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ABSTRACT

INVESTIGATING THE EFFECTS OF SCIENCE WRITING HEURISTIC
APPROACH ON EIGHT GRADE STUDENTS’ ACHIEVEMENT,
METACOGNITION AND EPISTEMOLOGICAL BELIEFS

Tucel, Sabahat Tugge
M.S., Department of Elementary Science and Mathematics Education
Supervisor: Prof. Dr. Jale CAKIROGLU
Co-Supervisor: Prof. Dr. Ceren OZTEKIN

March 2016, 170 pages

The aim of this study was investigating the effects of Science Writing Heuristic
(SWH) approach on 8" grade students' science achievement, metacognition and
scientific epistemological beliefs when compared to traditional instruction. For this
purpose, a non-equivalent control group post-test only design was employed. Two 8™
grade classes from a public elementary school were selected for the study. One class
was assigned as experimental group and the other class was assigned as the
comparison group. Students in the experimental group were instructed with the SWH
approach, while those in comparison group were instructed with traditional science
instruction during 13 weeks. Science Achievement Test for Eight Graders (SATEG),
Metacognitive  Awareness Inventory (MAI) and Epistemological Belief
Questionnaire (EBQ) were administered as pre-test and post-test to collect data. The
data were analyzed by using t-test and MANOVA. Pre-test results indicated that

there was no statistically significant mean difference between the two groups



regarding MAI, EBQ and SATEG scores before the treatment. Post-test results
revealed that there was a statistically significant mean difference between the

experimental and the comparison group, in favor of the experimental group.

Keywords: Argument Based Inquiry, Science Writing Heuristic, Metacognition,

Epistemological Beliefs
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ARGUMANTASYON TABANLI BILIM OGRENME YAKLASIMININ
8. SINIF OGRENCILERININ FEN BASARILARINA, UST BiLISLERINE
VE EPISTEMOLOJIK INANCLARINA ETKISI

Tucel, Sabahat Tugge
Yiiksek Lisans, Ilkdgretim Fen ve Matematik Alanlar1 Egitimi
Tez Yoneticisi: Prof. Dr. Jale CAKIROGLU
Yardimei Tez Yoneticisi : Prof. Dr. Ceren OZTEKIN

Mart 2016, 170 sayfa

Bu ¢aligma, Argiimantasyon Tabanli Bilim Ogrenme (ATBO) yaklasimmin 8. simif
Ogrencilerinin fen basarilarina, iist biliglerine ve epistemolojik inancglarina etkisini
aragtirmak amaciyla yapilmistir. Nicel c¢alisma yontemlerinden yari—deneysel
caligma yontemi kullanilmistir. Bir ilkdgretim okulunda ayni 6gretmenin girdigi 2
adet 8. siif arastirmanin 6rneklemini olusturmaktadir. Bir sinif rastgele deney grubu
olarak digeri ise karsilastirma grubu olarak atanmistir. Deney grubundaki 6grenciler
konularmi1 13 hafta boyunca ATBO yaklasimi ile islerlerken, aym konular
karsilastirma grubunda geleneksel yontemler kullanilarak anlatilmistir. Calismanin
verileri, 8. Smiflar icin Fen Basari Testi, Ust Bilissel Farkindalik Olcegi ve
Epistemolojik Inanglar Olgegi araciligiyla toplanmistir. On-test sonuglarina gore
gruplar arasinda anlamli istatistiksel bir fark c¢ikmazken, son-test sonuclari

incelendiginde deney grubu lehinde anlamli istatistiksel farklar bulunmustur.
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Anahtar Sozciikler: Argiimantasyon Tabanli Bilim Ogrenme Yaklasimi, Ust Bilis,

Epistemolojik Inanglar
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CHAPTER |

INTRODUCTION

... The aim (of education) must be training of independently
acting and thinking individuals ...

-Albert Einstein

Students need to be nurtured to completely develop their abilities to become
independent thinkers. They need to puzzle through problems, observe multiple ways
of finding solutions, gather and analyze evidences, test scientific ideas and apply the
ideas during problem solving. In other words, they need opportunities to experience
the joy of making science and developing science related skills such as
inventiveness, curiosity, risk taking and perseverance (NSF, 2000). The practices of
inquiry prepare students to everyday world and assist them to become independently
acting and thinking individuals. National Science Education Standards (1996)

expressed inquiry as:

“A multifaceted activity that involves making observations; posing questions;
examining books and other sources of information to see what is already
known; planning investigations; reviewing what is already known in light of
experimental evidence; using tools to gather, analyze, and interpret data;
proposing answers, explanations, and predictions; and communicating the
results. Inquiry requires identification of assumptions, use of critical and
logical thinking, and consideration of alternative explanations (p. 23).”

Described activities are very different from the activities done in traditional science
classrooms. The National Research Council (NRC, 1996) emphasized inquiry as
central to science teaching and learning. Inquiry based science classrooms should
provide students not only hands-on laboratory works, but also minds-on activities
such as reading, writing and oral discourse as parts of the procedures of doing
science (Wallace,Hand,&Prain,2004). Besides, the NRC stated the significance of

1



inquiry in the Framework for K-12 Science Education as: “...students cannot fully
understand scientific and engineering ideas without engaging in the practices of
inquiry and the discourses by which such ideas are developed and refined” (NRC

Framework, 2012, p. 218).

Since 1980, numerous studies have confirmed that different inquiry-based instruction
models have positive impacts on teachers and students with various findings (White
& Frederiksen, 1998; Lederman, 2006; Anderson, 2007; Kaynar, 2007; Gornally,
Brickman, Hallar & Armstrong, 2009; Minner, Levy, & Century, 2010). Engaging in
an inquiry classroom develops students’ creativity and science process, reasoning
and critical thinking skills, and also helps students construct better understanding of
scientific concepts (Choi, 2008; Chanlen, 2013), metacognition (Sandi-Urena et al.,
2012; Kipnis & Hofstein, 2008) and epistemological beliefs (Conley, Pintrich, Vekiri
& Harrison, 2004; Kaynar, Tekkaya & Cakiroglu, 2009) .

Various inquiry-based instructional models have been introduced within the science
education community. NRC Framework (2000) stated five attributes that are
supposed to support inquiry in the classroom: 1) familiarize students with
scientifically based questions, 2) students prioritize to evidence during stating and
assessing explanations, 3) students benefit from evidences during constructing
explanations, 4) students consider alternative explanations when evaluating their own
explanation 5) students declare and defend their explanations. Argument-based
inquiry is one of the three main inquiry-based instructional models. According to
Pinney (2014) argument-based inquiry let students compete during justification of
explanations or claims which are obtained from experimental data. The difference
between other inquiry-based approaches and argument-based inquiry occurred
because of the explicit focus on using alternative claims. Meaning-making
negotiation was arisen between peers during justification of explanations in
argument-based inquiry approaches. Conversely, other inquiry-based approaches
provide environment in which peer interaction occurs during hands on activities and

no opportunity for peer negotiation is supplied.



Argument-based inquiry focuses the importance of the application of language in
science through argumentation. Argumentation is an important aspect of science
education. According to NGSS, student engagement in scientific argumentation leads
to students to comprehend the scientific culture and effects the application of science
and engineering on the benefit of society. The Framework for K-12 Science

Education underlined the vital role of argumentation as follow:

“The study of science and engineering should produce a sense of the process of
argument necessary for advancing and defending a new idea or an explanation
of a phenomenon and the norms for conducting such arguments. In that spirit,
students should argue for the explanations they construct, defend their
interpretations of the associated data, and advocate for the designs they
propose”. (NRC Framework, 2012, p. 73)

Similar to abovementioned reform movements, Turkish Ministry of National
Education (MONE) highlighted the importance of argumentation as an integral part
of scientific inquiry. According to MONE (2013), inquiry process should be thought
not only a process of “exploration and experimentation” but also a practice of
“explanation and argumentation” and the teachers should create nonthreatening
learning environments in which students express their claims with different

evidences.

There are different kinds of approaches and techniques for teaching science within
argument-based inquiry. Cavagnetto (2010) analyzed the characteristics of argument-
based interventions in the research literature and proposed three main instructional
approaches in argument-based inquiry which were immersion, structure, and socio-
scientific approach. The Science Writing Heuristic (SWH) approach was classified as
an immersion argument-based inquiry approach. According to Cavagnetto (2010),
the immersion-oriented interventions depicted argument as a tool not only for the
production and comprehension of scientific principles but also cultural applications
of science. Interventions in this orientation were structured to insert argumentation to

student investigations of scientific principles. Explicitly, argumentation was not



viewed something that was made to end up the inquiry, however, was found in each
steps of inquiry such as during question generation, experimentation, interpretation
of data, and construction of claims based on students’ evidences. SWH classrooms
encourage students to develop arguments comprised of three components: question,
claims, and evidence (Hand, 2008) providing a learning environment in which
students are required to conduct inquiry investigations by posing their own questions
about the topic under review, collect data, construct claims derived from evidence,
make peer discussion, search what experts say about the topic, and reflect upon the

their arguments to see how their ideas have changed.

SWH contains a teacher template and a student template. The teacher template
involves a series of activities to help teachers design their classroom environment
based on the SWH approach. The recommended activities in teacher template are: 1)
exploration of pre-instruction understanding, 2) pre-laboratory activities, 3)
participating laboratory activities, 4) negotiation — make personal meanings from the
data, 5) negotiation — make peer discussion about interpretations of data, 6)
negotiation — compare the ideas with the books or experts, 7) negotiation — individual
SWH reports, 8) post-interaction discussion. As can be seen, learning arises through
the negotiation of ideas in the SWH approach. Besides, student template consists of
the argumentation structure involving three components: question, claims, and
evidence. This template also provides reflective writing opportunities for students. It
comprises seven reflective questions: 1) “What are my questions?” 2) “What do I
do?” 3) “What can I see?” 4) “What can I claim?” 5) “How do I know? Why am I
making these claims? 6) “How do my ideas compare with other ideas?” 7) “How
have my ideas changed?” By answering these questions students are being aware of
and keep under control of his/her knowledge and the choices to develop it. In this
type of instruction students have lots of opportunities to control their own learning
process such as using time efficiently, planning and modifying their research
settings, revising their research questions or claims and thinking about what they
learned during the process. In other words, student template works as prompter of

students’ awareness. White (1986) defined metacognition as inner awareness. From



this perspective, the SWH approach provides lots of opportunities for metacognitive

activities.

Students are not only metacognitively but also cognitively active during SWH
process because they are responsible from their own learning. Student template
provides students to understand scientific concept during report writing by relating
claims to evidence (Hand & Keys, 1999). Their construction of meanings is also
affected by social context. Peer negotiation plays a critical role in students’ zone of
proximal development (Pinney, 2014). Therefore SWH approach also positively
influences students’ science achievement (Hand et al.,2004; Rivard, 2004; Giinel,
2006; Hohenshell & Hand, 2006; Akkus, Giinel & Hand, 2007; Poock, Burke,
Greenbowe & Hand, 2007; Caukin, 2010; Hasangebi & Giinel, 2013).

Moreover, students construct their ideas via experimentation, observation and
negotiation in SWH approach. This may lead students to realize that answers of
questions do not have to be generated by authorities. Also such an instruction may
affect students’ awareness about development and modification of scientific ideas.
Since students generate authentic data and results that are unique to that exploration,

SWH approach may lead less reliance on the certainty of knowledge.

As it was indicated above, SWH approach can affect students’ achievement
metacognition and epistemological beliefs. Therefore, the present study aimed to
investigate the effects of SWH approach on the 8" grade students’ achievement
metacognition and epistemological beliefs.

1.1 Research Questions

The specific research questions addressed in this study were:

1. What is the effect of Science Writing Heuristic (SWH) approach on 8"
grade students' science achievement when compared to traditional

instruction?



l.a Is there a significant difference between the groups’ pretest results with

respect to students' science achievement?

1.b Is there a significant difference between the groups’ posttest results with

respect to students' science achievement?

2. What is the effect of Science Writing Heuristic (SWH) approach on 8"

grade students' metacognition when compared to traditional instruction?

2.a Is there a significant difference between the groups’ pretest results with

respect to students' metacognition?

2.b Is there a significant difference between the groups’ posttest results with

respect to students' metacognition?

3. What is the effect of Science Writing Heuristic (SWH) approach on 8™
grade students' scientific epistemological beliefs when compared to

traditional instruction?

3.a Is there a significant difference between the groups’ pretest results with

respect to students' scientific epistemological beliefs?

3.b Is there a significant difference between the groups’ posttest results with

respect to students' scientific epistemological beliefs?

1.2 Definition of Important Terms

Science Writing Heuristic: It is an approach used in science classrooms, consolidates
inquiry with reading and writing to learn strategies and classroom discourse (Hand,
Norton-Meier, Staker & Bintz, 2009).



Science Achievement: It is an indicator of students’ science learning level. In the
present study science achievement of students is identified by SATEG scores ranging
from 0 to 30.

Metacognition: Students’ knowledge about their own cognitive processes and control

and awareness of his/her learning processes (Schraw & Moshman, 1995).

Epistemological Beliefs: Students’ beliefs about the nature of knowledge and
knowing (Hofer & Pintrich, 1997).

Traditional Instruction: It is a textbook-driven teacher centered direct instruction in
which the concepts are taught by the teacher with didactic methods and traditional

laboratory applications.

Traditional Laboratory Application: It consists of hands on experiments followed by
students with step by step procedures that are explained in their textbooks.

1.3 Significance of the Study

As defined by the NRC, the fundamental goal of science education is that “students
[need to] learn scientific knowledge with understanding” (NRC, 1996, p.21). The
goal of science learning has shifted from replicating scientific terminology or
learning without understanding to construction and communication of an in-depth
scientific understanding through argumentation processes (Chanlen, 2013).
International and national organizations have emphasized argumentation a great
attention (MONE, 2013; NRC, 20012; OECD, 2003). Although its’ importance and
the increased attention in the research literature over the past two decades, argument-
based inquiry is not a common implementation in science classrooms (Cavagnetto,
2010).

To make argument-based inquiry approaches -in the case science writing heuristic

approach- a part of science classrooms, its’ effects on teaching-learning process and



students should be investigated in different dimensions and situations. Its’ positive
effects should be highlighted with the sample implementations. Demonstrating the
practicality of this approach minimize the chance of its’ remaining just a theoretical
knowledge and increase the chance of implementation in science class. On the other
hand, indicating the limitations and difficulties of this approach leads regulations and
increase the effectiveness of the approach. The result of this study will provide useful
information regarding the implementation of SWH in elementary science class.

To avoid rote learning, students should construct their own knowledge. In this sense,
development of metacognition is inevitably important for meaningful science
learning (White, 1998; Georghiades, 2004; Thomas, 2012). According to Gunstone
(1994) metacognition is a key element of constructivist learning environments in
which students have to manage their cognitive processes. Similarly, Pintrich, Smith,
Garcia, and McKeachie (1993) described metacognitive strategies as deeper
processing strategies consisting of planning, monitoring, and regulating which assist
students in the control and regulation of the cognition. For example, students read
textbooks to obtain conceptual understanding; they solve problems through reasoning
and applying formula; they design, plan and perform laboratory experiments and
write reports or papers during a constructivist science course (Veenman, 2012). In
the literature there are some studies indicated the relations between metacognition
and science achievement. For example Akyol, Sungur and Tekkaya (2010), found the
metacognitive self-regulation strategy use as a main predictor of students’ science
achievement. Similarly, Topcu and Yilmaz-Tiiziin (2009) found that metacognition

influenced 4™ to 8" grade students’ science achievement.

Veenman, Van Hout-Wolters and Afflerbach (2006) emphasized that “metacognition
need not be studied in splendid isolation” (p.10). According to them, there are
complicated connections between metacognitive experiences, metacognitive
knowledge, self-regulation and epistemological beliefs. Introduction the notion of
metacognition to the process of epistemological development was firstly done by
Kuhn in 1991. According to her, thinking about thinking was important to making

any improvements or positive changes in one’s epistemic thinking (Wyre, 2007).



Kuhn (2001) also explained that “To fully understand processes of knowing and
knowledge acquisition, it is necessary to examine people’s understanding of their
own knowledge” (p. 1). Then a question why does maturate epistemological beliefs
or fully understand knowing and knowledge important in science learning was
brought to the light by Hand, Lawrance and Yore (1999). According to them learning
science requires an awareness of epistemological beliefs. Besides, epistemological
beliefs influence students’ academic performance (Kizilglines et al., 2009; Tsai,
1998). All these studies bring the significance of epistemological beliefs on science

learning.

As can be understood there can be a relationship between epistemological beliefs,
metacognition and science achievement. Although the present study did not
investigate this relationship due to its nature the SWH approach may affect these
three interrelated variables. For that reason, investigating its effects may also

contribute to the literature.

In the accessible literature there is not much study about the effects of SWH
approach on students’ metacognition (Van Opstal, 2014). Moreover, no study was
investigated the effects of SWH approach on students’ epistemological beliefs.
Kingir (2011) recommended further studies about the effects of SWH approach on
students’ epistemological beliefs. Findings of this study also expected to contribute

science education literature by completing the gaps.



CHAPTER II

LITERATURE REVIEW

The purpose of this study is exploring the effects of science writing heuristic (SWH)
tasks on the 8" grade students’ achievement, metacognition and epistemological
beliefs. This chapter presents a review of related literature that provides the essential
background to guide this study. The review of the literature consists of three sections.
The first section gives brief review of argument based inquiry approach under this
section evolving process of science writing heuristic approach, from a writing-to-
learn strategy is presented in a detailed historical review. The second section focuses
on the construct of metacognition. The third section concentrates on the
epistemological beliefs concept.

2.1 Argument-based Inquiry Approach

Biological Science Curriculum Study (BSCS) 5E model, model-based inquiry, and
argument-based inquiry approaches are the three main inquiry-based approaches
(Cavagnetto, 2010). Argument-based inquiry focuses the value of language usage in
science through argumentation. The argumentation concept is building on
Vygostky’s (1978) learning theory and the idea that without language comprising
text, modes of representation and talk, science is impossible (Lemke, 2004).
Language is a fundamental part of science as inquiry as it leads the epistemic nature
of science and catches the scientific culture; both enlighten understanding and
knowledge construction (Ford, 2008). According to Chanlen (2013), students can
learn in more meaningful ways via engaging students with argumentation in the
science classroom. Moreover, by engaging students with argumentation their
communication skills, reasoning skills, and scientific literacy are developed and their
understandings of scientific culture and practice are improved. According to
Cavagnetto (2010), there are three major argument intervention approaches used
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within science: an immersion for learning scientific argument (immersion approach),
teaching the structure of argument (structure approach), and emphasizing the
reciprocal influence of science and society (socio-scientific approach). He added that
the immersion-oriented interventions depicted argument as a tool not only for the
structure and interpretation of scientific principles but also cultural applications of
science. Interventions in this direction were structured for embedding argument
within student investigations of scientific principles. The Science Writing Heuristic
(SWH) approach is considered as an immersion argument-based inquiry approach.
Before expressing the SWH approach, its’ roots writing-to-learn strategy was
expressed in the following part.

2.1.1 Writing-to-learn Strategy

Although writing to learn has been one of the popular concepts in the last decade in
science education, it has been a part of education literature for a long time. Writing
for learning grounds on Vygotsky, mentioned writing as a conceptual change tool in
his book, Thought and Language (1962). Similarly Emig (1977) perceived writing as
a conceptual change tool moreover defined writing as a more assertive way, ‘unique
mode of learning’ (p.122). According to her, writing provides learning incomparably
since writing as process-and-product acquires a bunch of elements that equal
incomparably to certain influential learning strategies. Learning needs active,
personal and self-regulated production of organized conceptual associations,
enriched by feedback processes. The same requirements characterize writing. The
externalization of personal understandings in symbolic form lets self-reflection and

revision by making the understandings available for feedback.

Hayes and Flower (1980) stated that writing requires planning, translating and
reviewing which constitute the central features of metacognitive strategies. In some
other sources, writing-to-learn is defined as a useful tool for building, clarifying, and
conceptualizing knowledge in a content area (Rivard, 1994; Hand & Prain, 1996 &
2001; Hohenshell & Hand, 2006; Caukin, 2010). Rivard (1994) denoted that “the
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process of writing is important, not only for learning about something or acquiring
knowledge, but generating a personal response to something, for clarifying ideas, and
for constructing knowledge” (p. 970). Hand and Prain (2001) expressed that “writing
enhances students’ conceptual knowledge, develops scientific literacy, familiarizes
students with the expectations, conventions, and reasoning skills required of
scientific writing, and also engenders positive attitudes towards being a writer on
scientific issues” (p. 737). Caukin (2010) claimed that writing enables students to be
“expressive, proceed at their own rate, and use their own language and experiences”.
This process supports personal engagement in learning and ‘combats passivity’
(p-32). Langer and Applebee (1987) defend that meaningful writing in the content

areas provides complex thinking and learning.

In the review of Language and Science Learning, Carlsen (2007) explained
Vygotsky’s belief that writing is linguistically different and more demanding than
speech. The developmental path of writing is more abstract and less likely to obtain
feedback from others (p.59). Similarly, Klein (2000) made a research with 70
children in grades 4, 6 and 8. In the research, students had done two experiments
about buoyancy and balance beam. Students’ explanations about the concepts before
experimenting, immediately after experimenting and after writing were analyzed and
categorized to six ordinal levels. Students who indicated one level of explanation
before writing and a higher level of explanation after writing had thought to indicate
explanatory benefits through writing. He found that only writing cannot contribute to
explanatory gains. According to him, unless combined with other strategies, writing
is not sufficient for learning science by itself. For example exploration of text with
brainstorming indicated a positive interplay and helped significantly to learning

through writing.

On the other hand, writing-to-learn strategies, highlights the uses of non-traditional
writing tasks includes diversified types of writing and are distinct from and more
efficient than traditional science writing approaches (Gunel et al., 2007). Prain and
Hand (1996) proposed a model for writing for learning science for effective use of

writing. They explained necessary conditions which are prepared to guide teachers in
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the planning and implementation of writing tasks. Five elements are spotlighted in
this framework. Writing types, writing purposes, topic structure, method of text
production and audience or readership’ are the five elements of this model. These
elements are thought analogous to “interlocking keys within a combination lock™ (p.
618). The model of elements for writing for learning in science is shown in figure

2.1; the expanded model of elements is shown in figure 2.2.

TASK DEMANDS

PURPOSE

LEARMING

T

METHOD OF TEXT
PRODUCTION

TASK DEMAMDS

Figure 2.1 “Model of Elements for Writing for Learning in Science”
(Source: Prain & Hand, 1996)
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Topic

- key concepts

- linking thames

- factual understandings
- apply concepts

Type
- marratives - traveloguas - reports
- instructions - concept maps - letters
- brochuras - poatry - posters
- journals - explanations - scripts
\-‘...________ - diagrams ________,..--"
Purpose
Start During Completion
- reswienw - clarify - demonstrate
- hypothesise - revise - tast
- axplore - consider - revise
- devise plan - persuade - apply n
\ - interpret - deaiglw/
Audience
- peers - younger students
- textbook - parants
- teachers - wisitors
- Consumers - gcrvernrnent

Method of Text Production

- individuals - pan

- pairs - computer
- Qroups - aother

- looping

- redrafting

Figure 2.2 “Expanded Model of Elements”
(Source: Prain & Hand, 1996)

Prain and Hand (1996) emphasized the value of writing to real audience. Peers,
teachers, younger students, parents, etc. can be the options of audience. Journals,
concept maps, poetry, letters, posters, diagrams, reports, explanations, etc. can be
counted as writing types. It is recommended that the topic should be centered on the
‘big ideas’ of the topic. According to them, these five elements and combination of
preferences about the elements may change the success of writing. From this point of
view, for example the effects of letter writing are depending on the true selection of
audience and method options as much as topic and purpose. Klein (2006) added
‘sources’ as a sixth element to the model, because students are regularly examining
and appreciating information from a great deal of sources. According to Holliday,

Yore, and Alverman (1994), “meaningful writing should bridge new information and
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old knowledge structure, provide authentic authoring tasks for an uninformed
audience, encourage minds-on learning, facilitate conceptual organization and

restructuring, and promote metacognition” (p. 885).

Bangert-Drowns, Hurley and Wilkinson (2004) made a meta-analysis with 48
school-based writing to learn programs. They stated that note taking, answering
comprehension question and summarizing which are traditional writing activities,
help students to review, consolidate and retain information. On the other hand,
analytic writing that entails investigation of relations between ideas and
argumentation of a particular opinion was thought to foster complex understanding
of selected information. Also according to them, writing can be a tool of self-
reflective monitoring of comprehension, as a result of creating opportunities for
students to assess their own understandings, confusions, and feelings about a topic.
In this way, metacognitive comprehension-monitoring strategies are particularly
potent candidates for development through writing. But they also stated that it would
be unrealistic to think that writing always provides the exercise and development of
metacognitive and other learning strategies or increase retention and achievement.

Writing tasks, context and treatment length affect students’ acquisitions.

Graham and Perin (2007) studied on a meta-analysis about the interventions of
writing (Grades 4-12) with 123 documents in the literature. In view of their findings,
they suggested the following features that need to be carefully considered:
¢ Planning, modifying and editing strategies should be engaged to students.
e Instructional arrangements should be made considering students’
compositions with their plan, outline and editing.
e Clear purposes should be indicated containing the purpose of the writing and
the features of the final work.
e Teachers should let students to utilize word-processing tools.
e Students should be involved in writing implementations that develop their

inquiry skills.
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e Students should be engaged in writing activities in which they can gather and

organize their ideas.

Similarly, Tynjala, Mason and Lonka (2001, p.16) suggested some important
recommendations for writing to learn tasks:
e Writing tasks should encourage active construction.
e Students’ prior knowledge and their conceptions should be utilized by writing
tasks.
e Students can reflect their own experiences and conceptualize explanations
about them during writing processes.
e Students should be involved in implementing theories to practical conditions.
e Classroom discourse and other school work should be combined in writing

tasks.

Glinel, Hand, and Prain (2007) conducted a secondary analysis on six studies that
centered on the advantages of writing-to-learn strategies and found that writing-to-
learn strategies affected students’ performance on tests, including those that
measured conceptual understandings. The authors claim that students reshow their
knowledge in distinct structures which is a great opportunity for learning if they use

writing-to-learn strategies.

Giinel, Atilla and Biiyiikkasap (2009) investigated effects of embedding multi modal
representation into writing to learn activities in 6™ grade students’ academic
achievement in the electricity concept. All students wrote letter about what they
learnt about electricity to younger students. Treatment groups differentiate with the
modes (text only, text & graph, text & math, any mode) that they embedded into
their letters. Results show that restricting students to use a specific mode with textual

representation is more beneficial than no restrictions.

