto, 2009; Renninger, 2000). Ciinkii ilgi diizeyi yiiksek olan 6grenciler, iglerindeki
harekete geciren gii¢ sayesinde kendilerine verilen isleri kisa siirede bitirmek isterler (Hunter
& Csikszentmihalyi, 2003).

Oz-yeterlik ve Zihinsel Risk Alma

Risk alma davranisinin yaratici 6z-yeterlikle de iliskisi oldugu yapilan arastirmalarla
ortaya konulmugstur. Yaratici 6z-yeterlik, yaratici ¢caba ve performansin dnemli bir onciisii
olarak goriilmektedir (Mathisen & Bronnick, 2009). Fende yaratic1 6z-yeterlik, fendeki yeni
kavramlara uyum saglamak, yeni fikirler iiretmek, ¢oziimleri uygulamak gibi siireglerle
karakterize edilmektedir (Beghetto, 2006). Bandura (1997), 6z-yeterlik inanci yiiksek olan
bireylerin risk almaya istekli olduklarini ve bir¢ok kesif yapan Edison’un yliksek 6z-yeterligi
sayesinde ve riskler alarak amagclarina ulastigini belirtmistir. Risk almanin yaraticilikla
yiiksek 1iliskisi oldugunu gosteren arastirmalar, biitiin alanlarda oldugu gibi, risk alma
davraniginin fen alaninda da ayirt edici bir 6zellik olduguna isaret etmektedir (Farley, 1991,
Feldman, 2003).

Biligsel ve duyussal ozelliklerle yiiksek iliskisi oldugu kabul edilen zihinsel risk alma
davranistyla ilgili {ilkemizde az sayida arastirma yapilmistir (Korkmaz, 2002; Tay, Ozkan &
Tay, 2009). Bu durum, oOnceki paragraflarda izah edilen zihinsel risk almanin fen
o0grenmedeki 6nemi ile tezat olusturmaktadir. Zihinsel risk alma davranisi ile ilgili nicel
caligmalarda kullanilmak iizere gelistirilecek veya uyarlanacak bir 6lgegin yetersiz olan
arastirmalarin niceligini ve buna bagli olarak niteligini artirmaya katki saglayacagi
diistiniilmektedir. Bu baglamda fen egitiminde zihinsel risk alma becerisini ilkdgretim
diizeyindeki 585 6grenciden toplanan verilere gore inceleyen Beghetto (2009)’nun gelistirdigi
6l¢egin dilimize uyarlanmasi, bu ihtiyact karsilamaya yonelik bir ¢aba olacaktir. Beghetto
caligmasinda, fene yonelik ilgi, 6z-yeterlik ve 68retmen desteginin zihinsel risk alma ile
baglantisin1 ortaya koymustur. ilgili calismada zihinsel risk alma ile fen yonelik ilgi, fendeki
yaratict Oz-yeterlik ve Ogretmen destegi algis1i arasinda pozitif iliskisi olduguna vurgu
yapilmistir. Zihinsel risk alma davraniginin bu yordayicilari ile beraber incelenmesinin daha
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biitlinciil bir bakis acis1 ve gecerlilik agisindan avantajlar saglayacagi diistiniilmektedir.
Beghetto’'nun ¢alismasinda ele alinan degiskenlerin biitiinciil olarak dikkate alinmasi,
iilkemizdeki az sayidaki ¢aligmasin artmasina katki saglamak icin daha agiklayici bir gergeve
sunacaktir. Bu sebeple bu arastirmanin temel problemi; ortaokul 6grencilerinin fen
derslerindeki zihinsel risk alma becerilerini ve bu becerinin yordayicilarindan olan yaratici 6z-
yeterlik, ilgi ve O0gretmen destegi algisin1 6lgmek amaciyla Beghetto tarafindan gelistirilen
Ol¢me aracinin Tiirk¢e uyarlamasini yapmaktir.

YONTEM

Bu arastirma, Tiirk¢eye uyarlamasi yapilan Zihinsel Risk Alma ve Yordayicilarina
yonelik bir 6lgme aracinin metodolojik gecerlik ve giivenirlik ¢alismasidir.

a) Orneklem

Calisma i¢in toplanan veriler, A¢gimlayic1 Faktér Analizi (AFA) ve Dogrulayici Faktor
Analizi (DFA) i¢in iki ayr1 gruptan elde edilmis ve analizler bu iki 6rneklemden elde edilen
verilere gore ayr1 ayr1 yapilmistir. Arastirmanin verileri, 8 farkli ortaokulda 6grenim goéren
Ogrencilerden elde edilmistir. Bu okullar 2 farkli il ve 1 ilge merkezinde yer alan ve benzer
ozellikler (6grenci ve dgretmen profilleri) gosteren egitim kurumlaridir. Orneklemden veri
toplama silireci aragtirmacilar tarafindan her bir okul ve smifta, ders Ogretmenlerinin
gbzetiminde bizzat gerceklestirilmistir.

AFA érneklemi: Calismanin 6rneklemini, orta biiytikliikteki bir il ve ilge merkezindeki
4 ortaokulda 6grenim goren 449 6grenci olusturmustur. Burada yapilan 6rnekleme yontemi,
“uygun” ornekleme olup, rastgele segimin miimkiin olmadigi durumlarda bireylere zamandan,
enerjiden ve ekonomiden kazang saglama kolayligimi vermektedir (Cohen, Manion &
Morrison, 2007). Arastirmada verilerin toplandig1 6grencilerin demografik o6zelliklerine
iligkin bilgiler asagida sunulmustur:

Tablo 1. AFA Analizi Icin Ornekleme Giren Ogrencilere Iliskin Betimsel Istatistik Sonuclart

Simf 6 7 8 Toplam
Cinsiyet f % f % f % f %
Kiz 67 50,8 78 52,3 70 522 215 51,8
Erkek 65 4972 71 47,7 64 47,8 200 48,2
Toplam 132 318 149 35,9 134 32,3 415 100

DFA Orneklemi: Bu analizin verileri orta biiyiikliikteki bir il ve ilge merkezdeki dort
farkli ortaokulunun 6-8. siniflarinda 6grenim goren ve uygun Ornekleme yontemine gore
secilen 415 oOgrenciden elde edilmistir. AFA ve DFA Orneklemi farkli okullardaki
ogrencilerden meydana gelmistir.

Tablo 2. DFA Analizi Icin Ornekleme Giren Ogrencilere Iliskin Betimsel Istatistik Sonuglar:

Simf 6 7 8 Toplam
Cinsiyet f % f % f % f %
Kiz 65 458 73 49,7 83 519 221 49,2
Erkek 77 54,2 74 50,3 77 48,1 228 50,8
Toplam 142 316 147 32,7 160 356 449 100

Yukaridaki iki tabloya gore Ogrencilerin cinsiyetlerine ve smif diizeylerine gore
dagilimlarinin  birbirine yakin oldugu; bunun da kullanilan Ornekleme yonteminin
sinirliliklarint - azaltmada yararli olacag ileri siiriilebilir. Veri toplanan orneklemin
biiyiikliigiiniin faktor analizi yapmak i¢in uygun olup olmadigina iliskin Comrey ve Lee
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(1992) tarafindan oOnerilen siiflandirmalar su sekildedir: “0-100 arasi: ¢ok koti”, “101-200
arast: koti”, “201-300 arast: orta”, “301-500 arast: 1yi”, “501-1000 arast: ¢ok iyi”, “1000 ve
daha fazlasi: miikemmel”. Buna gore, bu arastirmada kullanilan 6rneklemin (N=415 ve
N=449), faktor analizi icin “iyi” diizeydeki derecelendirmeye sahip oldugu sdylenebilir.
Ayrica elde edilen verilerin faktér analizine uygunlugunu test etmek icin “Kaiser-Meyer-
Olkin (KMO)” katsayis1 ve Barlett’in Kiiresellik Testi (BKT) degerleri hesaplanmistir. AFA
analizi 6rneklemi icin KMO katsayis1 0,86 ve BTS degeri 2524,63 olarak belirlenirken; DFA
ornekleminde elde edilen veriler i¢in KMO katsayis1 0,89 ve BTS degeri 2718,46 olarak tespit
edilmistir. Bu degerlere gore bu arastirmada veri toplanan 6grenci sayisinin, gegerlik ve
giivenirlik ¢aligmasi yapmak i¢in yeterli oldugu sdylenebilir.

