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ABSTRACT

INVESTIGATING THE EFFECTIVENESS OF ARGUMENT-BASED INQUIRY
ON 6™ GRADE STUDENTS’ SCIENTIFIC LITERACY AND PORTRAYING
THEIR ARGUMENTATION SCHEMES AND ENGAGEMENT IN
ARGUMENTATION PROCESS

SEN, Mehmet
Ph.D., The Department of ELEMENTARY EDUCATION
Supervisor: Prof. Dr. Semra SUNGUR
Co-supervisor: Prof. Dr. Ceren OZTEKIN

March 2021, 424 pages

This study examined Argument Based Inquiry impact on 6" grade students’
scientific literacy including content knowledge, epistemological beliefs, and science
process skills and also portrayed students’ argumentation schemes and engagement
in argumentation process. Totally, 71 students participated in quantitative part and 35
students participated in qualitative part. Content knowledge tests, epistemological
belief questionnaire and science process skill test were used as pre-test and post-test
to collect quantitative data. Qualitative data was collected through classroom
observations. Data were analyzed by within subject repeated MANOVA, and
qualitative data were analyzed using constant comparative analysis. Among the
scientific literacy components only participants’ content knowledge increased
significantly, but epistemological beliefs and science process skills did not change.
Five assertions were constructed for students’ argumentation schemes. First of all,
number of argumentation schemes types increased over time. Secondly, students
preferred some argumentation schemes more. Thirdly, data type affected use of

argumentation schemes. Next, more active class used more argumentation schemes.
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Lastly, most used argumentation schemes varied between classes. Similarly, eight
assertions were proposed about students’ engagement. Accordingly, students
engaged argumentation at most when using evidence cards. They engaged less when
they do similar activities. Ideal conditions inhibited their engagement. Students
mostly used expositional comments. If students have prior knowledge and evidence
cards, they used oppositional comments. Students used information seeking when
conducting experiment. Lastly, students did not use co-construction frequently.
Finally, more active class engaged argumentation when doing experiment, but less
active class engaged argumentation more when using evidence cards. Findings are
discussed in detail and suggestions are provided. Moreover, discussion part provides
further information about scientific literacy, argumentation schemes and students’

engagement in argumentation process.

Keywords: Argument Based Inquiry, Scientific Literacy, Argumentation Schemes,

Engagement in Argumentation Process, Middle School
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ARGUMAN TABANLI BILIM OGRENME’NIN 6. SINIF OGRENCILERININ
BILIMSEL OKURYAZARLIGI UZERINE ETKISININ INCELENMESI VE
OGRENCILERIN ARGUMANTASYON SEMALARININ VE
ARGUMANTASYON SURECINE KATILIMININ ORTAYA KONMASI

SEN, Mehmet
Doktora, IIkégretim Boliimii
Tez Yoneticisi: Prof. Dr. Semra SUNGUR
Ortak Tez Yoneticisi: Prof. Dr. Ceren OZTEKIN

Mart 2021, 424 sayfa

Bu calisma Argiiman tabanli Bilim Ogrenmenin 6. Sinif 6grencilerinin fen
okuryazarligi boyutlarina etkisini incelemekte ve oOgrencilerin argiimantasyon
semalar1 ile arglimantasyon siirecine katilimlarmi ortaya koymaktadir. Caligmanin
nicel kismina 71, nitel kismina 35 6grenci katilmistir. Nicel veri igin icerik alan
bilgisi testleri, epistemolojik inan¢ 6l¢egi ve bilimsel siire¢ becerileri testi on-test ve
son-test olarak kullanilmistir. Nitel veriler sinif gozlemleri ile toplanmistir. Nicel veri
analizinde tekrarlayan MANOVA, nitel veri analizinde siirekli karsilastirmali analiz
kullanmilmistir. Fen okuryazarligi boyutlar1 géz Oniine alindiginda sadece
katilimcilarin igerik bilgisi anlamli Glgiide artarken, epistemolojik inanglari ve
bilimsel siire¢ becerileri degismemistir. Argiimantasyon semalar1 ile ilgili bes iddia
ortaya atilmigtir. Buna gore; kullanilan argiimantasyon semasi ¢esidi sayis1 zamanla
artmaktadir. Ogrenciler baz1 argiimantasyon semalarimi daha fazla kullanmistir. Veri
cesidi argiimantasyon semasi kullanimini etkilemektedir. Daha aktif sinif daha fazla
argiimantasyon semasi kullanmistir. En ¢ok kullanilan arglimantasyon semasi

smiftan siifa farklilik gdstermistir. Ogrencilerin argiimantasyon siirecine katilimi ile
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ilgili olarak sekiz iddia ortaya atilmistir. Buna gore; Ogrenciler kanit kagidi
kullaninca argiimantasyona daha fazla katilmistir. Benzer etkinlikler 6grencilerin
argiimantasyona  katilimin1  azaltmistir.  Kosullar  ideallere  yaklastik¢a
argiimantasyona katilm azalmistir. Ogrenciler argiimantasyon siirecinde en cok
kendi diisiincelerini ortaya koyma boyutuna yogunlasmistir. Ogrenciler hem kanit
kagidi kullanip hemde konu hakkinda 6n bilgiye sahip olurlarsa bagkalarinin
fikirlerini elestirmeye ¢alismistir. Ogrenciler deney yaptiklari iinite bas1 haftalarinda
daha fazla soru sorma egilimindedir. Ogrenciler ¢alisma boyunca beraber bilgi
tiretme siirecine ¢ok dahil olmamiglardir. Son olarak, daha aktif sinif deney yapilan
haftalarda tartisirken az aktif simif kanit kagidi verilen haftalarda tartismustir.
Sonuglar detayli olarak tartisilmis ve ilgili Oneriler sunulmustur. Ayrica tartisma
bolimiinde fen okuryazarli§i, arglimantasyon semalart ve Ogrencilerin

arglimantasyon siirecine katilimu ile ilgili detayl bilgi sunulmaktadir.

Anahtar Kelimeler: Argiiman Tabanli Bilim Ogrenme, Fen Okuryazarhigi,

Arglimantasyon Semasi, Argiimantasyon Siirecine katilim, Ortaokul
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CHAPTER 1

INTRODUCTION

1.1. Scientific Literacy

General aim of science education is to make students scientifically literate (Roberts,
2007). However, the philosophy underlying scientific literacy is complex and vague.
According to Roberts (2007), the term “Scientific Literacy” gained importance in
second half of the 20th century. The general aim was to make students potential
scientists for the future. Therefore, important characteristics of scientists were looked
for to determine whether someone is scientifically literate or not. In other word, who
acted like scientists in their life were thought as scientifically literate person
according to these initial attempts on scientific literacy. This view was named as
Vision-1 (Roberts, 2007).

In line with this, some variables which are at the centre of science can be indicator
for scientific literacy. For example, Pella, O’Hearn and Gale (1966) reported that
scientific literate person should know basic concepts in science. Therefore, content
knowledge can be indicator for scientific literacy. Content knowledge is the product
which is the result of scientific enterprise. In this study, content knowledge is defined
as academic content of a discipline (e.g., physics, biology, chemistry). This
knowledge includes how to write a scientific explanation, understanding of a domain
in a discipline, relationship between domains, and relationship between topics and

concepts in that domain (Carlson & Daehler, 2019).

Content knowledge is the product which is the result of scientific enterprise
(Bunterm et al., 2014). However, vision-1 not only deals with product of science, it
also considers process of science (Robert, 2007). In line with this, scientific literate

person engages in scientific practice through scientific talking and writing. By this
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way, students learn better how scientific knowledge is produced and what
characteristics that scientific knowledge has (Jimenez-Aleixandre, & Erduran, 2008).
In other words, students’ epistemological beliefs can be another indicator for
scientific literacy. Epistemological beliefs in this study are defined as the belief
system including source, certainty, development, and justification. According to
Conley, Pintrich, Vekiri, and Harrison (2004) sources of knowledge deal with where
scientific knowledge comes from. Source can be people who conduct scientific
research or outside of the people. Certainty is about whether scientific knowledge is
certain or uncertain. Development is about whether scientific knowledge changes or
not and justification emphasizes the role of experiment, testing and evidence in
science. The beliefs consistent with constructivist ideas such as scientific knowledge
can change based on evidence is hierarchically better than the positivist beliefs like

scientific knowledge is certain and does not change (Conley et al., 2004).

As epistemological beliefs represent students’ belief systems about scientific
knowledge and the process that this knowledge is produced; science process skKills
are also at the centre of process of science and it is related with scientific literacy (i.e.
vision-1) because students are expected to use science process skills while they
engage in scientific enterprise before producing knowledge (Harlen, 1999). Science
process skills can be defined as science related skills (Padilla, 1990). More
specifically, science process skills are the results of the classification of the science’s
intellectual tools (Sanderson & Kratochvil, 1971). Accordingly, science process
skills can be either basic process skills or integrated process skills. Basic process
skills are observing, classifying, using numbers, measuring, using space/time
relationships, communicating, predicting and inferring and these skills are taught in
primary level. On the other hand, integrated process skills are defining operationally,
formulating hypotheses, interpreting data, controlling variables, and experimenting
and these skills are taught in middle school (Sanderson & Kratochvil, 1971).
Participants of the current study is 6" grade students (i.e. middle school level),

therefore, integrated process skills are decided to be the main focus of the study.

In sum, in this study, vision-1 for scientific literacy was adopted because vision-1

emphasizes product and process of science. Therefore, content of this study
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regarding scientific literacy includes content knowledge, epistemological beliefs and

science process skills consistent with vision-1 for scientific literacy.

1.2. Argumentation

Although general aim of science education is to make students scientifically literate,
there is no specific suggestion about which approach should be used to make
students scientifically literate. On the other hand, Lederman and Lederman (2012)
claimed that students learn science best through inquiry oriented approach because
they actively do science in this approach.

When people make inquiry, the following processes are observed: they ask a
question at the beginning of the scientific investigation. There is no single scientific
method to be followed because question asked at the beginning determines the
method in scientific investigation. In other word, question guides the inquiry process.
Although scientists follow the same process, they can reach different results.
Likewise, inquiry process can affect the results. In this process, research conclusion
has to be consistent with data. All data is not counted as evidence in this process and
this make these two entities different from each other. Finally, scientists reach
explanations for the question asked at the beginning. These explanations are
developed from the sum of collected data and scientists’ background knowledge

(Lederman & Lederman, 2012).

Although inquiry is necessary, it is not sufficient to reach goals about scientific
literacy. For example, Conley et al. (2004) examined the effect of inquiry approach
on 5" grade students’ epistemological beliefs, but this approach did not improve
some components of epistemological beliefs. Conley et al. (2004) explained this
result based on lack of argumentation. Accordingly, if inquiry is accompanied with

argumentation, components of epistemological beliefs might improve more.

In this point, argumentation in science can be described. Argumentation in science is
a process where competition, collaboration and negotiation occurs (Cavagnetto,

2010). While argumentation is a process in which knowledge is constructed, its
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ending product is argument (Jimenez-Aleixandre & Erduran, 2008). When students
engage in argumentation process and produce arguments, they use some entities
which are claim, data, warrant, qualifier, backing, and rebuttal. Accordingly, Claim
is the assertion. Data is the fact that supports claim. Warrant is the fact that connects
data and claim. Qualifier shows to what extent claim is suitable. Backings strengthen
the warrant and increase trustworthiness. Rebuttals are the exceptional situations

where claim is not true (Toulmin, 1958).

Previous argumentation studies were mainly conducted to reveal participants’
argument quality (i.e., product of argumentation process) and there was less
emphasis on argumentation process (Sampson, Enderle, & Walker, 2012). Therefore,
researchers know less about argumentation process compared with the quality of
students arguments. Likewise, how students learn arguing, support and refine their
argument is not clear (Kim & Song, 2006). Similarly, Sampson and Clark (2011)
claimed that it is not well known in which condition students prefer to use co-
construction of knowledge or oppositional comment. For example; Sampson and
Clark (2011) found that students mostly prefer to use oppositional comments in
argumentation process when they selected the best idea among alternative ones. On
the other hand, Sampson and Clark (2011) added that students might prefer to use
co-construction of knowledge in argumentation, if task was developing students’
original idea. In conclusion, there is a need to study with students demonstrating

different levels of engagement in argumentation process.

Furthermore, studies conducted to reveal argument quality was also problematic in
earlier research (Duschl, 2007). Accordingly, this early studies focused on number of
justification in an argument, quality of justification (Zohar & Nemet, 2002), number
of rebuttal, quality of rebuttal (Erduran, Simon, & Osbourne, 2004) to decide quality
of argument. However, whether participants’ arguments reflect epistemic criteria in
these studies were not clear (Sampson & Clark, 2006). According to Sampson and
Clark (2006) an argument having high quality should met five epistemic criteria
which are (a) examining the nature and quality of the knowledge claim, (b)
examining how the claim is justified, (c) examining if a claim is accounts for all

available evidence, (d) examining how the argument attempts to discount alternatives
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and (e) examining how epistemological references are used to coordinate claims and
evidence. In this point, Duschl (2007) claimed that Walton’s (1996) argumentation
schemes can be useful to reveal argument quality because argumentation schemes
are consistent with five epistemic criteria proposed by Sampson and Clark (2006).
Argumentation schemes are forms of arguments and they show structures of
common arguments used in daily life (Walton, Reed, & Macagno, 2008). There are
25 argumentation schemes (e.g., Argument from sign) that Walton (1996) explained.
When people use argumentation schemes, they use presumptive reasoning which
means that there is a lack of evidence. Therefore, these arguments are not strong.
Although they have lack of evidence, they can still have some evidence and so they
have weight to change the direction of argumentation process. Using these schemes,
some tentative conclusions are reached. This is consistent with science and daily life
because always there is lack of evidence and so certain conclusion cannot be
reached. However, argumentation schemes are fallible and tentative because when
new evidence emerge, argumentation schemes can be falsified and the tentative

conclusion which were constructed on argumentation schemes can also be rejected.