To investigate the impact of diverse writing to learn activities on 6™ grade students’

academic achievement on mechanic topic; Giinel, Uzoglu and Biiyiikkasap (2009)
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made an experimental study. Letter writing to younger students and summary writing
were compared with respect to effects of academic achievement. Looking the results
it can be said that students who wrote letter to younger students and revised

according to the feedbacks were more successful in the posttest.

Proper writing types for school science have been the topic of lots of studies and
debates. Modernists argue that traditional language, genres and principles of
scientific argument should be thought to students because personalized writing is
inefficient for constructing meaning and also disempowering to learn scientific
literacy by implying that real science is too difficult. Postmodernists claim that
formal forms of writing permit students to critique the current state of the scientific
enterprise. Conversely, constructivists believe that students should write for personal
understanding. According to Prain and Hand (1996), the SWH approach supplies a
framework for writing school science which at some points goes beyond this debate.

Detailed information about the SWH approach was presented in the following part.

2.1.2 Science Writing Heuristic Approach

The Science Writing Heuristic has developed by Keys and Hand to promote learning
from laboratory activities by promoting connections among research questions,
procedures, data, evidence and claim. They stated that they had conceptualized their
tool as a science writing heuristic because “it capitalizes on the power of writing to
learn for generating science understandings” (Keys et al., 1999, p.1065). SWH was
structured considering several contemporary theories of science education such as
constructivist theory, nature of science, scientific literacy, argument based inquiry
and writing-to-learn strategies. Hand, Norton-Meier, Staker and Bintz (2009)
described SWH as an approach used in science classrooms, consolidates inquiry with
reading and writing to learn strategies and classroom discourse. At the end of a series
of SWH experiences, “students develop and test questions, justify their claims with
evidence, compare their ideas with others and consider how their ideas have
changed”. Therefore SWH is more than a series of template; actually it is the very
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definition of science process (p.78). According to Hand, Wallace and Yang (2004),
the heuristic requires acceptance of “meaning-making pedagogy” by the teacher to

encourage students in constructing their knowledge.

The SWH has two components which are a teacher template and a student template.
The teacher template (Figure 2.3) consists of a series of recommended activities to
engage students in meaningful thinking, writing, reading, and discussion about the
laboratory concepts.

Teacher Template
1. Exploration of pre-instruction understanding through individual or group
concept mapping
2. Pre-laboratory activities, including informal writing, making observations,
brainstorming, and posing questions

3. Participation in laboratory activity
4. Negotiation phase I-writing personal meanings for laboratory activity (For
example, writing journals)

5. Negotiation phase Il-sharing and comparing data interpretations in small groups
(for example, making a group chart)

6. Negotiation phase Il1-comparing science ideas to textbooks or other printed
resources (For example, writing group notes in response to focus questions)

7. Negotiation phase IV-individual reflection and writing (For example, writing a
report or textbook explanation)

8. Exploration of post instruction understanding through concept mapping

Figure 2.3 The science writing heuristic, Part I: The teacher template
(Source: Keys et al., 1999)

Firstly, eliciting prior knowledge and getting understanding of the scientific context
into which the laboratory is situated are expected from teachers. Individual or group
concept mapping is advised for this step. Secondly, pre-laboratory activities such as
brainstorming, constructing questions about the topic, or explaining prior knowledge
can be planned. Then students attend laboratory investigation which allows for
generation of authentic data and outcomes that are unique to that investigation. Also
laboratory activities in which the results are not obvious to the students are the best
candidates for using the SWH. After that students are permitted to think and write
about the personal meanings of their data. This step is followed by students’

negotiation about their interpretation with their peers. In this group discussion,
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students are encouraged to make claims. In negotiation phase Ill, students may
consult authoritative text to compare their ideas. Then students are assigned a writing
project to reflect their current understanding about the investigation. In this step
diverse writing project such as persuasive essay, research poster, letter or multimedia
presentation can be used. Finally, the students are engaged in post-investigation
concept mapping for closure of the laboratory activities by the teacher. Depending on
the nature of the laboratory investigation and the topic, students may loop back or
enter the steps 3 — 6 which are shown in teacher template, as many times as

necessary.

As mentioned above, the second component of the SWH is the student template

(Figure 2.4) which used by students throughout the above phases of negotiation.

Student Template

Beginning Ideas—What are my questions?

Test—What did | do?

Observation—What did | see?

Claim—What can | claim?

Evidence—How do | know? Why am | making these claims?
Reading—How do my ideas compare with other ideas?
Reflection—How have my ideas changed?

Nogk~wbdpE

Figure 2.4 The science writing heuristic, Part 11: The student template
(Source: Keys et al., 1999)

Initially, students reveal their science questions related with the laboratory activity to
offer an authentic context for inquiry. Then they assess their continuing procedures
and observations to relate them to the scientific questions. Although making
observations may be similar to traditional laboratory practices, the process of making
claims and sustaining them with evidence from their experimental work provides
students to interactively construct a deeper understanding (Burke, Greenbowe &
Hand, 2005). After composing their own tentative explanations, students have a
chance to compare their claims with the scientifically accepted explanations. In the
last step, students reflect on how their scientific ideas have changed throughout the

investigation.
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SWH laboratory report format (SWH student template) varies from the traditional
laboratory format in many directions (Table 2.1). In traditional laboratory format
procedures are same also data and observations are similar for each student whereas
in SWH format students investigate their own questions in border of the big idea.
Therefore their procedures, data and observations differ in respect to their research
questions (Burke et al., 2005). Also traditional laboratory reports have a tendency to
disconnect purpose, procedure, observations, data and hypotheses from each other
but SWH format supports peer discussions and writing about the connections
between research questions, observations, data, claims and evidence (Keys et al.,
1999; Kingir, 2011).

Table 2.1 Comparison of the SWH student template and traditional laboratory format

SWH Student Template Traditional Laboratory Format
1. Beginning Questions—What are my 1. Title, purpose.
guestions?
2. Tests—What do | do? 2. Outline of procedure.
3. Observations—What can | see? 3. Data and observations.
4. Claims—What can | claim? 4. Discussion.
5. Evidence—How do | know? Why am | 5. Balanced equations, calculations,
making these claims? graphs

6. How do my ideas compare with other
ideas?

7. How have my ideas changed?

In SWH approach learning environment, students are mentally and physically very
active and the teacher behaves like a coach. Conversely, traditional laboratory
learning environment is teacher-centered and the activities follow a step by step
procedure like a cookbook. Mental activation and generation of meaning is not
always possible with ‘cookbook laboratory’ applications (Hand et al., 2004).

In recent years, the SWH approach has being studied in diverse scope to clarify this
construct, exploring the effectiveness of SWH approach over traditional approach

regarding students’ understanding of science concepts at different grade levels Keys
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et al. (1999) investigated the influence of the SWH on the learning processes of
students who are 8™ grade, involved in an investigation of the water quality of a
stream behind their school. Students’ understandings of the nature of science were
examined by interpretive techniques. The researchers claimed that use of the SWH
approach assisted students’ generation of meaning from data which students collect
during their scientific process and making connections among procedures, data,
evidence, and claims. Students’ vague understandings of the nature of science at the
beginning of the study were transformed to more complex and rich understandings.
Also according to the researchers, there is exhibited evidence of SWH approach
force students to metacognitive thinking.

Rudd, Greenbowe, Hand, and Legg (2001) measured the effect of type of laboratory
report format (SWH vs. traditional) on student understanding the physical
equilibrium concept with 80 freshman chemistry students. The results indicated that
the simple implementation of the SWH student template reduced time on task for
students and instructors. In addition to this, SWH laboratory report format enhance
students’ science performance and positive attitudes toward science. Moreover, the
researchers reported that students engaged in more thinking about their laboratory

work and learnt more from their laboratory work.

A quasi-experimental study was conducted by Hand, Wallace, and Yang (2004) to
compare the SWH approach and traditional approach with respect to students’
conceptual understanding. The study was done with 93 seventh grade students from
five different classes and cell concept was covered. There were three groups in the
study: one group of students (two classes) was exposed to SWH approach, another
group (two classes) was given the SWH approach and textbook type summary for
their peers and the last group (one class) was the control group. Results showed that
students who used the Science Writing Heuristic performed significantly better as a
group than students who did not, and that students who completed a textbook type
summary as a write-up performed better as a group than those who completed a more

traditional write-up format. Moreover, interview results indicated that SWH
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approach increased students’ metacognition because they take responsibility for their
learning and distinguish their own knowledge gaps. The researchers emphasized that
more research is needed to understand the effect of SWH approach on students’

metacognition.

Nam, Choi, and Hand (2011) compared the SWH approach and traditional approach
classes regarding student voice, science argument, teacher role, and questioning
using the modified Reformed Teaching Observation Protocol (RTOP). Students’
performance (achievement) was also examined using Summary Writing Test (SWT).
The quasi-experimental study which was done with 3 eight grade teachers and their
345 students covered the electricity concept. Significant differences were found
between the experimental and the comparison groups regarding RTOP scores and
SWT scores. The results also highlighted the importance of teachers’ implementation
levels. The researchers found that higher level of teachers’ implementation of the

SWH approach raise student science achievement.

Hohenshell and Hand (2006) studied the effects of SWH approach on students’
performance regarding conceptual and recall questions about cells. They also
investigated the influence of audience during report writing in the SWH process. The
study was conducted to 91 ninth and tenth grade students in advanced biology
course. The results showed that the SWH approach has positive effects on conceptual
questions and no significant effect on recall questions. Besides, survey and interview
results indicated that SWH approach makes students more aware of their own
learning. The researchers emphasized female students who used the SWH approach

together with summary reports to peers benefited most.

Poock, Burke, Greenbowe and Hand (2007) examined the effect of implementation
level of SWH approach on college students’ academic performance in general
chemistry course. It was found that good implementation of the SWH approach was
beneficial for achievement compared to poor implementation and compared to

traditional laboratory practices. As the degree of implementation level of SWH
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approach increased, students’ chemistry achievement level increased. Moreover,
SWH approach was found very beneficial to students who have low prior knowledge
about the concepts by comparing students in previous years with similar prior

knowledge and who were not implemented SWH approach.

Similarly Akkus, Giinel and Hand (2007) investigated the effectiveness of the SWH
approach to traditional approach on students’ post-test scores in relation to students’
science achievement level and teacher’s implementation of the SWH approach.
Seven teachers and 592 students in grades 7-11 participated to the study. Genetics,
acid and bases, classification and forces concepts were covered. Each teacher was
assigned an experimental group in which SWH approach was implemented and a
comparison group. Before the implementation, all teachers attended 2-day workshop
regarding applying the SWH approach. The quality of teacher implementation level
was determined by teacher observational data. Students’ science achievements across
the groups were determined by test scores. Similar to result of Poock et al., the
quality of the implementation have an impact on student science achievement and
that high-quality implementation of the SWH approach has significant advantages in
closing the achievement gap. The results also indicated that low-achieving students

benefitted more from the SWH approach.

Chanlen (2013) explored the longitudinal effects of the SWH approach on student
science achievement. Students’ test scores were collected from 2000 to 2011 from a
school district in which includes elementary, middle and high school grades and
science classrooms had been arranged according to SWH approach. According to the
results, the SWH approach initially raised the science achievement scores that
measured by standardized test, lowa Test of Basic Skills. The initial positive impact
was continued and progressively increased when students were consistently exposed
to the SWH approach. This study also indicated that students had not been equally
affected by the implementation of the SWH approach. Disadvantaged students (low-
achievers or needed special individual education program or from low socio-

economic background) were benefited more from participating in the SWH
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classrooms. In this way, achievement gaps among at-risk students were narrowed.
Moreover, the students who started experiencing the SWH approach in elementary
school grades compared with the students who were introduced in high school
grades. It was found that, the earlier experience with the SWH approach lead the
better science achievement growth.

There is a national study also investigating the effectiveness of the SWH approach on
disadvantages students’ science achievement (Hasancebi & Giinel, 2013). The
researchers conducted a quasi-experimental study with 55 eight grade students from
low socio-economic background. The study covered the properties and structures of
matter concept. The results provided evidence that SWH approach help
disadvantages students to achieve in science. In addition, the researchers emphasized

that students’ ability to generate argument developed over time.

Kingir, Geban and Giinel (2012) examined the effects of the SWH approach on ninth
grade students’ academic achievement level. The study covered the chemical change
and mixture topics in the chemistry course. In the study, there were two teachers with
their two classes. Each teacher was assigned an experimental group in which SWH
approach was implemented and a comparison group. Students’ achievement levels
were decided according to their chemistry mean scores for the previous semester of
the study. The findings supported the idea that the SWH approach directs better
conceptual understanding than the traditional approach. Low and middle achieving
students in the experimental group significantly outperformed low and middle
achieving students in the comparison group on the post-test. In this way, the
achievement gap between low-achievers and high-achievers closed. According to
Kingir et al., closing the achievement gaps in the SWH classrooms is a consequence

of all students’ involving the same cognitive and metacognitive processes.

Caukin (2010) investigated the effects of the SWH approach on secondary honors
chemistry students’ science achievement, science self-efficacy and scientific

epistemological view in her dissertation. In the study there were 23 students in the
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experimental group that was treated with the SWH approach and 8 students in the
comparison group that experienced with traditional teacher-delivered lecture,
textbook-made laboratory activities, and minimal writing or providing evidence for
claims. The study lasted five weeks and covered the gases concept. According to
quantitative data analysis, no statistically significant difference found in traditional
teacher-delivered lecture, textbook-made laboratory experiences, and minimal
writing or providing evidence for claims. The researcher explained these results
high-achieving students benefit equally well with traditional science instruction.
Besides, when the results deeply analyzed it was found that females in the treatment
group outscored their male counterparts regarding science achievement. Moreover,
qualitative analysis results revealed that students (especially female students) had
positive perceptions of utilizing the SWH approach as a way to actively engage in
the scientific process and that it facilitated their learning. The researcher highlighted
that the study lasted for 5 weeks and recommended longer period of implementation
of the SWH approach to better evaluate its effects on students’ science achievement,

self-efficacy and scientific epistemological view.

2.2 Metacognition

Metacognition was first introduced by Flavell (1976) who defined as “one’s
knowledge concerning one’s own cognitive processes and products or anything
related to them” (p. 232). According to Flavell (1979) metacognition constructs are:
(1) metacognitive knowledge, (2) metacognitive experiences, (3) tasks and (4)

strategies. Figure 2.5 shows Flavell’s model for metacognition.
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Figure 2.5 Flavell’s model (1979) for metacognition

Metacognitive knowledge can be defined as the beliefs and knowledge that one’s
own cognition and learning. As indicated in figure 2.5 metacognitive knowledge
includes task, person, and strategy components. According to Flavell (1979), these
three components of metacognitive knowledge always interact with one another.
Specifically, one’s knowledge about people as cognitive processor affects one’s
perception of the nature of information within tasks and how to handle that
information with the proper strategies. Additionally, Flavell (1979), emphasize that
metacognitive knowledge is actually similar to the other knowledge stored in long-
term memory. In other words, knowledge about one’s own cognition and learning is

stored just as any other type of knowledge.

Metacognitive experiences can be defined as any conscious cognitive or emotional
experience that accompanies any intellectual activity. Metacognitive knowledge and
metacognitive experiences are interconnected to each other. Flavell (1979) expressed
this situation as “Metacognitive experiences can affect your metacognitive
knowledge base by adding to it, deleting from it, or revising it. Finally,
metacognitive experiences can activate strategies aimed at either of two types of
goals-cognitive or metacognitive” (p.908). As can be understood from the quotation,
each time one encounters a metacognitive experience their metacognitive knowledge,

goals and actions are affected.
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Knowledge of cognition and regulation of cognition were differentiated and seen as
two major component of metacognition (Brown, 1987; Jacobs & Paris, 1987; Schraw
& Dennison, 1994). Knowledge of cognition defined as awareness and students’
knowledge about their own cognition or about cognition in general. Schraw and
Dennison (1994) classified knowledge of cognition as declarative knowledge that
means students’ awareness of themselves, procedural knowledge which is the
knowledge about how to use strategies and conditional knowledge which is the
knowledge about when and why to use strategies and situations under which a
specific strategy is the most efficient. On the other hand, regulation of cognition
component of metacognition, includes a number of mental processes that facilitate
the control aspect of learning. Regulation of cognition skills was categorized as

planning, information management, monitoring, debugging and evaluation.
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Planning involves goal setting, choosing of suitable strategies and time scheduling
ways. Information management is related to students’ awareness of their skills and
strategies that used to process information successfully. Monitoring is associated
with on-line awareness of students’ own learning or strategy use. Debugging concerns
the correction of performance errors or understanding. Finally, evaluation refers to
judgments about regulatory processes and results of performance. Figure 2.6 shows the

model of metacognition offered by Schraw and Dennison (1994).

Metacognitive knowledge is multidimensional, domain-general and teachable
(Schraw, 1998; Thomas, 1999; Thomas & McRobbie 2001). Metacognitive
knowledge and regulation of cognition skills can be improved through classroom
instructional practices (Brown & Pressley, 1994; Schraw, 1998; Schraw, Crippen &
Hartley, 2006; Kipnis & Hofstein, 2008; Hofstein, Kipnis & Kind, 2008). According
to Hartman and Sternberg, 1993, there are four general ways to improve
metacognition in classroom settings: fostering general awareness of the significance
of metacognition, developing knowledge of cognition, enhancing regulation of
cognition, and promoting environments that promote metacognitive awareness (as
cited in Schraw, 1998). Thomas (2002) explained the features of metacognitive
learning environment in eight dimensions rooted in the social constructivist theory:
(1) metacognitive demands, (2) teacher modeling and explanation, (3) student-
student discourse, (4) student-teacher discourse, (5) student voice, (6) distributed
control, (7) teacher encouragement and (8) support an emotional support. This type
learning environment is generally provided in inquiry-based classrooms. Thomas
(2012) expressed why conscious thinking that is vitally necessary in inquiry-based

learning environments is the hallmark of a metacognitive individual. He stated that:

“to be able to undertake a process of scientific inquiry, there is a need for
students to be able to consciously undertake particular procedures, both
physical and cognitive, to monitor their progress towards the goal/s of the
inquiry as they proceed, be aware of and evaluate their progress, and reflect on
the outcomes of their inquiry with a view to improving their practices”

(Thomas, 2012, p.132).
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Davis (2003) emphasized that inquiry-based instruction promotes self-reflection
which is a key element of metacognition (cited in Kipnis & Hofstein, 2008). On the
other hand, according to Schraw and Hartley (2006) not all inquiry-based instruction
is authentic, and only authentic inquiry supports metacognition and self-regulation
since students are better able to monitor their learning and evaluate mistakes in their

thinking or gaps in their conceptual understanding.

Thomas (2012) highlighted the importance of metacognition in science education
and complained about its’ remaining a fringe area. He thought that metacognition

deserves increased attention in science education research.

2.2.1 Metacognition and Inquiry Based Approaches

There are some studies exploring inquiry approach and metacognition in the
literature. In general, these studies investigated the effects of a kind of inquiry
approaches on students’ metacognition. For example, White and Frederiksen (1988)
examined the effects of Thinker Tools Inquiry Curriculum which can be defined as
computer enhanced inquiry activities with metacognitive support, on 7, 8" and 9™
grade students’ scientific inquiry expertise, physics knowledge and their attitudes
about learning science. Their starting point was the rationale ‘“students have
difficulty with science, particularly physics, is not that they are too young or lack
intelligence, but rather that they simply do not know how to construct conceptual
models of scientific phenomena and how to monitor and reflect on their
progress” (p.5). The study was implemented to 12 urban classes in two schools by
three teachers and lasted 10.5 weeks. Data were collected through pre and post tests
and also students’ inquiry projects. Results showed that Thinker Tools Inquiry
Curriculum led to substantial improvements in students' metacognitive and inquiry
skills. Students’ understanding of force and motion concept was also significantly
affected. Besides, results indicated positive changes in students’ attitudes and beliefs

about learning and doing science.
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After, Kipnis and Hofstein (2008) examined the potential of the inquiry laboratory
for developing metacognitive skills among 11™ and 12™ grade chemistry students in
urban and suburban academic high schools in Israel. In the study 15 inquiry-type
experiments had implemented during 2 years. The data were collected through three
sources that were: observation of students during the practical activity, interviews
with the students, and the students’ reflection essays. Based on the results they stated
that inquiry laboratory activity offers students opportunities to practice their
metacognition during the different phases of the inquiry-based experiment and
further research is necessary for investigating the metacognitive aspect of inquiry-
based activities.

2.2.2 Metacognition and SWH

In the literature it was stated that SWH approach positively affects students’
metacognition. However, the statement was generally hypothetical because the
researchers did not investigate these effects explicitly. On the other hand, Van Opstal
(2014) investigated the effects of the SWH approach on undergraduate students’
practice of metacognitive regulation skills. 62 students participated to the study.
Majority of students were first year undergraduate students. 27 students became a
part of experimental group and 35 students were in the comparison group. Acid base
reactions, Kinetics, solubility, and equilibrium concepts were covered in the study.
The data about the students’ perceptions of their use of metacognition was provided
by self-report surveys and interviews. The findings of the interview revealed that
students who experienced to the SWH approach, compared to nhon-SWH students,
utilized metacognitive strategies to a greater degree and to a greater depth when
solving open-ended laboratory problems. Students stated that the structure of the
SWH approach and peer support impacted their metacognitive regulation strategy

when solving open-ended lab problems.
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2.3 Epistemological Beliefs

Hofer and Pintrich define epistemology is an area of philosophy interested in the
nature and justification of human knowledge. The term had first used by Piaget in
1950 while describing his theory of intellectual development (Hofer & Pintrich,
1997). William Perry’s work (1960s and 70s) students’ interpretation of pluralistic
educational experiences was approved the first step of psychological works on
epistemological beliefs as cited by many research (Hofer & Pintrich, 1997;
Schommer & Walker, 1997; Conley, Pintrich, Vekiri & Harrison, 2004). In his work,
Perry interviewed generally with male students and discussed about their academic
work also experiences related to their social life and extracurricular activities as they
progressed through their undergraduate education. After considering students’
responses, Perry and his colleagues outlined a scheme for students’ intellectual and
ethical development that included a sequence of nine positions. The nine positions
have been clustered into four sequential categories: dualism, multiplicity, relativism
and commitment with relativism (Hofer & Pintrich, 1997). Dualism has been
characterized by a dualistic or absolutist that students suppose knowledge should be
right- and-wrong and expect authorities know the truth and to transmit to the learner.
Multiplicity includes the starting positions of the recognition of diversity and
uncertainty. Individuals in this category believe that there are no absolute answers.
The individuals at relativistic category suppose that knowledge as relative,
contingent, and contextual and start to realize the need to choose and affirm one’s
own commitments. Commitment within relativism includes final positions; the
individuals make and support commitments to values, careers, relationships, and
personal identity (Hofer & Pintrich, 1997).

According to Hofer and Pintrich (1997) there were numerous limitations of Perry’s
work (1970) such as difficulty in generalization and the scheme’s not being
explicitly epistemological. However, Perry’s work in which epistemologies defined
as unidimensional developmental stages, has been followed by some researchers

such as Belenky, Clinchy, Goldberg, and Traule (1986, examined women’s ways of
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knowing); Baxter Magolda, (1987, developed the Epistemological Reflection Model
and reported gender-related reasoning patterns across the ways of knowing); King
and Kitchener (1994, studied the epistemic assumptions that underlie reasoning and
proposed seven-stage, three level Reflective Judgment Model); Kuhn (1993, focused
on argumentative reasoning and categorized the responses as absolutist, multiplist,
and evaluatists) (as cited in Ozkan, 2008).

Schommer (1990) defined epistemological beliefs from a multidimensional
perspective, because capturing the complexity of personal epistemology and linking
the personal epistemology and different aspects of learning may be failed by
unidimensional perspective. She defined epistemological beliefs as a system of more
or less independent beliefs and hypothesized five epistemological dimensions:
certain knowledge (tentative or un-changing), simple knowledge (isolated or
integrated), omniscient authority (authority or observation and reason), quick
learning (quick or gradual), and innate ability (fixed at birth or lifelong
improvement). Despite empirical evidence for these five factors, Hofer and Pintrich

(1997) have discussed that quick learning and innate ability are not the dimensions
of epistemology because these dimensions focus on the nature of learning not nature
of knowledge. Hofer and Pintrich (1997) proposed a theoretical structure for
personal epistemology construct. They suggested that two general areas which are
beliefs about the nature of knowledge and the nature of knowing express the core
structure of individuals’ epistemological theories. Certainty of knowledge and
simplicity of knowledge are the dimensions under nature of knowledge while source
of knowledge and justification for knowing are the dimensions under the nature of

knowing area.

Conley et al. (2004) investigated four dimensions of epistemological beliefs using
Hofer and Pintrich’s (1997) framework in fifth grade science classrooms: Source,

certainty, development, and justification.
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Figure 2.7 Theoretical structures of epistemological beliefs (Conley et al., 2004)

The source dimension is related with beliefs about knowledge residing in external
authorities, the certainty dimension reflect beliefs in a single right answer, the
justification dimension is concerned with the ways in which students use evidence
and evaluate claims, and the beliefs in the evolving and changing nature of science

are considered as the development dimension.

Conley et al. (2004) stated that explicit developmental research on epistemological
belief generally has investigated over quite long periods of time and specific
dimensions generally has not change in short periods. However they claimed that
there may be developmental change on epistemological belief, especially in young
students. They investigated 187 fifth grade students from 5 elementary schools.
Hands on activities were conducted during nine-week in the chemical properties of
substances unit. Results proved that young children’s epistemological beliefs about
science changed over time especially in source dimension and certainty dimension.
The difference is development and justification dimensions did not reach statistical

significance. According to the researchers classroom talk during the implementation
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circled around procedural aspects of students’ investigation and lack of from
argumentation and reflection. The researchers explained that the absence of
significant change along the justification and development dimensions may result
from the absence of argumentation and reflection processes during the
implementation. The effects of the different contextual and classroom factors on

epistemological development were suggested for future research.

Ozkal et al. (2009) developed a conceptual model indicating the relationships among
constructivist learning environment perceptions, epistemological beliefs, and
learning approaches. In the study surveys were administered to 1152 Turkish 8"
grade students. The results of path analysis indicated that students’ perceptions of
constructivist learning environment affect learning approach directly and indirectly
via their influence on scientific epistemological beliefs. Findings revealed that
students who thought their learning environment as constructivist oriented believed
that knowledge is evolving and subject to change. As a result in such learning
environments students feel less dependent on external authorities that may lead to

meaningful learning rather than rote learning.