b) Veri Toplama Araci

Arastirmada kullanilan Fen Ogrenmede Zihinsel Risk Alma ve Yordayicilarina Iliskin
Algi Olcegi (FOZRAY) Beghetto (2009) tarafindan gelistirilmistir. Bu dlgek Amerika Birlesik
Devletleri’nde 585 ilkdgretim 6grencisine uygulanmis ve dort faktdrden (zihinsel risk alma,
yaratic1 6z-yeterlik, fene yonelik ilgi ve dgretmen destegi) olustugu ifade edilmistir. Ilgili
calismada faktorlere gore giivenirlik katsayilarinin sirasiyla su sekilde oldugu belirtilmistir:
0,80; 0,77; 0,83; 0,77. Beghetto ayrica Ol¢egin yapist i¢in faktor analizi ve promax
dondiirmesi yapmistir. Bu analizlerde dort faktorii dogrulamis ve bu dort faktoriin birlikte
varyansin %49,5’unu agikladigini ifade etmistir. Bu 6l¢egin Tiirkgeye uyarlanabilmesine
yonelik gerekli izinler 2010 yi1linda Beghetto’dan e-posta yoluyla alinmistir.

Beghetto (2009) olgek gelistirme siirecinde iki farkli veri kaynagindan yararlanmistir.
Bunlar; 6grencilerin kagit-kalem anketleri ve 6gretmenlerin 6grencilerinin fen yeteneklerine
iligkin belirledikleri puanlaridir. Bu c¢aligmalara gore gelistirilen Likert tipi 06lgegin
secenekleri 1 (tamamen yanls) ile 5 (tamamen dogru) seklindedir. Olgegin aralik genisligi,
“dizi genisligi/yapilacak grup sayisi” (Tekin, 1996) formiilii ile hesaplanmasi géz Oniinde
tutularak, arastirma bulgularinin degerlendirilmesinde esas alinan aritmetik ortalama
araliklar; “1,00-1,80; Tamamen yanlig”, “1,81-2,60; Cogunlukla yanlis”, “2,61-3,40;
Kararsizim/Biraz dogru-Biraz yanlis”, “3,41-4,20; Cogunlukla dogru” ve “4,21-5,00;
Tamamen dogru” seklindedir. Olgekteki puanlar, 1,00 ile 5,00 arasinda oldugundan, puanlar
5,00’e yaklastikca Ogrencilerin maddeye katilim diizeylerinin yiiksek, 1,00’e yaklastik¢a
diisik oldugu kabul edilmistir. Olgekte olumsuz ciimle kokiine sahip madde
bulunmamaktadir. Bu 6lgekteki maddeler; 6grencilerin zihinsel risk alma, fene yonelik ilgi,
fene yonelik yaratici Oz-yeterlik ve Ogretmen destegine yonelik algilama boyutlarina
yoneliktir. Bu boyutlara iliskin agiklamalar Beghetto’un ¢aligmasi temel alinarak yapilmistir:

Zihinsel Risk Alma: Giivenirlik diizeyi 0,80 olan bu boyutta, 6grencilerin zihinsel risk
alma diizeylerini belirlemek i¢in kullanilan 6 madde vardir. Bu maddeler, dgrencilerin fen
ogrenme ortamlarinda kullandiklar1 zihinsel risk alma davraniglarini (fikirlerini paylasma,
soru sorma, yeni seyler 0grenme ve cabalama icin istekli olma vb.) belirlemek amacina
yoneliktir.

Fene Yonelik Ilgi: Bu boyutta yer alan dért madde 6grencilerin fen 6grenmeye yonelik
bireysel ilgilerini 6lgmek amaciyla kullanilmistir. Schiefele (1991)’in kisisel ilgilerle ilgili
tanim1 temel alinarak yazilan bu maddeler “Feni seviyorum™ gibi 6zel igerik odakli duyussal
temelli ve “Fen benim i¢in 6nemlidir” gibi deger temelli unsurlart icermektedir (Akt:
Beghetto, 2009). Bu dort maddenin i¢ tutarlilik katsayisi1 0,77 olarak belirlenmistir.

Yaranci Oz-yeterlik: Ogrencilerin fen alaninda yaratici 6z-yeterlik diizeylerini
belirlemek i¢in kullanilan bes maddeden olusan bu boyutun giivenirlik katsayisi1 0,83’tiir. Bu
faktordeki maddeler 6grencilerin fen alaninda yeni ve yararh fikirler iiretme yetenekleri ve
fen alaninda iyi bir hayal diinyasina sahip olup olmadiklar1 hakkindaki inanglarini belirlemek
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amaciyla kullanmilmistir. Bu maddeler Beghetto (2009) tarafindan, Tierney ve Farmer
(2002)’in yaratict 6z-yeterlik literatiirline bagli olarak, fen alanindaki yaratict 6z-yeterlik
diizeylerini belirlemek amaciyla gelistirilmistir.

Ogretmen Destegine Yonelik Algi: Bu boyuttaki ii¢ maddenin giivenirlik katsayis1 0,77
olarak belirlenmistir. Bu maddeler Bandura (1997), Minstrell ve Kraus (2005) ve Nickerson
(1999)’1n caligmalar1 referans alinarak hazirlanmis ve fen egitiminde zihinsel risk alma ile
iliskili oldugundan 6l¢me aracina katilmistir.

c) Verilerin Analizi

Olgme aracinm alt faktorlerini ve giivenirlik diizeyini belirlemek amaciyla bilgisayar
ortamina aktarilan verilerde ilk olarak yanlis veya eksik veri girisi olup olmadigi kontrol
edilmistir. Belirlenen yanliglar, maksimum ve minimum degerler kontrol edildikten sonra
diizeltilmis, baz1 dgrencilerin cevap vermedikleri eksik veriler (toplam verinin 0,01°1) ise
regresyon diizeltmesi ile tamamlanmigtir. Bu diizeydeki eksikliklerde diizeltme yapilmasi,
istatistiksel analizler lizerinde Onemli bir etki yapmamaktadir (Little & Rubin, 1987,
Ozdamar, 2002). Fakat bu eksiklik biitiin verilerin %5’inden daha fazla oldugunda bu islemin
yapilmasi yerine 0lgme aracinin tekrar uygulanmasinin gerektigi ifade edilmektedir (Hair,
Anderson, Tatham & Black, 1998). Bu arastirmada eksik veri orani belirlenen olgiitten daha
diisiik oldugundan regresyon diizeltmesi ile tamamlanmasi islemi yapilmistir. Regresyon
diizeltmesi, hicbir islem yapmama veya ortalama puani atama yontemlerine gore daha
avantajlidir. Clinkii regresyon diizeltmesi ile dogal veri setinden tahmin edilen, daha hassas
hesaplanmis dogal veriler, kayip veri yerine atanir. Ortalama atama durumunda ise dagilimin
uclarindaki degerleri temsil etme diizeyi daha diisiik olan degerler atanmaktadir. Bu diizeltme
isleminden sonra 6lgme aracinin gegerlik ve giivenirlik diizeyini test etmek i¢in asagidaki
islemler yapilmistir:

Dil ve Anlam Gegerligi: Olcegin dil gegerligi, her bir maddenin Ingilizce-Tiirkce
uyumu test edilerek incelenmistir. Bu amagla Ingilizce (1 Dog. Dr., 1 Yrd. Dog. Dr, 1. Ogr.
Gor; toplam 3 uzman) ve egitim bilimleri/alan egitimcilerinden (1 Dog. Dr., 2 Yrd. Dog. Dr;
toplam 3 uzman) meydana gelen uzmanlarin 6lgek maddelerini eszamanh olarak ¢evirmeleri
saglanmistir. Bu islemde “dogrudan ¢eviri” teknigi kullanilmistir. Daha sonra bu cevirilerin
birbiri ile uyumu incelenmis, benzer anlam ve ifadeler oldugunda madde aynen kabul edilmis;
farkli anlam ve ifadelerde ise maddeler tekrar incelenerek oygokluguna gore karar verilmistir.