1.3. Theoretical consistency between Argumentation and Scientific Literacy

Theoretically, argumentation in science classes supports scientific literacy
components which are content knowledge, epistemological beliefs and science
process skills. First of all, when students engage in argumentation, they open their
ideas to the class. Everyone becomes aware of others’ thinking. The knowledge is
shared among students, and they can construct the knowledge through
argumentation. In this process, students make apprenticeship to each other and they
learn from others. Students can also understand their wrong ideas and their peers’
wrong ideas and they can replace wrong information with scientific ones through
examination of ideas in argumentation. By this way, students’ content knowledge

increases (Jimenez-Aleixandre & Erduran, 2008).

Second, students study like scientists in argumentation. When students engage in
argumentation process, they can understand the construction of scientific knowledge

and characteristics of that knowledge by becoming member of scientific community.
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This means that students develop their epistemological beliefs through practice
(Sandoval & Millwood, 2008). For example, Khishfe (2014) claimed that people use
evidence to persuade others in argumentation and by this way, students can
understand that evidence is important in science. Likewise, students understand that
tentative conclusions are not certain in science because counterarguments can change
tentative conclusions and direction of the argumentation depending on the evidence
they carry (Khishfe, 2014).

Third, argumentation is also consistent with science process skills. Due to fact that
students act like scientists in argumentation (Jimenez-Aleixandre, 2008), they are
expected to do similar activities that scientists do in their work (e.g., collecting data).
By engaging science practice in argumentation, it is expectable that students improve
their science process skills. For example, students formulate hypothesis prior to
experiment. They identify the variables in their experimental design. Through
discussing with others, they can produce some operational definitions to the
variables. Likewise, they can discuss on the results of their experiments and they can
interpret the result. The more they engage in scientific practice in argumentation, the
more they use and improve their thinking skills related with science (i.e. science
process skills).

1.4. Characteristic of an Argumentation Class

After presenting the theoretical consistency between argumentation and scientific
literacy, it is meaningful to discuss the characteristics of a class where argumentation
occurs. First of all, argumentation aligns with social constructivism because students
construct the knowledge in both cases. Therefore, argumentation class is similar to
other classes where constructivism is adopted (Jimenez-Aleixandre, 2008).
Characteristics of argumentation class include student, teacher, curriculum,
assessment, metacognition and communication components (Jimenez-Aleixandre,
2008).

In argumentation based lessons, students should be responsible for their own learning

constructing the knowledge interacting with peers. They are expected to justify their
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claims and propose solutions to problems. They should consider alternative ideas and
analyze them. When they propose ideas, they must use evidence. They should also be
capable of distinguishing weak arguments from strong ones. During the
argumentation practice, students should discuss solutions, make hypothesis, test
them, and report the results (Jimenez-Aleixandre, 2008). Thus, in an argumentation
class, students become metacognitively active: when students propose their ideas,
they become aware of their ideas’ strengths and weaknesses (i.e., monitoring). Then,
they are expected to adjust their ideas in order to eliminate their ideas’ weaknesses
(i.e., regulation). Moreover, students can explain the reasons about why their ideas
changed over time (Jimenez-Aleixandre, 2008). In addition, interaction and
dialogues are central in an argumentation class. All students are invited to this
communication. Knowledge is produced as results of the interactions among
students. During this process, students discuss, ask questions, evaluate their ideas
and criticize others’ ideas. In this interactive context, students try to persuade each

other and there should be consensus at the end (Jimenez-Aleixandre, 2008).

As students’ role, teacher role is also clear in argumentation lessons. According to
Jimenez-Aleixandre (2008) teacher is not the authority in class; however, if students
reach a false knowledge and they are in consensus about this issue, teacher
contributes to discussion and points out new perspectives to be discussed. In this
point, teacher acts as a facilitator. While teacher guide discussion, s/he also considers
the curricular objectives. When students’ arguments diverge from objectives, teacher
may ask students to connect their arguments to the topic under investigation.
Throughout the argumentation process, teacher encourages students to use evidence
in claims and ask questions to others. Teachers should also tell students the
characteristics of good arguments (e.g. use of justifications, rebuttals) and
argumentation based lessons (e.g., talking, listening, debating). Finally, teacher
should encourage students to change their ideas when their ideas do not match with

evidence or scientific theories.

Curriculum is as important as teachers and students in an argumentation based class.
It is difficult to conduct argumentation lessons in a curriculum where inquiry is not

embedded (Jimenez-Aleixandre, 2008). In inquiry based curriculum, it is expected
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that students should act as scientists. Students should engage in authentic activities
which is difficult to be implemented in regular classes. Curriculum should focus on
the real life problems that students make research on it. Curricular activities should
allow students to reach different conclusions, by this way students discuss these
conclusions more. There should be only few numbers of goals or objectives in
argumentation lessons. By this way, students focus on claims in selected topic and

their evaluation process.

Argumentation lesson is not limited with student, teacher and the curriculum:
assessment is also inevitable Teacher must also get feedback from the students
regarding the efficiency of the lesson. In addition, teacher should prepare criteria for
evaluation of students’ engagement in argumentation and their product (e.g., quality
of argument, content knowledge) and these criteria should be shared with students
(Jimenez-Aleixandre, 2008). Throughout the process, students might prepare
portfolios consisting students’ old and new claims. Students make reflection by
comparing these old and new claims, so they understand how their ideas changed and
developed. Types of assessments should also vary because students can express

themselves better when there is more than one type of assessment.

Characteristics of argumentation class were reflected in this study. These
characteristics contributed on validity of this research also. For example; students
were responsible for their learning and they were expected to interact with their peers
as part of the student characteristics of argumentation class. Teacher role was
adopted as facilitator in this study. Therefore, the evidence and robust arguments
were more important than what teacher said in argumentation lessons. Curriculum
characteristics of argumentation class also shaped current study. Accordingly,
argumentation classes should include few but comprehensive objectives to sustain
argumentation classes. Therefore, comprehensive and few numbers of objectives
were selected in this argumentation study. Alternative types of assessment were also
selected to demonstrate characteristics of argumentation class. For example; students
wrote their initial and final arguments on their work sheets throughout the process.
By this way, they were able to know their development. Likewise, they wrote what

they learn in each lesson and they made reflections. Similarly, peer questions and
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teacher questions fed students’ understandings and revealed students’ wrong ideas.
After listening these questions, students had chance to correct their wrong

knowledge.

1.5. Researcher Philosophy

Previous research on argumentation mainly adopted social constructivism (Jimenez-
Aleixandre, 2008; Kind, Kind, Hofstein, & Wilson, 2011; Perry & Dockett, 1998;
Sampson & Clark, 2011; Walker & Sampson, 2013). However, philosophy adopted

in this study is interactive constructivism, not social constructivism.

Interactive constructivism is similar with social-constructivism, but there are some
differences. Knowledge is constructed in social plane according to social
constructivism. Cultural values, beliefs and consensus affect the evaluation of
knowledge in social constructivism; however, natural laws (e.g. physical laws like
gravity) are not as important as cultural values, beliefs and consensus in social
constructivism. On the other hand, nature has an active role in deciding whether
something is true or not according to interactive constructivism. While knowledge is
constructed in social plane and people construct the knowledge through interaction,
people have to consider also the consistency between their talking and nature rules in
interactive constructivism. Thanks to interactive constructivism, personal views are
connected to scientific views because nature becomes an authority to decide what is
true. Interactive constructivism also suggests that science has two aspects which are
social and material aspects. While material aspect includes questions for exploration,
designing appropriate ways to answer question and conducting investigation with
accuracy, social aspect of science includes public debate, interpretation of evidence,

and knowledge claims (Cavagnetto, Hand, & Norton-Meier, 2010).

If social constructivism had been adopted in this study, students’ discussions could
have been shaped by their experience, prior knowledge and evidence obtained from
their experiments. However, this philosophy ignores natural laws. For example,
students conducted their experiments in first two weeks about heat conductivity of

different substances like metal cup and plastic cup. If social constructivism had been
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adopted in this study, students could persuade each other by saying plastic cup is
better heat conductor than metal cup because their experiment results supported this
data. However, this assertion is problematic for interactive constructivism because
natural laws should also be considered when deciding whether something is true or
false. Accordingly, after students constructed their arguments about comparison of
different materials about their heat conductivity, students were asked to consider
whether their results are consistent with nature in line with interactive constructivism
in this study. After that, students told a natural law that is metals conduct heat better
than non-metals and they integrated this natural law to their ongoing argumentation.
By this way, it is thought that argumentation studies prepared based on interactive
constructivism provides more valid results comparing with the argumentation studies

depending on social constructivism.

1.6. Researcher Orientation towards Argumentation

Cavagnetto (2010) examined different aspects of argumentation interventions by
reviewing previous argumentation studies. Researcher focused on nature of activity,
emphasis of activity, and science aspect in activity in this review. This analysis
resulted with three different orientations that researchers have towards
argumentation. These orientations are learning of argument through immersion,
teaching the structure of argument and emphasizing the interaction between science

and society (Cavagnetto, 2010).

First orientation is immersion in science for learning scientific argument (i.e.,
Immersion). In immersion orientation, argumentation is not done at the end of
inquiry process; it exists in all parts of inquiry. For example; students engage in
argumentation while asking questions, conducting experiments, interpreting data,
and constructing claims. The aim is to understand science principles and science
practice. Researchers provide tools to students as scaffolding which assist students to
adapt argumentation practice (Cavagnetto, 2010). Second orientation is teaching the
structure of arguments (i.e. structure). In structure orientation, researchers explicitly
teach the structures of argument (e.g., claim, data) at first. Then, they expect students

to apply these structures in new contexts. Structure orientation generally asks
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students to explain the natural phenomena without conducting experiment. When
students do not conduct experiment, argumentation is seen as the product of inquiry
process and it is not part of inquiry (Cavagnetto, 2010). Third orientation involves
the emphasis on the interaction between science and society (i.e., socio-scientific). In
this orientation, there is a socio-scientific issue and students use their existent
knowledge to solve issue in general. Moral, ethical, and political considerations are
emphasized in socio-scientific orientation. Connecting values to science is more
important than understanding scientific principles in this orientation. Argumentation
Is used as a tool in socio-scientific orientation to show how socio-cultural factors

shape science (Cavagnetto, 2010).

Accordingly, immersion orientation was adopted in this argumentation study because
of three main reasons. Firstly, vision-1 approach for scientific literacy was adopted
as scientific literacy. According to vision-1, students act like scientists and they
actively engage in process and product of science in this approach (Roberts, 2007).
Similar to vision-1 scientific literacy, immersion orientation for argumentation
focuses on doing science (e.g. experimenting) and constructing knowledge.
Secondly, immersion orientation includes all elements of science (e.g. controlling
variables). However, structure and socioscientific orientations do not provide
opportunity for students to understand all elements of science (Cavagnetto, 2010).
For example, students do not conduct experiments in these orientations. Therefore,
immersion orientation is more advantageous than other two orientations. Thirdly,
interactive constructivism was adopted as philosophy in this study. According to
interactive constructivism, science has two aspects namely social and material
aspect. While material aspect deals with question for exploration and conducting
investigation, social aspect of science includes public debate. Both aspects of science
mentioned in interactive constructivism were emphasized in immersion orientation.
For example, students make investigation and discuss on this investigation in
immersion orientation. On the other hand, other two orientations only deal with
social aspect of science ignoring material aspect of science (Cavagnetto et al., 2010).
Accordingly, role of nature in science is ignored when material aspect of science is

ignored. Therefore, it is thought that immersion orientation provides more
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information about science. Because of these three reasons, immersion orientation

was adopted in this study.

1.7 Theoretical Framework

In line with philosophy (i.e. interactive constructivism) and orientation towards
argumentation (i.e. immersion) of the study, theoretical framework of the study is
Argument Based Inquiry (ABI). As a specific example of ABI, SWH approach
proposed by Hand and Keys (1999) was used in this study. SWH is not just a tool
that engages students to argumentation process. SWH is examples of immersion
orientation in which students conduct investigation to engage in argumentation with
peers (Cavagnetto, 2010; Chen, Hand, & Park, 2016).

Because students have difficulties when they engage in immersive approaches (i.e.,
Argument-Based Inquiry), ABI approach provides students with Science Writing
Heuristic (i.e. SWH) templates facilitating students’ adaptation and participation in

argumentation practice (Chen et al., 2016).