Similarly, Kizilgiines et al. (2009) modeled the relations among 6" grade Turkish
students’ epistemological beliefs, motivation, learning approach, and achievement.
1041 students with a mean age of 11.5 years from 11 public elementary schools were
attended to the research. The data were collected through Classification Concept
Things Test (CCT), Epistemological Beliefs Questionnaire (EBQ), Learning
Approach Questionnaire (LAQ) and Achievement Motivation Questionnaire (AMQ).
Results of the path analysis revealed that students who believed in development of
knowledge and that source of knowledge do not have to be an authority, were more
likely to be self-efficacious in their learning that leads higher levels of learning and
goal orientations. On the other hand, students who believed that knowledge is
accurate and true had a tendency to lower levels of learning and performance goal

orientations.
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2.3.1 Epistemological Beliefs and Inquiry Based Approaches

In the literature some studies investigated the effects of a kind of inquiry based
approaches on students’ epistemological beliefs. For example, Kaynar (2007)
examined the effectiveness of 5E learning cycle which is a kind of inquiry based
approaches, on 6™ grade students’ scientific epistemological beliefs. The study was
conducted with 160 sixth graders in four intact classes. Two classes were randomly
assigned as experimental group who received 5E learning cycle instruction and
comparison group who received traditional instruction. The data were collected
using Epistemological Belief Questionnaire (EBQ) and analyzed using multiple
analyses of covariance (MANCOVA). The results indicated that 5E learning cycle

had a statistically significant effect on 6™ grade students’ epistemological beliefs.

Likewise, Wu and Wu (2011) explored 5" grade students’ epistemological views
about their own experiences of scientific knowledge construction via inquiry based
activities and investigated possible interactions between students’ epistemological
beliefs and their inquiry skills to make scientific explanations. The study was
conducted with 68 fifth graders in two science classes at a public elementary school
in Northern Taiwan. Students were implemented inquiry activities about force and
motion concept during 5 weeks. In these activities, students investigated the effects
of force, designed experiments to find the relationship between force and the length
of a spring. Experimental data was collected and analyzed by students themselves
and also they presented and shared their findings. In the study quantitative and
qualitative data were collected from classroom video recordings, field notes, pre- and
post-tests and semi-structured interview transcripts. Results of the study revealed
that students developed better inquiry skills to construct scientific explanations and
more students realized the probability of experimental errors, believed experimental
data as evidence to support their claims, and had sophisticated understanding about
the nature of scientific questions. Yet, the researchers reported that students’

epistemological beliefs were still naive and recommended explicit instruction about

36



epistemological beliefs. According to them, students should have more opportunities

to verbalize their epistemological views during inquiry activities.
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CHAPTER 111

METHOD

In this chapter, the analysis method for the present study was described. First, the
design of the study was presented. This part followed by the population and
sampling procedures, instruments, data collection procedure and data analysis.
Finally, assumptions and limitations of the study were explained briefly.

3.1 Research Design

This study explored the effects of science writing heuristic (SWH) tasks on 8" grade
students’ science achievement, metacognition and epistemological beliefs. For this
purpose, a quasi-experimental research design was employed. In the experimental
research, the researcher manipulates the independent variable and looks the effects of
independent variable on one or more dependent variables. Differently, quasi-
experimental research designs do not include the use of random assignment
(Fraenkel & Wallen, 2006). According to Kenny (1975), all quasi-experimental
designs ensure three prerequisites: “(a) There must be a treated and untreated group.
(b)There must be pre-treatment and post-treatment measures, (¢) There must be an
explicit model that projects overtime the difference between the treated and
untreated groups, given no treatment effect” (p.345). Specifically, the non-equivalent
control group post-test only design was used with the aim to compare the
experimental and the comparison groups mean difference with respect to dependent
variables. To achieve this aim, quantitative descriptions of data were used. The

research design of the study was displayed in Table 3.1.
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Table 3.1 Research Design of the Study

Groups Before Treatment Treatment After Treatment
EG MAI, EBQ, SATEG SWH MAI, EBQ, SATEG,
CG MAI, EBQ, SATEG TI MAI, EBQ, SATEG

In this table EG was represented the experimental group that treated with Science
Writing Heuristic (SWH) approach. On the other hand, comparison group was
symbolized as CG received teacher centered traditional instruction (TI). MAI was
the Metacognition Awareness Inventory, EBQ was the Epistemological Belief
Questionnaire and SATEG was the Science Achievement Test for Eight Graders.
MAI, EBQ and SATEG were administered to both groups before and after the

treatment.

3.2 Population and Sample

The target population of the study consists of all 8" grade public middle school
students in Adana which is a city in Turkey. Since it is not easy to reach this target
population, all 8" graders who study in a public school in Cukurova district of Adana
was decided as accessible population which the researcher used to generalize the
results. In Cukurova district, there were 22 public middle schools and these schools
included nearly 5200 eight grade students. Among the accessible population, one
public middle school was selected conveniently.

There were only two 8" grade classes in the selected school and science lessons were
instructed by the same science teacher. One class was assigned as the experimental
group and the other class was assigned randomly as the comparison group. There
were 31 students (16 girls, 15 boys) in the experimental group while there were 29
students (13 girls, 16 boys) in the comparison group. Students’ ages ranged from 13
to 15. Table 3.2 shows the demographic information of the participants.
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Table 3.2 Students’ characteristics

Frequency Percent (%o)
Gender
Girl 29 48.3
Boy 31 51.7
Last term “TEOG”
science scores
(National examination)
20-39 1 1.7
40-59 7 11.7
60-79 29 48.3
80-100 23 38.3
Last term science grades
20-39 1 1.7
40-59 7 11.7
60-79 29 48.3
80-100 23 38.3
Cumulative GPA
40-54 5 8.3
55-69 15 25
70-84 18 30
85-100 22 36.7
Mother’s education level
Iliterate 2 3.3
Primary 8 13.3
Secondary 9 15
High school 23 38.3
University / Graduate 18 30
Mother’s job
Nonworking 34 56.7
Officer 12 20
Employee 6 10
Self-employment 1 1.6
Other 7 11.7
Father’s education level
Iliterate 2 3.3
Primary 12 20
Secondary 3 5
High school 24 40
University / Graduate 19 31.6




Table 3.2 (Cont’d)

Frequency Percent (%)
Father’s job
Nonworking 1 1.7
Officer 11 18.3
Employee 29 48.3
Self-employment 8 13.3
Other 11 18.3
Quantity of books at
home
0-10 6 10
11-25 12 20
26-100 21 35
101-200 13 21.7
200 + 8 13.3
Having a separate study
room
Have 48 80
Have not 12 20
The frequency of buying
newspaper
Never 7 11.7
Sometimes 35 58.3
Always 18 30

As seen from the table, 38 % of students got 80 or higher grades and 48 % of
students’ grades were in 60-80 points interval in the semester before the study. Their
cumulative GPAs were generally higher than their science grades. 30 % of mothers
and 31 % of fathers have college degree. 43 % of mothers and 98 % of fathers were

working. 48 % of students had a study room in their home.

3.3 Variables

In the study there were two types of variables which were dependent and

independent variables. “The dependent variable depends on what the independent
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variable does to it, how it affects it” (Fraenkel & Wallen, 2006, p.43). In this study,
there were three dependent variables and one independent variable. The

characteristics of all variables were shown in Table 3.3.

Table 3.3 Variables of the Study

Type of Variable Name Type of Value Type of Scale
DV MAI Continuous Interval
DV EBQ Continuous Interval
DV Achievement Continuous Interval
vV Mode of Instruction Categorical Nominal

3.4 Instruments

The data, to explore the effects of SWH tasks on 8" grade students’ achievement,
metacognition, and epistemological beliefs were collected through Science
Achievement Test for Eight Graders (SATEG), Turkish version of Metacognitive
Awareness Inventory (MAI) (Sungur & Senler, 2009) and Turkish version of
Epistemological Beliefs Questionnaire (EBQ) (Ozkan, 2008). All instruments were

administered by the researcher.

3.4.1 Science Achievement Test for Eight Graders (SATEG)

This instrument was used to assess eight graders’ science achievement in four
consecutive science units (Sound, Living Things & Energy, States of Matter & Heat
and Electricity) which were taught in the second semester of the academic year
2013-2014.

SATEG was developed by the researcher taking into account the Bloom’s revised
taxonomy. In this study, New Taxonomy was preferred for categorizing educational

objectives because Marzano and Kendall (2007) revised the taxonomy on the light of
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criticisms about it. One of the most common criticisms was that unidimensional,
behaviorist model of it and it oversimplified the nature of thought and its relationship
with learning. On the other hand, New Taxonomy was multidimensional and more
constructivist in nature. The other criticism was the degrees of difficulty had been
used as the basis of the differences between levels of Bloom’s taxonomy. For
example, evaluation activities were seen more difficult than other activities.
However, even the most difficult mental processes can be learned (Anderson, 1995;
LaBerge, 1995 cited in Marzano & Kendall, 2007). The New Taxonomy represented
in Figure 3.1. As shown the cognitive system comprises four subsystems that have a

hierarchic structure: retrieval, comprehension, analysis, and knowledge utilization.
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Figure 3.1 The New Taxonomy
Source: Marzano & Kendall (2007, p.2)
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Retrieval refers transferring what we know but are currently not considering about to
a present state of attention. Considering the degree of processing it can be separated
as recognition or recall. Comprehension process is responsible for identifying the
critical or defining attributes of knowledge and involves integrating and symbolizing
processes. Analysis involves the construction of new information not already hold by
the person. Matching, classifying, analyzing errors, generalizing and specifying are
the five processes. Knowledge utilization is utilized when knowledge is used to carry
out a specific task. Decision making, problem solving, experimenting and
investigating are included. (pp. 16 — 20). The most important thing about the New
Taxonomy is that specific terms or phrases do not have to refer a specific level. For
example “assess” verb can be used in analyzing error (analysis) level but if students

are familiar with concept then the objective can be assessed as lower level.

Most of the items in SATEG were “analysis” and “knowledge utilization” level
which has operations like analyzing errors, experimenting, problem solving and
decision making that are very important skills in laboratory applications. During
question development process, the objectives of the four units in the 2006 science
and technology curriculum were considered. Then 8 multiple choice questions with
four alternatives (one correct answer and three distracters) for every unit were
established. The researcher benefited from national examinations of the last 10 years
and some international studies like PISA and TIMSS. The prepared 32 questions
were examined by two professors and two research assistants in the field of science
education and 10-year-experienced science teacher also examined the questions to
establish content validity and appropriateness of student level. A pilot test was
conducted for item distractor analysis and reliability.

3.4.1.1 Pilot Study for SATEG

Sound, Living Things & Energy, States of Matter & Heat and Electricity were taught
in the second semester of the academic year 2013-2014. However, pilot study done
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in the first semester. The concepts in the SATEG had not known by the 8" graders,
so the pilot study was done with 9" grade students who had already learned the

concepts.

According to Nunnally (1967) sample size for item analysis can be 5 times as many
subjects as items. There were 32 items, so to measure item difficulty and
discrimination index 150 examinees were needed. The SATEG was administered to
155 ninth grade students from four different schools in Cukurova district. The items
with a discrimination parameter greater than the minimum point biserial value,

1
which is 2 standard errors above “.00” (.00 + 2 op) where 0p=ﬁ , Was retained

in the test (Crocker & Algina, 1986). Distracters of two questions had higher point
biserial value than the correct answers, so these two items were omitted. The final
form of SATEG with 30 questions was presented in appendix-E. Also the reliability
coefficient was found .87 for the final form of SATEG, demonstrates a good
reliability (Pallant, 2007).
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Table 3.4 Table of Specification of SATEG

Contents Cognitive Process Total

Retrieval Comprehension Analysis Knowledge

utilig;tion
Sound - - 6 2 8
Living Things and Energy 1 1 4 2 8
States of Matter and Heat 1 1 4 2 8
Electricity 1 - 2 5 8
Total 3 2 16 11 32




3.4.2 Metacognitive Awareness Inventory (MAI)

It is a 52-item, self-report questionnaire developed by Schraw and Dennison (1994)
to assess university students’ metacognition and the questionnaire requires students’
responses to the items in a five point likert scale (5 = strongly agree to 1 = strongly
disagree). It consists of two scales: the knowledge of cognition scale and the

regulation of cognition scale.

The knowledge of cognition scale assesses students’ knowledge about themselves as
learners and their knowledge about strategies, also the situations in which to use
those strategies. In detail, this scale comprises three subscales: declarative
knowledge (8 items), procedural knowledge (4 items), and conditional knowledge (5
items). Declarative knowledge is about students’ awareness of their skills, abilities,
strengths, and weaknesses (e.g., ‘‘I understand my intellectual strengths and
weaknesses’’). On the other hand, procedural knowledge concerns about different
learning strategies and procedures that students can utilize in their learning (e.g., “‘I
find myself using helpful learning strategies automatically’”). Variously, conditional
knowledge is related to knowledge about when and why to use those strategies and
procedures (e.g., ‘‘I use my intellectual strengths to compensate for my weaknesses”;

Schraw & Dennison, 1994; Schraw & Moshman, 1995).

The regulation of cognition scale that involves five subscales assesses students’
proficiency of planning (7 items), information management (10 items), monitoring (7
items), debugging (5 items) and evaluating (6 items) their own learning. Planning
comprises goal setting, choosing of suitable strategies and time scheduling before
learning (e.g., “‘I pace myself while learning in order to have enough time’’).
Information management is related to students’ consciousness of their skills and
strategies that used to process information effectively (e.g., ‘I slow down when I
encounter important information’”). Monitoring is associated with on-line evaluation
of students’ own learning or strategy use (e.g., ‘I ask myself periodically if I am
meeting my goals™). Debugging concerns the correction of performance errors or

understanding (e.g., “‘I re-evaluate my assumptions when | get confused” ). Finally,
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evaluating refers to examination of performance and strategy effectiveness (e.g., ‘I ask
myself how well | accomplished my goals once I'm finished”; Schraw & Dennison,
1994; Schraw & Moshman, 1995).

MAI was translated and adapted Turkish by Sungur and Senler (2009) for high
school students (Appendix C). Since it was originally developed for university
students, a pilot study was done prior to the study for its use with eight grade
students.

3.4.2.1 Pilot Study of MAI

MAI was initially pilot tested with 200 eight grade students from four middle schools
in the Cukurova district. Then, confirmatory factor analysis (CFA) reliability
analysis and were employed.

Confirmatory Factor Analysis (CFA) of MAI

In order to validate factor structure of MAI for its use with 8" grade students,
confirmatory factor analysis was conducted using LISREL 8.8. CFA is a powerful
technique, utilized to test whether measures of a construct are consistent with an
identified and delimited model or theoretical framework (Brown, 2006).

The overall model fit was assessed using the fit indices of y? y2/df, RMSEA (Root
Mean Square Error of Approximation), NFI (Normed Fit Index), CFl (Comparative
Fit Index) and NNFI (Non-Normed Fit Index). The Chi-square (y?= 1940.04, df
=1246), was not statistically significant (p=.00) which indicates good fit (Kline,
2011). The y?/df was calculated as 1.56 which is a good fit (Kline, 2011). RMSEA
was .053, which shows a good fit (Hu & Bentler, 1999). The indices of NFI, and CFI
were .91, .96 and .96 respectively, meaning a good fit (Siimer, 2000; Hu & Bentler,
1999; Kahn 2006). All of the fit values of the pilot study confirmed that the factor
model of MAI had a good fit with the data from the LISREL output.
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Table 3.5 Summary of fit indices

Fit Cutoff Criteria Fit Indices
Index

x’ Not significant at p <.05 (good fit) 1940.04(df=1246),p=.00
x2/df < 3.0 (good fit), < 5.0 (acceptable fit) ~ 1.56

RMSEA  <.03(excellent fit),<.06 (good fit) .053

NFI >.90 (good fit) 91

CFI >.90 (good fit) .96

NNFI >.90 (good fit) .96

Reliability Analysis of MAI

Reliability analyses were utilized for each subscales and the total scale by calculating
Cronbach alpha coefficient in SPSS Statistical Software Program 19. Since there
were no negatively worded items, reliability analysis was directly conducted.
According to Field (2005), in a reliable scale all items should correlate with total
scale and so, item-total correlations values should be more than .3. Consistent with
the situation all items except item 15 (.27) satisfied the condition. The value of alpha
if item is deleted (for item 15) was not greater than the overall alpha, so there was no
need to delete the item (Field, 2005).

According to Pallant (2007), Cronbach’s alpha value between 0.6 — 0.7 shows
acceptable reliability, 0.7 — 0.9 demonstrates good reliability, and 0.9 and higher
represents excellent internal consistency. The scale overall produced a Cronbach
alpha coefficient of .951 which is an excellent level of internal consistency.
Concerning the internal consistency of the subscales, the Cronbach’s alpha
coefficients were found to be adequate to conduct further analyses for all of the
subscales, specifically, declarative knowledge (o = .74), procedural knowledge (o =
.75), conditional knowledge (a = .72), planning (o = .72), information management

(o0 = .78), monitoring (o = .79), debugging (a. = .63), evaluating (o = .68). Likewise,
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Sungur and Senler (2009) reported them as (a = .79), (o =.71), (a = .71), (o =.79),
(a=.79), (a.=.74), (o =.60) and (a. = .75) respectively.

Table 3.6 Reliability of each subscale in MAI

Names of Subscales Cronbach Alpha Nu_mber of
items
Declarative knowledge 74 8
Procedural knowledge 75 4
Conditional knowledge 12 5
Planning 12 7
Information management .78 10
Monitoring .79 7
Debugging .63 5
Evaluating .68 6
Overall .95 52

3.4.3 Epistemological Beliefs Questionnaire (EBQ)

Epistemological Beliefs Questionnaire developed by Conley et al. (2004) was
utilized in order to gather information about the eighth graders’ epistemological
beliefs (Appendix D). It is a 26-item Likert type agreement scale ranging from
1(strongly disagree) to 5 (strongly agree). The developers stated four dimensions
which are Source, Certainty, Development and Justification. According to them the
source and justification dimensions reflect “nature of knowing” related belief. Source
(5 items) is concerned with ‘knowledge residing in external authorities’ (e.g.,
“Whatever the teacher says in science class is true”) while justification (9 items) is
related with ‘the role of experiments and how individuals justify knowledge’ (e.g.,
“Good answers are based on evidence from many different experiments”). Certainty

and development dimensions reveal beliefs about the “nature of knowledge”.
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Certainty dimension (6 items) measures ‘a belief about right answer’ (e.g., “All
questions in science have one right answer”). On the other hand, development
dimension (6 items) evaluates beliefs about science as an evolving and varying
subject (e.g., “Sometimes scientists change their minds about what is true in

science”).

EBQ was translated and adapted into Turkish by Ozkan (2008). Turkish version of
EBQ is conceptually different from the Conley et al.’s (2004) model. Source and
certainty dimensions are merged into a single factor. Therefore, Turkish version of
EBQ has three dimensions. Two items (item 2 and item 7) had found to have
negative item-total correlation so they excluded from the analysis. Ozkan (2008) had
studied with 7" graders and found the total reliability of the scale as .76. Cronbach
alpha coefficients for the three factor model of EBQ presented in Table 3.7 both for
Ozkan’s study and the current study.

Table 3.7 Reliability of each subscale in EBQ

Names of Subscales Number  Cronbach Alpha Cronbach
of items of Ozkan’s study  Alpha of the
current study
Justification 9 7 .69
Source & Certainty 9 .70 .90
Development 6 .59 .68
Overall 24 .76 .89

3.5 Procedure

Firstly, the permission for administration of instruments was obtained both from
Research Center for Applied Ethics at Middle East Technical University (Appendix
A) and the Ministry of Education (Appendix B). Then, all of the schools included for
the study were visited by the researcher and schools’ administrators were informed

about the purpose of the study. Necessary permissions from administrators, teachers,
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and students were received. Moreover, parents’ of the treatment group’s permission

were obtained due to ethical concerns.

Pilot studies for scales were completed in January 2014. Main study started in the
last week of February 2014 with pretests and completed in mid June. It lasted 15
weeks. First week was allocated for pretests and training about SWH to the students.
Last week was assigned to posttests. Pre and posttests were applied in the classroom
settings and lasted approximately two consecutive class hours.

This study was carried out over a thirteen-week period. The implementation was
administered by the researcher for both groups because the teacher had no idea about
the SWH approach. Still, the teacher was introduced the approach and explained the
importance of the study and also detailed information about the study was given to
get assistance from the teacher. By this way, implementation threat for internal
validity was minimized. The researcher had regular meetings with the teacher in
every week during the treatment. The objectives, activities and procedures were
discussed in these meetings. The teacher participated in all class sessions for both

groups with the researcher to observe and control the students.

3.6 Treatment

Although the topics were the same for the two groups, there were some differences in
implementation between the experimental and the comparison group. Topics in the
comparison group were instructed with traditional instruction by using traditional
laboratory activities; on the other hand, experimental group was instructed by using
SWH approach which includes series of student-centered activities. Four consecutive
science units which are sound, living things and energy, states of matter and heat and
electricity were included to the implementations. Two concepts were identified for
each unit. Table 3.8 indicated the study plan regarding treatment group and
comparison group.

Table 3.8 Study plan
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Weeks Activities/Implemented concepts in  Activities/Implemented concepts in

the experimental group the comparison group
Pre-tests Pre-tests
1 Presentation about SWH approach
Mystery activity

2-3 Properties of sound Properties of sound

4 Dispersion of sound Dispersion of sound
5-6 Heat transfer and changes in Heat transfer and changes in

temperature temperature

7-8 Boiling and melting points Boiling and melting points
9-10 Photosynthesis Photosynthesis

11 Respiration Respiration

12-13  Magnetic effect of electric current Magnetic effect of electric current

14 Heating effect of electric current Heating effect of electric current

15 Post-tests Post-tests

In the experimental group, researcher utilized writing, reading, small group and
classroom discussion activities to provide students for meaningful learning. All units
were planned around a big idea which is the beginning point for the unit and rest of
the process flows from that (Hand et al., 2009). Big idea is the focus point that the
students are wanted to reach (Hasangebi, 2014). Pre-laboratory activities which
included inquiry were planned to assess students’ prior knowledge and lead students
to the big idea. Students were encouraged to investigate their own questions
regarding big idea and benefitted from scientific methods during investigations.

Students were also encouraged to use their own language to present their findings.

On the other hand, in the comparison group textbook which was recommended by
MONE was followed. The concepts were taught by researcher using teacher-centered
activities such as questioning, reading and note taking. Also traditional laboratory
practices (hands-on activities) were applied. During laboratory practices all task
aspects were externally controlled; researcher explained the procedures of the

experiment step by step. Students followed the procedures; they made experiment
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and observed the results. They also completed a report which included purposes,

procedures, observations and results.

The objectives of the comparison group were directly taken from the curriculum of
MONE (2006). Due to its nature, SWH approach had different objectives. For
example, students would be able to generate an explanation for reasons, provide
justifications for what they believe in and evaluate alternative explanations and

reasons.

Interventions were carried out in the classroom and laboratory settings according to
the convenience of the laboratory. It was especially considered that the same topic
was implemented in the same place in both groups. However, the place was enriched
with materials such as supplementary books and internet in the experimental group.
Because of the fact that students had to conduct investigations to complete the SWH
approach. The books about the topics prepared by The Scientific and Technological
Research Council of Turkey were placed in a research corner. Students in the
experimental group were encouraged to consult these sources during their
negotiations. On the other hand, students in the comparison group were encouraged

to ask questions about unclear parts of the topics to the researcher.

Table 3.9 Comparison of the SWH student template and traditional laboratory format

SWH Student Template Traditional Laboratory Format
1. Beginning Questions—What are my 1. Title, purpose
questions?
2. Tests—What do | do? 2. Outline of procedure
3. Observations—What can | see? 3. Data and observations
4. Claims—What can | claim? 4. Discussion
5. Evidence—How do | know? Why am | 5. Balanced equations,
making these claims? calculations,graphs

6. How do my ideas compare with other ideas?

7. How have my ideas changed?
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Table 3.8 indicated that equal time was given to the groups for the implementation of
the concepts. As can be seen from the Table 3.10 and 3.12 some experiments were
similarly done in the groups. However, the students’ and instructor’s roles and scope

of discussions were completely different during process (see Table 3.9).

Implementation processes were described briefly via sample activity for both groups

in the following titles.

3.6.1 Experimental group

Table 3.10 demonstrated the general overview of the SWH approach

implementations.
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Table 3.10 General Overview of SWH Implementation

Unit Big Idea Content Pre-laboratory Example of students’ questions
activities
conducted by
researcher
Your claims Question, claim Mystery - Can too much anxiety and paranoia cause heart
should be depend 4 o idence Activity attack?

on evidence that
you can collect by

observing. How
something appears
is always a matter

of perspective.

- What are the symptoms of the death from poisoning?

Sound is the result
of vibrations in
molecules. The

Sound characteristics of
sounds that we
hear depends the
properties of
vibrations.

Properties of

sound

Non-newtonian
fluid on a
speaker cone
demonstration

-Is there any relationship between vibration and
deepness of sound?
-Can we change the deepness of sound by changing

the amount of matter?

Dispersion of

sound

-Tin can phone
experiment
-Discussion

about ecological

bricks

- Does the sound disperse faster if we use thicker cable
intin can phone experiment?
- Does the buzz of a fly disperse more in hot weather?

-Can we increase or decrease the dispersion of sound?
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Table 3.10 (cont.’d)

Unit Big Idea Content Pre-laboratory Example of students’ questions
activities
conducted by
researcher
Heat transfer Water density: hot -Whether 50 °C water or 50 °C oil increase the
and changes in  and cold water temperature of 0 °C water most?
Heat transfer temperature demonstration -Does the mass of matter change with heating?
between matters -Does the temperature of hot water change if one
States of causes the changes drop of cold water is added into it?
Matter  in temperature and Boiling and Instant freezing  -Do the tap water and pure water boil in the same
and /or the states of melting points video temperature?
Heat  matter. -Can we melt the ice cube under 0 °C?
-Does the amount of matter affect the melting /
boiling point?
Photosynthesis  Discussion about  -Can plants perform photosynthesis under artificial
the death of fishin  light?
plantless aquarium  -CO, makes the water acidic. What will be if we put
Living All living things an aquatic plant to acidic environment?
Things need energy to -Does the temperature affect photosynthesis?
and survive. Respiration - Bromothymol
Energy blue demonstration Do germinating seeds respire?

- Discussion about
aplantand aflyin
covered test tubes

-Do the plants respire in light?
-Do the plants respire more in the night (dark)?
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Table 3.10 (cont.’d)

Unit Big Idea Content Pre-laboratory Example of students’ questions
activities
conducted by

researcher

Magnetic effect  Discussion about -How does the electromagnetic force change by

of electric electromagnetic  changing number of loops?
crane video ) ) ]
current -Can we increase the electromagnetic force by using

Electric current

Electricity cause magnetic
and heating
effects.

different types of metal wire?
- How does the electromagnetic force change by

changing voltage of battery?