Yapr Gegerligi: Tiitkceye uyarlanan Olgegin cevirisinden sonra ortaokullarda
uygulanarak elde edilen veriler agimlayict faktér analizi igin SPSS ve dogrulayici faktor
analizi igin AMOS programlari ile analiz edilmistir. Olgegin yap1 gecerligini test etmek igin
faktor analizleri ve karsit gruplar teknigi kullanilmistir. Faktor analizi, degisken gruplari
arasindaki iligkileri analiz eden, daha az sayidaki faktorlerle hipotezlere dayali degiskenlerin
olusturulmasini saglayan ve bu amaclar1 gergeklestirmek i¢in farkli islemlerin yapildig1 genel
bir tekniktir (Brown, 2006). Iki tiir faktdr analizi vardir: A¢imlayici ve dogrulayict faktdr
analizi. Bu ¢alismada, agimlayici faktor analizi ile madde-faktor iliskileri, dogrulayici faktor
analizi ile de faktorler arasi iligkiler test edilmistir. Bu iki faktor analizinin temel farki, 6lgme
isleminde toplanan verilerin analizine yonelik amacin farklilik gostermesinden kaynaklanir
(Gillaspy, 1996). Ac¢imlayic1 faktér analizi (AFA), 6lgme aracindaki faktorlerin sayisi
hakkinda kesin bir bilgi bulunmadiginda, dl¢gme aracinin genel olarak hangi faktorlere sahip
oldugunu belirlemek amaciyla yapilan istatistiksel islemleri kapsar (Crocker & Algina, 1986).
Beghetto (2009), gelistirdigi olgekte alt faktorleri agiklamis olmasina ragmen bu ¢aligmada
faktorlerin uygun olup olmadigi AFA ile tekrar test edilmistir. Dogrulayic1 faktér analizi
(DFA) ise, olcegin faktor yapisinin gesitli degiskenlere gore farklilik gosterip gostermedigini
belirlemek amaciyla yapilan ve daha karmasik islemleri igeren analizlerden meydana gelir
(Tabachnick & Fidell, 2001). DFA, onceden belirlenmis veya kurgulanmis bir yapinin
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toplanan verilerle ne derece dogrulandigini incelemeyi amaglar. AFA’da belirli bir 6n beklenti
veya denence olmaksizin faktoér yiikleri (agirliklari) temelinde verinin faktor yapisi
belirlenirken, DFA belirli degiskenlerin bir kuram temelinde onceden belirlenmis faktorler
tizerinde agirliklt olarak yer alacagi seklindeki bir 6ngdriinlin sinanmasina dayanir. Beghetto
(2009) tarafindan gelistirilen 6lgegin orijinal faktor yiik degerleri Tablo 3’te verilmistir.
Acimlayici ve dogrulayici faktor analizine ek olarak, yap1 gegerligi icin ayrica karsit gruplar
teknigine gore alt ve iist gruptaki Ogrencilerin puanlart bagimsiz gruplar i¢in t-testi ile
karsilastirilmistir.

Ag¢imlayict faktor analizi i¢in faktor yiikii 0,30’dan biiyilk olan maddeler
degerlendirilmeye alinmistir. Ayrica 6zdegeri 1’den biiyilk olan faktorler iizerinde islem
yapilmistir (Tabachnick & Fidel, 2001). Dogrulayici faktor analizi ile hem AFA analizi
sonucunda ¢ikan sonuglarin hem de Baghetto (2009)’nun uygulama sonuglar1 ve faktorlerinin
karsilastirilmast yapilmig; ayrica uyum indeksleri (fit index) incelenmistir. Bu analizler
sonunda orijinal Slgekte yer alan 18 maddenin, 6lgme aracinin yapisina uygun oldugu
belirlenmistir.

Kapsam Gegerligi: Bu arastirmada kullanilan 6l¢ek, uyarlamasi yapilan bir olgek
oldugundan, O6l¢tiigii varsayilan kapsami iyi bir sekilde ornekledigi ve zihinsel risk alma
davranigini ortaya koymak i¢in kapsam gecerliginin var oldugu kabul edilmistir.

Giivenirlik: FAZROY ’iin giivenirlik diizeyini belirlemek igin Cronbach Alfa yontemi
kullanilmistir. Bu analizle Olgegin i¢ tutarlilik diizeyini tespit etmek amaglanmistir.
Giivenirlik diizeyi hem AFA hem de DFA o6rneklemi i¢in toplanan veriler i¢in ayri ayri
yaptlmistir (Bkz. Tablo 7). Ayrica Beghetto (2009) tarafindan gelistirilen olgegin alt
faktorlerinin giivenirlik katsayilari, bu arastirma verileriyle karsilastirmak amaciyla Tablo
7’de verilmigtir

BULGULAR ve YORUMLAR

Bu boliimde 6lgme aracinin gecerlik ve giivenirlik diizeylerini belirlemeye yonelik
istatistiksel analiz bulgularina yer verilmistir.

Acimlayic1 Faktor Analizi (AFA)’ne Tliskin Bulgular

Calismada FOZRAY i yapr gegerligini belirlemek igin yapilmasi gereken ilk analiz
acimlayici faktor analizidir. Bu analizin yapilabilmesi i¢in ilk olarak 6rneklemden toplanan
verilerin faktor analizine uygunlugu test edilir. Daha sonra ise faktor analizi yapilarak,
calismada incelenen degisken veya degiskenlerin temel bilesenlerinin neler olduguna iliskin
cesitli kanitlar toplanir. Bu amagla ilk olarak toplanan verilerin faktor analizine uygun olup
olmadigi belirlenmeye ¢alisilmistir. Kullanilan istatistiklerden Kaiser-Mayer-Olkin (KMO) ve
Barlett’in Kiiresellik Testleri (Barlett’s Test of Sphericity-BTS) verilerin bu uygunluga sahip
olup olmadigin1 ortaya koyar. KMO istatistiginin sonuglart 0,00-1,00 arasinda deger alir. Bu
istatistikle elde edilen deger 0,50 ile 1,00 arasinda oldugunda uygulanan faktoér analizinin,
verilerin faktorlere ayrilmasinda giivenilir sonuglar verdigini gosterirken; 0,00 ile 0,49
arasinda olan degerler verilerin faktor analizi i¢in uygun olmadigimi gostermektedir. Field
(2002)’e gore KMO istatistigindeki 0,50 ve tizeri i¢in kritik araliklar su sekilde
siniflandirilmaktadir. “0,50-0,70 aras1: orta”, “0,70-0,80 arast: iyi”, “0,80-0,90 aras1: ¢cok iyi”
ve “0,90 ve {lizeri: milkkemmel”. Bu arastirmada toplanan verileri i¢in hesaplanan KMO
sonucu 0,86 olarak belirlenmistir. Field’in siniflandirmasina gére bu degerin, verilere faktor
analizi uygulanmasi i¢in “cok iyi” kategorisinde oldugu anlamina gelmektedir.

BTS ise arastirmada incelenen degiskenlerin faktor analizi yapmak i¢in yeterli
korelasyonu gosterip gostermedigini belirlemek amaciyla yapilir ve bu istatistikte elde edilen
degerin 0,05’den daha diisiik olmas1 beklenir (Field, 2002; Leech, Barrett & Morgan, 2005).
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BTS sonucu 0,00’a ne kadar yakin olursa verilerin faktorlenebilirlik 6zelliginin yiiksek
oldugu; dolayis1 ile faktdr analizi yapmak i¢in uygun bir veri setinin bulundugu
anlasilmaktadir. Bu arastirma i¢in toplanan verilerden elde edilen BTS sonucunun 0,99 giiven
araliginda anlamli sonug verdigi belirlenmistir (B(153)=2524,63; p < 0,01).