Accordingly, the SWH has two templates namely teacher template and student
template. The teacher template focuses on pedagogical issues to assist teachers in
implementation of the SWH. On the other hand, the student template is prepared for
assisting students in lab investigations. SWH brings writing aspect of science/
scientists in class and it is a pedagogical tool for students to encourage scientific

reasoning in class (Hand, Norton-Meier, Gunel, & Akkus, 2016).

Teacher template outlines series of activities that promote student thinking. First of
all, students prepare a concept map to show their prior understandings according to
teacher template. Revealing students’ prior knowledge facilitates asking questions
before investigation. Secondly, individual pre-lab activities start. Students observe,
explore, make brainstorm, and write a question. Thirdly, lab activities start. If lab
activity is complex, teacher can inform students about procedure. If activity is not
complex, students can design their own procedure. Lab activities prepare students to

negotiations. Negotiations are step 4-5-6-7 where step 4 is individual negotiation,
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step 5 is peer negotiation, step 6 is textbook, teacher or authority negotiation and step
7 is negotiation as reflect, elaborate and share knowledge. Students repeat different
steps throughout the inquiry process (Hand & Keys, 1999). Throughout the research,
these phases were followed in this study. However, first phase which asks students to
draw concept map was removed. Instead of concept mapping to understand students’
prior knowledge, whole class discussions about daily life connections of the topics

were added to reveal students’ prior knowledge.

Second component of SWH is student template. Student template assists students to
explain observed phenomenon. If students carefully complete the student template,
they connect question, evidence, and claim with each other in their investigation. In
student template, students write their question at first. Secondly, they write their
testing procedure and they record their observations in third prompt. Prompt 2 and 3
are like traditional laboratory activities. In prompt 4-5, students write their claims
and their reasons by constructing deeper understanding. In 6™ prompt, results are
compared with authorities. If results conflict with authority, students should

negotiate with authority. Lastly, students write what they learn (Hand & Keys, 1999).

It should be noted that ABI approach is more than providing students SWH
templates. By using ABI, students’ initial ideas are elicited through pre-discussions
and scientific investigations. Students get confused when they see their initial ideas
are wrong, and they become motivated to correct their wrong ideas. Therefore, ABI
aligns with conceptual change approach (Aydeniz, Pabuccu, Cetin, & Kaya, 2012).
Likewise, students ask questions to each other and examine their ideas throughout
the process (Aydeniz et al., 2012). Moreover, students formulate hypothesis, conduct
experiments, engage in small group discussion and whole class discussions, and
compare their findings with authorities (Hand & Keys, 1999). In conclusion, it can
be said that SWH student template is only one aspect of ABI approach.

1.8. Purpose of the Study

This study has three main purposes in general. Firstly, this study aims to understand

impact of Argument Based Inquiry (ABI) approach on middle school students’
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scientific literacy in terms of content knowledge, epistemological beliefs and science
process skills. While this study focusing on the impact of ABI on scientific literacy,
it also aims to exhibit how students engage in argumentation process during ABI
treatment. Therefore, the study aims to portray students’ engagement in
argumentation process as second purpose. Likewise, this study does not only focus
on process of argumentation, but it also deals with the product of argumentation
which is argument. Hence, third purpose of the study is to reveal middle school

students’ argumentation schemes showing participants’ arguments.

1.9. Significance of the Study

Previous ABI treatments mainly focused on examining the impact of ABI treatment
on participants’ content knowledge and learning (Cronje, Murray, Rohlinger, &
Wellnitz, 2013; Greenbowe, Rudd, & Hand, 2007; Hand, Wallace & Yang, 2004;
Hand et al., 2016; Hohenshell & Hand, 2006; Kingir, Geban & Gunel, 2013; Taylor,
Tseng, Murillo, Therrien, & Hand, 2018). On the other hand, there is no study
examining the impact of ABI treatment on middle school students’ science process
skills. Likewise, there is only one study examining the impact of ABI on middle
school students’ epistemological beliefs (Tucel, 2016). To sum up, it can be said that
previous research did not examine the effect of ABI on scientific literacy which
includes content knowledge, epistemological beliefs and science process skills
empirically although there is a theoretical consistency between ABI and scientific
literacy. For example, Jimenez-Aleixandre and Erduran (2008) claimed that students
read different sources before reaching an argument, criticize sources, discuss with
others. By this way, they learn scientific talking and writing improving their
scientific literacy. However, the researcher of this dissertation did not come across

with any empirical investigating the effect of ABI on scientific literacy.

On the other hand, this ABI study aims to improve these three components of
scientific literacy. Actually, this study has some specific significance regarding the
components of scientific literacy. First of all, this study aims to improve participants’
content knowledge that is one of the aims of science curriculum [Ministry of

National Education] (MONE, 2018). The content knowledge that students improve
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assists them to solve daily life problems (MONE, 2018). Similarly, new learnings are
constructed on students’ content knowledge. Therefore, improving students’ content
knowledge for this grade level (6" grade) can be helpful for further learning in
following years (e.g. high school). Secondly, improving students’ epistemological
beliefs which are another component of scientific literacy is important. According to
Next Generation Science Standards (NGSS, 2013), science is both a set of practices
and accumulation of knowledge. Scientific literate students are expected to engage in
science practice. However, engaging in scientific practice is not sufficient. Students
should also know the characteristics of science practice. If these characteristics are
not well known, contributions of scientific practice cannot be learnt. Characteristics
of scientific practice represent epistemic knowledge that is the knowledge of
constructs and values intrinsic to science. If students improve their epistemological
beliefs, they can understand observation, hypothesis, inference, model, theory, claim
and they can distinguish these characteristics of science (NGSS, 2013). By this way,
students can understand both science practice and its product (content knowledge).
Thirdly, the study aims to improve students’ science process skills as scientific
literacy components. Improving science process skills are crucial for students
because these skills are used when scientists conduct their investigations to
understand nature (MONE, 2018). Although science process skills are not explicitly
referred in NGSS (2013) report, there is a consistency between science process skills
and science practice. While science process skills focus on the skills that scientists
use in their work, science practice focuses on performance including skills and
knowledge. However, there is an overlap between science practice and process skills.
For example, both themes focus on planning and carrying out investigations,
endeavor and interpreting data, obtaining, evaluating and communicating
information. Therefore, advantages of improving students’ science practice can be
also sign for benefits of improving science process skills. According to NGSS
(2013), students can realize how science works and produce knowledge when they
engage in science practice. Likewise, students appreciate science because students
observe that scientific approaches investigate, model and explain natural phenomena.
Similarly, engaging in scientific practice increases students’ curiosity, interest, and
motivation towards science. Furthermore, engaging in science practice assists
15



students to understand crosscutting concepts and disciplinary ideas. Lastly, students
can understand that World can change through human endeavor when scientists
engage in science practice (NGSS, 2013). All these contributions of engaging in
science practice are also true for science process skills and therefore, it is important

to examine whether students’ science process skills improve through ABI treatment.

Another significance of the study is about the use of argumentation schemes in this
study. Sampson and Clark (2006) claimed that previous research conducting to
reveal argument quality did not meet epistemic criteria (e.g. examination how the
argument attempts to discount alternatives) and Duschl (2007) added that only
Walton’s (1996) argumentation schemes meet these epistemic criteria. Therefore,
Duschl (2007) called researchers to analyze arguments using argumentation schemes.
However, there are a few studies using argumentation schemes to analyze quality of
arguments. For example, there is one ABI study examining students’ argument
quality using argumentation schemes, but this study was held with pre-service
teachers (Ozdem, Ertepinar, Cakiroglu, & Erduran; 2013) and there is no ABI study
examining quality of students’ arguments by using argumentation schemes in middle
school level. On the other hand, this ABI study aims to analyze middle school
students’ argument quality using argumentation schemes. Focusing on argumentation
schemes in middle school level is important because use of argumentation schemes is
indicator of students’ reasoning. In other word, revealing students’ argumentation
schemes inform researchers about how students think. In ABI research, students are
mentally active. By revealing argumentation schemes, their thinking process
becomes clear and so researchers can understand better what is going on during

argumentation.

Moreover, in his study, Duschl (2007) focused on argumentation schemes middle
school students used and researcher found that middle school students used nine
different argumentation schemes which are sign, position to know, evidence to
hypothesis, cause to effect, analogy, commitment, expert opinion, corelation to
cause, and consequences, but he did not use argument-based inquiry. On the other
hand, this study used argument-based inquiry approach. In this approach, students

may use much more types of argumentation schemes unlike Duschl (2007). For
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example, students can use argument from example when they reach a result in
experiment and support this result with daily life example in ABI instruction.
Likewise, students can use argument from gradualism in ABI instruction because
students try to persuade others in whole class discussion part of ABI. One argument
may not be sufficient to persuade others and students can connect different
arguments to each other and they can construct one comprehensive argument
reaching argument from gradualism. By this way, this comprehensive argument may
be more convincing in whole class discussion. To sum up, ABI instruction promise
use of various types of argumentation schemes. If this approach assists students to
reveal various types of argumentation schemes, much more information about nature

of middle school students’ argumentation schemes can be learnt by this way.

Focusing on students’ engagement in argumentation process is another significance
of this study. Previous research on argumentation claimed that researchers mainly
focused on quality of argument that is the product of argumentation process;
however, there is little known about participants’ engagement in argumentation
process and there should be more studies focusing on students’ engagement in
argumentation process (Kim & Song, 2006; Sampson et al., 2012). Thus, this study
can enhance our understandings about students’ engagement in argumentation
process in Turkish context. Studying on students’ engagement in argumentation
process can be meaningful because of some reasons. Firstly, argumentation is a
process that students engage in. In this process, students compete, collaborate and
negotiate with each other. If students’ engagement in argumentation is investigated
deeply, some new knowledge can reveal regarding how students compete,
collaborate and negotiate with each other. Next, studying on students’ engagement in
argumentation process can show researchers in which conditions students compete
with each other and in which conditions students collaborate. Likewise, the
arguments that students use are the products of their engagement in argumentation
process. Therefore, the possible trends or patterns obtained from students’
engagement in argumentation process can be related with the arguments they
produced. By this way, eliciting students’ engagement in argumentation pProcess can

provide more information about the nature of students’ arguments. For example, it is
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possible that students can criticize, defend and support arguments in their
engagement to argumentation process. The argumentation schemes that students use
in these different engagement types may differ. It is possible that some
argumentation schemes are proposed more frequently when students criticize each
other, and other argumentation schemes are used more frequently when students
work in cooperation in their engagement in argumentation process. Therefore,
increasing knowledge about students’ engagement in argumentation process assists
researcher to reach further understandings about the arguments students use. As
connections between engagement in argumentation process and argumentation
schemes that students use inform our understanding about argumentation, these two
themes’ connections with scientific literacy can also enhance our understanding
further. For example, the study might show which argumentation schemes let
students to reach scientific knowledge. By this way, the relation between
argumentation schemes and content knowledge that is one aspect of scientific
literacy may become obvious. Likewise, engagement components’ link with content
knowledge can increase our understanding about these two themes. For instance,
students might reach scientific knowledge when they use one specific engagement
component (e.g. oppositional comment) and students might not reach scientific
knowledge when they use some other engagement components (e.g. co-construction
of knowledge). If such instances are explored, teachers may monitor their students
regarding the use of engagement component leading students to reach scientific
knowledge. Similar links can be also available between argumentation schemes,
engagement components, and other two aspects of scientific literacy which are
epistemological beliefs and science process skills. For example, if students do not
use argumentation schemes like argument from sign or argument from or argument
from evidence to hypothesis, this might show that students have deficiency on their
science process skills since students use their observation and inference skills when
they use argument from sign (Duschl, 2007). Likewise, students use formulating
hypothesis skill when they use argument from evidence to hypothesis schema.To
sum up, argumentation schemes students used might inform their science process
skills. In a similar vein, students’ engagement in argumentation schemes might

inform us about students’ epistemological beliefs. For example, if students do not
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engage in argumentation and there is no frequent use of engagement components,
this might show that students hold less sophisticated epistemological beliefs because
students with sophisticated epistemological beliefs are expected to engage in
argumentation process actively. Likewise, students’ use of argumentation schemes
can provide information about their epistemological beliefs. If students do not use
scientific argumentation schemes like argument from sign, argument from evidence
to hypothesis, and argument from corelation to cause; this might show that students
do not have sophisticated epistemological beliefs and so they do not use scientific
argumentation schemes. In other word, limited use of scientific argumentation
schemes can be sign of less sophisticated epistemological beliefs. In conclusion,
current study can both provide information about argumentation schemes,
engagement in argumentation process, scientific literacy and these three themes
possible connections. By this way, our understanding about these three important
aspects of science education can increase further.

Current study also has a potential significance for researchers in the field of science
education. In this study, it is hypothesized that argument based inquiry approach
improves students’ scientific literacy (vision-1) because of the theoretical link
between ABI and scientific literacy components. If hypothesis is supported by
empirical evidence (i.e. findings) in this study, researchers can conduct similar
treatments with different samples having different characteristics for the
generalizability of the current findings with an ultimate aim of enhancing students’
scientific literacy. On the other hand, if this hypothesis is not supported in this study,
researchers can focus on the reasons for why ABI treatment did not increase
students’ scientific literacy. By this way, researchers’ understandings about ABI,

scientific literacy and their relation increase.