Heating effect
of electric

current

Discussion about
kettle

- How does the produced heat change with the time
when current passes through the conductor?

- Is there a relationship between resistance of the
conductor and produced heat?




At the beginning of the treatment, students were introduced the SWH approach via
presentation in which argument, claim and evidence terms were explained. Question
development process was expressed with samples of researchable and non-
researchable questions. Also SWH report format (see Appendix-G) was represented
and detailed information about what students would do was given through the report.
Then students were introduced SWH approach by using mystery activity (Burke et
al., 2005, p. 39) (Appendix F).

The activity was not about their prior science knowledge; it was about the
connections between question, claim and evidence which are so important concept in
argumentation. In the activity students formed their own groups and they were
required to read a story about the scenario of Mr. Xavier’s mystery death. In their
groups, they were asked to suggest beginning questions, how did Mr. Xavier die?
Students discussed about the mystery death. Nearly all groups spoke out different
claims but similar claims were grouped and written to the board, along with
supporting evidence. For example the first claim was: “Window has broken by storm.
Mr. Xavier thought that somebody would kill him. He started to be afraid of being
killed. He dropped the knife and the glass which was full of red vine. The glass was
broken and the vine poured to the carpet. Then he had a heart attack. He fell down to
broken glass. This is why there were laceration wounds in the dead body.” The

supported evidences were as follows:

E;. There was a terrible storm. The window has broken from the outside.
E.. He was paranoid.
Es. There was an open bottle of red wine so there must be a glass of wine somewhere.

E.. The knife with blood can be the result of the steak had cooked rare.

The second claim was: “The fired servants killed Mr. Xavier just for revenge. They
shattered the window and came into the home. They hurt Mr. Xavier with broken

glass. He died because of lacking blood. The supported evidences were as follows:

E;. The window has been smashed open from the outside.
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E,. The body has laceration wound and there is red stain under the dead body.

The third claim was: “The chef got bored with cooking same meal everyday and
poisoned Mr. Xavier. The chef set up the scene for not being a suspicious for this

murder.” The supported evidences were as follows:

E1. Mr. Xavier could not finish his meal.
E.. When a person poisoned, he cannot move his muscles. For this reason Mr.

Xavier'’s dead body lied face down.

Students were encouraged to ask clarifying questions about the claims and evidences
or refute something about the arguments. Students were also let to use internet with
the guidance of the researcher to investigate detailed information about paranoia and
poisoning. Students were expended to defend their claims. They were asked to
evaluate their own ideas with others. Some students revised or completely changed
their claims after the discussions. After all these tasks were completed, the researcher
summarized what they did. It was highlighted that how something appears is always
a matter of perspective. New perspectives or information can change the ideas not
only for us but also for scientists. With this activity students conceptualized the
process of argumentation and they made connection between question, claim, and

evidence.

After students gained experience about how to use SWH approach, topics started to
handle using it. Students were required to look at the topics before coming to the
lessons. The researcher initiated pre-laboratory discussions with an interesting video,
demonstrations or a question from daily life considering the big idea of the topic
(Table 3.10). For example, photosynthesis concept was studied under the living

things and energy unit. The process was tried to explain via the teacher template.

1) Exploration of pre-instruction understanding:

The big idea of the unit was determined as “all living things need energy to survive”

and it was written on the center of the board and a concept map was constructed with
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students. Since students read the topic before coming to class, they had fundamental
knowledge about it. All things were written to board regardless of whether or not

they were true.

2) Pre-laboratory activities:

Since the big idea was intended that students would leave the classroom with this
idea at the end of the unit. For this purpose discussion about the death of the fish in
plantless aquarium was made as a pre-laboratory activity. The photo of the plantless
closed aquarium was indicated and the question “The fish was feed properly and the
temperature of water was suitable for the fish. What can be the reason of the death?”
was asked. The question was discussed and students reach consensus with the idea
that lack of oxygen cause the death. If there was a plant in the aquarium, the fish
would be alive because plant conduct photosynthesis and produce oxygen. Then
students were asked to form six groups. Students decided their own groups and gave
funny names to their groups. During pre-laboratory activities, concept map was
extended with the students’ responses but they were not evaluated. By this way
students’ prior knowledge was elicited and also students were led to think about the
big idea and pose researchable questions for their investigation. Some groups had
difficulty. The researcher encouraged them to decide their research question. Then all
groups wrote their beginning questions on the board and these questions were
discussed whether they were researchable and related with the big idea or not. For
example a group decided to investigate the question: “Why do leaves of some plants
change color in autumn?” Since the question cannot be answered by doing a
laboratory experiment, it was adjusted as: “Do the yellow leaves perform
photosynthesis?” In addition, dependent and independent variables, the materials
which students would use during investigation and procedures that they are planning
to follow were asked to the groups. Table 3.11 indicated the research questions
proposed by the students.
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Table 3.11 Research questions proposed by students

Group Research question Independent Dependent

no variable variable

1 Does the temperature affect Temperature  Photosynthesis
photosynthesis rate? rate

2 Can plants perform photosynthesis under Artificial Photosynthesis
artificial light? light performance

3 Does the amount of produced O, increase ~ Amount of Amount of
with increasing amount of CO,? CO, produced O,

4 CO;, makes the water acidic. What will be Acidic State of the
if we put an aquatic plant to acidic environment aquatic plant
environment?

5 Do the germinating seeds conduct Germinating Performance of
photosynthesis? seeds photosynthesis

6 Do the yellow leaves perform Yellow leaves Performance of

photosynthesis?

photosynthesis

3) Participation in laboratory activity:

After the research questions were decided by the students, each group made their

investigations, discussions and started to fill out the SWH lab reports (Appendix G).

The researcher moved among student groups to keep learners on task and ask guiding

questions. For instance, students were familiar to elodea set-up that was shown in

textbooks. One group investigated photosynthesis under artificial light by avoiding

elodea set-up from sunlight and putting it under a white light as in Figure 3.2.
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Figure 3.2 Elodea set-ups for photosynthesis under artificial light

However, the students in the group could not decide whether the elodea
photosynthesizes or not. They understood what they would do after the following
dialog with the researcher. S; S, Ss; were represented the students and R was
represented the researcher.

S1: How do we know whether the elodea photosynthesizes or not?

R: What have you observed?

S1: The amount of bubbles increased when we turn on the light.

R: So there were bubbles before the implementation.

S1: Yes, we could rarely see them but now the frequency increased.

S,: Maybe the plant was influenced by the light in the room.

S1: 1 guess the test tube is full of oxygen.

R: Maybe, how can we be sure that the bubbles are comprised from oxygen not from
carbon dioxide?

Ss: Can we understand by smelling?

R: 1 do not know is there a noticeable variation between their odor. But you can think
about the characteristics of oxygen.

Sz: | think we can put the test tube a fly. If it will not die we can understand that the
gas is oxygen.

R: It can be a good idea. Still you can use oxygen as burner. You can close the tube

to a candle. If it flashes then you can think that there is oxygen in the tube.
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After the group followed the procedure and realized that the gas was oxygen mean
that photosynthesis can occur under the artificial light. At this point researcher asked:
You said that plant may be influenced by the light in the room. What is your evidence

for this claim?

S,: We observed bubbles before we turn on our light.

R: Can you claim in numerical value?

Ss: If we observe again, we can count the number of bubbles given of in 1 minute.

R: How can you express this situation? Has your lamp more power than the room’s?
S,: This lamp is closer to the plant.

R: So you said the distance is an important factor for photosynthesis.

Si: Intensity of light may be an important factor.

4) Negotiation phase I- writing personal meanings:

When the investigations were completed by all groups students were asked to answer
the 3" (What did | find?), 4™ (What inferences can | make?) and 5" (How do |
know?) questions on their SWH reports (student template).

5) Negotiation phase Il-sharing and comparing science ideas:

Students are explained that each group would make a presentation about their
findings. So students were asked to make peer discussion then, a poster to present it.
Students made presentations about their claims and evidences. At this point both the
researcher and the other students asked some questions about their presentation. By
this way, a discussion environment in the classroom was initiated. Sometimes
students refuted the presenter group’s claims with their evidences, sometimes
complemented their deficiencies and sometimes students changed their own claims.
For instance, the group who investigated photosynthesis under artificial light claimed
that sunlight is not an obligatory option for photosynthesis. Moreover, they claimed
that street lighting may cause plants’ performing photosynthesis at night. By this

way, more oxygen emission may be supplied. Some students made counterclaim by
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emphasizing that night lighting affects plants’ cycles and developmental process.

Besides night lighting causes the tree to shed its leaves.

6) Negotiation phase Il1- comparing science ideas to textbooks or other sources:

Actually this phase may overlap with negotiation phase Il. Students were asked to
answer the 6" question (How do my ideas compare with those of other?) on their
report.

7) Negotiation phase 1V- individual reflection and writing:

In this phase, students were wanted to write a paragraph about the 7" question in the
template (How have my ideas changed?). During these negotiations, students were
let to loop back the process. They could revise their experiment, interpretations or
consult science books whenever they want. It does not mean that the instructor
should simply let students what they want. The key point is that instructors “should
actively guide students to help them to understand what they are doing, why they are

doing it, and to develop conceptual understanding” (Burke et al., 2005, p. 11).

8) Exploration of post instruction understanding through concept mapping:

After the students completed their SWH reports, the students expressed what they
had learned from the process through concept mapping. Again the big idea was
written on the center of the board and a concept map was constructed as a class. For
instance, photosynthesis topic was concluded that some factors including
temperature, pH, acidity, CO, concentration and light intensity affect the
photosynthesis rate. It was also explained that seeds do not photosynthesize before
germination, yellow leaves perform photosynthesis in very slow rate. All living
things need energy to survive. Photosynthesis transfers light energy into organic
molecules. So it is very important reaction for life. Concept mapping help the
researcher summarize the concept. In this way, the topic was connected with the big

idea of the unit.
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To sum up, students completed the SWH reports via their research question. Each
group investigated their own questions. Students negotiated meaning during their
group work and whole class discussions. When students made mistakes during
experimentation or changed their claim, it was emphasized that scientists do as well.
For each class session, the students followed the same approach for different units
during 13 weeks.

A sample report was shown in Figure 3.3. Since the students filled the reports in
Turkish, the sample report was translated.

Name / Class: Date:

Big idea: All living things need energy to survive.

What are my questions:

‘l ! Does the temperature affect photosynthesis rate?

o Variables:
“%  Independent variable: Temperature
Dependent variable: Photosynthesis rate
Why do | ask this question?
We know that fish prefer to live in cold water. | wonder is it because of the
fact that aquatic plants do more photosynthesis in cold water.
What do | do?

Three elodea setups were prepared using water at different temperatures (10
°C, 25 °C and 60 °C). Except temperature all conditions were controlled. We
counted and recorded bubbles rising from elodea.

Observation:

No bubble was observed with the cold water setup (10 °C). I counted 30
bubbles in a minute with the 25 °C water-setup and 10 bubbles in a minute
with the 60 °C water-setup.

What can | claim?

Temperature affects the photosynthesis rate.
How do | know? Why am | making these claims?
Photosynthesis rate decreased in hot water and photosynthesis stopped in cold

water.
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How do my ideas compare with other ideas?

One of my partners observed that bubbles increased when the temperature of
" water decreased from 60 °C. We considered our teacher’s advice
and repeated the experiment using 40 °C degrees water. Then we
counted 60 bubbles in a minute. After the group discussion, we
decided that photosynthesis rate increases with increasing
temperature until a specific degree.

What did I learn from other sources?

Oxygen is solved more in cold water that’s why there is more oxygen in it.
Photosynthesis stops under 0 °C temperature. The temperature, in which
maximum photosynthesis rate occurs, is called optimum temperature and
changes according to features of the plants. The enzymes that carry out
photosynthesis do not work efficiently at low and high temperatures. After a
specific temperature which also changes according to features of the plants,
enzymes lose their shape and functionality and photosynthesis rate declines
rapidly. For example desert-adapted plants can photosynthesize even 80 °C.
Cold water plants also can adapt to the environments and photosynthesize less
than 10 °C.

Carbon dioxide concentration, light density, wavelength of light also affect
photosynthesis rate.

How have my ideas changed?

My ideas changed because other sources have much more knowledge than I

have.

Figure 3.3 Sample report of SWH approach

3.6.2 Comparison group

Table 3.12 demonstrated the general overview of the traditional laboratory

implementations.
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Table 3.12 General Overview of Traditional Laboratory Implementation

Unit Content Purpose of the Materials
laboratory activities
Properties of Observing the -Diapason
sound relationship between -Bottle
frequency (vibration) -Water
and deepness of sound
Sound _ - - -
Dispersion of Demonstrating that Air vacuum
sound sound disperse more in Pump
a dense environments
Heat transfer Observing that the heat -Beaker
and changesin  flows from hotto cold  -Erlenmeyer flask
temperature until the temperatures -Thermometer
become same -Water
-Chronometer
States of ~Heater
Matter Boiling and Observing the effects of - Beaker
and melting points substance addition to -Thermometer
Heat pure water on boiling -Salt
and melting points - Heater
Photosynthesis  Observing the effects of -Elodea
light and CO, on - Beaker
photosynthesis -Test tube
-Funnel
-Sodium
bicarbonate
Living -Lamp
Things -Candle
and Respiration - Observing the -Erlenmeyer flask
Energy germinating seeds -Rubber stopper
respiration -U-shaped tube
-Discussing the plants’ -Germinating
respiration in light seeds
-Lime water
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Table 3.12 (cont.’d)

Unit Content Purpose of the Materials
laboratory activities
Magnetic effect of -Observing the -Coll
electric current magnetic effect of a -Nail png
coil carrying current -Battery
- Observing the -Pins
electromagnetic force -Cable
by changing voltage
Electricity of battery

Heating effect of  Observing the heat by =~ Thermometer
electric current  current passes through  -Copper wire
a conductor -Battery
- Beaker

Each concept was taught by teacher centered approaches such as lecturing and
questioning. For example, when photosynthesis concept was taught, researcher
explained the followings: At the base of an ecosystem, primary producers actively
transfer light energy into stored chemical energy. Photosynthesis is the process of
converting light energy, water and carbon dioxide into carbohydrates and oxygen. In
this way, energy flows from sun to primary producers. This flow of energy is
transported through the animals by food chain. Also majority of living things use
oxygen for respiration. So photosynthesis is crucially important in the maintenance
of life on Earth. During this process the researcher asked questions such as “Why is
photosynthesis so important to the survival of all?” “What are the elements used in
photosynthesis?” Students’ answers were listened and the feedbacks were given.
After this lecturing part completed, a hands on laboratory application was done.
Students were grouped into six and reports were distributed to them. A sample report
was shown in Figure 3.4. Since the students filled the reports in Turkish, the sample

report was translated.
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After experimentation, students wrote their reports (Appendix H) in which purposes,

procedures, observations and results were stated. When all students completed their

work, the researcher summarized what and why they have done and asked whether

there is any unclear part or not. For each class session, a similar method was used

during 13 weeks.

Name / Class: Date:
Concept: Living Things and Energy

Title of the Experiment: Photosynthesis

Purpose of the Experiment: Observing the effects of light
on phoyosynthesis

Materials: Elodea, beaker, test tube, funnel, sodium
bicarbonate, lamp and candle

1-
2-

3-
4-
5-
6-
7-
8-
-

Procedure:

Get a beaker (250 mL) and add water up to half of it.

Add a pinch of sodium bicarbonate powder to the beaker and stir.
Sodium bicarbonate supplies CO, to the water.

Take some liquid from the mixture to a test tube.

Put elodea into the funnel and insert them into the beaker.

Reverse the test tube which is filled with liquid on the funnel.

Repeat same procedure for same second setup.

Place one of the setups to dark.

Place the other setup to a 40 watt lamp 5 cm from the plant.

Count and record the number of bubbles rising from the elodea.

Observation: | counted 25
‘ ‘ bubbles in a minute with the
Al L-_-_H# first setup however no bubbles
Pay I was observed with the second

N >3 setup.

Result: Plants need light and CO, to make photosynthesis.

Figure 3.4 Sample report of traditional approach
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3.7 Analyses of Data

The data were analyzed using both descriptive and inferential statistics. In order to
compare the two variables; MAI and EBQ, for the experimental and the comparison
group multivariate analysis of variance (MANOVA) was conducted. These variables
were analyzed separately because the variables have sub-dimensions. All the sub-
dimensions were taken as dependent variables. MANOVA is an extension of analysis
of variance when there is more than one dependent variable (Fraenkel & Wallen,
2006). To compare achievement between groups independent samples t-test was

conducted.

3.8 Internal Validity Threats

Fraenkel and Wallen (2006) stated that “internal validity means observed differences
on the dependent variable are directly related to the independent variable and not due
to some other unintended variable” (p. 169). Possible internal validity threats and the

ways to control them were discussed in this section.

Subject Characteristics: Differences in groups may arise from selection of subject.
Using random assignment is the best way to cope with this threat. However, in this
study, school was selected conveniently and the classrooms was assigned randomly
as experimental and comparison group. Pre-tests were done to check whether there
was a statistical difference between groups and no significant mean difference was
found between the two groups regarding SATEG, MAI, and EBQ and scores before

the treatment.

Loss of Subjects: This threat occurs if some subjects drop out of the study for some
reason such as illness, family relocation or the requirements of other activities. In this

study, not even one subject dropped out of the study.
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Location: Location threat occurs if the data collection or intervention carried out in
different conditions. In this study, similar classrooms and same laboratory was used.
But the classroom in which experimental group worked, enriched with the

supplementary books and internet access due to its nature of SWH approach.

Instrumentation: Instrumentation threats refer instrument decay, data collector
characteristics, and data collector bias. Instrument decay occurs if the nature of the
instrument or scoring procedure is the changed in some way. In the current study,
three instruments (SATEG, MAI and EBQ) which have standardized scoring
procedure were used. Thus, instrument decay did not a potential threat for this study.
Data collector characteristics such as gender and age may also affect the results of
the study. In this study, this threat was eliminated because all data were collected by
the researcher who treated equally to all students. Data collector bias is the distortion
of the data in order to make certain outcomes. This threat was controlled by

standardizing all data collection procedure for both groups.

Testing: The use of pretests may create a “practice effect” that can affect the results
or affect the way subjects respond to the intervention. In the current study, the
treatment period was long enough (thirteen-week) to reduce the pretest effect on
posttest. Also, since the same pretests were administered to both the experimental
and the comparison group, it was assumed that the pretests affected both groups
equally.

History: During the implementation of the study, one or more unanticipated and
unplanned events may occur and this may affect the results of the study. In this
study, implementation was done by the researcher, any unexpected events were not

observed.

Maturation: This threat may be grounded in the change in subjects over time. The

subjects of the study were eight graders who are adolescents and the study lasted
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thirteen weeks. It was assumed that both groups were affected maturation threat
equally.

Attitude of Subjects: This threat may occur due to three reasons: Firstly, the subjects
in the experimental group may improve their performance due to novelty of the
treatment. Secondly, subjects in the comparison group may improve their
performance due to novel circumstances. Lastly, subjects in the comparison group
may demoralize and perform poorly since they think that they are given no treatment.
In this study, subjects in the experimental group were aware of the new instruction
and they were communicating with their friends in the comparison group about this
issue. During laboratory practices in the comparison group, some examples were
given from the other class. For example “When this experiment was done in the other
class, thermometer had broken. Please be careful while using it.” In this way the

effect of demoralization threat was minimized.

Regression: If a group is selected because of its unusually high or low performance,

this threat emerges. In this study, no regression threat was foreseen.

3.9 Assumptions of the Study
1. The instruments utilized in this study were proper enough to assess the intended
purpose.

2. Students in the comparison group were not interacting with the students in the

experimental group.

3. The students took the tests independent from each other without any interaction

during the implementation of the tests.

4. Self-report questionnaires were used so it was assumed that the participants

responded the items of the scales honestly and seriously.
5. The researcher was not biased to any group.
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6. All group members took equal responsibilities during laboratory practices.
7. Students were not affected by out-of-school learning.

8. All the variables which were not controlled affect both groups equally.

3.10 Limitations of the Study

1. The study was limited to the sound, living things & energy, states of matter & heat

and electricity units.

2. The study was conducted with 60 eight grade students indicating a small

proportion of the accessible population. Findings cannot be generalized.

3. The generalizability of this study was limited because of the convenience sampling

technique.

4. Students’ attitude toward science can change as a result of the implementations.

This situation can affect the results.

5. Only self-report questionnaires used to investigate students’ achievement,

metacognition and epistemological beliefs.
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CHAPTER IV

RESULTS

The results were presented in two sections. In the first section, descriptive statistics
for Science Achievement Test for Eight Graders (SATEG), Metacognitive
Awareness Inventory (MAI), and Epistemological Belief Questionnaire (EBQ) were
displayed; in the second section, inferential statistics were expressed.

To compare science achievement between groups, independent samples t-test was
conducted. MANOVA was conducted before and after the treatment to decide
whether there was a statistically significant mean difference between the comparison
and the experimental group with regard to metacognition and epistemological belief.
Statistical analyses were performed at .05 significant level using SPSS Statistical
Software Program 19.

4.1 Descriptive Statistics
Descriptive statistics for pre-test and post-test results were displayed in Table 4.1 and

Table 4.2 respectively. Moreover, some example items of the students’ responses for

the scales were represented for pre-tests and post-tests.

4.1.1 Descriptive Statistics for Pre-tests
Table 4.1 indicated the descriptive statistics of pre-test scores. In this table,

comparison group (N = 29) was denoted as CG and experimental group (N = 31) was
denoted as EG.
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Table 4.1 Descriptive statistics of pre-test scores

Scale Dimensions EG CG Skewness  Kurtosis
Item mean SD Item mean SD
Declarative Knowledge 4.06 4.774 4.18 3.869 -.463 -.044
Procedural Knowledge 3.79 3.503 3.94 2.488 -.263 -.891
Conditional Knowledge 4.05 3.432 4.17 2.356 -.594 -.079
Planning 3.72 4.942 3.66 5.368 -.407 -.139
MAI Information Management 3.77 7.681 3.80 5.244 -.304 -467
Monitoring 3.69 4.076 3.64 5.134 .009 - 717
Debugging 4.09 3.482 4.07 3.165 -.369 -.843
Evaluation 3.65 5.118 3.71 3.876 165 -1.197
Justification 3.77 3.600 3.81 3.493 -417 -.643
EBQ Source & certainty 2.43 6.580 2.44 6.573 -.023 -.883
Development 3.45 2.534 3.44 2.692 -.233 -1.274
SATEG 0.32 2.301 0.36 3.270 .696 -.492




According to George and Mallery (2001), skewness and kurtosis values between +2
and -2 are approved normally distributed. Table 4.1 revealed that all skewness and
kurtosis values for pre-SATEG, pre-MAI, and pre-EBQ regarding experimental and
comparison groups were found between +2 and -2. Histograms with normal curve
for the dimensions of pre-MAI in terms of groups (Appendix 1) illustrated that
although clustering of the pre-MAI scores was similar for groups; the mean values of
the scores were close to each other for the experimental and comparison groups. The
mean values were above the mid-point of the 5-point Likert scale showed that
participants of the study had reasonable knowledge about themselves as learners,
control and awareness of their own learning processes. Moreover, Table 4.1
indicated that the students have more declarative and conditional knowledge and
debugging strategies than other metacognitive strategies, especially planning,
monitoring and evaluation strategies. Similarly, clustering of the scores and the mean
values for pre-EBQ were close to each other for the experimental and comparison
groups (Appendix I). It can be interpreted that the groups were similar in terms of
pre-EBQ scores. The mean values (except source and certainty dimensions) were
above the mid-point of the 5-point Likert scale revealed that participants of the study
had moderate knowledge about the theories about the structure of knowledge and the
nature of knowledge acquisition. The mean value of source and certainty dimension
was lower than the mean of justification and development dimension. All the items

in the source and certainty dimension were reverse worded.

Table 4.1 also showed that at the beginning of the study, the mean values of the pre-
SATEG scores were low and close to each other for the experimental and comparison
groups. The mean of questions answered correctly was 10.76 for the comparison
group and 9.68 for the experimental group. There were 30 questions in the SATEG and
maximum questions answered correctly were 16 for the experimental group and 18 for
the comparison group. On the other hand one student from each group answered only 5
questions correctly. It can be interpreted that students have limited prior knowledge
about the concepts. Moreover, when the students’ responses analyzed deeply no clue

was found that students were better at a specific concept.
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Table 4.2 Descriptive statistics of post-test scores

Scale Dimensions EG CG Skewness  Kurtosis
Item mean SD Item mean SD
Declarative Knowledge 4.54 2.438 4.05 3.649 -.360 -.867
Procedural Knowledge 4.19 2.202 3.79 3.328 -.408 -.971
Conditional Knowledge 4.37 2.146 4.04 2.932 -.250 -1.283
Planning 4.30 2.642 3.70 4,992 -.743 -.255
MAI Information Management 443 3.400 3.80 6.563 -.604 -.755
Monitoring 4.17 3.318 3.72 4.818 -.685 -.730
Debugging 4.66 1.755 412 2.945 -.667 -.788
Evaluation 4.26 2.850 3.77 4.679 -.409 -1.152
Justification 4.26 3.458 3.84 3.719 -.169 -.582
EBQ Source & certainty 3.33 6.038 2.98 6.142 -.003 -.615
Development 3.86 2.141 3.45 2.551 -.273 -.309
SATEG 0.88 3.355 0.66 5.463 -.441 -1.299




4.1.2 Descriptive Statistics for Post-tests

Table 4.2 demonstrated the descriptive statistics of post-test scores. In this table,
comparison group denoted as CG and experimental group denoted as EG. The table
indicated that all skewness and kurtosis values for post-SATEG, post-MAI and post-
EBQ regarding experimental and comparison groups were found between +2 and -2,

approved that the scores were normally distributed (George & Mallery, 2001).

Histograms of post-SATEG (Appendix I) indicated that science achievement scores
in the experimental group were spread out more on the left and the distribution was
narrower than the comparison group. It can be interpreted as majority of students in
the experimental group gave correct responses to the achievement test and the
difference between high-achievers and low-achievers was decreased. The mean of
questions answered correctly was 19.72 for the comparison group and 26.45 out of 30
for the experimental group. Only one student got 18 and two students got 19; however,
five students responded all 30 questions correctly in the experimental group.
Conversely, two students got 13, three students got 14 and only one student got 30 in
the comparison group. As can be seen, the difference between high-achievers and low-
achievers in the comparison group was bigger than the experimental group. When
students’ responses were analyzed deeply, it was seen that students in the comparison
group made more mistakes in the questions that were on analysis and knowledge of
utilization level. On the other hand, no pattern was found in the questions answered

wrongly in the experimental group.