Yapilan analizler sonrasinda elde edilen KMO ve BTS sonuglarinin faktor analizi
yapmak i¢in uygun oldugu belirlendiginden, bu faktdr yapisini ortaya ¢ikarmak igin
dondiiriilmemis temel bilesenler analizi uygulanmistir (Tabachnick ve Fidell, 2001). Bu
analizin sonuglar1 6lgme aracinin, Beghetto (2009) tarafindan aciklandigi gibi, 4 faktor
lizerine kurulabilecegini gostermistir. Toplam acgiklanan varyans ve ortak varyans tablosu
(Bkz. Tablo 4) incelendiginde 6lgme aracinin, 6z degeri 1,00’den biiyiik dort faktor lizerine
toplandig1 belirlenmistir. Ortak varyans, bir degiskendeki faktor yiik degerlerinin kareleri
toplamudir (Biiyiikoztiirk, 2002). Asagidaki grafik, dort faktdr iizerine kurulan FOZRAY
6lceginin 6zdegeri 1’den biiyiik (olas1) faktor yapisini gostermektedir:

Yamae Egim Grafisi

Ozdeger

T T T T T T T T | T T T T T T T T T
1 23 4 5 G 7 g & 10 11 12 13 14 15 1.6 17 18

Faktir Savisi

Sekil 1. FOZRAY 'in Yamag Egim (Scree Plot) Grafigi

Yamag egim grafiginde 6zdegeri 1,00’in iizerinde dort faktdr oldugu goriilmektedir.
Buradan, olgegin tahminen 4 faktérden meydana gelebilecegine karar verilmistir. Stevens
(2002)’a gore, 200°den fazla katilimcidan toplanan veriler, faktor se¢iminin giivenilirligi i¢in
oldukc¢a uygun o6lgiit saglamaktadir (Akt: Field & Miles, 2010). Fakat yamag egim grafikleri
bu islem icin kullanigli olmakla birlikte, sadece bu egime bakarak faktorler hakkinda karar
verilmesi onerilmemektedir (Field, 2002). Bu sinirlilig1 ortadan kaldirmak ve en uygun faktor
secimini yapabilmek amaciyla Kaiser Normalizasyonlu Promax dondiirmesi ve Maksimum
Olabilirlik (Maximum Likelihood) islemleri uygulanmistir. Maksimum Olabilirlik yontemi,
veriler normallik sartin1 sagladiginda kullanilmasi onerilen faktor belirleme yontemlerinden
biridir (Costello ve Osborne, 2005). Promax rotasyonu yapilirken, genelde faktor yiiklerinin
alt kesim noktas1 0,30 olan maddeler isleme alinir. Comrey ve Lee (1992)’ye gore faktor
yiikleri i¢in kritik araliklar su sekilde siniflandirilmaktadir: “0,32-0,44 arasi: koti”, “0,45-0,54
arast: normal”, “0,55-0,62 arast: iyi”, “0,63-0,70 arasi: ¢cok 1yi” ve “0,70-1,00: miikkemmel”.
Olgekteki faktdrlerde yer alan maddeler ve bunlarin sahip olduklari faktdr yiikleri ve
yukaridaki araliklara gore kategorileri ile Beghetto (2009)’nun ¢alismasinin degerleri Tablo
3’te gosterilmistir.
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Tablo 3. Déndiiriilmiis Temel Bilesenler Analizi Yontemine Gére FOZRAY daki Maddelerin Orijinal
ve Uyarlanan Calismadaki Faktor Yiik Degerleri

Orijinal Calismanin Uyarlama Caligmasinin

Maddeler Faktor Yikleri Faktor Yikleri
Faktor2: Zihinsel Risk Alma

Maddel 0,53 0,56
Madde2 0,50 0,39
Madde3 0,69 0,63
Madde4 0,79 0,47
Madde5 0,63 0,49
Madde6 0,51 0,45
Faktor3: Fene Yonelik Ilgi

Madde7 0,88 0,97
Madde8 0,41 0,55
Madde9 0,67 0,62
Madde10 0,67 0,68
Faktorl: Fende Yaraticilik Yeterliligi

Maddell 0,70 0,90
Maddel12 0,69 0,69
Maddel3 0,81 0,73
Maddel4 0,58 0,43
Maddel5 0,56 0,33
Faktor4: Fene Yonelik Ogretmen Destegi Algist

Maddel6 0,58 0,65
Maddel7 0,89 0,79
Maddel18 0,56 0,61

Tablo 3’e gore bu calismada, promax rotasyonu ile elde edilen faktor yiiklerinin, 3
madde i¢in (2, 14 ve 15. maddeler) 0,32-0,44 arasinda “koti”, 3 madde icin (4, 5 ve 6.
madde) 0,45-0,54 arasinda “normal”, 4 madde i¢in (1, 8, 9 vel8. maddeler) 0,55 -0,62
arasinda “iyi”, 4 madde (3, 10, 12 ve 16. maddeler) icin 0,63 -0,70 arasinda “gok 1yi” ve 4
madde (7, 11, 13 ve 17. maddeler) icin ise 0,71 ve {izerinde “miikemmel” degisim gosterdigi
belirlenmistir.

Tablo 4. FOZRAY in Alt Boyutlarina Iliskin Varyans Sonuglart

Faktorler Madde Numaralari Ag:lklan:im Vaf‘yans
Degerleri
Faktor 1 11,12, 13, 14, 15 26,61
Faktor 2 1,2,3,4,56 8,05
Faktor 3 7,8,9 10 5,07
Faktor 4 16, 17,18 3,09
Toplam 18 42,82

Tablo 4 incelendiginde, FOZRAY’1 olusturan doért faktoriin maddelerdeki toplam
varyansin yaklasik %43’likk kismini1 acikladigr goriilmektedir. Maddelerle ilgili olarak
tanimlanan dort faktoriin varyanslariin 26,61 ile 3,09 arasinda degistigi gozlenmistir. Bu
islemler sonunda, Ol¢egin dort alt faktdrden ve toplam 18 maddeden olustugu ve biitiin
maddelerin Beghetto (2009) tarafindan 6nerilen faktorlere yiliklendigi belirlenmistir. Bu dort
faktor icinde en yiiksek varyans degerine sahip olan Faktor-1 (fende yaraticilik yetenegi),
toplam varyansin %27°lik kismini agiklamaktadir. Olgegin, “zihinsel risk alma” faktdriinii
meydana getiren Faktor-2 ise 6 maddeden olugmaktadir ve bu faktoriin agikladig: varyans %8;
“fene yonelik ilgi” faktoriinii olusturan ti¢iincii faktoriin varyansinin toplam varyans igindeki
oran1 %>5°tir. U¢ maddeden meydana gelen ve dordiincii faktor olan “fene yonelik dgretmen
destegi algisi”nin ise toplam varyans iginde %3 ile en diisilk degere sahip oldugu
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goriilmektedir. Scherer (1988)’e gore faktor analizi yapildiginda agiklanan varyansin %40 ile
%60 arasinda olmasi kabul edilebilir bir degerdir. Buna gore arastirmada elde edilen
sonuglarin yeterli varyans degerlerine sahip oldugu ileri siirtilebilir.