Lastly, this study points out students’ reactions, ideas, and performance in ABI
treatment. For example, teachers can consider the most and the least used
argumentation schemes in this study when they prepare an argument based inquiry
lesson. Likewise, the components that students used the most and the least frequently
in their engagement in argumentation process in this study can be informative for

teachers and these components can shape teachers’ preparation of ABI lessons.
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Similarly, teachers can benefit from content of the each week’s activities explained
in detail in method chapter when they teach matter and heat and electricity units in
6" grade level. Furthermore, difficulties that were encountered during
implementation of ABI treatment in this study can be considered by teachers. If these
difficulties are considered and eliminated in science classes, students benefit from

ABI treatment more.

1.10. Research Questions

In line with significances of the study, this study has five main research questions:

1. Is there a change in 6" grade students’ content knowledge from Time 1 (before the
ABI treatment) to Time 2 (after the ABI treatment)?

2. Is there a change in 6" grade students’ epistemological beliefs from Time 1
(before the ABI treatment) to Time 2 (after the ABI treatment)?

3. Is there a change in 6™ grade students’ science process skills from Time 1 (before
the ABI treatment) to Time 2 (after the ABI treatment)?

4. What is the nature of 6™ grade students’ arguments when they are analyzed based

on argumentation schemes?

5. What is the nature of 6" grade students’ engagement in argumentation process in

ABI treatment?

1.11. Operational Definitions

Scientific Literacy: Scientific literacy is a general term that centralizes science as the
main goal of science education according to vision-1. In this approach (vision-1),
science related variables like content knowledge form scientific literacy.
Scientifically literate people are expected to engage in scientific practice in this
approach (Roberts, 2007).
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Content Knowledge: Content knowledge is the product which is the result of
scientific enterprise. In this study, content knowledge is defined as academic content
of a discipline (e.g., physics, biology, chemistry). This knowledge includes how to
write a scientific explanation, understanding of a domain in a discipline, relationship
between domains, and relationship between topics and concepts in that domain
(Carlson & Dacehler, 2019). Students’ conceptual understanding about matter and
heat and electricity units taught in 6" grade levels were seen as their content
knowledge in this study. Content knowledge was assessed by the Matter and Heat
Content Knowledge Test and Electricity Content Knowledge Test which were

prepared by researchers.

Epistemological Beliefs: Epistemological beliefs are the belief system including
source, certainty, development, and justification as measured by the Epistemological
Beliefs Questionnaire. According to Conley et al. (2004), sources of knowledge deals
with where scientific knowledge comes from. Source can be people who conduct
scientific research or outside of the people. Certainty is about whether scientific
knowledge is certain or uncertain. Development is about whether scientific
knowledge changes or not and justification emphasizes the role of experiment,

testing and evidence in science.

Science Process Skills: Science process skills are the results of the classification of
the science’s intellectual tools. Accordingly, science process skills can be either
basic process skills or integrated process skills. Basic process skills are observing,
classifying, wusing numbers, measuring, using space/time relationships,
communicating, predicting and inferring and these skills are taught in primary level.
On the other hand, integrated process skills are defining operationally, formulating
hypotheses, interpreting data, controlling variables, and experimenting and these
skills are taught in middle school (Sanderson & Kratochvil, 1971). In this study,
students’ integrated process skills are considered as science process skills and
measured by use of Test of Integrated Process Skills 2 (Burn, Okey, & Wise, 1985).

Argumentation: Argumentation in science iS a process where competition,

collaboration and negotiation occurs (Cavagnetto, 2010). Argumentation is done to
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understand nature by asserting supporting, defending, criticizing, adjusting claims in

order to validate claims (Sampson et al., 2012).

Argument: While argumentation is a process in which knowledge is constructed, its

ending product is argument (Jimenez-Aleixandre & Erduran, 2008).

Argumentation Schemes: Argumentation schemes are forms of arguments and they
show structures of common arguments used in daily life (Walton et al., 2008). There
are 25 argumentation schemes like argument from sign (Walton, 1996). When people
use argumentation schemes, they use presumptive reasoning which means that there
is a lack of evidence. Therefore, these arguments are not strong, but they are used to
support main arguments. Argumentation schemes have weight and so they can

change the direction of argumentation (Walton et al., 2008).

Engagement in Argumentation Process: Students’ engagement in argumentation
process represents nature and function of discussion when middle school students
participate in argumentation in this study. Students’ engagement in argumentation
process was determined based on four codes obtained from Sampson and Clark’s
(2011) argumentation analysis. These codes are information seeking (e.g., requesting
more information), expositional comment (e.g., proposing ideas), oppositional
comments (e.g., challenge), and co-construction of knowledge (e.g., supporting ideas

of others).

Interactive Constructivism: Interactive constructivism is a kind of constructivism,
however, personal views are connected to scientific views because nature becomes
an authority to decide what is true for interactive constructivism. Moreover,
according to interactive constructivism, science has two aspects which are social and
material aspects. While material aspect includes questions for exploration, designing
appropriate ways to answer question and conducting investigation with accuracy,
social aspect of science includes public debate, interpretation of evidence, and

knowledge claims (Cavagnetto et al., 2010).

Immersion Orientation: In immersion orientation, argumentation is not done at the
end of inquiry process; it exists in all parts of inquiry. For example; students engage
22



in argumentation while they asking questions, conducting experiments, interpreting
data, and constructing claims. The aim is to understand science principles and

science practice (Cavagnetto, 2010).

Argument Based Inquiry: Argument Based inquiry is an immersion approach that
facilitates students’ engagement in argumentation. In this approach, students engage
in pre-discussion, group discussion, whole class discussion, design and conduct their
investigation, negotiate on their findings with others, compare their findings with
authorities, and make reflection on their learning. While students engage in
argumentation in ABI process, they also complete science writing heuristic (SWH)
student template that facilitates students’ engagement of argumentation and

construction of arguments (Hand & Keys, 1999).
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CHAPTER 2

LITERATURE

This chapter focuses on reviewing literature related with this study. At the beginning
of the chapter, general information about scope of this research is shared. Next, the
relation between argumentation and content knowledge are presented. Then, the
relation between argumentation and epistemological beliefs are presented based on
argumentation literature. After that, argumentation and science process skills’
connections are explained. After the relationships between argumentation and
scientific literacy components (e.g., content knowledge) are explained, studies about
argumentation schemes are presented. At the end of this literature review, studies

about students’ engagement in argumentation process are reported.

2.1. Argumentation

Argumentation in science is a process where competition, collaboration and
negotiation occurs (Cavagnetto, 2010). Argumentation is done to understand nature
by asserting supporting, defending, criticizing, adjusting claims in order to validate
claims (Sampson et al., 2012). Argumentation has three main characteristics. First, it
has justification of knowledge claim. Second, it has persuasion. Third, there is a
debate between groups (Jimenez-Aleixandre & Erduran, 2008). As a result of
argumentation process or when participants engage in argumentation process, they
produce their argument (Jimenez-Aleixandre & Erduran, 2008). On the other hand,
some researchers use the words which are argumentation and argument
interchangeably. For example, according to Walton (1996), an argument is
conversation between two people to persuade each other. Considering related
literature, in the current study, argumentation is conceptualized as a process and

argument is as a product of this process.
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Although it was not explicitly addressed, previous studies showed that argumentation
is theoretically linked with scientific literacy (Jimenez-Aleixandre, 2008; Jimenez-
Aleixandre & Erduran, 2008; Khishfe, 2014; Sandoval & Millwood, 2008).
According to Roberts (2007), there are two different approaches regarding scientific
literacy which are vision-1 and vision-2. In vision-1, scientific enterprise is focused.
What scientists do when producing scientific knowledge and the product of this
endeavour (content knowledge) is emphasized in vision-1. In other word, both
process and product of science are important in vision-1. On the other hand, science
and its relationship with society and science’s contributions to solution of social
problems are focused in vision-2 approach for scientific literacy. Vision-2 approach
does not deal with what scientists do when producing scientific knowledge and
vision-2 only deals with the product of science. Due to fact that vision-1 deals with
both process of science and product of science, this study adopted vision-1 approach
for scientific literacy.

As there are different approaches to scientific literacy, there are three different
orientations that researchers adopted when they conduct argumentation studies which
are immersion, socio-scientific and structural orientations (Cavagnetto, 2010). In
immersion orientation, argumentation is a tool to understand science principles and
practice. While students make investigation, this orientation embeds argumentation
in intervention. Argumentation is not at the end of inquiry process, it exists in all
parts of process. For example; students engage in argumentation while they are
asking questions, conducting experiments, interpreting data, and constructing claims.
By immersion, students learn science language over time. Two examples of the
immersion approach are argument based inquiry (also known as science writing
heuristics) (Hand et al., 2004) and argument driven inquiry (Walker, Sampson, &
Zimmerman, 2011). On the other hand, socioscientific orientation aims to show how
society factor affect science. Science and society are intertwined. Scientists debates;
however, weight of scientists’ debates are lighter than other components of society
like ethics, religion, and culture (Cavagnetto, 2010). In 2004, Sadler analyzed studies
adopting socioscientific orientation. This analysis showed that researchers focused

on informal reasoning. Findings also showed that students’ claims are unjustified.
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They are unable to construct counterarguments, and cannot use scientific evidence.
Students are not capable of analysing scientific arguments. Context is socio-scientific
issue and students participate in this context and learn argumentation. Culminating
activities like class debates and role play are so much in this orientation. Moral,
ethical and political considerations are emphasized in this orientation. Constructing
on understanding the scientific principles are not emphasized in this orientation.
Connecting values to science content is important in this orientation. Next, Structure
orientation focuses on whether structures of argument are adapted in different
contexts. It includes communication and defending claims. Controlling variables,
experiment trials, errors, data transformation, interpreting data do not exist in
structure orientation. In structure orientation, argumentation is the product of inquiry
process and it is not part of inquiry (Cavagnetto, 2010). When these three
orientations are compared with each other, it is easily seen that only immersion
approach focuses on both product and process of science. Moreover, immersion
approach is consistent with vision-1 approach for scientific literacy. Therefore,
immersion approach as argumentation orientation was adopted in this study. Due to
fact that immersion orientation was adopted in this argumentation study, different
approaches prepared in line with immersion approach are noticeable. These two
approaches are argument based inquiry (Hand et al., 2004), and argument-driven
inquiry (Walker et al., 2011). Argument driven inquiry was prepared in order to
transform undergraduate level laboratories (Walker et al., 2011); however, focus of
this study is examining middle school students’ argumentation process and
arguments. Therefore, argument driven inquiry was not selected as argumentation
treatment in this study. On the other hand, science writing heuristic or argument
based inquiry which has been applied in different education levels (see Chen et al.,
2016, Pock, Burke, Greenbowe, & Hand, 2007) were selected as argumentation

treatment.

In argument-based inquiry, students directly engage in inquiry process through
asking questions, doing investigation, obtaining data, using evidence, proposing
claims, and making discussion on their ideas (Chen et al., 2016). In other word, they

engage in all activities that scientists do in scientific practice. Due to fact that
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students directly engage in scientific activities by doing argumentation, they do not
need to learn components of argument. Therefore, components of the arguments are
not cognitive load for students and students can focus on what they actually need to
learn (e.g., content, skills). According to argument-based inquiry approach, there are
two parts including teacher and student template. Teacher template outlines series of
activities that promote student thinking. Second template is student template. Student
template assists students to explain observed phenomenon (Hand & Keys, 1999).
Details of teacher and student templates used in ABI approach were explained in

previous chapter.

Both vision-1 approach for scientific literacy and immersion orientation for
argumentation deals with both process of science and product of science. As vision-1
approach focuses on process of science and its product, this study focuses on
students’ content knowledge, epistemological beliefs and science process skills as
scientific literacy components. In that point, content knowledge can be seen as
product of science and epistemological beliefs and science process skills can be seen
as the constructs used in process of science. Therefore, the studies considering the
relations between argumentation and corresponding scientific literacy components
are reviewed in the following first three parts. Similarly, immersion orientation for
argumentation deals with both process and product of science. In this point, students’
arguments’ quality can be seen as product of scientific endeavour because they are
proposed as a result of argumentation process and students’ engagement in
argumentation process can be seen as process of science. Therefore, following fourth
part of literature review focuses on the studies about students’ arguments’ quality
and last part focuses on the studies focusing on students’ engagement in

argumentation process.