B CG-post

Science achievement score [ CG-pre

M EG-post

W EG-pre

Figure 4.1 Pre — post mean comparison of SATEG regarding groups
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Figure 4.1 indicated pre and post mean comparison of the SATEG. As can be seen
from the figure, science achievement scores of groups were similar before the
treatment. Since both groups learned, science achievement scores in the post-test

increased. However the increase was bigger in the experimental group.
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40
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20
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% of correct responses

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Item No

e=gmmComparison Group  esillssExperimental Group

Figure 4.2 Comparison of the groups with respect to correct answers to the items of
post-SATEG

When the Table 4.2 was compared with Table 4.1, it can be seen that all dimensions
of EBQ and planning, monitoring, debugging and also evaluation dimensions of MAI
were slightly increased for the comparison group in the post-tests; on the other hand,
all values in the EBQ and MAI were considerably increased for the experimental
group. The highest mean value was gotten from the debugging dimension of MAI for
both groups. Also, debugging dimension was increased mostly for experimental
group in the post-MAI. Declarative knowledge dimension of MAI followed the line
as second highest mean value. Source and certainty dimension of EBQ was the
lowest mean value not only in the pre-test but also in the post-test. Still there were
.54 point and .90 point increments in the mean value for comparison group and

experimental group respectively.
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The frequencies of these values regarding the dimensions of EBQ and MAI were
analyzed through histograms (Appendix 1). The histograms of the dimensions of
post-MAI and post-EBQ in terms of groups illustrated that the scores were widely
distributed in the comparison group, whereas distribution was narrower in the
experimental group. The width of distribution revealed the distance between
minimum and maximum scores. It can be said that the difference between minimum
and maximum scores were smaller in the experimental group. Moreover, debugging,

planning and monitoring dimensions of post-MAI were spread out more on the left.

Development

Source & certainty

Justification

Evaluation

Debugging
B CG-post
Monitoring B CG-pre
W EG-post
Information Management W EG-pre

Planning

Conditional Knowledge

Procedural Knowledge

Declarative knowledge

Figure 4.3 Pre — post mean comparisons of MAI and EBQ regarding groups
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Figure 4.2 indicated pre — post mean comparisons of MAI and EBQ. As can be seen
from the figure that there were no big difference between experimental and
comparison group in the dimensions of pre MAI and EBQ. However, the

improvement in the experimental group can be easily seen.

Table 4.3 and Table 4.4 showed the means of the items regarding the groups in the
post-MAI and post-EBQ.

82



€8

Tablo 4.3 Item means regarding the groups in post-MAI

Dimension  Item Item Mean
no CG EG
5 | understand my intellectual strengths and weaknesses. 4.26 4.77
10 | know what kind of information is most important to learn. 3.90 4.58
12 lam good at organizing information. 3.94 4.49
Declarative 16 | know what the teacher expects me to learn. 3.94 4,55
knowledge 17  1am good at remembering information. 4.00 4.16
20 | have control over how well | learn. 4.23 4.52
32  lam agood judge of how well I understand something. 3.81 4.46
46 | learn more when | am interested in the topic. 4.30 4.77
3 | try to use strategies that have worked in the past. 3.96 4.39
Procedural 14 | have a specific purpose for each strategy I use. 3.63 4.16
knowledge 27 | am aware of what strategies | use when | study. 3.84 4.10
33 I find myself using helpful learning strategies automatically. 3.74 4.13
15 Ilearn best when I know something about the topic. 4.32 4.61
Conditional 18 1 use different learning strategies depending on the situation. 4.02 4.29
knowledge 26 | can motivate myself to learn when | need to. 3.90 4.35
29  luse my intellectual strengths to compensate for my weaknesses. 4.16 4.52
35 I know when each strategy | use will be most effective. 3.81 4.07
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Table 4.3 (Cont’d)

Dimension  Item Item Mean

no CG EG

4 | pace myself while learning in order to have enough time. 3.48 3.86

6 |think about what I really need to learn before | begin a task. 3.72 451

8 I set specific goals before | begin a task. 3.55 4.42

Planning 22 | ask myself questions about the material before | begin. 3.28 4.52
23 | think of several ways to solve a problem and choose the best one. 4.03 4.39

42 I read instructions carefully before | begin a task. 4.27 4.23

45 | organize my time to best accomplish my goals. 3.60 4.20

9  Islow down when I encounter important information. 3.90 4.20

13 I consciously focus my attention on important information. 4.03 4.36

30 I focus on the meaning and significance of new information. 4.00 4.39

31 I create my own examples to make information more meaningful. 3.52 441

Information 37 I draw pictures or diagrams to help me understand while learning. 3.31 4.33
management 39 | try to translate new information into my own words. 4.00 4.48
41 1 use the organizational structure of the text to help me learn. 3.76 451

43 lask myself if what I'm reading is related to what | already know. 4.00 4.74

47  1try to break studying down into smaller steps. 3.93 4.29

48 | focus on overall meaning rather than specifics. 3.55 4.61
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Table 4.3 (Cont’d)

Dimension  Item Item Mean
no CG EG
1 | ask myself periodically if I am meeting my goals. 384 415
2 | consider several alternatives to a problem before I answer. 3.83 4.39
11 I ask myself if I have considered all options when solving a problem. 3.65 4.33
Monitoring 21 | periodically review to help me understand important relationships. 352 3.68
28 | find myself analyzing the usefulness of strategies while | study. 3.84 4.20
34 | find myself pausing regularly to check my comprehension. 3.71 422
49 | ask myself questions about how well | am doing while | am learning something new. 3.68  4.19
25 1 ask others for help when I don't understand something. 3.94 484
40 | change strategies when | fail to understand. 4.00 4.07
Debugging 44 | re-evaluate my assumptions when | get confused. 393 481
51 | stop and go back over new information that is not clear. 430 475
52 | stop and reread when | get confused. 445 483
7 I know how well | did once | finish a test. 441 410
19  lask myself if there was an easier way to do things after | finish a task. 3.38 3.68
Evaluation 24 | summarize what I've learned after | finish. 358 432
36 | ask myself how well | accomplished my goals once I'm finished. 3.69 461
38  lask myself if I have considered all options after I solve a problem. 3.69 452
50 lask myself if I learned as much as I could have once | finish a task. 384 432
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Tablo 4.4 Item means regarding the groups in post-EBQ

Dimension  Item Item Mean
no CG EG
3 ldeas about science experiments come from being curious and thinking about how 410 4.24

things work.
5 Itis good to have an idea before you start an experiment. 3.03 345
9 Inscience, there can be more than one way for scientists to test their ideas. 410 4.17
Justification 11  Ideas in science can come from your own questions and experiments. 297 407
14 One important part of science is doing experiments to come up with new ideas about how  4.45  4.45
things work.

18 Itis good to try experiments more than once to make sure of your findings. 4.07 4.48
22 Good ideas in science can come from anybody, not just from scientists. 3.07 445
24 Good answers are based on evidence from many different experiments. 438 4.66
26 A good way to know if something is true is to do an experiment. 435 4.35
1  Everybody has to believe what scientists say. 290 293
6  Inscience, you have to believe what the science books say about stuff. 293 297
10  Whatever the teacher says in science class is true. 297 3.14
Source and 12 Scientists pretty much know everything about science; there is not much more to know. 3.41  3.45
Certainty 15  If you read something in a science book, you can be sure it’s true. 2.76  2.86
16  Scientific knowledge is always true. 2.80 4.00
19  Only scientists know for sure what is true in science. 2.83 3.10
20  Once scientists have a result from an experiment that is the only answer. 331 4.29
23  Scientists always agree about what is true in science. 293 321




.8

Table 4.4 (Cont’d)

Dimension  Item Item Mean
no CG EG
4 Some ideas in science today are different than what scientists used to think 3.48 3.76
8  The ideas in science books sometimes change. 3.41 3.72
Development 13  There are some questions that even scientists cannot answer. 3.52 3.57
17 Ideas in science sometimes change. 3.41 4.07
21  New discoveries can change what scientists think is true. 3.45 4.00
25  Sometimes scientists change their minds about what is true in science. 3.41 4.00




As mentioned before, all the mean values of post-tests for experimental group were
greater than the mean values of the post-tests for comparison group. Whether the
difference in post-test scores was significant or not was given in the inferential

statistics part.

4.2 Inferential Statistics

In this section, first, preliminary analysis for the assumptions of t-test and MANOVA

were done. Next, the results were presented.

4.2.1 Preliminary Analyses

Level of measurements, independence of observations, normal distribution and
homogeneity of variance are the assumptions of independent samples t-test. Sample
size, normality, independency of observations and homogeneity of variance-
covariance matrix are the assumptions of MANOVA.

4.2.1.1 Assumptions of independent samples t-test

Level of measurements: Dependent variables, SATEG scores, are continuous.

Normal distribution: As can be seen from the Appendix I, histograms with normal
curve for the pre-SATEG and post-SATEG scores in terms of groups showed the
normal distribution. Moreover skewness and kurtosis values found between £2 as

shown in Tables 4.1 and 4.2 so the normality assumptions was not violated.

Independency of observations: There is no practical way of this assumption. The
researcher and the teacher warned the students about independent testing. It was
assumed that the students took the tests independent from each other without any
interaction during the implementation of the tests. The analysis was continued while

being cautious about violation of independence.
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Homogeneity of variance: To test this assumption, that the null hypothesis assumes
no difference between the two group’s variances (Ho: 012 = 022), the Levene’s F Test

for Equality of Variances was used.

Table 4.5 Levene’s Test of Equality of Error Variances for SATEG

F Sig.
Pre-SATEG 2.603 112
Post-SATEG 10.254 .002

As shown in Table 4.5, the F value for Levene’s test of pre-SATEG was 2.603 with a
Sig. (p) value of .112 (p > .05). The null hypothesis was retained and the assumption
of homogeneity of variance was met for pre-SATEG. However, the F value of post-
SATEG was 10.254 with a Sig. (p) value of .002 (p < .05). The null hypothesis was
rejected and the assumption of homogeneity of variance was violated for post-
SATEG. Therefore, alternative t-value which compensated for the fact that equal

variances not assumed was interpreted for post-SATEG.

4.2.1.2 Assumptions of MANOVA

Sample size: The requirement about sample size shows having more cases in each
cell than the number of dependent variables (Pallant, 2007) that was already met in

this study.

Independent observations: It was assumed that the students took the test independent

from each other without any interaction during the implementation of the test.

Normality: For this assumption, both univariate normality and multivariate normality
were checked. Univariate normality was tested through histograms skewness and
kurtosis values. As can be seen from the Appendix I histograms with normal curve for
the pre-MAL, pre-EBQ, post-MAI and post-EBQ scores in terms of groups showed the

normal distribution. Also skewness and kurtosis values found between 2 as shown in
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Tables 4.1 and 4.2 so the univariate normality assumption was not violated. To test
for multivariate normality, Mahalanobis distances were calculated by using the
Regression menu. Table 4.6 shows the max value for Mahalobis distance regarding
pre and post MAI and EBQ.

Table 4.6 The Mahalobis Distance Regarding Pre and Post MAI and EBQ

Max value for Number of N
distance variable
Pre-MAI 24.14
8 26.13
Post-MAI 22.33
Pre-EBQ 8.85
3 16.27
Post-EBQ 10.92

If the maximum value for Mahalanobis distance was less than the critical value
which is given according to the number of dependent variables (Pallant, 2007, p.
280), it can be assumed that there were no substantial multivariate outliers. There are
eight dependent variables for MAI so the critical value is 26.13. Maximum values for
Mahalanobis distance calculated as 24.14 and 22.33 which were less than the critical
value. There are three dependent variables for EBQ and the critical value is 16.27.
Maximum values for Mahalanobis distance calculated as 8.85 and 10.92 which were
also less than the critical value. Thus the multivariate normality assumption was not

violated.

Homogeneity of variance-covariance matrix: The assumption was checked through
Box’s M Test of Equality of Covariance Matrices and Levene’s test which are both

outputs of MANOVA.
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Table 4.7 Box’s Test of Equality of Covariance Matrices for the Dependent
Variables of Pre-MAI, Post-MAI, Pre-EBQ, and Post-EBQ

dfl df2 Box’s M F Sig.
Pre-MAI 57.672 1365  .071
Post-MAI 36 11210.164 59.433 1406 054
Pre-EBQ 2.594 408 874
Post-EBQ 6 24065.849 4.317 679 667

If Box’s M Sig. value is larger than .001, the assumption has not been violated
(Pallant, 2007, p.286). Since all the Sig. values in Table 4.7 > .001, Box’s M Test
result indicated that the covariance matrices of the dependent variables were equal

across groups.

Table 4.8 Levene’s Test of Equality of Error Variances for Dependent Variables

Dependent Variables dfl  df2 Pre/Post F Sig.
pre-MAI 1.820 183
Declarative Knowledge 1 58 post-MAI 4.111 047
pre-MAI 1.610 210
Procedural Knowledge 1 58 post-MAI 12.953 .001
pre-MAI .001 971
Conditional Knowledge 1 58 post-MAI 7.064 .010
_ pre-MAI .051 .822
Planning 1 38  post-MAI 19.483 .000
pre-MAI 173 679
Information Management 1 58 post-MAIl 20.071 .000
o pre-MAI .846 .362
Monitoring 1 58  post-MAI 11.258  .001
_ pre-MAI 314 578
Debugging 1 58  post-MAI 15.712  .000
_ pre-MAI 3.613 .062
Evaluation 1 58  post-MAI 19.688 .000
pre-EBQ 149 701
Justification 1 58 post-EBQ .052 .820
pre-EBQ 017 .895
Source & certainty 1 58 post-EBQ .037 .849
pre-EBQ 490 A87
Development 1 58  post-EBQ 1576 214
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Levene’s test should be non-significant for all dependent variables if the assumption
of homogeneity of variance has been met. Levene’s test results are presented in
Table 4.8 showed that this assumption was violated for p < .05 values in post-MAI.
According to Tabachnick and Fidell (2007), once outliers are eliminated,
homogeneity of variance is assessed with Fpyax in conjunction with sample-size ratios.
If sample sizes are relatively equal an Fnax as great as 10 is acceptable (p.86). Frax
can be calculated with larger variance (1204.3) divided by smaller variance (557.4).
Since 2.16 < 10 Fn ratio is acceptable. Moreover, to avoid Type-l error more
conservative a level can be set. For this situation, Bonferroni adjustment can be
applied through dividing original alpha level of .05 by the number of dependent
variables (Tabachnick & Fidell 2007, p.270). In post-MAI case, there were eight
dependent variables to investigate; therefore, original alpha level of .05 was divided

to eight, giving a new alpha level of .00625.

4.2.2 Analyses Results

In this section, pre-test and post-test results of SATEG, MAI, and EBQ were presented.

4.2.2.1 Pre-test Results

4.2.2.1.a Pre-SATEG Results

To determine whether there was a statistically significant mean difference between

experimental and comparison groups with respect to science achievement in the units

of sound, living things & energy, states of matter & heat and electricity, independent

samples t-test was used. Table 4.9 demonstrated the pre-SATEG results.
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Table 4.9 T-test Results for Pre-SATEG

Sig. Mean 95 % Confidence
t df (2- difference interval of the
tailed) difference
Lower Upper
Science Equal
achievement wvariances -1.489 58 142 -1.081 -2.535 372
score assumed

An independent samples t-test was conducted to compare the science achievement
scores for the experimental group and the comparison group before the treatment.
There was no significant difference in scores for the experimental group (M = 9.68,
SD = 2.30) and the comparison group, M = 10.76, SD = 3.27; t (58) = -1.49, p = .14
(two-tailed). The magnitude of the differences in the means (mean difference = 1.08,
95 % ClI: -2.54 to .37) was very small (eta squared = .03).

4.2.2.1.b Pre-MAI Results

To determine whether there was a statistically significant mean difference between
experimental and comparison groups with respect to MAI scores before the treatment
MANOVA was conducted. MAI has sub-dimensions which are declarative
knowledge, procedural knowledge, conditional knowledge, planning, information
management, monitoring, debugging, and evaluation. All these sub-dimensions were
taken as dependent variables to conduct MANOVA. Results were displayed in Table
4.10.

Table 4.10 MANOVA Results of Pre-MALI for Treatment Groups

Effect Wilks’ F Hypothesis  Error P Partial
Lambda df df n2
Treatment .87 971 8.000 51.000 .469 132

The findings indicated that before the treatment there was no statistically significant

mean difference between the experimental and the comparison groups with respect
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to the collective dependent variables, Wilks’ A= .87, F (8,51)= .97, p = .469; n° =
13.

4.2.2.1.c Pre-EBQ Results

To determine whether there was a statistically significant mean difference between
experimental and comparison groups with respect to EBQ scores before the treatment
MANOVA was conducted. EBQ has sub-dimensions which are justification,
development and source & certainty. All these sub-dimensions were taken as
dependent variables to conduct MANOVA. Results were displayed in Table 4.11.

Table 4.11 MANOVA results of pre-EBQ for treatment groups

Effect Wilks’ F Hypothesis  Error P Partial
Lambda df df n2

Treatment .993 125 3.000 56.000 .945 .007

The findings indicated that before the treatment there was statistically no significant

mean difference between the experimental and the comparison groups with respect

to the collective dependent variables, Wilks’ A=.993, F (3,56)= .125, p = .945; n?
=.007.

4.2.2.2 Post-test Results
4.2.2.2.a Post-SATEG Results

An independent-samples t-test was conducted to compare the science achievement

scores after the treatment for the experimental group and the comparison group.
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Table 4.12 T-test results for post-SATEG

Sig. Mean 95 % Confidence
t df (2- differen interval of the
tailed) ce difference

Lower Upper
Science Equal

achievement variances 5.701 45.91 .000 6.727 4.352 9.103
score not

assumed

There was a statistically significant difference in scores for the experimental group
(M = 26.45, SD = 3.36) and the comparison group, M = 19.72, SD = 5.46; t (45.9) =
5.70, p = .00 (two-tailed). The magnitude of the differences in the means (mean
difference = 6.73, 95 % CI: 4.35 to 9.10) was large (eta squared = .36).

4.2.2.2.b Post-MAI Results

Declarative knowledge, procedural knowledge, conditional knowledge, planning,
information management, monitoring, debugging, and evaluation which are the sub-
dimensions of MAI, were taken as dependent variables to conduct MANOVA.

Results of post-MAI were displayed in Table 4.13.

Table 4.13 MANOVA results of post-MAL for treatment groups

Effect Wilks’ F Hypothesis  Error P Partial
Lambda df df n2

Treatment .52 5.916 8.000 51.000  .000 481

After the treatment, a significant mean difference between the experimental and the

comparison groups with respect to collective dependent variables was found, F
(8,51) = 5.92, p = .000 ; Wilks” A = .52, n? = .48. The multivariate based on Wilk’s
A was strong, 0.48, implying that the magnitude of the difference between the

groups was not small. In order to determine whether the effect of treatment was
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significant on each dependent variable, Test of Between-Subjects Effects output box

was interpreted.

When the results for the dependent variables were considered separately, the
differences to reach statistical significance, using a Bonferonni adjusted alpha level
of .00625 were declarative knowledge, (F (1,58) = 24.12, p = .000, n’= .29);
planning, (F (1,58) = 16.88, p = .000, n2 =.23); information management, (F (1,58)
= 22.37, p = .000, n2= .28); monitoring, (F (1,58) = 8.48, p = .005, n>= .13);
debugging, (F (1,58) = 18.48, p = .000, n2= .24) and evaluation, (F (1,58) =8.90,
p = .004, n2= .13). The eta squared values were obtained 29 %, 23 %, 28 %, 13 %,
24 % and 13 % respectively. Partial eta squared effect size statistics show the
proportion of variance of the dependent variable that is explained by the independent
variable (Pallant, 2007). That means treatment method, science writing heuristic,
had large effect on declarative knowledge, planning, information management and
debugging dimensions of metacognition while it had medium effect on monitoring
and evaluation dimensions (Cohen, 1988). However, differences in procedural
knowledge and conditional knowledge dimensions did not reach statistical

significance.
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Table 4.14 Test of Between-Subjects Effects of Post-MAI

Dependent Type Il Mean Partial Observed

Source  variables Sumof df Squares F Sig. Eta Power
Squares Squared

Treatment Declarative Knowledge 229.185 1 229.185 24.115  .000 294 .998
Procedural Knowledge 38.443 1 38.443 4894  .031 .078 .585
Conditional Knowledge 39.898 1 39.898 6.107 .016 .095 .681
Planning 264.054 1 264.054 16.879  .000 225 981
Information Management 598.959 1 598.959 22.373 .000 278 .996
Monitoring 143.278 1 143.278 8.479  .005 128 817
Debugging 106.785 1 106.785 18.476  .000 242 .988
Evaluation 131471 1 131.471 8.901 .004 133 .835




4.2.2.2.c Post-EBQ Results

Justification, source & certainty and development which are the sub-dimensions of
EBQ, were taken as dependent variables to conduct MANOVA.

Table 4.15 MANOVA results of post-EBQ for treatment groups

Effect Wilks’ F Hypothesis  Error P Partial
Lambda df df n2

Treatment 731 6.868 3.000 56.000 .001 .269

The findings indicated that after the treatment there was statistically significant mean

difference between the experimental and the comparison groups with respect to the

collective dependent variables, Wilks’ A= .731, F (3,56)= 6.868, p = .001; n= .27.
In order to determine whether the effect of treatment was significant on each
dependent variable, Test of Between-Subjects Effects output box was interpreted.
Prior to the interpretation, Bonferonni adjustment was done to reduce the chance of a
Type | error. Dividing the original alpha level of .05 by 3, new alpha level of .017

was obtained.

When the results for the dependent variables were considered separately, the
differences to reach statistical significance, using a Bonferonni adjusted alpha level
of .017 were justification and development. For justification, F (1, 58) = 16.87, p =
.000, n? = .23. For development, F (1, 58) = 16.18, p = .000, n? = .22. The eta
squared values; represented 23 % and 22 % of the variance in students’
epistemological beliefs scores explained by treatment was considered a large effect
(Cohen, 1988). However differences in source and certainty dimension did not reach

statistical significance.
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Table 4.16 Test of Between-Subjects Effects of Post-EBQ

Dependent Type Il Mean Partial Observed
Source variables Sum of df Squares F Sig. Eta Power
Squares Squared
Treatment Justification 216.968 1 216.968 16.868 .000 225 981
Source&Certainty ~ 144.724 1 144,724 3.904 .053 .063 499
Development 89.159 1 89.159 16.176 .000 218 977




CHAPTER YV

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

5.1 Discussion of the Results

The purpose of this study was to explore the effects of science writing heuristic
approach on the 8" grade students’ achievement, metacognition and epistemological
beliefs. In this study, pre-tests assessing students’ metacognition, epistemological
belief and science achievement in the four consecutive concepts which were sound,
living things & energy, states of matter & heat and electricity were administered to
the students in the experimental group and the comparison group to decide whether
there was a statistical significant mean difference between the groups. Pre-test results
revealed that there was no statistically significant mean difference between the two
groups regarding SATEG, MAI and EBQ scores before the treatment. Since post-test
only design was employed, post-tests’ results were interpreted to understand the

effects of SWH approach.

Post-SATEG results indicated that there was a statistically significant mean

difference between the experimental and the comparison group in favor of the

experimental group with large effect size (n° =.36) (Cohen, 1988). Post-MAI results
indicated that there was a statistically significant mean difference between the
experimental and the comparison group, in favor of the experimental group. The
treatment method, the science writing heuristic approach, had large effect on

declarative knowledge (n? =.29), planning (n? =.23), information management (n?
=.28) and debugging (n2 =.24) dimensions of metacognition while had medium effect

on monitoring (n®> =.13) and evaluation (n?> =.13) dimensions (Cohen, 1988).

Differences in procedural knowledge and conditional knowledge dimensions did not
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reach statistical significance.Post-EBQ results indicated that there was a statistically
significant mean difference between the experimental and the comparison group, on

the side of the experimental group. The treatment method had large effect on

justification (n® =.23) and development (m®> =.22) dimensions of students’
epistemological belief (Cohen, 1988). Differences in source and certainty dimension

did not reach statistical significance.

The effects of SWH approach on science achievement, metacognition and

epistemological beliefs were explained separately.

5.1.1 The effects of SWH approach on students’ science achievement

In SATEG there were 30 questions from sound, living things & energy, states of
matter & heat and electricity concepts. Descriptive statistics results showed that
mean of the science achievement score was 26.45 for the experimental group and
19.72 for the comparison group. Inferential statistics results revealed that SWH
approach had large effect on students’ science achievement. This result was
consisted with the earlier researches that defended SWH approach has positive
effects on students’ science achievement (Greenbowe et al., 2007; Hohenshell &
Hand, 2006; Giinel et al., 2010; Giinel et al., 2009; Kingir et al., 2012; Poock et al.,
2007).

Researchers have suggested that meaningful learning environments, in which
learners are actively engaged in learning, relating new concepts to prior knowledge
and utilizing their knowledge to explain experiences that they encounter as a main
predictor of students’ science achievement (Ausubel, 1963; Dogru-Atay & Tekkaya,
2008). The significant difference in the experimental group could be results of
meaningful, nonthreatening and evaluative environment of SWH approach and
students’ constructing their own knowledge in this environment. During the
treatment, the students were wanted to read the topic before coming to the lessons.

Then brainstorming about the topic was done via teacher initiated questions and a
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concept map was constructed. By this way, students’ prior knowledge was
eliminated. Apart from that, Norton-Meier et al. (2008) stated that nonthreatening
and evaluative environments were developed when students are given more time for
thinking, debating, reasoning and questioning without judging their answers.
Schoerning et al. (2015) stated that the less teacher voice contributes to the
classroom, the more meaningful learning can occur. In the experimental group, the

SWH approach provided students such environments.

Experimental group students were mentally and physically very active. Students
were permitted to think and write about the personal meanings of their data which
was generated during laboratory investigation and the students negotiated about their
interpretation with their peers. Students in the experimental group were benefited a
lot from peer negotiation. In addition, students were encouraged to investigate their
own research questions. Investigating what they wonder, may positively affect their
attitude. After their investigations, students consulted science books and they
presented their findings utilizing their own language. In this process students stated
their claims and evidences. Other students asked questions or stated their counter
arguments. By this way a discussion environment was raised. For closure activities
again a concept map was constructed. Chiou (2008) stated that concept mapping can
help students to understand, integrate and clarify concepts so this situation enhances

learning and achievement.