Yapi Gegerligi icin Karsit Gruplar Yontemine Iliskin Bulgular

Tablo 5. FOZRAY’m Yapr Gegerligine Yonelik Karsit Gruplar Yéontemine Iliskin Bagimsiz Gruplar
Icin T-Testi Sonuclar

Grup N X S sd t
S Ust 122 452 024 242 32.10%
Alt 122 249 066
Fakon 2 Ust 122 477 016 242 3125+
Alt 122 311 056
Pk 3 Ust 122 431 017 242 2143
Alt 122 335 046
— Ust 122 464 027 242 3842*
Alt 122 230 062
Ust 122 455 018 242 37,00
Toplam Alt 122 309 040
*p<0,01

Tablo 5’e gore orneklemde yer alan alt ve iist gruplardaki 6grencilerin fende zihinsel
risk alma ve yordayicilarina iliskin puanlar1 arasinda hem toplam puan hem de dort alt
boyutun her biri agisindan anlamli diizeyde farklilik bulundugu (p < 0,05) ve bu farkliligin st
gruptaki Ogrenciler lehine oldugu belirlenmistir. Ayrica standart sapma degerine gore tist
grupta yer alan o6grencilerin ilgili konudaki benzesiklik diizeylerinin alt gruptakilere gore daha
yiiksek oldugu tespit edilmistir. Bu sonug¢ karsit gruplar ydontemine gore dlgme aracinin yapi
gecerliginin yiiksek olduguna iliskin kanit olarak kabul edilebilir.

Dogrulayic1 Faktor Analizi (DFA)’ne iliskin Bulgular

DFA o6zellikle baska kiiltiirlerde ve orneklemlerde gelistirilmis 6lgme araglarinin
uyarlanmasinda kullanilan bir gecerlik belirleme yontemidir. Stimer (2000)’e gore DFA,
kuramsal bir temelden destek alarak pek ¢ok de§iskenden olusturulan faktorlerin gergek
verilerle ne derece uyumlu oldugunu degerlendirmek amaciyla kullanilan bir analizdir. Bir
baska ifadeyle DFA, Onceden belirlenmis veya kurgulanmis bir yapinin, baska bir
orneklemden toplanan verilerle ne derece dogrulandigini incelemeyi amaglar. Boylece DFA,
belirli degiskenlerin bir kuram temelinde onceden belirlenmis faktorler lizerinde agirlikli
olarak yer alacag seklindeki bir 6ngoriiniin stnanmasina dayanur.

Bu analiz icin Orneklemin yeterli olup olmadigi KMO ve BTS kullanilarak
belirlenmigtir. Gelistirilen bu 6lgme aracinin KMO katsayist 0,89 oldugu belirlenmistir. Bu
orneklemden elde edilen veriler icin BTS testi yiliksek diizeyde (% 99 giiven araliginda)
anlamhidir (B(153)=2718,46; p < 0,01). Bu sonuglara gore, verilerin dogrulayici faktor analizi
yapmak i¢in uygun oldugu ifade edilebilir. Bu analiz i¢in veriler Mardia’nin ¢oklu yonli
normallik testi ile analiz edilmistir (Khattree ve Naik, 1999). Bu analiz sonucunda verilerin
belirlenen normallik i¢in kritik deger olan 10’un iizerinde olmas1 (47,21) nedeniyle verileri
¢ogaltma islemi (bootstrap) uygulanmistir. Bu analizde var olan veri seti igerisinden rastgele
secilen 200 yeni veri rastgele Uretilmistir. Verilerin dagilimimi normallestiren bu islemle
birlikte DFA’nin parametrik istatistiklere uygunlugu artmistir. Bu tiretilen veriler igin ki-kare
dagilimi asagidaki gibidir:
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Sekil 2. Verileri Cogaltma Islemine Gore Ortaya Cikan Dagilim

DFA’da smanan modelin uyum yeterligini belirlemek icin pek ¢ok uyum indeksi
kullanilabilir. Uyum indekslerinin kuramsal model ile ger¢ek veriler arasindaki uyumu
degerlendirmede birbirlerine gore giiclii ve zayif yonlerinin olmasit nedeniyle modelin
uyumunun ortaya konulmasi i¢in bircok uyum indeksi degerinin kullanilmasi onerilmektedir
(Biiytikoztiirk ve dig., 2004). S6z konusu uyum indekslerinden en sik kullanilanlar1 sunlardir:
Ki-kare uyum (chi-square goodness), iyilik uyum indeksi (goodness of fit index-GFl),
karsilagtirmali uyum indeksi (comparative fit index-CFI), yaklagik hata kalanlarinin ortalama
karekokii (the root mean square residual-RMR) ve yaklagik hatalarin ortalama karekokiidiir
(root mean square error of approximation-RMSEA). Bu indeksler ve &zelliklerine iliskin
aciklamalar su sekildedir:

- Ki-kare uyum indeksi, gozlenen korelasyon matrisinin, kuramsal korelasyon matrisinden ne
derece uzaklasgtiginin bir 6l¢iisiidiir. Model ile veri iyi uyum gosteriyorsa, elde edilen deger
diisiik ¢ikar. Buna bagli olarak xz/sd degeri 5’den kiigiik bir deger alirsa, model ile veri setinin
uyumlu oldugu anlagilir.

- GFI, model ile verinin uyumunu gosteren bir bagka indekstir. Bu degerin 0,90 ile 1,00
arasinda olmasi, model-veri uyumunun yeterli oldugunun bir gostergesi kabul edilir.

- CFI, model tarafindan tahmin edilen kovaryans matrisi ile gozlenen kovaryans matrisini
karsilastiran ve Bentler’in Karsilastirmali Uyum Indeksi olarak bilinen bir indekstir. Bu
indeksin 0,90 ile 1,00 arasinda olmasi, bu matrislerin uyumlu oldugu anlamina gelmektedir.

- RMR, tahmin edilen ve gozlenen kovaryans matriksleri arasindaki farklara gore islem yapan
bir uyum indeksidir. Bu iki model arasindaki farkin azligi, modelin uygunlugunu gosterir. Bu
indeksin degeri 0’a yaklastik¢a tiretilen modelin 1yi uyum gosterdigi kabul edilir.

- RMSEA ise, maksimum parametre tahminleri ile drneklemin kovaryans matrikslerinin ne
kadar uyumlu oldugunu gosteren bir indekstir. Bu indeksin 0,00 ile 0,10 arasinda olmasi
uyum oldugunun bir gostergesidir (Barrett, 2007; Brown ve Cudeck, 1993; Byrne, 1994).

CFI ve RMSEA baz1 arastirmalarda birlikte kullanilirken, bazi1 arastirmalarda ayri
kullanilan indekslerdir. Rigdon (1996), bu iki fit indeksinin varsayimlar1 ve sonuglari
tizerinde yaptigr arastirmada, CFI'min ac¢imlayici faktor analizleri, RMSEA’nin ise
dogrulayic1 faktor analizleri i¢cin daha uygun oldugunu ifade etmistir. Fakat yayginlik
anlaminda, dogrulayic1 faktor analizi caligmalarinda her iki indeksin birlikte kullanildig:
arastirmalarin daha fazla oldugu goriildiigiinden, bu arastirmada her ikisine de yer verilmistir.
Tablo 6’da modele iliskin faktor analizinde en ¢ok kullanilan uyum indekslerinden elde edilen
degerler verilmistir.
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Tablo 6. Risk Alma Olceginin Uyum (Fit) Indekslerine Iliskin Degerler

Uyum indeksi r sd v’/sd p* GFI CFl RMR RMSEA
Deger 288,03 129 2,23 0,01 0,93 0,94 0,05 0,06
* Bollen-Stine bootstrap degeridir.