Argumentation studies in science accelerated after 1980 (Cavagnetto, 2010; Chang,
Chang, Tseng, 2010; Lee, Wu, & Tsai, 2009; Lin, Lin, Potvin,& Tsai, 2018; Tsai &
Wen, 2005) and researchers mainly focused on quality of product (i.e. Argument)
rather than argumentation process (Sampson et al., 2012). While determining the
quality of an argument, researchers used argument components like justification and

rebuttal (Erduran, 2007). For example, Zohar and Nemet (2002) removed warrant,
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backing, and qualifier from analysis and focused on justification while analysing
quality of students’ arguments. Justification is the reason that explains why data
supported the claim. Whether content of the justification is scientifically correct or
wrong determined the quality of arguments (Zohar & Nemet, 2002). On the other
hand, Erduran et al., (2004) focused on rebuttal as sign of high quality argument
because it informs people about the strengths of their arguments. However, Sampson
and Clark (2008) reported that previous studies’ results are problematic regarding
argument quality because previous studies’ way of analysis for argument quality did
not meet the epistemic criteria. In their review, Sampson and Clark (2008) examined
different approached to analyze participants’ argument quality. In this review,
Sampson and Clark (2008) claimed that same argument can be in high quality or low
quality based on the framework that researchers use because different frameworks’
structures, content and justification are different from each other. For example, some
frameworks see justification as information, and they focus on whether there are
some information exists in justification part of the argument. If the information
exists, the argument is labelled as high quality. On the other hand, some frameworks
(e.g., Lawson, 2003) thought justification as thinking process. The ones who adopt
these frameworks focus on whether different aspects like evidence and prediction fits
with each other to decide quality of arguments. Moreover, in an earlier review of
analytical methods, Sampson and Clark (2006) claimed that analytical methods do
not provide sufficient information about how participants’ arguments reflect
epistemic criteria. To make these epistemic criteria clearer, Sampson and Clark
(2006) proposed five epistemic criteria which are examining the nature and quality of
the knowledge claim, examining how the claim is justified, examining if a claim is
accounts for all available evidence, examining how the argument attempts to
discount alternatives and examining how epistemological references are used to
coordinate claims and evidence. According to Duschl (2007), Walton’s (1996)
argumentation schemes fit with these five epistemic criteria. Therefore, it is thought
that studies using argumentation schemes as analytical methods provide valid results
about quality of arguments. Hence, studies including argumentation schemes are

reviewed regarding argument quality results of previous studies.
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Next, both argumentation process and product of argumentation (argument) are in
scope of the study. According to Sampson et al. (2012), researchers focused on
argumentation process less than its product. Therefore, it is possible that there is little
known about argumentation process. In line with this, the studies examining
participants’ engagement in argumentation process to reveal what is known about
students’ argumentation process are presented after reviewing the studies focusing on

argumentation schemes.

2.2. Argumentation and Content Knowledge

In this part, theoretical consistency between argumentation and content knowledge is
emphasized at first. After that argumentation studies considering content knowledge
are reviewed. Summary of the argumentation studies related with content knowledge

are presented at the end of this part.

2.2.1. Theoretical Consistency between Argumentation and Content
Knowledge.

Science education researchers support the view that argumentation foster students’
content knowledge (e.g. Chin & Osborne, 2010; Dawson & Venville, 2013;
Mendonga & Justi, 2014). In this dissertation, content knowledge is defined as
academic content of a discipline (e.g., physics, biology, chemistry) (Carlson &
Daehler, 2019). Since current dissertation focuses on the argument-based inquiry
impact on selected variables (e.g., content knowledge), firstly theoretical consistency
between argumentation and content knowledge is presented and secondly theoretical

consistency between argument-based inquiry and content knowledge is presented.

According to Chin and Osborne (2010), people make reasoning on ideas when they
engage in argumentation. People not only focus on why an idea is correct, but also
examine why alternative ideas are wrong in argumentation. As a result,
distinguishing the correct and wrong ideas considering the reasons facilitates
conceptual understandings. Besides, theoretical consistency between argumentation

and content knowledge was explained by Mendonga and Justi (2014) from different
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perspective. Accordingly, Mendonga and Justi (2014) explained the contribution of
argumentation on content knowledge pointing out examination of evidence in models
through argumentation. Mendonga and Justi (2014) claimed that evidence does not
provide our understanding alone. Evidence is used to construct models. If evidence
in a model works in reality, this makes model scientific. Whether an evidence works
in reality is determined by justifications and refutations (e.g., examining evidence).
By examining evidence through justifications and refutations, most suitable models
explaining the scientific phenomenon are selected. These most suitable models
represent the scientific knowledge. In conclusion, it can be said that by examining
evidence in argumentation, people construct scientific models and they reach
scientific knowledge. By this way, argumentation results with increasing conceptual

understanding.

Similarly, Dawson and Venville (2013) pointed out evaluating data and discussing
on it when they explained how argumentation fosters content knowledge.
Accordingly, people understand the data better when evaluating it. Likewise, people
discuss with each other when evaluating data. Both evaluating data and creating
common understanding with others increase people content knowledge. As Dawson
and Venville (2013) considered discussing on data as a mediator to increase content
knowledge, Aydeniz et al., (2012) explained how argumentation supports content
knowledge referring reasoning, conceptual change and metacognition. Accordingly,
Aydeniz et al. (2012) thought that students elaborate their ideas, and ask questions to
each other that requires rational explanations. This rationality leads better
understandings and elimination of misconceptions. Regarding metacognition, for
example, students organize their knowledge by use of written argumentation. This in
turns increases students’ metacognitive thinking. By this way, they become aware of
their deficiencies. Explanations of peers in verbal argumentation and further thinking
on their deficiencies assist students to increase their content knowledge. Aydeniz et
al. (2012) also claimed that argumentation is similar to conceptual change approach
because students restructure their initial ideas which assist students to consider their

weaknesses and other variables that they did not pay attention before. Moreover,
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Aydeniz et al. (2012) pointed out the importance of peer questions that develop

students’ deeper understanding of the content.

As argumentation supports students’ content knowledge, argument-based inquiry
(i.e., ABI) is expected theoretically to support content knowledge too. In ABI
process, students ask research questions, collect and analyze data, propose claim,
support claim with evidence, prepare individual and group arguments and negotiate
on the ideas through small group and whole class discussions (Hand & Keys, 1999).
Kingir, Geban and Gunel (2013) claimed that students taught by traditional
instruction cannot make further or deep explanation because these students learn
through memorization. On the other hand, ABI deals with process of construction of
knowledge instead of knowledge itself. For example, when students discuss
deficiencies and strong sides of different ideas in negotiations phases, they reach
consensus. While reaching consensus, they construct the knowledge. This brings

about meaningful knowledge and further explanation.

Likewise, Kingir et al. (2013) claimed that ABI aligns with conceptual change
approach. For example; when students reach conflicting data obtained from
experiments (e.g. data collection), they are confronted and they become suspicious to
their prior knowledge that might include misconceptions or false knowledge. After
that students can discuss on conflicting data in their small group and whole group
discussion. Students are expected to reach negotiations in these discussions. When
students’ discussions reach negotiations, students learn from each other. As a result,
their initial ideas change and their content knowledge increases. Moreover, ABI
includes student template. By using this template, students connect arguments’
elements (e.g., claim and data), and link their old and new knowledge that bring

about improvement on their content knowledge.

Similarly, Akkus, Gunel and Hand (2007) claimed that prompts of student template
contribute on deeper understandings. Accordingly, some students come to the class
with their personal knowledge that is unscientific. However, they are supposed to
learn scientific knowledge. Learning this scientific knowledge is not easy for
students. In this point, student template can be seen as scaffolding. This scaffolding
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assists students to make reasoning on their work, thinking and discussion. By this
way, student template facilitates students learning. For example; fourth question of
student template asks students to write their claim and fifth question asks students to
write their evidences. When students answer these two questions, they automatically
construct their arguments. Without this scaffolding, they may not construct their
arguments. Constructing their argument can be seen as a step to reach scientific
knowledge. Therefore, it can be claimed that student template is a bridge that

connect students’ personal knowledge and scientific knowledge.

Similarly, Chen et al.’s (2016) views also support the notion that ABI supports
content knowledge. While explaining ABI’s contribution to content knowledge,
Chen et al. (2016) pointed out the interaction of students’ written arguments and
whole argumentation process. Accordingly, while using SWH student template,
students write their initial arguments. After that they engage in argumentation
process based on their initial arguments written in SWH template. By engaging in
argumentation process, they reach social negotiation. After, they reach social
negotiation, students write their final arguments to SWH template again. When
students compared their initial and final arguments written in SWH, they understand
how much they learnt in that topic. The differences between initial and final

arguments are also evidence that ABI increases content knowledge.

As it is seen, both argumentation and argument-based inquiry are supposed to
increase students’ content knowledge depending on theoretical explanations of
science educators. The next part informs how argumentation affected students’

content knowledge in practice.

2.2.2. Studies on Argumentation and Content Knowledge.

In this part, firstly, general argumentation studies examining the impact of
argumentation on content knowledge are reviewed. After that, argument based
inquiry studies that focused on content knowledge are reported. This parts ends with
the summary of previous research regarding the impact of argumentation on content
knowledge.
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Argumentation studies are not always held with immersion orientation (e.g., ABI),
there are some other argumentation studies that adopted other argumentation
orientations which are socio-scientific orientation and structure orientation (i.e.
socio-scientific context and learning the structure of argument excluding immersion
ways) (Cavagnetto, 2010). These studies also focused on argumentation and content
knowledge. Argumentation studies which are not held with immersion approach
examined either the relation between argumentation and content knowledge (e.g.,
Sadler & Donnelly, 2006) or impact of argumentation on content knowledge (e.g.,
Dawson and Venville, 2013).

Accordingly, some of the research seeking relation between argumentation and
content knowledge was conducted adopting socio-scientific orientation in
international context (Dawson & Venville, 2013; Jonsson, 2016; Sadler & Donnelly;
2006). For example, Dawson and Venville (2013) adopted socio-scientific
orientation and examined the relationship between argumentation and content
knowledge. This study aimed to increase high school students’ argumentation skills,
informal reasoning, and content knowledge (CK) in the context of socio-scientific
issues (SSI) related with genetics through explicit argumentation teaching. This
study was mixed method quasi experimental design because there was no random
assignment of participants in experiment group (EG) and control group (CG). While
the experiment group included 133 students, control group included 160 students.
Teaching lasted nearly 10 weeks/ 40 hours. Explicit argumentation accompanied
with CK instruction. Argumentation instruction was not covered in CG. Students
also produced written arguments based on scenarios provided by their teachers.
Teachers in experimental groups encouraged students to discuss with each other.
Teachers in experiment group also explained elements of arguments and gave
examples of it, encouraged use of claims and counterarguments, encouraged
students’ use of written arguments, encouraged students to make justification, asked
students to examine source of evidence, bias about evidence, validity and reliability
of evidence, asked students to think on counterarguments further. Teachers in
experimental group also requested students to reflect on argumentation and asked

students why they changed their initial arguments. Because of these reasons

33



experiment group might outperform control group in selected variables which are
argumentation skills, informal reasoning, and CK. For example; when students are
supported to use counterarguments, examine evidence and make justification, their
argumentation skills might increase. Likewise, discussion let students to justify their
arguments, and they looked for data that supported their claims. By this way,
students learnt their arguments better. Cumulative sharing and development of
knowledge provided students to learn the topic all together increasing their content
knowledge. Similarly, making reflection on their arguments and thinking alternative
points might increase their informal reasoning because students might gain multiple
perspectives related with informal reasoning when they criticize their own arguments
and focus on alternative ideas. The effect size for argumentation skills was medium,
for informal reasoning was large and for content knowledge is medium in favour of

experimental group.

In another study conducted with socio-scientific orientation, Jonsson (2016) focused
on the relationship between content knowledge and argumentation skills based on 12
years old Swedish children’s answer to nation-wide exam including argumentation
task and content knowledge task. This study also examined different domains of
science like physics, chemistry and biology as context for creating arguments.
Although there are many studies in argumentation in high-school level, there is
limited study in compulsory years. Thus, studying with 12 years old students’
argumentation may inform researchers about the developmental effect on making
arguments. In this study, different tasks were provided to students. First task is
related with argumentation skills and it is formed by three sub-tasks including the
use of CK in arguments, selecting correct sources to be used in argument and
interpreting and presenting arguments to others to persuade them by use of different
representations (table, graphs etc.). Use of content knowledge was provided through
concept cartoons and a fictional character sent sources that can be used in argument
through email in order. Students were supposed to separate relevant sources from
irrelevant ones. Lastly, a video and text provided information to be used in
persuasion of others. This argumentation skill task included open ended items. The

relationship between argumentation and content knowledge was statistically
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significant although these relationships were stronger for biology than physics.
Findings also suggested that participants had more difficulty in using content
knowledge in argumentation than persuading others using different representations
showing that argumentation skills are different constructs. Likewise, these skills
were not correlated with each other. In conclusion, the use of content knowledge in
backing and justification and students’ lack of CK cause that students could not
provide valid arguments. Lack of argumentation skills are another factors regarding
poor arguments. Thus, both content knowledge and argumentation skills education

are necessary for students to make valid arguments.