Furthermore, histograms indicated that science achievement scores in the
experimental group were spread out more on the left and the distribution was
narrower than the comparison group. It can be interpreted that the difference between
high-achievers and low-achievers was smaller in the experimental group. Students’
characteristics were investigated before the study and it was seen that both groups
have disadvantaged students who were from low socio-economic background and
low achievers. Also both groups have successful students. There was a huge
difference between the students especially in academic achievement. Narrowing the
achievement gaps was one of the important results of the present study. This result
was coherent with the results reported by Akkus et al. (2007) that compared the
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SWH approach with traditional science approach regarding 7" to 11" grade students’
science achievement level in the genetics, forces, classification and acid and bases
concepts. They found that the SWH approach has significant advantages in closing
the achievement gap. Chanlen (2013) reported similar results with his longitudinal
study. He emphasized that disadvantaged students were benefited more from
participating in the SWH classrooms. Likewise, Hasangebi and Giinel (2013)
reported the effectiveness of the SWH approach on 8" grade disadvantaged students’
science achievement. SWH approach create a climate in which students from varying
backgrounds and academic achievement level can actively engage and participate
fully in the classroom community because SWH tasks consists a set of ordered
activities that students can easily follow. The effects of SWH approach on students’

metacognition explained in the following part.

5.1.1 The effects of SWH approach on students’ metacognition

Post-MAI results revealed that SWH approach had large effect on declarative
knowledge, planning, information management and debugging dimensions of
metacognition while it had medium effect on monitoring and evaluation dimensions.
These findings were not surprising as far as the nature of SWH approach was
considered. Since the SWH approach provides opportunities for students to use
metacognitive strategies (van Opstal & Daubenmire, 2014; Wallace & Hand, 2004;
Choi, 2008; Akkus et al., 2007). Many researchers agree that metacognitive
knowledge and regulation of cognition skills can be improved through classroom
instructional practices (Brown & Pressley, 1994; Schraw, 1998; Schraw, Crippen &
Hartley, 2006; Kipnis & Hofstein, 2008; Hofstein, Kipnis & Kind, 2008).

Declarative knowledge includes knowledge about students’ awareness of their skills,
abilities, strengths and weaknesses. Students’ judgment about their own
understanding, their control about their learning, their awareness about teachers’
expectation, their ability about organizing information and their decision about

important information skills can be counted as metacognitive declarative knowledge.
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Students who treated with the SWH approach have to use the abovementioned skills
to complete the tasks. For example, the big idea which is the focus point that the
students are wanted to reach, may be promoted students’ awareness about teachers’
expectation and selection of important knowledge. The mean of the item “I know
what the teacher expects me to learn” was calculated as 4.55 in the experimental group,
3.94 in the comparison group. Moreover, construction of concept maps before and after
the activities might have improved organizing information skills. Comparison group
students did not find such opportunity and the mean of the related item was .55 point

less than the experimental group’s mean.

From a different point of view Kipnis and Hofstein (2008) expressed that while
generating a beginning question and asking questions during inquiry-based activities,
students revealed their thoughts about the questions that can be suggested by their
own or their partners and expressed the metacognitive declarative knowledge.
Together with these processes, students compared their ideas explicitly with other
ideas during the SWH tasks. On the other hand, comparison group students did not
find any opportunity to seek themselves about their abilities, strengths or

weaknesses.

Although procedural knowledge and conditional knowledge dimensions of
metacognition did not reach statistical significance in the post-MAI, the mean values
of these dimensions for the SWH students were greater than before the treatment and
also the comparison group students. Numerically .40 and .32 point increments
occurred in the mean value of procedural knowledge and conditional knowledge in
that order after the treatment. Procedural knowledge refers to knowing how to use
strategies. Based on their research, Kipnis and Hofstein (2008) reported that students
used procedural knowledge while choosing the starting questions and appropriate
methods that lead to conclusions during performing experiments. On the other side,
conditional knowledge refers to knowledge about when and why to use strategies and
situations under which a specific strategy is the most efficient. For example,

negotiation phases may lead students assess their strengths and weaknesses. By this
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way, students may utilize their intellectual strengths to compensate for their

weaknesses.

The non-significant improvement in procedural knowledge and conditional
knowledge can be expressed by the idea of Schraw and Moshman (1995). They
emphasized that students routinely demonstrate and utilize procedural knowledge
and conditional knowledge without being able to state that knowledge. Whitebread et
al. (2009) expressed this situation with challenges in assessing metacognition. They
argued that self-report methods, like rating scales or questionnaires that ask
respondents to express their use of particular strategies, rely too heavily on verbal
ability. In this situation, strategy and learning strategy words may not be understood
exactly by students. On the other hand, early studies revealed that conditional
knowledge is not only lately but also slowly develops (Schraw & Moshman, 1995;
Schraw, 1998; Schraw et al., 2006).

When the mean values of regulation of cognition dimension were compared with
pre-MAI scores, it was seen that planning, monitoring, debugging and evaluation
dimensions were slightly increased for the comparison group whereas there was a
statistically significant mean difference in the experimental group. These results
showed similarities with the study conducted by van Opstal and Daubenmire (2015).
They stated that weekly laboratory activities for both groups elicit qualitative
differences in the degrees of use of the regulation strategies. As mentioned in the
methodology part in detail, both groups did laboratory activities in the same concepts
but the process was different for groups. Both groups conducted experiment,
analyzed data, evaluated experiment and wrote report in general. Actually both group
used regulation strategies such as planning, monitoring, evaluation. However
Piaget’s theory of regulation implies that using regulation strategies may not always

be a conscious experience (Brown, 1987).

SWH approach provides students reflective prompting in this way regulation
strategies that students used be a conscious experience (van Opstal, 2014). Reflective

prompting encourages students to self-assess their knowledge and learning. For
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example, the question, “How do my ideas compare with other ideas?” was explicitly
asked in the student template. This question may lead students to consider about
others’ ideas and compare with their own ideas. By this way students may learn
considering several alternatives or options (monitoring skills) during problem solving
process. For example, a student’s SWH report about the effect of temperature on
photosynthesis rate can explain this situation. The report indicated that students
prepared a controlled experiment using water at 10°C, 25°C and 60°C temperatures.
Since enzymes did not work efficiently at high temperatures, the selected
temperatures misled to students. However, a student in the group realized that when
the temperature approached to 40°C, the photosynthesis rate increased. The student
reported that they set up the experimental design. Moreover, the sample can be
expressed with debugging skills because the students re-evaluated their assumption.
As can be seen, peer interaction is also a key concept in metacognitive awareness.
Sandi-Urena et al. (2011) emphasized that peer interactions improved metacognitive

awareness.

Moreover, the students were given limited time and expected to complete their
experimentation, negotiation, investigation and filling in their SWH reports. This
situation led students to use their time efficiently. The mean of the item, “I organize
my time to best accomplish my goals”, was found 3.60 in the comparison group and

4.20 in the experimental group.

In the beginning of this section it was highlighted that considering the eta squared of
the dimensions, SWH approach had medium effect on monitoring and evaluation
dimensions which slowly develop (Schraw and Moshman, 1995). So, monitoring and
evaluation dimensions may be affected by the longer period application of the SWH
approach. The effects of SWH approach on students’ epistemological beliefs

explained in the following part.
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5.1.2 The effects of SWH approach on students’ epistemological beliefs

Post-EBQ results indicated that science writing heuristic approach had large effect on
justification and development dimensions of students’ epistemological beliefs.
Actually, it was also an expected result because inquiry-based learning approaches
are considered effective for developing a sophisticated and informed view of science
(NRC 2000). Since, inquiry is a question-driven learning process that permits
students to formulate researchable questions, design informative investigations,
collect and respect to evidence, and propose persuasive explanations (Wu & Wu,
2011). Engaging in inquiry practices lead students to be aware of the process of
generating, testing, and revising scientific knowledge and the criteria of evaluating
scientific claims. Therefore it is expected that inquiry-based approaches have
positive effect on students’ epistemological beliefs. Some earlier studies confirmed
this expectation. For example Kaynar et al. (2009) found that sixth grade students
who experienced 5E learning cycle, a kind of inquiry-based approach, showed a

significant change in their epistemological beliefs.

Differences in the mean values of source and certainty dimension did not reach
statistical significance. Similar results also cited in the literature. Wu and Wu (2011)
explored the fifth graders epistemological views through inquiry activities. Their
results indicated that students developed better inquiry skills to construct scientific
explanations and more students recognized the probability of experimental errors,
thought experimental data as evidence to support their claims, and had sophisticated
understanding about the nature of scientific questions. However, the researchers
reported that most students’ epistemological beliefs were still naive. In the same
way, Caukin (2010) examined the effects of SWH approach on the secondary honors
chemistry students’ scientific epistemological view. Her analyses results revealed
that students who treated with the SWH approach hold more constructivist
epistemological view, however, the differences between the groups did not reach

statistical significance.
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Findings of the present study was consistent with the earlier studies in certain
respects: Students realized that scientific knowledge or ideas can change, good ideas
in science can come from anybody and there can be more than one way to test ideas.
Students also noticed the importance of curiosity and repetition of experimentation.
However, there was still unchanged part in students’ epistemological beliefs. SWH
approach did not only affect justification and development dimensions. On the
contrary, from pre to post-EBQ the SWH students’ item mean scores of source and
certainty dimension increased by .90 points, nevertheless, did not reach statistical
significance. The non-significant improvements in source and certainty dimension
may be caused by comparing student generated ideas with science books or other
authoritative sources during completing the negotiation phase Ill in the SWH
approach. This process may lead students to think that the source of scientific
knowledge is science books. Related item means confirmed that hypothesis. The
mean of item 6, “In science, you have to believe what the science books say about
stuff” calculated as 2.97 that indicated majority of experimental group students still

believe this statement.

On the other hand, Sandoval (2005) expressed that students discriminate their
epistemological ideas about their own inquiry and their point of view to professional
science. Consequently, inquiry practices positively affect some aspects of students’
epistemologies. Students’ epistemology about professional science and scientific
community may remain unchanged. According to Wu and Wu (2011) students
should have more opportunities to verbalize their epistemological views during
inquiry activities. Explicit instruction about students’ epistemological beliefs may be

necessary to complement unchanged part.

5.1.4 Limitation of the SWH approach

During the implementation of SWH approach some difficulties were observed.
Sometimes students’ research questions related the big idea of the topic were out of

the curriculum objectives. Norton-Meier et al. (2008) suggested being flexible when
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planning a unit for SWH approach because sometimes curriculum objectives may not
be the one that the students want to learn. Unfortunately, the Turkish education
system is examination oriented. In order to attend universities or highly recognized
high schools, students have to be prepared for high-stakes exams. Since the exams
are normative in nature, following curriculum objectives gain importance. In the
present study, students were convinced to change the questions. Moreover students
had difficulty when constructing the research questions especially at the beginning of
this treatment since students were used to be serviced everything that required to
learn in the traditional learning environments. Except from these, classroom
management can be uneasy. Nature of SWH approach promoted student-student
interaction. It was observed that sometimes students got excited while debating and
the voice volume increased. This situation can be seen problematic by traditional

school administrators.

5.2 Implications

Turkish science curriculum has been redesigned in 2005 on the basis of constructivist
approach. It was revised in 2013, the significance of inquiry-based approaches was
emphasized and the importance of argumentation as an integral part of scientific
inquiry was highlighted in this curriculum. However, teachers had difficulty when
implementing inquiry-based approaches. Science writing heuristic approach
consolidates inquiry with reading and writing to learn strategies and classroom
discourse. Since it has a teacher template, it is easy to follow for teachers. For that
reason the SWH approach can be a guide for teachers while implementing argument

based inquiry approach.

This study indicated that science writing heuristic approach has significant effects on
students’ science achievements, metacognition and epistemological beliefs. Earlier
studies revealed that it also affects conceptual understanding, critical thinking skills,
nature of science views and attitude towards science. Therefore, teachers, textbook

writers, curriculum developers and researchers should be informed about the
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importance and implementation of the SWH tasks. Activities based on question —
claim — evidence should be developed more and textbooks should be revised
considering this activities. Also laboratory settings should be enriched with materials
such as supplementary books and internet access. Moreover, teachers should be
trained with workshops included sample implementations and also pre-service

teachers should be introduced with SWH approach.

Combination of previous research findings and findings of this study indicated that
metacognition is inevitably important for being an independent learner. Therefore,
metacognition is one of the important components of science education. Teachers
should be aware of its importance for learning and should consider about how to
develop it. The activities which include reflective prompting such as SWH approach

can be implemented more frequently to develop students’ metacognition.

Making all students scientifically literate is one of the major aims of science
education. The nature of knowledge and knowing in other words epistemological
beliefs should be improved for scientific literacy. Epistemological beliefs also
enhance achievement. Hence, it should not be underestimated; conversely, teachers
should consider about how to improve epistemological beliefs. For better
development of epistemological beliefs, classroom discussions should focus more on
the nature of scientific knowledge. An explicit classroom discourse about the nature

of scientific knowledge can be implemented to the SWH templates.

5.3 Recommendations

For further studies, recommendations can be listed as following:

1. Similar research topics can be conducted with different grades, different
schools, larger sample size and different science topics for the generalization
of the findings.

2. Longitudinal studies can be conducted.
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Further research can be carried out to examine the effects of implementation
level of SWH approach.

Further studies can compare students’ SWH reports with students’ science
achievement, metacognition and epistemological beliefs.

Further studies can investigate peer interactions during SWH tasks can be
analyzed and its effect on students’ achievement.

Further studies can investigate the effects of consulting authoritative sources
on students’ epistemological beliefs through interviews.

In further studies, video-recording methods can be used during SWH sessions
and examined the discourse analyses.
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APPENDIX C: METACOGNITION AWARENESS INVENTORY

Sevgili Ogrenciler;

Fen ve teknoloji dersinde kullanilan 6gretim yontemlerinin, ilkogretim 8. sinif 6grencilerinin
iistbiligsel becerilerine etkisini belirlemek amactyla bir arastirma yapilmaktadir. Bu nedenle
goriislerinize bagvurulmaktadir. Ankette asagida yazan ifadeleri (fen ve teknoloji dersini
diisiinerek) ne siklikta gerceklestirdiginizi belirtmeniz istenmektedir. Bu ifadelerde verilen
derecelendirmede size en yakin oldugunu diisiindiigiiniiz tek bir segenegi isaretleyiniz.
Kisisel bilgileriniz kesinlikle gizli tutulacaktir. Arastirma amacinin gergeklesmesi,
cevaplarinizin igtenligine ve anketi eksiksiz olarak doldurmaniza baglidir.

Tesekkiir ederim. Tugge TUCEL
ODTU llkdgretim Boliimii

c | = 8
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1. Hedeflerime ulasip ulasmadigimi diizenli olarak sorgularim.

2. Bir problemi ¢ézmeden dnce farkl alternatifleri g6z oniine
alirim.

3. Calisirken daha dnce ise yarayan yontemleri kullanmaya
caligirim.

4. Yeni konular 6grenirken daha fazla zamana sahip olmak i¢in
Ogrenme hizimi ayarlayabilirim.

5. Zihinsel olarak giiclii ve zayif yonlerimi bilirim.

6. Yeni bir 6deve baglamadan dnce gercekten neyi 6grenmem
gerektigi konusunda diigtintiriim.

7. Bir smavi bitirdigimde, o sinavda ne kadar iyi yaptigimi bilirim.

8. Bir ddeve baslamadan once kendime agik, net ve 6zel hedefler
belirlerim.

9. Onemli bir bilgiyle karsilastigimda calisma hizim yavaslatirim.

10. Ne tiir bilgiyi edinmenin 6nemli oldugunu bilirim.

11. Bir problemi ¢ozerken her tiirlii ¢6ziim yolunu gézoniine alip
almadigimi kendime sorarim.

12. Bilgiyi iyi bir sekilde organize edebilirim.

13. Bilingli olarak dikkatimi 6nemli bir bilgiye odaklayabilirim.

14. Ogrenirken kullandigim her bir strateji i¢in 6zel bir amacim
vardir.

15. Bir konu hakkinda 6nceden bilgim varsa en iyi 0 zaman
Ogrenirim.
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Nadiren

Hicbir Zaman

16. Ogretmenimin benden neyi 6grenmemi istedigimi bilirim.

17. Ogrendigim bilgiyi iyi bir sekilde hatirlayabilirim.

18. Hedeflerime ulasip ulagmadigimu diizenli olarak sorgularim.

19. Bir problemi ¢6zmeden dnce farkli alternatifleri g6z oniine
alinm.

20. Calisirken daha Once ise yarayan yontemleri kullanmaya
caligirim.

21. Yeni konular 6grenirken daha fazla zamana sahip olmak igin
Ogrenme hizim ayarlayabilirim.

22. Zihinsel olarak giiclii ve zayif yonlerimi bilirim.

23. Yeni bir 6deve baslamadan 6nce gergekten neyi 6grenmem
gerektigi konusunda diistiniiriim.

24. Bir smav1 bitirdigimde, o smavda ne kadar iyi yaptigimi bilirim.

25. Bir 6deve baslamadan 6nce kendime agik, net ve 6zel hedefler
belirlerim.

26. Onemli bir bilgiyle karsilastigimda calisma hizinu yavaslatirim.

27. Ne tiir bilgiyi edinmenin dnemli oldugunu bilirim.

28. Bir problemi ¢ozerken her tiirlii ¢6ziim yolunu g6zoniine alip
almadigimi kendime sorarim.

29. Bilgiyi iyi bir sekilde organize edebilirim.

30. Bilingli olarak dikkatimi 6nemli bir bilgiye odaklayabilirim.

31. Ogrenirken kullandigim her bir strateji igin 6zel bir amacim
vardir.

32. Bir konu hakkinda 6nceden bilgim varsa en iyi o zaman
Ogrenirim.

33. Ogretmenimin benden neyi grenmemi istedigimi bilirim.

34. Ogrendigim bilgiyi iyi bir sekilde hatirlayabilirim.

35. Kullanidgim her bir 6grenme stratejisinin ne zaman en fazla
yararli olacagini bilirim.

36. Caligmanin sonuna geldigimde, hedeflerime ne 6lgiide ulastigimi
sorgularim.

37. Ogrenirken, konular1 daha iyi anlayabilmek igin resimler ya da
sekiller ¢izerim.

38. Bir problemi ¢dzdiikten sonra, her tiirlii segenegi géz oniine alip
almadigimi kendime sorarim.

39. Yeni bilgiyi kendi climlelerimle ifade etmeye ¢aligirim.

40. Bir konuyu anlayamazsam, kullandigim 6grenme stratejisini
degistiririm.
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41. Ogrenmeme yardimci olmasi igin bir konunun nasil organize
edildigine dikkat ederim.

42. Bir 6deve baglamadan 6nce ilgili yonergeleri (ne yapmam
gerektigini) dikkatle okurum.

43. Okuduklarimin daha dnceden bildiklerimle ilgili olup olmadigini
kendime sorarim.

44, Kafam karistiginda konu dogrultusundaki varsayimlari tekrar
gozden gecirim.

45. Zamanimi hedeflerime en iyi sekilde ulagabilmek igin
programlarim.

46. Bir konuya ilgim oldugunda daha iyi 6grenirim.

47. Bir konuyu asama agama caligirim.

48. Konunun ayrintilarindan ¢ok genel anlamina odaklanirim.

49. Yeni bir konuyu ¢alisirken ne kadar iyi 6grendigime dair
kendime sorular sorarim.

50. Bir konuyu ¢alistiktan sonra sonra gerektigi kadar 6grenip
o6grenmedigimi kendime sorarim.

51. Yeni bilgi anlagilir degil ise durur ve iizerinden bir kez daha
giderim.

52. Bir seyler okurken kafam karistiginda durur ve yeniden okurum.
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APPENDIX D: EPISTEMOLOGICAL BELIEFS QUESTIONNAIRE

E| E
. .. . Z| £ | g E ° £
EPISTEMOLOJIK INANCLAR ANKETI é % % S s X8
1. Tim insanlar, bilim insanlarinin soylediklerine inanmak 10 2al304also
zorundadir.
2. Bilimde, biitiin sorularin tek bir dogru yanit1 vardir. 10120130 44 |54
3. Bilimsel d;ne}ilefdekl fikirler, olaylarin nasil meydana geldigini 10120304050
merak edip diisiinerek ortaya cikar.
4. G‘}muml.l.zc‘l‘e bfm b{hmsel diisiinceler, bilim insanlarinin daha 10120304050
once diisiindiiklerinden farklidir.
5. Bir deneye baslamadan 6nce, deneyle ilgili bir fikrinizin 101 2al304also
olmasinda yarar vardir.
6. Bilimsel kitaplarda yazanlara inanmak zorundasiniz. 10120130 44 |54
7. Bilimsel ¢alisma yapmanin en 6nemli kismi, dogru yanita 10120304050
ulagmaktir.
8. Bilimsel kitaplardaki bilgiler bazen degisir. 10120130 44 |54
9. Bilimsel (;ahsn_la_larda diisiincelerin test edilebilmesi igin birden 10 12al304also
fazla yol olabilir.
10. Fen Bilgisi dersinde, 6gretmenin sdyledigi hersey dogrudur. 10120130 44 |54
11. Bilimdeki diistinceler, konu ile ilgili kendi kendinize
sordugunuz sorulardan ve deneysel ¢aligmalarimizdan ortaya |11 |20 |30 |40 |50
cikabilir.
12. Blllm }gsanlarl bilim haqunda hemen hemen her seyi bilir, 1al-20l30l40!50
yani bilinecek daha fazla bir sey kalmamugtir.
13. Bilim insanlarinin bile yanitlayamayacagi bazi sorular 10l-20l30l40 50
vardir.
14. Olaylarin nasil meydana geldigi hakkinda yeni fikirler bulmak
icin deneyler yapmak, bilimsel ¢aligmanin 6nemli bir 10120130 44 |54
parcasidir.
15. BI_II_mS_eI_ kitaplardan okuduklarimizin dogru oldugundan emin 10l 2al3alalsa
olabilirsiniz.
16. Bilimsel bilgi her zaman dogrudur. 1012013040 |50
17. Bilimsel diisiinceler bazen degisir. 1020|304 |40 |54
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Sl Ele | 8|t
18. Sonuglardan emin olmak i¢in, deneylerin birden fazla 1020304050
tekrarlanmasinda fayda vardir.
19. Sadece bilim insanlari, bilimde neyin dogru oldugunu kesin 10120304050
olarak bilirler.
20. Bilim insaninin bir deneyden aldig1 sonug, o deneyin tek 10120304050
yanitidir.
21.Yeni buluslar, bilim insanlarinin dogru olarak diistindiiklerini 10l2al30l4a 50
degistirir.
22. Bilimdeki, parlak fikirler sadece bilim insanlarindan degil, 10120304050
herhangi birinden de gelebilir.
23. Bilim insanlari bilimde neyin dogru oldugu konusunda her 10l2al30l4alsa
zaman hemfikirdirler.
24. lyi cikarimlar, birgok farkli deneyin sonucundan elde edilen 1a2al3a 4050
kanitlara dayanir.
25. Bilim insanlari, bilimde neyin dogru oldugu ile ilgili 1a2al3a 4050
diisiincelerini bazen degistirirler.
26.Bir seyin dogru olup olmadigini anlamak i¢in deney yapmak iyi 10120304050

bir yoldur.
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APPENDIX E: SCIENCE ACHIEVEMENT TEST FOR EIGHT GRADERS

Sevgili Ogrenciler;

Asagidaki test ilkdgretim dgrencileri igin yapilacak bir aragtirma kapsaminda uygulaniyor
olup, testin sonuglari kesinlikle notlandirilmayacaktir ve gizli tutulacaktur. Aragtirma amacinin
gergeklesmesi igin sorulan ciddiyetle ve bireysel olarak cevaplamaniz $nemlidir.

Tesekkiir ederim. Tugge TUCEL
ODTU ILKOGRETIM BOLUMU

1) Siv1 haldeki bir maddenin molekiilleri ile gaz halindeki bir maddenin molekiilleri
kargilagtirildiginda asagidaki ifadelerden hangisi dogrudur?
A) Siv1 haldeki maddenin molekiilleri daha yavas ve birbirinden daha uzaktadir.
B) S1v1 haldeki maddenin molekiilleri daha hizli ve birbirinden daha uzaktadir.
C) Siv1 haldeki maddenin molekiilleri daha yavas ve birbirine daha yakindir.
D) Sivi haldeki maddenin molekiilleri daha hizli ve birbirine daha yakindir.

[

2) 7N\ 7 j‘“‘*:j {"’L‘l‘ Sekildeki dort kabin her biri yiiksekliginin
f ] \ ;/ ﬁ I “ yarisina kadar gesme suyuyla doldurulmustur.
\_’/[ \ / L J & \ Bu kaplarin diger yarilan kaynar suyla

Lo

! " d W dolduruluyor.

Asagidakilerden hangisi bu kaplardaki sularun son sicakliklar ile ilgili olarak sdylenemez?
A) II. ve IV. kaptaki sular aym sicakliktadir.
B) 1. ve III. kaptaki sular aym sicakliktadir.
C) I1. kaptaki su en sicaktir.
D) IV. kaptaki su en soguktur.

3) Bir dgrenci saf maddelerde donma sicakliginin ayirt edici bir &zellik oldugunu
gostermek istiyor. Bunun igin X ve Y maddelerini aliyor. Bu 6grenci asagidaki deneylerden
hangisini yaparsa amacina ulagir?

A) Bir tiipte X maddesini eriterek, erimenin basladig sicaklig1 lgmek.

B) Erimis haldeki Y maddesinin donmaya basladig1 sicaklig Slgmek.

C) Donma sicakhiginda bulunan X ve Y maddelerinin donma sirasinda disariya
verdikleri 1silar1 lgmek.

D) X ve Y maddelerini ayn tiiplerde eriterek, erimeye basladiklar: sicakliklari Slgmek.
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4

200 ml
20 °C 00 ml
ey 10°C
e
n

IV Siddetli Dusiik
alev  alev

Yukaridaki diizenekler ile asagidaki deneylerden hangisi yapilirsa, “Farkli cins maddelerin
esit 151 almalarina kargin sicaklik artislar farkl olur” yargisi test edilebilir?

A) I've Il nolu kaplar: siddetli alevde esit siire 1sitmak
B) I've Il nolu kaplar: diisiik alevde esit siire 1sitmak

C) I ve III nolu kaplar diisiik alevde esit siire 1s1tmak
D) III ve IV nolu kaplar: siddetli alevde esit siire 1sitmak

5) Erime sicakliklarindaki ayn miktar X, Y ve Z kat: maddeleri 6zdes 1siticilarla 1sitildiginda;
e Xkatist 3 dakika
e Y katisi 8 dakika
e ZXkatis1 11 dakika

sonra tamamen sivi hale gegiyor. Bu maddelerin erime 1silarinmn bityiikten kii¢life dogru

siralanigi asagidakilerden hangisidir?
A) X>Y>Z B)Y>Z>X C)Z>Y>X D)Z>X>Y

6) Sekildeki kaplarda 20 °C de su, alkol ve asit
bulunmaktadir. Bu kaplara esit kiitlede farkl: sicakliktaki
ISCMEAT)  ASca 1C)  pSca AC) kendi sivilarindan eklenerek 10 s stireyle sicakliklart

Sletiliiyor.  Sicaklik-zaman ~grafikleri sekildeki gibi

. e W gozleniyor. Buna gore eklenen sivilarin sicakliklar

hangisindeki gibi olabilir?