DFA’nde elde edilen modelin uyum indeksleri incelenmis ve Minimum Ki-kare
degerinin 129 serbestlik derecesinde 288,03 (p=0,01) oldugu goriilmistiir. Uyum indeksi
degerleri ise RMSEA=0,06; CFI=0,90; GFI=0,92 ve RMR=0,05 olarak bulunmustur. Bu
uyum indeksi degerleri modelin uyumlu oldugunu ortaya koymaktadir (Hooper, Coughlan ve
Mullen, 2008; Schermelleh-Engel ve Moosbrugger, 2003). Modele iliskin parametre
tahminleri Sekil 3’te goriilmektedir.
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Sekil 3. FOZRAY in Yapisal Esitlik Modeline Iliskin Parametre Tahminleri

Sekil 3’te goriildiigii gibi DFA sonucu elde edilen faktor yiikleri, faktor-madde ve
faktorler arasi iligkiler yeterli diizeydedir. Dogrulayici faktér analizi sonuglar1 Beghetto
(2009)’un 6nerdigi teorik yapi ile uyum gostermektedir.
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Ol¢me Aracinin Giivenirlik Diizeyine fliskin Bulgular

Tablo 7°de, Beghetto (2009) tarafindan gelistirilen ve bu calismada uyarlanan Slgekle
AFA ve DFA analizleri i¢in iki 6rneklem grubundan toplanan verilere gore bes alt boyutuna
yiiklenen madde sayilar1 ve her bir faktére yonelik Cronbach Alpha giivenilirlik katsayilari
verilmistir.

Tablo 7. FOZRAY in Maddelerinin Orijinal ve Uyarlama Calismasindaki Alt Boyutlarinin Cronbach

Alfa Katsaytr Sonucglari
Faktirler Madde Orijinal Calismanin DFA Orneklemi Igin AFA Orneklemi Igin
Sayis1  Giivenirlik Katsayilar Giivenirlik Katsayilari Givenirlik Katsayilari
Faktor 1 5 0,83 0,85 0,81
Faktor 2 6 0,80 0,69 0,69
Faktor 3 4 0,77 0,84 0,80
Faktor 4 3 0,77 0,71 0,71
Toplam 18 0,87 0,86

Yapilan giivenilirlik c¢alismalar1 sonucunda, iki farkli 6rneklemden toplanan verilere
gore Olgegin toplam Cronbach Alpha i¢ tutarlilik katsayilarmin 0,87 ve 0,86 oldugu tespit
edilmistir. Ayrica 6lgme aracindaki her bir alt boyut i¢in de i¢ tutarlilik katsayilar1 da
hesaplanmistir. Yapilan analizler sonunda, her iki 6rneklem grubu i¢in de 6lgme aracinin alt
boyutlarima gore en yiiksek giivenirlik diizeyi Faktorl ve Faktor3’te, en diisiik gilivenirlik
diizeyi ise Faktor2’de meydana gelmistir. Uyarlama calismasinda elde edilen katsayilar,
Olgme aracinin giivenilir sonuglar verebilen bir ara¢ oldugu konusunda yeterli oldugunu
gostermektedir (Biiyiikoztiirk, 2002).

TARTISMA ve SONUC

Yapilan ¢alismada, “Fen Ogrenmede Zihinsel Risk Alma ve Yordayicilarma iliskin Alg
Olgegi’nin Tiirkge uyarlamasi yapilmistir. Bu 6lgme aracinin gecerlik diizeyini belirlemek
icin farkli yontem ve istatistiksel analizler kullanilmistir. Arastirmada kullanilan 6lgek
Ingilizceden uyarlandigindan, ilk olarak dil ve anlam gegerligi iizerinde durulmus ve bu
ozelliklerin uygun oldugu belirlendikten sonra veri toplama asamasina gegilmistir. Olgegin
yap1 gegerligi lic farkli sekilde incelenmistir. Birinci yontem faktor analizleri (agimlayict ve
dogrulayici), ikinci yontem ise karsit gruplar yontemidir. Bu iki yontem sonucunda da 6lgme
aracinin yapi gecerliginin uygulanabilir diizeyde oldugu tespit edilmistir. Son olarak 6lgme
aracinin giivenirlik diizeyi incelenmis ve kabul edilebilir diizeyde tutarliliga sahip oldugu
belirlenmistir. Bu sonuglara gore, akademik risk alma ve yordayicilarini igeren bu 6lcegin,
tilke olarak diisiik basar1 gosterdigimiz fen egitiminde birbiri ile iligskisi olan birden ¢ok
degiskeni Olgebilecek 6zellikleri kapsamasi nedeniyle 6nemli bir veri toplama araci olacagi
ileri siiriilebilir.

Ulusal ve uluslararast sinav sonuclarinin fen alami icin iilkemizde Onemli uyarilar
verdigi agikca goriilmektedir. Bu sinavlarda 6grencilerin diisiik diizeyde bagar1 gosterdikleri,
hem bu smavlarin sonuglar1 ile hem de yapilan caligmalarla ortaya konulmustur (Berberoglu
& Kalender, 2005; Ceylan & Berberoglu, 2007; MEB, 2011; OSYM, 2011, 2014; Sarier,
2010). Bu durumun sebeplerinden birinin, dgrencilerin zihinsel risk alma diizeyleri ile ilgili
oldugu ileri siiriilebilir. Ciinkii uyarlanan 6lgme aracinin alt faktorlerini olusturan yaraticilik
0z-yeterligi, fene yonelik ilgi ve 6gretmen destegi algisi ile zihinsel risk alma arasinda pozitif
ve yiiksek diizeyli korelasyon olmasi, bunlara bagli olarak akademik basarinin da etkilenen
bir boyut olma olasiligini artirmaktadir. Schiefele, Krapp ve Winteler (1992) 6grencilerin
basarilart {i¢ faktdriin etkili oldugunu ifade etmislerdir. Bu faktérler: Ogrenci ozellikleri
(yetenek, kisilik, ilgi, tutum, vb.), sosyal ortam (sosyo-ekonomik diizey, aile yapist vb.) ve
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okul sartlar1 (egitim kalitesi, fiziksel imkanlar vb.). Bu ¢alismada ele alinan boyutlar 6grenci
ozellikleri (0z-yeterlik, risk alma ve ilgi) ve okul sartlar1 (6gretmen destegi) ile ilgili
faktorlerin alt boyutlarini icermektedir. Bu yoniiyle uyarlamasi yapilan Olgegin, asagida
belirtildigi gibi 6grenci ve okula yonelik 6zellikler arasinda bir iligski kurmak agisindan 6nemli
bilgiler verdigi diisiiniilmektedir.

Motivasyonun alt boyutlarindan biri olan 6z-yeterlik (Rogers ve dig., 1999) ile basari
arasinda oldukca yliksek bir iligki oldugu ve 6z-yeterligin basarinin 6énemli yordayicilarindan
biri oldugu birgok arastirma ile ortaya ¢ikarilmistir (Beghetto, 2007; Pajares & Miller, 1994;
Pintrich & DeGroot, 1990; Plucker, Beghetto & Dow, 2004; Zimmerman, Bandura &
Martinez-Pons, 1992). Beghetto (2009) 06grencilerin yaraticiliklarini  gosterebilecekleri
ortamlar olmadan 6grencilerin basarilarini artirmanin ve risk alma davranigimi gelistirmenin
oldukca zor oldugunu belirtmistir. Bunun yaninda yaratict Oz-yeterligi yiiksek olan
ogrencilerin biitiin konu alanlarinda akademik yetenekleri hakkinda olumlu tutuma sahip
olduklar1 ifade edilmistir (Beghetto, 2006).