Sadler and Donnelly (2006) focused on how content knowledge and morality
contributes on argumentation quality in high school level in socio-scientific
orientation (i.e., gene therapy and cloning issues). Content knowledge (i.e., CK)
questions about gene therapy and cloning included multiple choice tests. Quantitative
data were collected from 125 high school students whose range between 15-18 ages.
A total of 48 students were interviewed. The relationship between variables (content
knowledge and moral reasoning were predictor variable, and argumentation level
was criterion variable) was analyzed through multiple regression analysis.
Argumentation level was analyzed through constant comparative method and
inductive coding. First initial patterns were revealed by the analysis of transcriptions
of 10 interviews. Second, all data were analyzed and patterns derived from initial
analysis and second analysis compared. Quantitative findings suggested that neither
CK nor moral consideration significantly contributed on the variations in
argumentation quality. Qualitative analysis showed that only few participants used
their CK in their arguments (5 over 48). Regarding CK, participants’ fictional views
caused by media replaced with scientific CK. Likewise, some of the participants
reported they had lack of CK. First explanation for the use of CK in argumentation is
that students do not use their CK in argumentation based on socio-scientific issues.
They use CK in school only when they make scientific explanation. Second
explanation is related with contextual knowledge. If students are not familiar to
context, they may not reflect their CK in argumentation even they know the CK.

However, development of contextual knowledge also requires CK. Third explanation
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is the reaching threshold level of CK that means students having CK less than
threshold level cannot use their CK in arguments. There is also second level
threshold CK matching with advance knowledge. Accordingly, students having
advanced knowledge like majors in a discipline can use their CK in arguments at
most. High school students reach first threshold level, thus they can use their CK in
their arguments to some extent. Moreover, threshold level graphic showing the
relation between CK and argumentation included hypothetical untested population
who were deprived of CK not reaching threshold level CK. This people are not
expected to use CK in their arguments. Middle school students may be part of this
population, so they may not have enough CK and they cannot use them in their
arguments. If we think that CK is learnt in social context as in sociocultural
perspective, CK and contextual knowledge become dependent. This can connect
second and third explanation for the use of CK in argumentation in socioscientific

issues.

In Turkish context, Cetin, Dogan and Kutluca (2014) used socio-scientific
orientation to reveal the relation between content knowledge and argumentation.
Researchers claimed that CK can be related with argumentation more in topic which
are not directly with values (topics not directly refer SSI). This study focused on not
only CK and argumentation relationship but also possible sources of this relationship
in this case study where 54 pre-service science teachers participated in. Participants
got CK test and they were divided in three groups as low achievers (scored lower
than M- SD/2), high achievers (scored more than M+SD/2) and middle achievers the
ones whose scores were between other two groups. All groups worked including
three or four pre-services. After dividing groups based on their CK, three scenarios
were provided to assist groups to produce their arguments. To understand the factors
shaping arguments semi-structured interviews were held. Before, groups produce
their arguments; they were trained for components of arguments proposed by
Toulmin. Next, they produced and presented their arguments. Pre-service teachers’
arguments were analyzed under 5 levels. Uses of rebuttals including other
components were indicator to label arguments in different levels. Arguments were

produced as dialogs in groups rather than individual statements. The most qualified
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arguments were revealed by high and low achievers. Moreover, low achievers
mentioned rebuttals more than other groups. Findings were also supported by
quantitative data analysis. Thus, researchers claimed that CK is not the good
indicator for argumentation. Researchers also reported that popularity of the topic,
participants’ interest and experience are important in making argumentation. But,
they also added that CK might strengthen the justification although it does not affect
the whole structure of argument. Argumentation skill is another dimension that needs
to take attention because CK does not solely guarantee for good argumentation.
Researchers also added that values and beliefs are important factors for
argumentation, therefore they may be used interchangeably with CK in argument
producing process and so CK loses its significance in argumentation. Next,
researchers added that triggering participants’ interest is important in argumentation.
Finally, this study revealed that interaction between group members are important in
argumentation because middle achievers reported that newcomers influenced their
arguments’ quality, and their standstill period in argumentation increased by

decreasing their arguments.

As some researchers adopted socio-scientific orientation in argumentation studies,
some researchers used structure orientation. Accordingly, Heng, Surif and Seng
(2015) examined the relation between argumentation and content knowledge (i.e.,
acids and bases topic). A total of 120 high-school students received argumentation
test as groups or individuals. Each group included four individuals. Individuals and
groups’ arguments quality were compared with each other. Quality of arguments was
classified as valid (scientifically correct) and invalid (scientifically incorrect).
Validity of arguments and its elements were assessed quantitatively according to the
results of argumentation test; whereas, argumentation schemes including triplet
relationship of representations of scientific content, arguments’ elements and validity
of content were assessed qualitatively. Interview data, however, were used to get
deep information about students’ arguments. After students got argumentation test,
groups and individuals’ arguments were compared in terms of validity, elements of
argument, and representation of content in acids and bases topic. Findings showed

that group arguments are better than individual arguments and this is evidence that
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argumentation is both cognitive and social process. Although groups performed more
accurate arguments than individuals, they also produced misconceptions in their
arguments and their confidence was higher than individuals regarding their
misconceptions. The results also included some specific findings. Accordingly,
findings suggested that individuals did not discuss with their peers in producing their
arguments unlike groups. Both group and individual arguments were mostly invalid
and included misconceptions. They preferred to use their beliefs and opinion instead
of data when producing their arguments. However, groups’ performance was better
than individuals in terms of validity of arguments because there was knowledge pool
in groups. Different ideas and cognitive strengths were integrated. Students also had
chance to adjust their ideas after taking feedback from their peers. Findings also
suggested that both groups and individuals could not release the elements of
arguments. However, groups proposed more elements of arguments than individuals
because groups explained their claims to friends through justifications cooperatively.
On the other hand, individuals could not gain these justifications. Participants also
produced simple arguments that did not include rebuttals and qualifiers. Groups
produced more complex and valid arguments including macro and micro
representation of the content, but individuals’ simple arguments included only claim
and data. Warrants were used as macro aspect of content in individuals’ arguments.
Misconceptions also dominated the individuals’ arguments. Why participants could
not make justification for their arguments can be related with the absence of link

between macro and micro representation.

In another study adopting structure orientation, Aydeniz et al. (2012) designed an
experimental research to understand impact of argumentation on content knowledge
in Turkish context. Researchers focused on impact of argumentation on CK about
properties and behaviours of gases. A total of 108 undergraduate pre-service
chemistry teachers participated in this experimental study that lasted two weeks.
Control group got 6 hours lecturing and 2 hours of problem solving activity. On the
other hand, experiment group got 6 hours lecturing and 2 hours of explicit
argumentation instruction followed it. In experimental group, argumentation

instruction included written argumentation and verbal argumentation. Students
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answered two tiered 5 questions. They investigated validity of claims in their written
arguments, researchers explicitly addressed structures of arguments in this process
lasting about 1 hour. Then, students engaged in verbal argumentation in same
questions as groups, this process also lasted in 1 hour. Regarding CK, pre and post-
test including 10 questions were administered. In these questions, first, students were
expected to select an answer, and then they selected the reason of their answer. Data
was analyzed based on independent sample t-tests, and pair sample t-tests. Findings
showed that experiment group’s CK improved more than control group’s CK.
Moreover, experiment group eliminated more misconceptions than control group did.
Next, experiment group eliminated their misconceptions after argumentation
instruction showing that argumentation is effective strategy to abandon

misconceptions.

Similar to studies adopting structure and socio-scientific orientation, immersion
orientation was commonly used by international researchers to understand the impact
of argumentation on content knowledge (e.g., Cronje et al., 2013). ABI is an example
of immersion approach and there are many studies using ABI approach to improve
undergraduate students, pre-service teachers, high school students, middle school

students, students with disabilities and primary school students’ content knowledge.

Accordingly, Greenbowe et al., (2007) examined the effectiveness of argument-
based inquiry approach over traditional laboratory format on chemical equilibrium
equations. This study included 52 science and engineering major undergraduate
students. Students’ understandings about chemical equilibrium were assessed by use
of lecture exam question (i.e., a two tier question that requires selecting and
alternative and providing a reason for this selection) and laboratory practical exam
task. Inter-rater agreement among scorers was found 0.91. ANCOVA results showed
that experiment group using argument-based inquiry approach statistically
outperformed control group following traditional laboratory format regarding
identifying equilibrium condition and eliminating students’ confusions about
concentrations change in equilibrium. Researchers claimed that students in control
group were better in writing equilibrium equation; however, this was not a good

indicator of conceptual understanding. On the other hand, students in argument-
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based inquiry approach identified the conditions for equilibrium and explained it
better which is a good indicator for conceptual understanding. For example;
experiment group explained the changing concentrations and its effect on
equilibrium and they could connect reactants and products leading better conceptual
understandings.

In another study held with undergraduate students, Greenbowe, Poock, Burke and
Hand (2007) used argument-based inquiry approach to improve 78 first year college
students’ general chemistry understandings including measurement, atoms,
molecules, elements, thermochemistry. Participants’ prior chemistry knowledge was
assessed by use of American Chemical Society California Diagnostic Test. Study
lasted two semesters and study was implemented by teaching assistants. Researchers
observed implementation of instruction in both semesters. Researchers reported that
some implementers’ use of ABI was better than others. The ones who used ABI in
high quality were reported as high implementer and their classes were labelled as
high ABI implementation class. On the other hand, other implementers who did not
conduct ABI were reported as low implementer and their classes were labelled as
low ABI implementation class. In second semester, some of the students changed
their classes. Therefore, four different groups of students were created for two
semesters. These groups were H-H group which means the groups of students who
got high implementation in both semesters, L-L group which means the groups of
students who received low implementation in both semester, H-L group meaning the
groups taking high quality implementation in first semester and L-H group who took
low quality of implementation in first semester and high quality of implementation in
second semester. Students’ total semester points obtained from homework, lecture
assignment, quizzes, and exams were used to understand effect of argumentation
based inquiry on their content knowledge. Findings suggested that there was a
statistically significant difference between groups’ content knowledge at the end of
the first semester. Accordingly, students assigned in H-H group performed better
than L-L and L-H group for the first semester results. Besides, H-H group students
statistically performed better than L-L groups. Students’ achievement ranking
depending on SWH implementation level was H-H, H-L, L-H, and L-L respectively.
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To sum up, this study provides evidence that students’ conceptual understandings

improve more if the quality of argumentation-based inquiry instruction increases.

Likewise, Shamuganathan and Karpudewan (2017) investigated the effect of
argument based inquiry approach on pre-university students’ environmental literacy,
comprised of pro-environmental attitudes, beliefs, knowledge and behavior.
Research design included experiment group in which 120 students participated in
and control group in which 90 students (18 years old) involved. Treatment in
Experiment group included green chemistry curriculum with SWH approach, on the
other hand, control group’s treatment included only green chemistry curriculum.
Green chemistry is based on protecting natural environment by using non-dangerous
resources. Green chemistry education aims sustainable development and is expected
to increase students’ environmental literacy. In their green chemistry education, for
example, students can focus on how factories work without emitting dangerous
pollutants. In this process, they are expected to conduct experiment and increase
knowledge about green chemistry. What is more, green chemistry curriculum
includes laboratory experiments, classroom activities and discussion of socio-
scientific issues. Data were collected by use of Questionnaire on Environmental
Literacy as pre-test and post-test and data collection process lasted 8 weeks. Data
were analyzed by use of one-way analysis of covariance and pre-test scores were
used as covariate. Type of treatment (e.g. SWH with green chemistry) was
independent variable, and components of environmental literacy which are
knowledge, attitude, beliefs, and behavior were dependent variables. Findings of the
study showed that experiment group outperformed control group in all four
components of environmental literacy. Experiment group became aware of the
environmental issues through argumentation and they felt themselves as part of
environment and they wanted to protect environment. By this way, their attitude
might increase. Likewise, experiment group students provided more detailed
information about the issues including deforestation, pollution and hazardous gases.
Their detailed explanation might improve their beliefs towards environment too.
Moreover, experiment group students focused on conservation of energy and

recycling waste. In these speeches, students showed tendency to change their
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behavior. By this way, experiment group might outperform control group in behavior
variable. Similarly, their collaborative and individual participation in knowledge
construction process in ABI and taking responsibility for their learning might
increase experiment group content knowledge further. For example; experiment
group focused on more content than control group such as cleaning of rivers and
lakes, ecosystem, food chain, chain reaction in aquatic world, fertilizers, and
pesticides. In conclusion, this study showed that SWH with green chemistry

education is more beneficial than green chemistry education alone.

In contrast, all ABI research was not as successful as the above mentioned studies to
increase content knowledge regarding outperformance of experiment group over
control group (e.g., Cronje et al., 2013; Rudd, Greenbowe, Hand & Legg, 2001). For
example; Cronje et al. (2013) investigated the effect of argument-based inquiry on 98
undergraduate students’ logical conclusions and use of evidence to support
conclusions. In the context of the study, there was a biology laboratory course and
questions about ecology and evolution were asked to the students. Then, students
were supposed to collect data and statistically analyzed them. After that, students
were expected to prepare a report that answer research questions. Students’ papers
were coded ranging from O to 6. Low scores were below 3.5 points and high scores
were above 3.5. Inter rater agreement was 0.94. T-test analysis suggested that overall
scores of argument-based inquiry group were not statistically different from control
group. Chi square analysis, however, showed that argument-based inquiry group
significantly more likely have high score (above 3.5) than control group. Researchers
claimed that argument-based inquiry assists students to connect evidence to claim
because of the scaffolding of SWH and students can reflect these arguments in
written reports. On the other hand, researchers thought that argument-based inquiry
group had to investigate pre-determined hypothesis and use pre-determined data
collection procedure. These adjustments might decrease the effect of argument based
inquiry approach. Students might think that there is one right answer to be reached as
response to pre-determined hypothesis. Likewise, students might think that this
research is not their own research that decreases their interest to the research.