SuCfQ  Akol(°Q)  Asit(°Q)

A) 25 25 25
B) 20 15 25
(9) 10 15 25
D) 20 15 15
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Yanma icin oksijen
gereklidir.Fanusta oksijen bittigi igin
mumum séndiigiinii gérdiiniiz

11)

[\ m getirirse mum yanmaya devam eder?

(& A & 0

Kagan, simfindaki bir etkinlikte fotosentezin
Onemini anlatmaktadir. Diizenegi hangi hale

. e Karbondioksitli ortamda bulunan kire¢ suyu bulanir. Bu prensibi

/ R\ kullanarak bitkilerin solunum sirasinda CO, verdigini gormek

om——— suyunun beklendigi gibi bulanmadig1 gozlenmistir.
Bu deneyden asagidakilerden hangisi beklenen etkiyi gézlemeyi engellemis olabilir?

A) Giines 1518min terlemeyi arttirmast

B) CO; nin fotosentezde kullanilmas:

C) Kiigiik yaprakl bitkinin daha ¢ok CO; iiretmesi
D) Bitkinin gévdeden solunum yapmas:

13) W |
/ 'n«,m talag P ’::;5

oo i
gEL
T sy
Bu diizenegi kuran aragtirmaci deneyi hangi soruyu cevaplamak igin yapmis olabilir?
(Kireg suyu, karbondioksitli ortamda bulanir.)

A) Tohumlar ¢imlenirken karbondioksit kullanir mi?
B) Ortam sicakligi solunumu etkiler mi?

C) Tohumlar solunum yapar m?

D) Kireg suyu ¢imlenme igin gerekli mi?
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Havas: alinmsg Kury bez
X&p Buz [l
pargaian
et Gye 4 Coer
’ ’

PN~y

14)

.
Kurutulmug et
Kuntuimug et '

Bir bilim

oksijenli

“N  bakterisi,
solunum  yaptigi
sadece agikta birakilan besinler

tizerinde gogalir.” iddiasim deneyle

insani

igin

ispatlamak istiyor.

Bu deney i¢in asagidaki deney diizeneklerinden hangilerini segmelidir?

A) lves B)2ve4 C) 1,3ve4

r .
r Igkh ve nemii onar
I

|

L J
Exkmek uzenne Bog cam kaba
bDirakdan baxtenior brakilan bakteriier
gogald yagamad.

D)2,3ve5

Ezgi sekildeki deneyden elde ettigi sonuglara gore , arkadasinin K bakterisiyle ilgili hangi

iddiasini ¢iiriitmiis olabilir.

A) En fazla ekmek tizerinde gogalir.

B) Kendi besinini kendisi tiretir.

C) Nemli ve besinli her ortamda ¢ogalir.
D) Oksijenli solunum yapar.

16) Sekilde tizerine yalitilmus tel sarilmig bir demir ¢ivi goriilmektedir. Yalitilms telin uglari

bir pile sekildeki gibi baglanmistir.
o)X

yabtilonig tet

J

.

,\J

Telden akim gegtiginde demir ¢iviye ne olur?
A) Civi erir.
B) Cividen elektrik akimi geger.
C) Civi miknatislanir.
D) Civide higbir degisim olmaz.
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m N ' 17) Bir 6grenci bobinin manyetik alan siddetinin {izerinden gegen
CERFT alima gore degistigini, toplu ignelerin hareketine bakarak

gostermek istiyor.

Bunun i¢in yukarida verilen diizenege ek olarak asagidaki deneylerden hangisini yapmalidir?
8) (&) D)

L] j S

18) Sekildeki iletken tel sarili bobinin igerisine,miknatis ok yoniinde hareket ettirildiginde
ampermetrede okunan degerden daha biiyiik bir degerin elde

g: edilebilmesi i¢in gdzlemci asagidakilerden hangisini
yapmamalidir?

~_\A

A) Ampermetreyi degistirmeli

B) Bobin sarim sayisini arttirmali
C)Miknatisin hizini arttirmali

D) Miknatisin yanina yeni bir miknatis eklemeli

19) Ozdes pil ve esit miktarda stvi kullanilarak hazirlanan diizeneklerle iizerinden akim gegen
bir iletkende a¢1ga ¢ikan 1s1 miktarinm iletkenin direnci ile iligkisini arastirmak isteyen
grenci hangi deney diizeneklerini birlikte kullanabilir?

]

Nikel-kromtel

-u\

1 R o] W]

l = Sk vel le.l-kromk-l .

1. duzenck 2. duzenek 3. duzenck 4. duzenek

B-k-r tel

A)1l.ve3. B)l.ve4. C)2.ve3. D)3.ve4.
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20) lhipotez: Bobindeki sarim sayisi arttikga elektromiknatisin gekim giicii artar.
2. hipotez: Uzerinden gegen akim arttikea elektromiknatisin gekim giicii artar.

Bir ogrenci yukandaki hipotezleri icin Gzdes ¢ivi, tel ve pillerle I, I ve III

elektromiknatislarini yapiyor.

TEeeS

Daha sonra her bir elektromiknatis zdes ignelere yaklastirarak kagar tane igne gektiklerini

kaydediyor.
Buna gére 6renci 1. ve 2. hipotezlerini test etmek icin hangi elektromiknatislar ile elde
ettigi verileri birlikte degerlendirmelidir?

1. hipotez 2. hipotez
A) I-1I I-IT1
B) II-1IT I-1I
C) I-1IT 1I-11T
D) I-1I II-1IT

21) Ahmet, 6zdes pil ve telleri kullanarak olusturdugu ii¢ devreyi, iglerinde oda sicakliginda
esit miktarda su ve termometre bulunan kaplara sekildeki gibi daldiryor:

dido

Dewreyi 4 dakika  Dovroyi 6 dakika Dewreyi 4 dakika

Her bir devreyi, kaplar altinda belirtilen siirelerde

caligtitan ~ Ahmet,  termometrelerde okudugu

degerleri kargilastiryor.

Ahmet, tizerinden akim gegen bir iletkende ag1ga gikan 1smun, iletkenin tizerinden gegen akim
ve akimin gegis stiresinin iligkili olup olmadigim géstermek igin hangi diizeneklerin

sonuglarim kargilagtirmali?

Gegen akim icin Akimin gegis siiresi icin

A) Ivell Ivelll
B) Ivelll Ivell
C) Ivelll II ve III
D) IIve I Ivell
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22) Futh her bakimdan 8zdey agagidaki iki devreyi kuruyor,

- i
___J - Syl _:| - Su|

} "
Fatih bu iki devreyi kullanarak tizerinden akim gegen bir telde agig gikan 181 mikta il ilgili
olarak asagidaki sonuglardan hangisine ulagabilir?
A) Telin cinsine bagldir.
B) Telin direncine bagldur.
C) Telin iizerinden gegen akimin siddetine baglidir.
D) Telin iizerinden gegen akimun gegis siiresine baglidir.

23) Mert 30 cm uzunlugundaki cetveli bir sehpanin kenarna iki farlli sekilde yerlestitiyor,

2. Durum

Her iki durumda da cetveli bir eliyle sehpa Ustline bastiran Mer, diger eliyle de cetvelin
bostaki ucunu asag: dogru esnetip birakiyor. Bu iglem sonunda 2. durumda ¢ikan sesin daha
kalin oldugunu fark ediyor.

Buna gére Mert sesteki kalinlasmanin nedenini nasil aciklar?

A) Sesin genliginin artmasiyla
B) Sesin frekansinin artmasiyla
C) Sesin genliginin azalmasiyla
D) Sesin frekansinin azalmasiyla

24) “Madde miktar1, maddenin titresimini ve buna bagh olarak olugturdugu sesin &zelligini
degistirmektedir.” iddias1 nasil test edilebilir?

A) Bir havuza yakin ve uzak mesafeden ayni tag1 atmak
B) Farkl maddeden yapilmus tellere vurarak

C) Igerisinde farkl: miktarda su bulunan siselere iifleyerek
D) Bir lastigi 6nce az, sonra gok gerip titregtirerek
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25)

Sol eliyle gitarin en {ist telinde K noktasina basan
Hasan, sag eliyle aym tele sekildeki gibi vurarak
¢ikan sesi dinliyor. Hasan, ¢ikan sesin yiiksekligini

ve siddetini azaltmak istiyor.

Buna gore, sol elini aym tel iizerindeki L ve M

noktalarindan hangisini basarak sag eliyle bu tele nasil vurmalidir?

A)
B)
)
D)

Y

Sol elini
M noktasina
M noktasina
L noktasina
L noktasina

Sag elivle
daha hizli
daha yavag
daha hizli
daha yavag

Cubuk yardimiyla tahtalara vurularak ¢ikan sesler dinlenmektedir.
Tahtalarin  boyu kisaldik¢a, ¢ikan sesin  incelmesi nasil
aciklanabilir?

A) Tahtanin boyu kisaldikga sesin yiiksekligi artar.
B) Tahtanin boyu kisaldikga sesin yiiksekligi azalir.
C) Tahtanin boyu kisaldikea sesin genligi artar.

D) Tahtanin boyu kisaldikga sesin genligi azalir.

27) Sicakliklari ve derinlikleri ayni, tuz yogunlugu farkh iki golde bir arastirma yapiliyor.

Aragtirmacilar iki géle de, belli araliklarla ses ¢ikaran bir cihaz birakiyorlar. Arastirmanin

amaci ne olabilir?

A) Tuzlu suyun sesi iletip, iletmedigini anlamak

B) Sicaklign, sesin yayilma hizina etkisini incelemek

C) Yogunlugun, sesin yayilma hizina etkisini incelemek
D) Cihazin su altinda galisip, ¢alismadigin: kontrol etmek
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28) Bir gozlemci ses kaynagimin siddetini degistirmeden sekillerdeki gibi degisik durumlarda
sesi duymaya calismaktadir.

Hava 0%C Hava 3T Hava 10T Hava 30°C

Q"l Q’“l Q"*’vl QO-—-Oi:

| 50m . 50m | 100m | | 150m

S'es kaynadg S’eq kaynad S'es kaynag: S'es kaynad

Buna gire gozlemci, asagidaki sorulardan hangisine ya da hangilerine cevap verebilir?

I Sesin yayilma hiz sicaklikla degisir mi?
1L Kaynaktan uzaklastik¢a sesin siddeti artar mi?
II.  Sesin siddeti farkli ortamlarda azalir m1?

A) Yalmz I B)Ivell C) Yalmz III D)L, I ve III

29) Sesle ilgili modelleme yapan Emin, 300 adet domino tasindan 100erli 3 grup yapiyor.
Birinci gruptaki taglart lcm, ikinci gruptaki taslar 1,5cm ve iigiincii gruptaki taglari 2cm
arayla sekildeki gibi diziyor. Ug grupta da bastaki taga ayni itme kuvvetini uygulayan Emin,
son tas diisene kadar gegen siireyi asagidaki tabloya kaydediyor.

Emin‘in &iclim sonucglar::

Grup Gegen sure
1. Grup 2 saniye

2. Grup 2.5 saniye
3. Grup 3 saniye

Buna gore Emin, hangi bilgi i¢in modelleme yapmugtir?
A) Ses en izl katilarda, sonra sirasiyla sivi ve gazlarda yayilir.
B) Sesin siddeti artsa da yayilma hiz1 degismez.
C) Ses bir enerjidir ve baska bir enerjiye doniisebilir.
D) Ses enerjisi kaynaga yaklastik¢a biiytir.

30) Ses hizim inceleyen bilim insanlari sekildeki gibi bir diizenek kuruyorlar. Isaretli
noktalarda bekleyip sesi duyduklari am
kaydediyorlar. Eger bu bilim insanlari, ortam
sicakhfimin  sesin yayllma hizina etkisini
arastirryorlarsa hangi noktalarda
beklemeliler?

A)Ivell B)Ivelll C)Ilvelll D)IvelV
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APPENDIX F: THE MYSTERY ACTIVITY

ATBO BASLANGIC ETKINLIGI
Stire: 2 ders saati
Kazanimlar: Dersin sonunda 6grenciler:
e Agciklama, tahmin ve model olustururken kanitlardan yararlanir.
e Kanit ve iddia arasinda elestirel iliski kurabilir.
e Alternatif agiklama ve tahminleri analiz eder.
e Iddialarin tartisir ve savunur.
e Arglimantasyon tabanli bilim 0grenme yaklasimi hakkinda fikir sahibi

olurlar.

Ogretim Metot ve Yontemleri : Argiimantasyon Tabanli Bilim Ogrenme Y aklagimi

BAY HAVYAR’IN ENTERESAN OLUMU

Sen ve partnerin zenginligi ve yalnizlifiyla taninan zengin fakat tuhaf bir
adam olan Bay Havyar’in 6liimiinii incelemek tizere kiralanmis 6zel dedektiflersiniz.
O, her zaman endiseli ve kolay korkan bir insan oldugundan, diger insanlarin
etrafinda olmaktan kacinmistir. O ayni zamanda paranoya sikintisi ¢cekmektedir.
Hizmetlilerinin ona kars1 gizli bir sekilde komplo kuruyor olmalarindan korktugu
icin uzun zaman once ise aldig1 hizmetlilerini isten ¢ikarmigtir. O her gece, aksam
yemegi olarak ayni yemegi: ¢cok az pismis (kanli) iki biftek ve firinda pismis eksi
soslu iki patates yerdi.

Size olay yerine varmanizin {izerine, Bay Havyar’in bu sabah erken bir saatte
evinde hizmetlileri tarafindan &lii olarak bulundugu sdylenmistir. Onceki aksam asc1
Bay Havyar’in her zamanki yemegini yaptiktan sonra, Bay Havyar korkun¢ bir
firtina olmasindan dolay1 ¢alisanlarinin evlerine sorunsuz donebilmeleri i¢in onlara
erken izin vermisti. Hizmetliler sabah geri dondiiklerinde Bay Havyar’it yemek
odasinda yiiz iistii yatarken buldular.

Siz, odanin i¢ine bakarak incelemelerinize baslarsiniz. Yemek odasindaki

biiylik pencere cami kirilmig paramparca olmustur. Cam disaridan darbe ile kirilarak
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acilmis gibi goriinmektedir. Oliiniin viicudunda kesik yaralar1 teshis edilmekte ve
masanin hemen yaninda yiiziistii yatmaktadir. Ayrica, cesedin tam altinda halinin
tizerinde bliyiik kirmiz1 bir leke géze ¢arpmaktadir. A¢ilmis vaziyette bir sise kirmizi
sarap ve bir kism1 yenmis bir biftek masanin iizerinde durmaktadir. Cesedin hemen
yaninda devrilmis bir sandalye ve masanin altinda iizerinde kan olan bir bigak
gorilmektedir.

Ogrenciler bu hikayeyi okuduktan sonra “Partnerinizle c¢alisarak, ilk gézlemlere
gore diin gece neler oldugu (Bay Havyar in nasil oldiigii) hakkinda iddialar sunun.
Liitfen her iddianizla ilgili olabildigince kanit bulun.” denir. Ogrenciler iddialarii ve
kanitlarini bir kagida not alirlar. Daha sonra her grup tahtaya gelerek iddialarini ve
kanitlarii siniftaki diger arkadaslarina anlatir. Bu sirada sinifta bir tartisma ortami
yaratilir. Bu sirada tahtaya “Fikirlerim diger (fikirlerle nasil kiyaslanabilir?
(Arkadaslarim bu konu hakkinda ne diisiiniiyorlar?)” yazilir ve 6grencilerden farkl fikirleri
(iddia ve kanitlarr) not almalari istenir. Tartisma bittikten sonra da “Arkadaslarinizia
tartistiktan sonra iddialarinizda degisme oldu mu?” diye sorulur.

Bu aktiviteden sonra Argiimantasyon Tabanl Bilim Ogrenme yaklagimi (SWH)
hakkinda bilgi verilir ve bundan sonraki laboratuvar derslerinde nasil ¢alisilacagi
anlatilir. Ogrenci sablonu tahtaya yansitilir ve basamak basamak nelerin yapilacag
lizerine konusulur. Arastirilabilir soru nedir, nasil hazirlanir 6rneklerle anlatilir. 5.
Sinifta O0grenmeye basladiklart bagimli-bagimsiz degisken konusu hatirlatilir,

ornekler verilir.
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APPENDIX G: SWH REPORT FORMAT

Ad Soyad / Simif:
KONU:

? Tarih:

o ‘{_ Arastirma sorum:

Gozlemlerim (Deney sirasinda neler gozlemledim/ deneyin sonucu ne oldu?):

Iddialarim (Deneyimizle ilgili nasil ¢ikarimlar yapabilirim?) :
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Kanitlarim (Neden bu tiir iddialarda bulunuyorum?) :

Fikirlerim diger fikirlerle nasil kiyaslanabilir? (Arkadaslarim bu konu hakkinda ne

diistiniiyorlar?) :

Diger kaynaklardan okuduklarim/ogrendiklerim (ders kitabi, yardimer kitaplar,

internet, vs.) :




Diger kaynaklardan edindigim bilgiler, iddialarim ve kanitlarimla nasil bir

benzerlik / z1ithik icerisindedir? :
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APPENDIX H: TRADITIONAL REPORT FORMAT

Ad Soyad / Simif:
KONU: Tarih:

Deneyin Adi:

Deneyin Amaci:

Kullanilan Malzemeler:
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APPENDIX I: HISTOGRAMS

Histograms with normal curve of pre-SATEG in terms of groups

EG CG
6—1 p—
) 4
S
1
. e
w
|
oo
0= T T T T T T T T T
o] ] 10 15 20 [i] 3 10 13 20

Achievement

Mean = 9.68 Mean = 10.79
Std. Dev = 3.270 Std. Dev = 2.301
N =31 N =29

Histograms with normal curve for the dimensions of pre-MAI in terms of

groups
CG EG
107
E;' g
5
g i
8 /|
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0= T L T ] T T T L T T T T 1
15 20 25 30 35 40 43 15 20 25 30 35 40 45

Total declarative knowledge

Mean = 33.41 Mean = 32.52
Std. Dev = 3.869 Std. Dev =4.774
N =29 N =31
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CG EG

Frequency
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Frequency
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Histograms with normal curve for the dimensions of post-MALI in terms of
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APPENDIX J: TURKISH SUMMARY

Giris

1980’11 yillar itibariyle uluslararast ve ulusal alanda yapilan birgok calisma fen
Ogretiminde arastirma sorgulama tabanli Ogrenme yaklagiminin  degisik
perspektiflerden Onemini vurgulamaya baslamistir. Bu c¢alismalar arastirma
sorgulama tabanli 6grenmenin Ogrencilerin yaraticiliklarin1 besledigini, bilimsel
stire¢ ve kritik diistinme becerilerini gelistirdigini, 6grencilerin fen konularini daha
iyi anlamlandirmalarini saglagini (Choi, 2008; Chanlen, 2013); onlarin {ist bilislerini
(Sandi-Urena vd., 2012; Kipnis & Hofstein, 2008) ve epistemolojik inanglarimi
(Conley, Pintrich, Vekiri & Harrison, 2004; Kaynar, Tekkaya & Cakiroglu, 2009)

gelistirdigini gostermektedir.

Argiimantasyon tabanli bilim 6grenme (ATBO) yaklagimi, arastirma sorgulama
tabanli 6grenmenin bir ¢esidi olup “soru — iddia — kanit” ii¢clemesine dayali bir
yontem izlemektedir. Diger arastirma sorgulama tabanli 6grenme yontemlerinden en
onemli farki bilimsel agiklamalarin gerekgelendirilmesi yapilirken — akran
miizakeresine basvurmasidir ( Pinney, 2014). Gelecek Nesil K12 Fen Standartlarina
(NGSS, 2013) gore arglimantasyon fen egitimi i¢in oldukc¢a 6nemlidir. Bu durumun
gerekcelert agiklanirken Ogrencilerin bilimsel argiimantasyonlara katilmalarinin
onlarin bilim insanlarinin iginde bulunduklar kiiltiiri daha iyi anlamalarini
saglayacagi boylece bilim ve miihendislik uygulamalarinin toplumun yararina hizmet

edecegi vurgulanmistir (NRC, 2012).

Uluslararasi reform hareketlerine paralel olarak Milli Egitim Bakanligi [MEB] 2013
Fen Bilimleri Dersi Ogretim Programinda arastirma - sorgulamaya dayali grenme
yaklasimini temel almistir. Ancak, aragtirma - sorgulama siirecini sadece “kesfetme
ve deney” olarak degil, “ag¢iklama ve argiiman” olusturma siireci olarak da ele

almanin 6nemi vurgulanmistir.
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ATBO yaklasimi grencilerin kendi bilgilerini yapilandirmasina yardimci olmak ve
bu siirecte Ogretmenlerin yapmasi gerekenleri, tavsiye edilen yontemleri sunmak
amaciyla Ogretmen sablonu ve Ogrenci rapor sablonu olmak {izere iki sablon
icermektedir. Genel olarak, 6gretmenler 6grencilerinin mevcut bilgilerini hatirlatan
yeni bilgileriyle iligki kurmasini saglayan tartismalar baglatarak, onlarin
diistincelerini rahatca ifade edebildikleri 6grenme ortamlari saglarlar. Bu ortamlarda
Ogrenciler iddialarim1 farkli gerekgelerle destekleyebilirler ve arkadaslarinin
iddialarim ¢iirtitmek amaciyla karsit argiimanlar olusturacak diyaloglar igerisinde yer
alirlar. Ogretmen sablonu basamak basamak takip edilmesi zorunlu aktiviteler olarak
algilanmamali aksine, ATBO yaklasiminin uygulama siirecini yansitan temel
pargalar olarak diisiiniilmelidir. Ogretmen sablonundaki tavsiye edilen basamaklar:
1) Bireysel ya da grup kavram haritas1 yapmada 6n bilgileri ortaya ¢ikarma, 2)
Informal yazma, agiklamalar yapma, beyin firtinasi ve soru sormayr igeren 6n
laboratuvar aktivitesi, 3) Laboratuvar aktivitesine katilma, 4) Gorlisme / Miizakere I-
Laboratuvar aktivitesi igin kisisel yazma aktivitesi yapma (Ornegin; makale yazma),
5) Goriisme / Miizakere II- Kiiglik gruplardaki veri yorumlarim1 paylasma ve
kiyaslama (Ornegin; grup kartlar1 yapma), 6) Goriisme / Miizakere III- Kitap ya da
diger kaynaklar ile karsilastirma (Ornegin; odaklanan sorulari cevaplamada grup
notlarin1 yazma), 7) Gériisme / Miizakere IV- Bireysel yansima ve yazma (Ornegin;
biiyiik dinleyiciler i¢in rapor ya da poster gibi sunumlar yaratma), 8) Kavram haritasi

yapmada son bilgileri ortaya ¢ikarma ( Hasangebi, 2014).

Goriildiigii gibi 6grenme fikirlerin miizakeresi siirecinde olusuyor. Bununla birlikte
ogrenci rapor sablonu soru, iddia ve kanit bilesenlerini iceriyor. Ogrenci rapor
sablonu “Sorularim neler?”, “Ne yapabilirim?”, “Ne gozlemledim?”, “Ne iddia
edebilirim?”, “Neden bu iddialar1 yapiyorum?”, “Fikirlerim diger fikirler ile nasil
kiyaslanabilir?”, “Fikirlerim nasil degisti?” sorular1 iizerinden yansitict dgrenme
amagl yazma firsatlar1 sunuyor (Hand & Keys, 1999). Ogrenciler yukarda bahsi
gecen sorulara cevap verirken kendi O6grenmelerinin ve bunu gelistirmek icin
seceneklerinin farkina variyorlar. Kisacast ATBO yaklasimi 6grencilere dgrenme

stirecini kontrol etmek ve 6grenme ile ilgili i¢sel farkindalik yaratmak icin bir ¢ok
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firsat sunuyor. White’in (1986) iist bilisi i¢sel farkindalik olarak tanimladigini
diisiiniirsek ATBO yaklasimmin {ist bilissel aktiviteler icin firsat sagladigini
diisiinebiliriz. Ayrica, ATBO yaklasiminda &grencilerin bilgilerini deney, gdzlem ve
miizakere yoluyla elde etmeleri onlarda bilimsel bilgilerin olusturulma ve gelistirilme

stireciyle ilgili farkindalik yaratabilir.

Yukarida bahsedildigi gibi ATBO yaklasimi 6grencilerin basarilarin, iist bilislerini
ve epistemolojik inanglarmi etkileyebilir. Bu nedenle bu ¢alisma, ATBO
yaklasiminin 8. sinif dgrencilerinin fen basarilarina, st bilislerine ve epistemolojik

inanglarina etkisini arastirmay1 amaclamistir.

Onemli Terimlerin Tanimlar:

Argiimantasyon Tabanli Bilim Ogrenme Yaklasimi: Fen derslerinde kullanilan bu
yaklagim arastirma sorgulama tabanli 6gretimle, 6grenme amacli okuma ve yazma
stratejileri ile arglimantasyonu birlestirmistir (Hand, Norton-Meier, Staker & Bintz,
2009).

Fen Basarisi: Fen dersinde 6grenilenlerin bir gostergesidir. Mevcut ¢alismada 0-30

arast SATEG puanlariyla belirtilmektedir.

Ust Bilis: Ogrencilerin kendi diisiinsel siiregleri hakkindaki bilgileri ve kendi
ogrenme siirecleri hakkindaki farkindaliklaridir (Schraw & Moshman, 1995).

Epistemolojik Inang: Ogrencilerin bilmenin ve bilginin dogasi ile ilgili inanglaridir

(Hofer & Pintrich, 1997).

Geleneksel Fen Egitimi: Ogretmen merkezli bir yaklasimdir. Laboratuvar
uygulamalar1 igerse de bunlar yOntemin basamak basamak takip edilmesiyle
gerceklesir.

Calhismanin Onemi

Son 20 yilda yapilan ¢aligmalarda arglimantasyon tabanli 6grenme yoOntemlerinin

Onemi belirtilse de, bu yontemler fen simiflarinda sik¢a kullanilmamaktadir
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(Cavagnetto, 2010). Argilimantasyon tabanli 6grenme yontemlerini fen derslerinin
bir pargasi haline getirmek i¢in 08renme - O6gretme siirecine etkilerinin farkl
acilardan incelenmesi 6nemlidir. Bu yontemlerin uygulanabilirliginin gosterilmesi
onlarin sadece teorik bilgi olarak alanyazinda kalmasimin Oniine gegebilir. Diger
yandan yontemin smirliliklarinin ve zorluklarinin belirtilmesi uygulama yapan

kisinin bu konulara dikkat etmesini saglayarak yontemin verimini arttirabilir.