Basar ile ilgi arasinda da iliski oldugu ve fene yonelik ilgisi yiiksek olan 6grencilerin
basarilarinin da yiiksek olma olasiliginin bulundugu istatistik temelli arastirma sonuglariyla
desteklenmektedir. Her ne kadar ilgisi yiiksek olan Ogrencilerin kesinlikle basarili
olacaklarina iliskin kanitlar fazla degilse de, bu 6grencilerin basarili olma olasiliklarinin ilgisi
diisiik 6grencilerin basarili olma olasiligindan daha yiliksek oldugu sdylenebilir (Ainley, Hidi
& Berndroff, 2002; Harackiewicz, Barron, Tauer & Elliot, 2002; Hidi, Renninger & Krapp,
2004; Schiefele, Krapp & Winteler, 1992). Beghetto (2009) da 6grencilerin fen 6grenmeye
yonelik ilgileri iizerinde risk alma istekliliklerinin 6énemli bir faktor oldugunu; diger faktorler
kontrol altina alindiginda bu degiskenler arasindaki iliskinin yiiksek oldugunu belirtmistir.
Ogrencilerin fen dgrenmeye yonelik ilgilerini saglayarak basarilarmi artirmada 6gretmen
desteginin O6nemli olduguna yonelik arastirmalar bulunmaktadir. Bu arastirmalarda
ogretmenden destek alan 6grencilerin siniflarinda daha aktif olduklari, derse katilimlarinin,
ilgilerinin ve sosyal sorumluluk bilinglerinin arttig1 ifade edilmistir (Hidi & Renninger, 2006;
Karabenick & Sharma, 1994; Wentzel, 1998). Beghetto (2009), 6gretmenlerin siniflarinda
olusturduklart ortamlarin, 6grencilerin hem bagarilarina hem de risk alma diizeylerine etki
ettigini; dolayisi ile 6gretmenlerin yeni stratejiler denemelerinin, sorular sormalarinin, fikirleri
paylasacak ortamlar olusturmalarinin katkist olacagini belirtmistir. Bu arastirmadaki bulgular
ile 1ilgili literatiirdeki bulgular, bilissel ve duyussal faktorler arasinda c¢ok yonli iliskinin
oldugunu gostermektedir.

Zihinsel risk alma ile akademik basar1 arasinda da iliski oldugunu ifade eden Beghetto
(2009), 6grencilerin yaslarinin artmasi ile risk alma davraniglarinin diistiiglinii ifade etmistir.
Bunun sosyal politikalar, iyi derece alma, miikkemmel sinav sonuglar1 ve hatasiz 6grenme gibi
baskilarin bir eseri oldugunu literatiirle de destekleyen Beghetto, arastirmada uyarlanan
Olcegin alt boyutlarinin birbiri ile iligkisini gostererek ¢coklu karsilastirma imkani saglamistir.
Ulkemizde de merkezi sinav sonuglari incelendiginde, SBS (Seviye Belirleme Sinavi) ve
OGS (Ortadgretime Gegis Siavi)’de dgrencilerin fen basari diizeyleri ile OSS (Ogrenci
Se¢cme Smavi), YGS (Yiksekogretime Gegis Simavi) veya LYS (Lisans Yerlestirme
Sinavi)’deki basarilar1 kiyaslandiginda, ortaggretim sonunda daha diisiik basar1 gosterdikleri
goriilmektedir (MEB, 2011; OSYM, 2011, 2014). Bu veriler, 6grencilerin yaslari arttikca fen
alanindaki basarilarmin diistiigii anlamina gelebilir. Buna bagli olarak Beghetto’nun belirttigi
zihinsel risk alma davranisinin yas arttikca azalmasi, bu degiskenlerin (akademik basari-
zihinsel risk alma) birbiri ile iligkili oldugu hipotezini desteklemektedir.

Bu c¢alisma kapsaminda uyarlanan 6l¢gme aracini olusturan alt faktorler arasindaki
iligkinin yiiksek ¢ikmasi, zihinsel risk almanin yaninda iliskili oldugu kabul edilen diger
Ozelliklerin de Olciilebilecegi gecerlik ve glivenirlik diizeyi yiiksek bir arag niteligini tasidigini
gostermektedir. Zihinsel risk alma ile yiiksek korelasyon gdsteren fende yaraticilik 6z-
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yeterligi; bu iki degisken arasinda yiiksek diizeyli bir iliski oldugunu; dolayis1 ile fene yonelik
0z-yeterligi yiiksek dgrencilerin risk alma diizeylerinin de artacagini géstermektedir (Beghetto
& Baxter, 2012). Benzer sekilde fene yonelik ilgi ve 6gretmen destegi algisi ile zihinsel risk
alma arasindaki iliskinin giiclii olmas1 da, bu o6zelliklerin ayri ayr1 incelenmesi yerine
uyarlanan 6l¢ekte oldugu gibi birlikte ele alinmasinin avantaj saglayacagini gostermektedir.
Boylece fenni 0greten ve Ogrenenlerle birlikte diger ilgililerin de yararlanabilecekleri ¢ok
boyutlu bir ara¢ uygulama imkanlar1 olacaktir. Bu aragtan elde edilecek verilerle, diisiik fen
basarisina sahip Ogrencilerin bu dort boyutla ilgili eksikliklerinin belirlenmesi miimkiin
olabilir. Bunun yaninda yiiksek fen basarisina sahip 6grencilerin giliclii yonleri belirlenerek
egitimin niteligini artirict doniitler elde edebilirler. Aynt zamanda bu O6lgek kullanilarak
iilkemizde ilkokul ve ortaokul diizeyinde eksik olan “zihinsel risk alma” davranisina iliskin
calismalarin sayisinin arttirilmast da saglanabilir.

Bu arastirma, Ol¢cek uyarlama calismast olup, “zihinsel risk alma ve bu beceriyi
yordayan” davraniglara odaklidir. Bu arastirmanin sonuglarinin “yol analizi” gibi yontemlerle
neden-sonug iliskisi odakli bir sekilde irdelenmesi gerekmektedir. Ayrica “zihinsel risk
alma’nin ii¢ yordayicisina ek olarak literatiirde dnemli oldugu belirtilen ama bu ¢alismanin
kapsamina girmeyen diger muhtemel yordayicilarin da (i¢ ve dis motivasyon, oz-yeterlik,
elestirel diisiinme, yardim alma, 6z-diizenleme, kaygi vb.) incelenmesinin, ilgili konuda var
olan literatiir eksikliginin azaltilmasi agisindan yararli olacagi disiiniilmektedir.
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SYNOPSIS
INTRODUCTION

Science is to investigate observed nature and natural events systematically and to
attempt for making inferences about non-observed events (Cepni, 2011). By its open-ended
nature, science requires asking questions, making explanations and appreciating ideas. These
activities require taking risk, risk taking behaviour has different definitions but it generally
involves expressing and advocating ideas in spite of existence of threats and no insights about
final results of the actions (Denrell, 2007; Feldman, 2003; Peled, 1997). Risk taking behavior
is distributed normally in population (Arnett, 1992; Greene & dig., 2000). One type of risk
taking is intellectual risk taking that means taking intellectual risks due the fact that you do
not know about final outcome of the activity. Intellectual risk-taking is ability of saying and
advocating ideas in spite of threats to intelligence, honour, reliability and righteous (Feldman,
2003). Clifford and Chou (1991) gave examples of some intellectual risk-taking situations in
classrooms that asking questions to other children, making explanations about topics, giving
answers to questions and taking responsibility in situations of which conclusions cannot be
predicted, are some of intellectual risk-taking behaviours. Previous studies claimed that
distribution of risk-taking behaviour in society is like normal distribution (Arnett, 1992;
Greene et al., 2000). Trimpop (1994) say that people taking risk and non-risk takers are found
in the opposite extreme poles of the distribution. Steinberg (2004) suggested preparation of
young people to take appropriate risks by teaching the ability to them. Since studies provided
evidence that intellectual risk-taking contributes to motivation to learn, to study in groups
collaboratively and to solving problems effectively (House, 2002; Meyer, Turner & Spencer,
1997; Tay, Ozkan & Tay 2009). Intellectual risk-taking is a variable that is associated with
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many important variables including interest and creative self-efficacy regarding learning
science. Studies have showed that science achievement is associated with risk taking (Tay,
Ozkan & Tay 2009). The researchers have found that gifted students who are high level risk
takers have high achievement scores and problem solving ability. Meyer, Turner and Spencer
(1997) have studied with 14 students in 5" and 6™ grades. They have observed that advanced
risk takers approach to project studies positively. Beghetto (2009) sees intellectual risk taking
as a part of internal motivation. He also suggests that advanced risk taking behaviour
increases motivation and as such contributes to achievement.