Researchers also claimed that they used argument-based inquiry in only one activity
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and this approach should be used in whole semester or more than one activity to
better understand the effect of argument-based inquiry. Moreover, researchers
claimed that they did not strictly follow the argument-based inquiry sequence
although they had done all steps. Researchers added that if they had followed the
steps strictly as it was suggested, the effect of argument-based inquiry might

increase.

Similar to Cronje and colleagues, Rudd et al., (2001) examined the impact of
argument-based inquiry approach on undergraduate chemistry students’ conceptual
understandings about physical equilibrium topic. A total of 80 students participated
in the study. Four different groups were formed and two of them were control group
(n=34) who completed standard laboratory format and other two groups (n=46) were
assigned in experiment group who enrolled in argument-based inquiry instruction.
Students’ baseline content knowledge was assessed by use of California Chemistry
Diagnostic Exam and ANOVA results showed that there was no statistical significant
difference between experiment and control group. Students’ response to a physical
equilibrium problem was used as post-test and students’ answers were coded
quantitatively by two raters. Inter rater reliability was calculated as .88 for written
explanation and 0.94 for equation usage. Researchers also used a survey in which
students were asked to compare SWH format and standard laboratory format to
reveal the possible factors contributing on students’ conceptual understandings.
Median scores showed that students’ in argument-based inquiry group had higher
response level than students in control group. Chi square results also showed that
type of format (i.e., SWH format vs. standard lab format) was correlated to students’
written performance. Although there was an effect of type of format on students’
written explanation, chi square results showed that there was no significant relation
between experiment and control groups regarding equation usage. Researchers
thought that equation usage was related with symbolic relationship rather than
conceptual understanding, thus groups did not differ. On the other hand, two factor
ANCOVA was conducted to see the effect of treatment and effect of implementer on
student performance. ANCOVA results showed that there was no main and

interaction effect which means there was no statistically significant difference
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between different groups’ student performance in physical equilibrium topic,
although descriptive results showed improvement in experiment groups. In survey
results, students thought that using SWH format is more efficient than standard
laboratory format because it reduced the time on task for students. Moreover,
students thought that SWH format is better for them because it provides better
understandings and more thinking. Likewise, students were satisfied with directions

given in argument-based inquiry.

ABI studies were not limited with undergraduate students. For example; Hohenshell
and Hand (2006) examined the impact of argument-based inquiry approach on
students’ learning about cell topic. The study lasted 7 weeks and 91 Grade 9 students
participated in the study. In this process, students completed six laboratory activities
and written laboratory activities. While experiment group who got argument based
inquiry approach completed SWH lab reports, control group who followed
traditional lab format completed formal lab report that starts with hypothesis, goes on
recording materials, procedures, results, discussion, and conclusion. Pre-test results
showed that there was no statistical significant difference between groups regarding
their content knowledge. Content knowledge tests included both lower order recall
questions and higher order conceptual knowledge. Students were also expected to
write summary reports. While control group’s report audience was teacher, and one
of the SWH group’s audience was teacher, other SWH group’s summary report
audience was students. Data was analyzed by use of analysis of covariance
(ANCOVA) in which gender and treatment were categorical variables, pre-test
scores were covariates and conceptual and recall question scores were dependent
variables. Findings suggested that experiment and control group did not differ in
content knowledge when groups completed lab reports. However, this analysis was
done before participants wrote summary reports to their audience. On the other hand,
there was a statistical difference between groups after they completed their summary
reports. Findings suggested that SWH group who wrote summary report to the
teacher performed better than control group who wrote summary report to teacher
regarding conceptual understanding. Likewise, SWH group performed better than

control group with respect to recall questions. Researcher found no statistical
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difference between SWH groups in terms of audiences (teacher vs. students) for
recall gquestions. Regarding conceptual questions, females who wrote summary to
peers outscored males who wrote summary to peers. On the other hand, there was no
difference between females writing to their peers and females writing to their
teachers. Moreover, SWH group outperformed control group in conceptual

questions.

ABI research was also held in middle school level to see its effectiveness on
students’ content knowledge. Accordingly, Hand et al., (2004) focused on the effect
of ABI instruction on students’ content knowledge and metacognition. Research
questions were: “If ABI is efficient? If ABI is assisted by writing activity (textbook
writing), is it more efficient?, What do students attribute to their own content
knowledge development?” There were three groups and two of them were treatment
groups in this study. The topic was cell taught in seventh grade. A total of 93 seventh
grade students, five classes, participated in the study. Study lasted eight weeks each
of which included five 45 minutes periods. Researchers also interviewed with 12
students to reveal their ideas about ABI and their attribution of learning. Pre-post
content knowledge interviews were conducted by using multiple choice and
constructed response questions. Groups decided their own research questions. Only
control group instruction was based on step by step instruction. ANCOVA was used
to understand differences among three groups. Interviews were conducted with
students who got ABI instruction. Cronbach alpha score was found as 0.61 for pre-
test and 0.89 for post-test. Treatment group who took both ABI and wrote textbook
explanation outperformed only ABI taking group and control group in conceptual
questions post-test. Both treatment groups outperformed control group in post-test
multiple choice questions according to ANCOVA results. In qualitative results,
students thought that they understand better because they asked their own research
questions, participated in discussions, linked the difference concepts, and wrote their
ideas. Writing their own research questions increased their interest and they became
more curious to complete their research. Students also reported that they learn more
because in discussion, they both learn by listening others’ ideas and by sharing their

ideas and getting comments on their shared ideas. Group discussion assisted students
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because they could produce group claim. Moreover, group discussion let students to
share cognitive load for generating claims. Students also found ABI efficient because
they thought that ABI assisted students to understand how they learnt. Researchers
claim that although previous studies did not find a difference between groups in
multiple choice questions, this study found a difference between groups. SWH
increased ownership, responsibility, and inquiry. When students increased their
responsibility by seeking an answer for their own research question, they increased

their content knowledge.

In another study; Hand et al., (2016) focused on elementary students’ development
on science and language, based on different quality of ABI implementation and
socio-economic status. Iowa Test of Basic Skills was used to understand students’
growth. Study lasted three years. A total of 780 students participated. First year, 31
teachers; second year, 32 teachers; and third year, 32 teachers participated in the
study. Quantitative data was analyzed by use of ANCOVA to understand students’
growth in science and language. Findings showed that level of implementation
affected students’ science growth. Likewise, findings showed that students’ science
growth was different between low SES and medium SES in low and medium
implementation with small effect size, but in high level implementation, there was no

difference between students’ science score growth.

In another study examining the impact of collaboratively writing letters on fourth
grade students’ conceptual understanding about force and motion unit; Chen, Hand,
and McDowell (2013) used quasi experimental pre-test post-test research design. In
this study, 835 fourth grade students wrote letter to 416 11" grade students about
force and motion. The teaching lasted 8 weeks and fourth grade students wrote three
different letters about topic throughout the process. After fourth grade students wrote
their letters, 11" grade students provided feedback and asked questions to the fourth
grade students. The focus of students’ writing was claim, evidence and question
component of arguments. Findings of the study showed that students who got
treatment performed better than other students who did not complete collaboratively
writing letters. Moreover; female, gifted and disadvantageous students benefitted

from the study further. Throughout the process, 11" grade students supported fourth
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grade students’ learning. When 11" grade students asked for clarification and
explanation, fourth grade students learnt more. When students correctly used multi-
modal representation and connected claim and evidence, fourth grade students

became more successful.

ABI research was also conducted with students having disabilities. Taylor et al.
(2018) examined the effect of SWH instruction on students with disabilities science
achievement. Researchers claimed that students with disabilities science
performances are worse than students without disabilities and this gap increases over
time. Therefore, there is a need to close this gap between students with disabilities
and other students. Thus, SWH approach can be used as a tool to assist students with
disabilities content knowledge. Moreover, literature review suggested that when
inquiry is accompanied with more support, students with disabilities learn better, and
scaffoldings of SWH can be helpful for students with disabilities. There were 407
third, fourth and fifth grade level students in the study and 208 students were
assigned into treatment group who took SWH teaching and 199 students were
assigned into control group. On the other hand, control group instruction included
textbook based instruction and lecturing. The lowa Test of Basic Skills was used as
pre and post-test to measure participants’ content knowledge including reading,
comprehension, math, science, scientific inquiry, life science, physical science etc.
T-test results showed that there was a statistically significant improvement on
students’ content knowledge from pre-test to post-test for both experiment and
control groups. Regarding treatment effect, experiment group outperformed control
group statistically. Moreover, there was a moderate level effect size between
experiment and control groups. In conclusion, results showed that SWH is a useful

approach to improve students with disabilities content knowledge.

ABI instruction has been also popular among Turkish science education researchers.
In Turkey, researchers focused mainly on the impact of ABI instruction on pre-
service teachers, high school students, and middle school students. Regarding studies
held with pre-service teachers, Demirbag and Gunel (2014) integrated ABI with
multi-modal representation. According to this instruction; ABI was enriched by use

of multi-modal representations which are the tools such as picture, text, diagram, or
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mathematical expression. Researchers examined impact of this treatment on pre-
service teachers’ content knowledge, argumentation, and writing skills. Totally, 119
pre-service participated in study and four classes formed. Two of the classes got ABI
instruction, and two other classes applied ABI with multi-modal representations.
Data were collected by use of exam scores and written reports. ANOVA results
showed that there was no difference between groups’ prior content knowledge. On
the other hand, ANOVA results showed that ABI with multimodal group outscored
the only ABI group based on the analysis of students’ exam scores and written report
scores. Moreover, the group taking ABI with multimodal representation performed
better than the group who took only ABI in terms of argument quality scores.
Pearson correlation coefficient between multimodal representation coherence and

argument quality was found .65 indicating strong relationship.

Similar to Demirbag and Gunel (2014), Erkol, Kisoglu, and Giil (2017) examined the
effect of ABI instruction on pre-service teachers’ physics content (i.e., matter,
density, simple machines, force and pressure) knowledge and their attitude towards
science. A total of 52 pre-service teachers participated in the study. Half of the
students formed experiment group and the other half formed control group. While
experiment group prepared SWH reports, control group prepared traditional science
laboratory report. Descriptive statistics and ANCOVA was used to test the
effectiveness of ABI on content knowledge and attitude towards science. Findings
suggested that experiment group outperformed control group in science content, but
groups did not differ in terms of attitude towards science. Researchers added that the
reason why experiment group did not differ from control group might be their
approach. Accordingly, other aspects of ABI such as negotiating on the ideas through
small group apart from using SWH report were not emphasized in experiment group.
Therefore, only focusing on one aspect of ABI might be insufficient to increase

students’ attitude towards science.

Recently, Yaman (2019) examined how students construct their multi-level
representation in ABI instruction. Data was collected from seventy-seven pre-service
elementary teachers in physics and chemistry topics. Student template of SWH was

used as data collection tool and students generated 156 laboratory reports. Analysis
48



of students’ lab reports revealed three assertions regarding multi-level
representations. First assertion claims that students used symbolic level
representations more than macroscopic and microscopic level in their lab reports.
Moreover, they connected symbolic level and macroscopic level more than other
possible connections. Second assertion shows that symbolic level play key role in
students’ writing. Symbols were connected to macroscopic level such as colour
change and to microscopic level such as bonding of molecules. Third claim is related
to SWH. Accordingly, students connected representations in evidence and reflection

parts of SWH. Likewise, students used representations in data part of SWH at most.

Regarding high school level, in Turkish context, Kingir and her colleagues
conducted ABI research to reveal its effect on high school students’ content
knowledge. One of these studies examined the extent to which argumentation-based
inquiry approach is effective for students having different academic achievement
level (Kingir, Geban & Gunel, 2012). The study was conducted in chemical change
and mixtures topics. This study was conducted in 9th grade level (15-17 years) and
122 students participated in the study. Prior to the study, students were divided in
three parts for their achievement levels based on their previous semester grades.
These academic levels were low (mean-SD/2>low), medium (mean-
SD/2<medium<mean +SD/2), and high (mean +SD/2<high). The teachers applied
traditional lessons for control group, and SWH for treatment group. Traditional
lessons mainly included lecturing and discussion methods. Students also conducted
experiments which are based on verification and teachers controlled this process in
control group. The study lasted 10-week period. Students’ conceptual understanding
was measured by content knowledge test that included 22 multiple choice questions.
ANCOVA was used to analyze effectiveness of the ABI treatment, and students’ pre-
test scores were used as covariates. Findings suggested that there was a statistical
significant difference on post-test scores of content knowledge between different
treatment groups in favour of experiment group. The effect size was large. Findings
also suggested that low, medium and high achievers in experiment group performed
similar to each other showing a decrease in achievement gap. There was no statistical

difference between groups in terms of academic levels. However, different academic
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levels’ performance was different where high achievers developed themselves most
and low achievers developed themselves the least in control group. While low
achievers of experiment group outperformed low achievers of control group, and
medium achievement level in experiment group outscored medium achievement
level in control group, there was no statistically significant difference between high

achievers of different treatments.