Ogrenciler kendi 6grenmelerini yapilandirdiklarinda ezberin éniine gegerek anlamli
ogrenmeler gerceklestirirler. Bu nedenle iist biligsel gelisim, anlamli 6grenme
gerceklestirmede hayati bir 6neme sahiptir (White, 1998; Georghiades, 2004;
Thomas, 2012). Buna ek olarak Hand, Lawrance ve Yore (1999) 6grencilerin fen
O0grenmesinin onlarin epistemolojik inanglarinda farkindalik olusturmalariyla tam
olarak miimkiin olacagini belirtmislerdir. Alanyazinda fen basarisinin, {ist biligsel
becerilerle ( Akyol vd., 2010; Top¢u & Yilmaz-Tiiziin, 2009) ve epistemolojik
inanglarla (Kizilgiines vd., 2009; Tsai, 1998) iliski igerisinde oldugu vurgulanmistir.
Gortildiigii gibi fen basarist elde etmede 6grencilerin list bilisleri ve epistemolojik
inanglar1 nemli bir rol iistlenmektedir. Bu yiizden ATBO yaklasimimnin dgrencilerin
fen basarisi tlizerindeki etkisini incelerken, basarinin 6nemli elementlerinden olan {ist
bilis ve epistemolojik inanglar1 da incelemek énemlidir. Ancak, alanyazinda ATBO
yaklasimimin 6grencilerin iist bilisi ve epistemolojik inanglar1 {izerindeki etkisini
inceleyen calisma sayist ¢ok sinirlidir. Bu yiizden bu ¢alismanin ve sonuglarinin
alanyazindaki bosluklart doldurmaya yardimci olacagi, ayrica Ogretmenler, kitap
yazarlart ve program gelistirme uzmanlarina uygulama konusunda 151k tutacag:

diistiniilmektedir.
Yontem

Orneklem

Arastirmanin evrenini, Adana ilinin Cukurova il¢esinde egitim goéren 8. smif
ogrencileri olusturmaktadir. Aragtirmanin katilimcilart kolaylik 6rnekleme yolu ile
secilen bir devlet okulunun 8. sinif 6grencileridir. Bahsi gecen okulda 2 adet 8. simif

bulunmaktadir. Bu siniflardan biri rastgele deney grubu, digeri karsilastirma grubu
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olarak secilmistir. Deney grubunda 16 kiz, 15 erkek olmak iizere 31 Ogrenci
bulunmaktayken, karsilagtirma grubunda 13 kiz 16 erkek 6grenci bulunmaktadir.
Ogrencilerin yaslar1 13-15 aras1 degismektedir. Ogrencilerin ge¢mis donem fen
notlar1 ve TEOG sinavindaki fen sonuclart incelendiginde, 6grencilerin % 38.3 {inlin
80-100 aras1; % 48.3 tiniin 60-79 aras1; % 11.7 sinin 40-59 aras1 ve % 1.7 sinin 20-

39 aras1 notlar aldig1 goriilmiistiir.
Arastirma Sorulari

Bu aragtirmanin ii¢ ana arastirma sorusu bulunmaktadir.

Arastirma Sorusu 1: Argiimantasyon tabanli bilim 6grenme yaklagiminin geleneksel

yontemlerle karsilastirildiginda 8. sinif 6grencilerinin fen bagarilarina etkisi nedir?

Arastirma Sorusu 2: Argiimantasyon tabanli bilim 6grenme yaklagiminin geleneksel

yontemlerle karsilastirildiginda 8. sinif 6grencilerinin iist bilislerine etkisi nedir?

Arastirma Sorusu 3: Argiimantasyon tabanli bilim 6grenme yaklagiminin geleneksel
yontemlerle karsilastirildiginda 8. sinif 6grencilerinin epistemolojik inanglarina etkisi

nedir?

Arastirma Yontemi

Bu arastirmada nicel c¢alisma yontemlerinden yari—deneysel calisma yOntemi
kullanilmistir. Yari-deneysel calismalar, raslantisal olmadan tasarlanan miidahaleli
caligmalar olarak tanimlanabilir (Fraenkel & Wallen, 2006). Calismada deney
grubunda 13 hafta boyunca konular ATBO yaklasimi kullanilarak islenmistir. Diger
yandan karsilastirma grubunda konular geleneksel yontemlerle anlatilmistir. Sadece
son-test yontemi kullanilmistir. Calismanin basinda uygulanan on-testler gruplar

arasinda fark olup olmadigini anlamak i¢in kullanilmistir.

Veri Toplama Araclan

Calismanin verileri arastirmaci tarafindan diizenlenen 8. Siiflar i¢cin Fen Basari

Testi, Schraw ve Dennison (1994) tarafindan hazirlanip, Sungur ve Senler (2008)
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tarafindan Tiirk¢e’ye uyarlanan Ust Bilissel Farkindalik Olgegi ve Conley vd. (2004)
tarafindan hazirlanip, Ozkan (2008) tarafindan Tiirk¢e’ye uyarlanan Epistemolojik

Inanglar Olgegi araciligiyla toplanmustr.

8. Swtniflar i¢in Fen Basari Testi

Ogrencilerin basarilar ile ilgili veriler 8. Smuflar igin Fen Basar1 Testi araciligiyla
toplanmustir. Olgekte “Ses”, “Canlilar ve Enerji Iliskileri”, “Maddenin Halleri ve Is1”
ve ‘“Yasamimizdaki Elektrik” iinitelerinden sorular bulunmaktadir. Sorular
hazirlanirken son 10 yilda ¢ikmis TEOG, SBS gibi ulusal sinavlar ile PISA, TIMSS
gibi uluslararasi1 sinavlardan yararlanilmistir. Ayrica, soru olusturulma siirecinde
Marzano ve Kendall (2007) tarafindan hazirlanan Bloom’un yenilenmis taksonomisi
gz Oniine alimmis ve hazirlanan test ile 150 &grencinin katildigi pilot ¢alisma
uygulamasi yapilmistir. Madde analizi sonuglarina gére 2 sorunun ¢eldiricilerinde
sorun oldugu farkedilmis ve testten ¢ikarilmistir. Testin son hali 30 sorudan
olugsmaktadir. Ayrica testin Cronbach alfa giivenirlik katsayisi 0.87 olarak
belirlenmistir. Pallant’ a (2007) gore bu katsayr Olcegin giivenilir oldugunu

gostermektedir.

Ust Biligsel Farkindalik Olgegi

Ogrencilerin iist bilisleri ile ilgili veriler Schraw ve Dennison (1994) tarafindan
hazirlanip, Sungur ve Senler (2009) tarafindan Tiirkge’ye uyarlanan Ust bilissel
Farkindalik Olgegi kullanilarak toplanmistir. 52 maddeden olusan, besli likert tipi
odlgek kendini rapor etmeye dayalidir. Ust bilis, bilis bilgisi ve bilisin diizenlenmesi
olmak tzere iki temel 6geden olusmaktadir. Bilis bilgisi, bildirimsel bilgi, yordam
bilgisi ve duruma dayali bilgi olmak iizere iige ayrilirken; bilisin diizenlenmesi
planlama, bilgi yonetimi, izleme, hata giderme ve degerlendirme gibi becerilerden
olusmaktadir. Orijinal 6lgek liniversite 6grencileri i¢in hazirlanmis olup, 6l¢egin 8.
siif 6grencilerine uygun olup olmadigin1 anlamak i¢in 200 6grenciyle pilot ¢aligma
yapilmustir. Alt boyutlar dogrulayici faktor analizi yontemi ile dogrulanmistir. Ayrica
testin Cronbach alfa giivenirlik Katsayisi 0.95 olarak belirlenmistir. Pallant’ a (2007)
gore bu katsayr Olcegin c¢ok giivenilir oldugunu gostermektedir. Alt boyutlarin

giivenirlik katsayilar1 ayr1 ayr1 incelendiginde bu katsayilarin uygun oldugu, ayrica
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Sungur ve Senler (2009) tarafindan rapor edilien katsayilara da yakin oldugu

gorilmiistiir.

Epistemolojik Inanclar Olcegi

Ogrencilerin epistemolojik inanglar1 ile ilgili veriler Conley vd. (2004) tarafindan
hazirlanip, Ozkan (2008) tarafindan Tiirk¢e’ye uyarlanan Epistemolojik Inanglar
Olgegi kullamlarak toplanmistir. 26 maddeden olusan, besli likert tipi 6lcek kendini
rapor etmeye dayalidir. Orijinal 6lgek, bilginin kaynagi, bilginin kesinligi, bilginin
gelisen dogasi ve bilginin dogrulanmasi olmak {izere 4 alt boyut i¢ermektedir.
Tiirk¢e’ye uyarlanmis versiyonunda bilginin kaynagi ve bilginin kesinligi birlikte bir
alt boyutu olusturmuslardir. Ayrica 2 madde Ol¢ekle negatif iliski icerisinde
oldugundan analiz dis1 birakilmistir. Ozkan’1n (2008) ilkdgretim 7. siniflarla yaptig:
calismanin Cronbach alfa giivenirlik katsayis1 0.76 olarak raporlanmigtir. Pallant’ a
(2007) gore bu katsayr Olcegin giivenilir oldugunu gostermektedir. Bu nedenle

epistemolojik inanglar 6l¢egi bu ¢alismada 3 alt boyut 24 madde ile uygulanmstir.

Veri Toplama Siireci

Uygulamali Etik Aragtirma Merkezi’nden etik izinler alindiktan sonra uygulama
yapilacak okul yonetimi ile gorlisiildii ve onlar g¢aligmanin amaci hakkinda
bilgilendirilerek onaylari alindi. Ayrica 6grencilerin velilerinden de onaylar alinarak
calisma siireci basladi. Olgeklerin pilot ¢alismalar1 Ocak 2014 te tamamlandi. Esas
calisma 2014 Subat ayinin son haftasinda baglayip 15 hafta siirdii. Calismanin ilk
haftasinda deney grubuna ATBO yaklagimi hakkinda bilgiler verildi ve iki gruba da
on-testler uygulandi. Uygulama 13 hafta devam etmis olup, son hafta son-testler

uygulanmustir.

Veri Analizi

Arastirmanin verilerinin analizinde SPSS 19 paket programi kullanilmistir. Ust
Bilissel Farkindalik ve Epistemolojik inanglar dlcekleri alt boyutlar igerdigi igin bu

Ol¢eklerin analizi herbir alt boyut bir bagimli degisken olarak alinip ¢oklu varyans
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analizi (MANOVA) ile yapilmigtir. Ayrica, gruplarin fen basarilart t testi ile
kiyaslanmistir.

Bulgular ve Tartisma

On-test sonuglarinda deney ve karsilastirma grubu arasinda ogrencilerin fen
basarilari, iist biligsel farkindaliklar1 ve epistemolojik inanglar1 yoniinden istatistiksel
olarak anlamli bir fark bulunmamistir. Yani uygulama oncesinde gruplar yukarida
bahsedilen yonlerce birbirine benzerdir. Son-test sonuglari incelendiginde gruplar

arasinda (deney grubu lehinde) anlaml istatistiksel farklar bulunmustur.

Uygulama sonrasinda 8. Siniflar igin Fen Basar1 testi sonuglart ATBO yaklasiminin
Ogrencilerin fen basarisi (n2= .36) lzerine biiyilk etki degeri yarattigini
gostermektedir (Cohen, 1988). Deney grubundaki 6grencilerin ortalamasi 26.45
cikarken, bu ortalama karsilastirma grubunda 19.72 ¢ikmistir. Testin 30 soru oldugu
ve bu testin konularin &grenilme seviyesini Olgtiigii disiintildigiinde deney
grubundaki 6grencilerin konular1 daha iyi 6grenmis oldugu c¢ikarimi yapilabilir.
Bunlara ek olarak on-test ve uygulama 6ncesi TEOG sonuglarina bakilarak deney
grubundaki diisiik basarili 6grenciler ve yiiksek basarili 6grenciler arasindaki basari
farkiin azaldig1 da soylenebilir. Bu sonuglar alanyaziindaki ATBO yaklagimimin
ogrencilerin fen basarisini arttirdigini gosteren sonuglarla paralellik gostermektedir
(Greenbowe vd. 2007; Hohenshell & Hand, 2006; Giinel vd. 2010; Kingir vd. 2012).
ATBO yaklasimmin bu basaris1 6grencilerin kendilerini rahatlikla ifade edebildikleri,
kendi Ogrenmelerini yapilandirdiklari, akran Ogrenmesi ve ge¢mis bilgilerin
sorgulatilmas1 yoluyla anlamli 6grenmelerin gergeklestigi Ogrenme ortamlari
sunmastyla agiklanabilir. ATBO yaklasiminda 6grenciler bilgiyi sorular sorduklar,
iddialar olusturduklar1 ve bu iddialarin1 kanitlarla destekledikleri arastirma-
sorgulamaya dayali bir 6grenme ortaminda yapilandirmaktadirlar. Dolayisiyla bu
yaklagim oOgrencilerin 6grenme siirecine katilimlarini arttirarak daha etkin bir

O0grenme ortami olusturulabilmektedir.

Ust Biligsel Farkindalik 6lgeginin son-test sonuglart ATBO yaklagiminin, bildirimsel
bilgi (n’= .29), planlama (n2 =.23), bilgi yénetimi (n2= .28) ve hata giderme (n?=

164



.24) alt boyutlarinda biiyiik etki degeri; izleme (n2= .13) ve degerlendirme (n2= .13)
alt boyutlarinda orta etki degeri yarattigin1 gostermektedir (Cohen, 1988). Yordam
bilgisi ve duruma dayal1 bilgi alt boyutlarinin ortalamalarinin deney grubunda daha
yiiksek oldugu gozlense de istatistiksel olarak anlamli bir fark bulunmamistir. ATBO
yaklasiminin dogasi diisiiniildiigiinde bu sonuglar sasirtict degildir. Birgok arastirmaci
ist bilis farkindahiginin smif i¢i aktivitelerle gelisebildigini gostermistir (Brown &
Pressley, 1994; Schraw, 1998; Kipnis & Hofstein, 2008). ATBO yaklasimi da
ogrencilerin st biligsel becerilerini kullanmalari i¢in firsat sunmaktadir (van Opstal
& Daubenmire, 2014; Wallace & Hand, 2004; Choi, 2008; Akkus vd. 2007).
Omegin, bu yaklasimin en énemli elementlerinden biri “biiyiik diisiince”dir. Biiyiik
diisiince, konunun sonunda Ogrencilerin ulasmast planlanan odak nokta olarak
tanimlanabilir. Biiyiik diisiincenin agikca belirtilmesi, 6grencilerin dgretmenlerinin
kendilerinden neyi istedigini anlamalarini saglayabilir. Bdylece 6grencilerin planlama
becerileri gelisebilir. Benzer bir sekilde konunun 6ncesinde ve sonrasinda kavram
haritasinin yapilmasi O6grencilerde bilgiyi organize etme becerisi olusturabilir.
Karsilastirma grubunda da laboratuvar uygulamalart yapilmis olup, bu gruptaki
Ogrenciler de deneyi tamamlama, verileri analiz etme, deneyi degerlendirme ve
deneyle ilgili rapor yazma gibi siire¢lerden ge¢mislerdir. Bu siire¢lerde planlama,
izleme ve degerlendirme gibi diizenleme becerilerini kullanmiglardir. Ancak bu
ogrencilerin diizenleme becerilerinin, deney grubu &grencilerine gore daha diisiik
seviyede oldugu gozlenmistir. Piaget’e gore diizenleme becerileri herzaman bilingli
deneyimler olmayabilir (Brown, 1987). ATBO yaklagiminda kullanilan 6grenci rapor
sablonu 6grencilere yansitict bir rehber gibi hizmet etmektedir. Bu yansitic1 rehber
acikca sordugu sorularla oOgrencilerin silireg boyunca kullandiklart diizenleme
becerilerinin farkina varmalarimi saglayarak bunlari bilingli birer deneyim haline

getirebilir (van Opstal, 2014).

Epistemolojik Inanglar lgeginin son-test sonuglari ATBO yaklagimmmn bilginin
dogrulanmasi (n? = .23) ve bilginin gelisen dogas1 (n2 = .22) alt boyutlarinda biiyiik
etki degeri yarattigin1 gostermektedir (Cohen, 1988). Diger yandan bilginin kaynagi
ve bilginin kesinligi alt boyutunun ortalamasinin deney grubunda daha yiiksek oldugu
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gbzlense de istatistiksel olarak anlamli bir fark bulunmamistir. ATBO yaklasiminin
epistemolojik inanglar tizerindeki etkisi dogrudan incelenmemis olsa da bu olumlu
etkiler alanyazindaki konu ile ilgili arastirmalar diisiiniildiigiinde sasirtici degildir.
NRC (2000) raporu, arastirma sorgulama tabanli Ogrenme yaklagimlarinin
Ogrencilerin bilim hakkinda daha sofistike diisiinceler gelistirmesine olanak verdigini
gostermektedir. Ayrica Wu ve Wu (2011) ve Kaynar vd. (2009) yaptiklar
caligmalarla arastirma sorgulama tabanli Ogrenmenin Ogrencilerin epistemolojik
inanglarinda olumlu farklar yarattigimi belirtmislerdir. Arastirma sorgulama tabanli
ogrenmeye benzer olarak ATBO uygulamalarinda da &grencilerin arastirilabilir
sorular olusturdugu, 6gretici deneyler tasarladiklari, bu deneylerden kanit topladiklar
ve iddialarim1 bu kanitlara dayandirdiklari disiiniiliirse yaklasimin epistemolojik

inanglar gelistirmedeki etkisi daha iyi anlasilabilir.

Sandoval (2005) ogrencilerin bilgiyi siradan insanlar olarak kendilerinin de
tiretebildiklerine ya da bu bilgilerin arastirma siiresince degisebildigine sahit
olmalarma ragmen bunu profesyonel bilimden ayr1 bi yerde tuttuklarini bdylece
bilginin kaynag1 ve bilginin kesinligi ile ilgili diisiincelerinin yapilan uygulamalar
sonrasinda istenilen sekilde gelisim gostermedigini sdylemistir. Wu ve Wu (2011) ise
ogrencilerin epistemolojik inanglarin1 ders sirasinda daha agik ifade edebilecekleri
uygulamalarin bilginin kaynagi ve bilginin kesinligi ile ilgili inanglarin gelismesine

katki saglayabilecegini belirtmislerdir.

Arastirmanin Varsayimlari

Arastirmanin varsayimlar1 asagidaki gibi siralanabilir:
1. Arastirmada kullanilan 6l¢ekler 6grencilerde hedeflenen etkileri dogru bir
sekilde 6lgmektedir.
2. Deney grubu 6grencileri karsilagtirma grubuyla etkilesimde bulunmamustir.
3. Ogrenciler o6lgme araglarindaki sorular1  bagimsiz  ve ictenlikle
cevaplandirmislardir.

4. Arastirmaci gruplara yansiz davranmistir.
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5. Laboratuvar aktiviteleri siiresince tiim grup iyeleri esit sorumluluk
almislardir.
6. Ogrenciler okul dis1 dgrenmelerden etkilenmemislerdir.

7. Kontrol edilemeyen tiim degiskenler iki grubu da esit sekilde etkilemistir.

Arastirmanin Simirhliklar:

1. Calisma ses, canlilar ve enerji iliskileri, maddenin halleri ve 1s1 ve
yasamimizdaki elektrik konulariyla sinirlidir.

2. Kolaylik Ornekleme yéntemi kullanildig1 igin ve calisma ulasilabilir
orneklemin ¢ok kiiciik bir kismini kapsadigr i¢in calismanin sonuglari
genellenemez.

3. Bulgular ve yorumlar yapilan istatistiksel ve nitel tekniklerle sinirlidir.

ATBO Yaklasimmin Smirhhklar

ATBO vyaklasimi uygulamalar1 sirasinda bazi zorluklar gdzlenmistir. Ornegin,
Ogrenciler {Unitelerin biiyiik disiinceleriyle ilgili kendi arastirma sorularini
olustururken bazen 6gretim programi sinirlart disina ¢ikmiglardir. Norton-Meier vd.
(2008) ATBO dersleri planlanirken kazanimlar1 esnek tutmak, dgretim programiyla
sinirlandirmamak gerektiginin altim1 ¢izmislerdir. Ancak, Tiirkiye’de 6gretim siireci
ortak sinavlarla degerlendirildiginden ve ogrencilerin iyi lise ve iiniversitelerde
okumalar1 bu sinavlara bagl oldugundan 6gretim programina bagl kalmamak ciddi
bir sorun teskil etmektedir. Yasanan bir diger sikint1 da 6grencilerin kendi bilgilerini
yapilandirmaya alisik olmamalart ile alakalidir. Ogretmen merkezli geleneksel
o0grenme yoOntemlerine aliskin olan Ogrenciler kendilerine bilginin hazir olarak
verilmesini beklediklerinden ozellikle uygulamanin baglarinda kendi sorularini
olusturmakta ciddi zorluklar yasamiglardir. Bu zorluklarin asilmasi igin
dgretmenlerin iyi bir gdzlemci ve rehber olmasi dnemlidir. Ogretmenler sorduklari
sorularla O6grencileri diisiinmeye, bazen de farkli diisiinmeye yoOnlendirmeli ve
onlarin dogruya ulagsmalarini saglamalidir. Bu durum o6gretmenlerin iyi bir alan
bilgisinin yaninda pedagojik bilgisinin de yliksek olmasiyla miimkiin olacaktir.

Bunlara ek olarak ATBO yaklasimi uygulamalarinda simif yonetiminde bazi zorluklar
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yasanmaktadir.  Ogrenciler grup calismalari  ve miizakereler sirasinda
heyecanlanabilmekte ve siniftaki ses seviyesi yiikselebilmektedir. Bu durum
geleneksel egitim 6gretim anlayisini benimsemis idareciler tarafindan sorun olarak

algilanabilmektedir.

Dogurgalar

Fen bilimleri 6gretim programi 2005 yilinda yapilandirmaci yaklasimin temellerinde
yeniden tasarlanmistir. 2013 yilinda ise program bir daha gozden gegirilerek,
aragtirma sorgulama tabanli yaklasgimlarin ve arglimantasyonun fen egitimindeki
Oonemi vurgulanmistir. Buna ragmen ne yazik ki bu durum fen derslerinin islenisine
pek yansimamistir. Yapilan ¢aligmalar 0gretmenlerin arastirma sorgulama tabanh
Ogretim yOntemlerinin uygulamalarinda sorun yasadiklarin1 = gdstermektedir.
Arglimantasyon tabanli bilim Ogrenme yaklasimi, aragtirma sorgulama tabanli
egitimi 6grenme amacgli yazma ve okuma aktiviteleri ile zenginlestirip, akran
miizakereleri ile birlestirmistir. Bu yaklagim 6gretmenlere uygulama sirasinda
onlarin takip edebilecekleri bir sablon sundugu i¢in onlara bir rehber olarak

uygulama kolaylig1 saglayacaktir.

Bu calisma ATBO yaklasimmin &grencilerin  fen basarisina, iist biligsel
farkindaligina ve epistemolojik inanglarina  olumlu etkilerinin  oldugunu
gostermektedir. Gegmis calismalar da bu yaklasimin 6grencilerin kavramsal anlama
ve kritik diiglinme becerilerini, bilimin dogas: ile ilgili goriiglerini ve fen dersine
kars1 tutumlarini olumlu etkiledigini gostermistir. Bu yiizden dgretmenler, program
gelistirme uzmanlar1 ve kitap yazarlart ATBO yaklasimimin énemi ve uygulamalari
konusunda bilgilendirilmelidirler. Soru — iddia — kanit tiglemesine dayali daha ¢ok
etkinlik gelistirilmeli ve ders kitaplar1 bu etkinliklerle zenginlestirilmelidir. Ayrica
laboratuvarlar gerekli materyallerle diizenlenmeli, Ogrencilerin arastirmalarini
yapabilmeleri i¢in internet baglantisi ya da ders kitabina ek kaynak kitaplar

saglanmalidir.

Bu calisma ve diger mevcut calismalar 6grencilerin bagimsiz 6grenen olmasinda {ist

biligsel farkindaligin 6nemini gozler dniine sermektedir. Ust biligsel beceriler fen
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egitiminin en 6nemli pargalarindan biridir. Dolayisiyla, 6gretmenler 6grencilerinde

st biligsel farkindaligi gelistirmek i¢in ¢alismalar yapmalilardir.

Fen egitiminin en 6nemli amaclarindan biri tiim 6grencileri fen okur-yazari bireyler

olarak yetistirmektir. Fen okur-yazari olmak bilginin ve bilmenin dogasini yani

epistemolojiyi anlamay1 gerektirir. Ayrica epistemolojik inanglarin gelismesi fen

basarisinda artis1 da paralelinde getirmektedir. Bu nedenle 6gretmenler bu konuyu

daha ¢ok 6nemsemelidirler.

fleriki Calismalar icin Oneriler

Ileriki caligmalar i¢in asagidaki oneriler sunulabilir:

1.

o B~ w N

Benzer arastirma konular1 farkli yas gruplari, farkli okul tiirleri ve farkli fen
bilimleri konulariyla tekrarlanabilir.

Daha uzun stireli ¢alismalar yapilabilir.

ATBO raporlar ve sinif i¢i tartismalar incelenebilir.

Akran miizakeresinin etkileri niteliksel olarak incelenebilir.

ATBO uygulamalarinda dgrencilerin  kendi  olusturduklar1  bilgileri
kaynaklarla karsilastirmasinin epistemolojik inanislarda bilginin kaynagi ve

kesinligi boyutunu nasil etkiledigi arastirilabilir.
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APPENDIX K: TEZ FOTOKOPISI iZiN FORMU

ENSTITU

Fen Bilimleri Enstitiist

Sosyal Bilimler Enstitiisii I:I

Uygulamali Matematik Enstitiisii

Enformatik Enstittisi

Deniz Bilimleri Enstitiist

YAZARIN

Soyadi : TUCEL
Adi  : SABAHAT TUGCE
Béliimii : flkdgretim Fen ve Matematik Alanlar1 Egitimi

TEZIN ADI: Investigating the effects of science writing heuristic approach on
eight grade students’ achievement, metacognition and epistemological beliefs

TEZIN TURU : Yiiksek Lisans Doktora

Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir.

Tezimin i¢indekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir
boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

Tezimden bir bir (1) yil siireyle fotokopi alinamaz.

TEZIN KUTUPHANEYE TESLIiM TARIiHi:
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