PURPOSE of the RESEARCH

In spite of the importance of intellectual risk-taking, number of the studies in Turkey is
very limited. It is thought that the insufficiency in the number of the studies is related to lack
of the instruments on cognitive risk-taking. The purpose for this study is to adapt an
instrument on cognitive risk-taking and its correlates in learning science.

METHODOLOGY

In this study adaptation of intellectual risk taking and its predictors scale was carried
out. The data of the study were collected from two different sample groups due to the fact that
adaptation process needed applying two different factor analysis for investigating factor
structure of the instrument .The sample of the study included two different groups (N=864);
one (449, 6., 7., and 8. grade elementary students) for confirmatory factor analysis and one
(415, 6., 7., and 8. grade elementary students) for exploratory factor analysis. Descriptive
values about the samples are represented in Table 1.

Table 1. Descriptive Data of The Participants in Two Different Groups of The Study

Grade 6 7 8 Total Analysis
Gender f % f % f % f % Type
Female 67 508 78 523 70 522 215 518
Male 65 492 71 477 64 478 200 482 EXp'gX‘tory
Total 132 318 149 359 134 323 415 100
Female 65 458 73 497 83 519 221 492 oo
Male 77 542 74 503 77 481 228  50.8 .
Total 142 316 147 327 160 356 449 100

According to table 1, distributions of students across gender and grade level were found
to be similar. Then, sufficiency of sample to conduct factor analysis was checked by using
Comrey and Lee (1992)’s criteria: 0-100 is very bad, 101-200 is bad, 201-300 is enough, 301-
500 is good , 501-1000 is very good and 1000 and above is excellent. When looked at the
criteria it is seen that samples of the study are good. Furthermore adequacy of the samples for
factor analysis was also checked by values of KMO and Barlett’s test. For exploratory factor
analysis KMO and Barlett’s values are .86 and 2524.63 respectively while KMO and Barlett
values for confirmatory factor analysis are .89 and 2718.46 respectively. The results
supported adequacy of the samples for making factor analysis. The adapted instrument was
developed by Beghetto (2009) and it was a Likert type instrument. The instrument is made of
four factors including cognitive risk-taking and its three correlates (interest in science,
creative self-efficacy in learning science and beliefs about teacher support in learning
science). By taking into account the correlates of a variable, it was thought that more holistic
adaptation could be achieved. The data collected by the instrument was analyzed by using
SPSS for making exploratory factor analysis; Cronbach’s alpha calculation, and opposite
group comparison while AMOS was used to conduct confirmatory factor analysis. By using
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them, structure validity and reliability were checked while content and language validities
were also done by researchers.

FINDINGS

The findings of the study have two parts as factor analyses results and reliability
analysis results. It was found that the scores were reliable and the instrument was valid for
using it in Turkish culture. It was found that the characteristics of adapted instrument had
similar characteristics with the original instrument in terms of construct validity and
reliability, and validity and reliability level were found to be appropriate for social sciences.
For exploratory factor analysis, KMO and Barlett’ test results showed factorability of the
scores and following analysis gave four-factor solutions with 18 items. At the same time the
four-factor structure explained 43% of total variance in intellectual risk-taking and its
predictors. Table 2 shows exploratory factor analysis results.

Table 2. Results of Rotated Principle Components Analysis and Results of Non-Adapted Instrument

ltems Factor loadings of Factor loadings of
original instrument adapted instrument
Factor2: Intellectual Risk Taking
Item 1 0.53 0.56
Item 2 0.50 0.39
Item 3 0.69 0.63
Item 4 0.79 0.47
Item 5 0.63 0.49
Item 6 0.51 0.45
Factor 3: Interest in science
Item 7 0.88 0.97
Item 8 0.41 0.55
Item 9 0.67 0.62
Item 10 0.67 0.68
Factor 1: Self-efficacy in scienctific creativity
Item 11 0.70 0.90
Item 12 0.69 0.69
Item 13 0.81 0.73
Item 14 0.58 0.43
Item 15 0.56 0.33
Factor4: Perception about teacher support
Item 16 0.58 0.65
Item 17 0.89 0.79
Item 18 0.56 0.61

Then comparison of lowest and highest scorers was done and it was found that there
were statistically significant differences in scores of the students in terms of four factors. This
was also accepted as a support for structure validity. After these processes, confirmatory
factor analysis were done for four-factor solutions and the results showed that fit index values
were in accepted ranges, the findings on confirmatory factor analysis are shown in Table 3.

Table 3. Confirmatory Factor Analysis Findings

Indexes y Sd ¥’/sd p* GFI CFI RMR RMSEA

Value 288.03 129 2.23 0.01 0.93 0.94 0.05 0.06

* Bollen-Stine bootstrap value

After checking factor structure of the instrument, reliability analysis was done and
results showed acceptable reliability confidents for the factors and whole instrument scores
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(.69-.85). By approaching instrument adaptation process holistically, researchers using the
instruments have more opportunity of looking the problem from different angles at the same
time. High correlations between different measurable factors such as self-efficacy and
intellectual risk-taking indicate existence of related factors in the same package to explain a
problem. For example low achievement can be explained by low self-efficacy (Beghetto,
2007; Pajares & Miller, 1994; Pintrich & DeGroot, 1990; Plucker, Beghetto & Dow, 2004;
Zimmerman, Bandura & Martinez-Pons, 1992) but also low intellectual risk-taking might be
another reason (Beghetto, 2009) so looking the related factors in studying problems might
give advantages. At the same time adapting such an instrument by using a rigorous method
might contribute its power in studying achievement and problematic sides of science
education.

CONCLUSION and SUGGESTIONS

Based on the results of this study it can be recommended that studying the correlational
relationships between the variables of the instrument might be extended by using path
analysis for establishing cause-effect relationship. Also other important variables out of the
variables in this study might be investigated for contributing holistic nature of the instrument.
One of the important insufficiencies in this research is to study predictions made by the scores
of the instrument on educationally focused variable. By studying the prediction importance of
intellectual risk-taking and its predictors in terms of important variables such as achievement
and science process skills might be enlightened.
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Ek/Appendix

Fen Ogrenmede Zihinsel Risk Alma ve Yordayicilarna Iliskin Alg:1 Olgegi

Maddeler

o 01 A O WDN B

Faktor2: Zihinsel Risk Alma
Fen derslerinde ¢ok 1yi olmasam bile yeni seyler yapmay1 severim
Fen derslerinde dogru oldugundan emin olmasam bile fikirlerimi paylagirim
Fen derslerinde nasil yapilacagini bilmesem bile yeni seyler yapmayi denerim
Fen derslerinde bir sonuca ulasamayacagimi bilsem bile birseyler yapmanin
yeni yollarin1 bulmaya ¢aligirim
Fen derslerinde yanlig yapma ihtimalim olsa bile yeni seyler 6grenmeyi denerim
Fen derslerinde diger 6grenciler benim onlar kadar zeki olmadigimi diisiinse
bile sorular sorarim

O 00

Faktor3: Fene Yonelik Ilgi
Fen dersini severim
Fen dersi benim i¢in 6nemlidir
Fen derslerinde yaptiklarimizdan hoslanirim
Fen dersi en gozde derslerimden biridir

11
12
13
14
15

Faktorl: Fende Yaraticilik Yeterliligi
Fen dersinde yeni fikirler ortaya atma konusunda iyiyimdir
Fen derslerinde hayal giictimii 1yi kullanirim
Fen derslerinde ¢ok giizel fikirler {iretirim
Kendime ait fen deneylerini olusturmakta iyiyimdir
Fen problemleri i¢in yeni ¢6ziim yollar1 bulmada iyiyimdir

16
17
18

Faktor4: Fene Yonelik Ogretmen Destegi Algisi
Ogretmenlerim fen derslerinde fikirlerime gergekten deger verirler
Ogretmenlerim fen derslerinde gok yaratici fikirlerim oldugunu sdylerler
Ogretmenlerim fen derslerinde bagarili oldugumu sdylerler