Another research by Kingir et al., (2013) examined whether Argument-based Inquiry
affect 9" grade students’ CK in chemical change and mixture topics. A total of 122
students participated in the study. There was no random assignment in this quasi-
experimental study because students were already enrolled in their class and they
could not be re-assigned in classes for the aims of the study. Some variables that
might affect the results were controlled by evidence derived from descriptive
statistics (i.e., mean score of variable for both groups). These controlled variables
were previous chemistry scores, age, gender, and SES. Data were collected by using
CK was two tiers where first part included multiple choice questions and second part
included reasons or open ended explanation. Further information was obtained from
21 students through interviews. Study lasted 10 weeks and each week included two
hours. Control group also conducted lessons in lab in order not to decrease their
attitude towards science. Moreover, this group conducted textbook based
experiments which are recipe-type. On the other hand, experiment group followed
ABI instruction. Findings showed that ABI group’s CK was better than traditional
group according to ANCOVA results. Medium effect size was observed. Pre-tests
were covariate in this analysis and there was difference between pre-test scores in
favour of experiment group, but this effect was eliminated by use of covariate in
findings. Control group were found to have more misconceptions than experiment
group. Analysis of interview data obtained from both experiment group and control
group showed that experiment group defined concepts better than control group.
Both groups provided similar examples of the concepts, such as physical change,
chemical change, mixtures, and solutions. Regarding the relationships between
concepts such as mixture and solution; treatment group performed better.

Researchers discussed the reasons why experiment group performed better than
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control group considering the embeddedness of conceptual change approach in ABI
instruction. Accordingly, students deal with their prior knowledge, and solve the
conflict between prior and new knowledge, and apply new concepts in new
situations. By this way, while experiment group improved their content knowledge,
control group who followed recipe type laboratory work could not develop their

understanding.

Gunel, Kingir and Geban (2012) also conducted studies including middle school
students. They examined student and teacher questions in ABI treatment and general
patterns of questions and their relations with argument construction were
investigated. Three teachers and their 146 sixth grade students participated in the
study. Data were obtained from video records. Findings suggested that teachers
asked more questions than students did. The level of questions that teachers asked
included high level and low level questions. Teachers differed in starting and
sustaining negotiations. When teachers asked low level questions, there were little
negotiations. On the other hand, higher level questions accompanied with more
negotiations. Moreover, follow up questions fed negotiations. Moreover, how ABI
was implemented affected negotiations. Accordingly, when teachers controlled the
class and had all ideas, they did not let so many students talk. Moreover, teachers
judged and evaluated students’ response when they were controller. On the other
hand, teachers gave importance to students’ talk when they acted as guide. When
teachers acted as facilitator and guide in ABI classes, they asked more high level and
follow up questions leading more student talk.

Likewise, Yesilcag-Hasangebi and Giinel (2013) examined the impact of argument-
based inquiry approach on 55 eighth grade level students learning about properties
and structure of matter topic. The school of students was located in a disadvantaged
social economic area of Erzurum. While traditional teaching was applied to the
control group, experiment group got argument based inquiry approach. Content
knowledge test included multiple choice items and open ended questions. Findings
suggested experiment group performed better than control group both in multiple
choice and open ended questions and the effect size was large in favour of treatment

group. Researchers claimed that ABI approach assists disadvantageous students’
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learning. Moreover, researchers claimed that developing argumentation skills of
students throughout the process facilitates their science learning. Lastly, researchers
claimed that there was a positive correlation between quality of students” SWH
template and their learning. That means when students’ arguments are supported
with evidence and there is coherence between research question, claim and evidence

in students’ arguments, they learn the science topics better.

2.2.3. Summary of Argumentation Studies and Content Knowledge.

To sum up, related literature showed that the relation between argumentation practice
and content knowledge is uncertain if researchers do not adopt immersion orientation
(e.g., ABI). For example; Sadler and Donnelly (2006) claimed that content
knowledge did not significantly contributed on variations in argument quality. On the
other hand, other researchers found either positive relation between content
knowledge and argumentation (Heng et al., 2015; Jonsson 2016) or positive impact
of argumentation treatment on students’ content knowledge (Dawson & Venville,
2013). Unclear relationship between content knowledge and argumentation exist in
Turkish literature in which researchers did not adopt immersion approach. While
Aydeniz et al. (2012) reported that argumentation has impact on students’ content
knowledge; Cetin et al. (2014) claimed content knowledge is not a good indicator for
argumentation. On the other hand, argumentation impact on content knowledge is
clearer when researchers adopted immersion orientation. Only two of the ABI
researches showed no significant difference between experiment and control group
regarding content knowledge (Cronje et al., 2013; Rudd et al., 2001). On the other
hand, rest of the reviewed studies showed that experiment group outperformed
control group regarding content knowledge. Moreover, all the studies adopting
immersion approach and using ABI instruction in Turkish context showed that
experiment groups statistically significantly performed better than control group.
These practical findings support theoretical expectations that argumentation feeds
content knowledge.
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2.2.4. Reflections from Literature to Current Study regarding Content

Knowledge and Argumentation.

Next, how previous literature contributed to current research about argumentation
and content knowledge is explained. Mainly research design of this study was
affected by previous research when participants’ content knowledge was aimed to
increase thorough argument based inquiry. Accordingly, Chin and Osbourne (2010)
claimed that scientific knowledge is constructed when alternative perspectives are
explained. Therefore, while lesson plans were being prepared, alternative points were
considered. For example, in week 4, students were asked to select best sources of
energy (e.g., solar energy), and there were many alternatives. Likewise, there were
different advantages and disadvantages for each sources of energy. These advantages
and disadvantages were used as starting points of alternative ideas in lesson plans.
Likewise, Aydeniz et al. (2012) claimed that peer questioning provides deeper
understanding. Therefore, students were encouraged to ask questions to other groups
throughout the study. Students were at the centre of teaching and they were active
participants. Similarly, Kingir et al. (2013) claimed that SWH student template
provides that students easily connect argument component each other. Moreover,
students can connect prior knowledge to new topic by use of SWH template, so
SWH contributes on learning. Due to fact that SWH is scaffolding for learning, SWH
student template was used actively throughout the study. By this way, it is possible
that SWH increased students’ content knowledge. Moreover, Cronje et al. (2013) and
Hand et al. (2004) warned researchers about some factors that decrease the effect of
ABI instruction. Accordingly, pre-determined hypothesis and pre-determined data
collection procedure decrease the effect of ABI on students’ learning. When pre-
determined hypothesis and data collection is provided to students, students might
think that there is one right answer in science and research is not their own research,
so their interest to ABI decreases, they engage in argumentation less, and their
content knowledge does not increase. Because of these reasons, when lesson plans
were prepared, pre-determined hypothesis and data collection procedures were not
used, whenever it is possible in this study. Likewise, Hand et al. (2004) claimed that

students learn from each other when they discuss with their peers in line with social
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constructivism. Therefore, they should listen to each other before discussing with
others. In line with this, some pro-active rules were explained to the students at the
beginning of the study such as listening to other students when they talk and
respecting other students’ ideas. One other contribution of the literature was about
teacher actions. Accordingly, Giinel et al. (2012) reported that when teachers ask
high level questions (e.g., how, why questions), there are more discussions in class
leading to better learning. Likewise, follow up questions feed discussion. This report
was considered when teacher training was prepared. Therefore, in teacher training,
teacher was asked to use high level questions and follow up questions in teaching.
Moreover, these questions were embedded in lesson plans too. Likewise, Giinel et al.
(2012) reported that when teacher do not judge students’ ideas, and teacher do not
dominate the class discussion, ABI’s efficacy increases. In line with this, teacher was
asked not to judge students’ ideas and not to dominate class in teacher training part.
Moreover, when lesson plans were being prepared, teacher role was determined as

facilitator in line with Giinel et al.’s (2012) suggestions.

According to vision 1, scientific enterprise is at the centre of scientific literacy
(Roberts, 2007), and scientific literacy aligns with argumentation. Content
knowledge that is one cognitive variable related with scientific literacy and its
relation with argumentation including ABI was reviewed in this part. Similarly,
scientific talking and scientific writing are two aspects of scientific literacy. Through
argumentation, students read different sources, conduct experiments, make critics
and engage in scientific debates. By doing argumentation like scientists, students
learn scientific talking and writing (Jimenez-Aleixandre, & Erduran, 2008). While
they engage in scientific practice via scientific talking and writing, their
epistemological beliefs which are about construction and characteristics of scientific
knowledge may also change. In line with this, previous studies examining the
relation between students’ epistemological beliefs and argumentation including ABI

are reviewed in next part.
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2.3. Argumentation and Epistemological Beliefs

After review of argumentation studies that deal with content knowledge, this part
focuses on argumentation studies including its relationship with epistemological
beliefs. Firstly, epistemology and theoretical consistency between argumentation and
epistemological beliefs are explained in this part. Next, practical work regarding
argumentation and epistemological beliefs including nature of science are presented.
At the end, summary of the studies about argumentation and epistemological beliefs

are given.

In 1990, Schommer defined epistemological beliefs as multiple distinct beliefs which
are developed independent from each other. These distinct epistemological beliefs
are stability, structure, source, speed of acquisition, and control of acquisition. Then,
using factor analysis, Schraw, Bendixen, and Dunkle (2002) found five dimensions
of epistemological beliefs which are stability, structure, source, speed, and control.
On the other hand, Hofer and Pintrich (1997) claimed that speed and control
dimensions are not related with knowledge and knowing. These two dimensions are

about learning.

According to Hofer and Pintrich (1997), epistemological beliefs include four
dimensions which are certainty of knowledge (stability), simplicity of knowledge
(structure), source of knowing (authority), and justification for knowing (evaluation
of knowledge claims). However, all these dimensions were obtained from the studies
in which adults participated. Therefore, these dimensions did not represent the
younger people epistemological beliefs (Conley et al., 2004). In line with this Elder
(2002) proposed different dimensions of epistemological beliefs for elementary
students. These dimensions are changing nature of science (stability), coherence of
knowledge (structure), source of knowledge (source), and role of experiments (refers
to knowledge justification in science).

Following Elder (2002) work, Conley et al. (2004) defined epistemological beliefs as
the belief system including source, certainty, development, and justification.

According to Conley et al. (2004), sources of knowledge deals with where scientific
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knowledge comes from. Source can be people who conduct scientific research or
outside of the people. Certainty is about whether scientific knowledge is certain or
uncertain. Development is about whether scientific knowledge changes or not and
justification emphasizes the role of experiment, testing and evidence in science. In
this study, Conley et al.’s (2004) conceptualization for epistemological beliefs was
used because epistemological beliefs used in their study were used to understand
young students’ epistemological beliefs rather than adults. Current study also focuses
on middle school students’ epistemological beliefs and therefore, Conley et al.’s
conceptualization is suitable for this study to understand participants’
epistemological beliefs. Other epistemological beliefs’ conceptualizations (e.g. Hofer
& Pintrich, 1997) can be suitable for older students and adults’ epistemological

beliefs.

According to Appleton (2007), research type has also changed because of the
popularity of constructivism. When constructivism dominated the science education,
researchers changed their position from positivism to constructivism. In line with
this, researchers might expect students to have constructivist ideas rather than
positivist ideas in their epistemological beliefs. For example, when Conley et al.
(2004) examined students’ epistemological beliefs that are about students’ ideas
related with knowledge and knowing, their position was constructivism. They
evaluated the knowledge and knowing from this perspective and so students having
constructivist epistemological beliefs were labelled as students having sophisticated
beliefs and students having positivist epistemological beliefs were labelled as
students having less sophisticated beliefs. In line with this, Epistemological Beliefs
Questionnaire (EBQ) developed by Conley et al. (2004) was used in this study in
order to assess students’ epistemological beliefs. The higher scores obtained from
justification and development sub-scales represented sophisticated beliefs as
suggested by Conley et al. (2004). On the other hand, Conley et al.’s (2004)
questionnaire’s source and certainty sub-scales’ items were negative items. Students
responses to these items reverse coded before analysis. Therefore, students having
higher scores in source and certainty sub-scales after reverse coding were accepted as

students having sophisticated epistemological beliefs and students having lower
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source and certainty scores in these sub-scales after reverse coding were accepted as

students having less sophisticated beliefs.

2.3.1. Theoretical Consistency between Argumentation and

Epistemological Beliefs.

Theoretically, the relationship between argumentation and epistemological beliefs
has a feedback loop. Before argumentation starts, people epistemological beliefs
determine whether they engage in argumentation or not. In fact, McDonald and
McRobbie (2012) pointed out that there are three types of epistemological
orientations which are absolutist, multiplist, and evaluativist. In absolutist view,
knowledge is perceived as certain and fixed. That means there is one-right scientific
knowledge in a topic. It does not change and it always exists. However, knowledge is
seen as personal opinions and these opinions are equally valid in multiplist view.
According to evaluativist view which is hierarchically better than other two views,
knowledge is evidence based theories and opinions do not have equal value.
Evidence is examined by evaluativist and claims are verified or not. Accordingly,
multiplist engages in argumentation less than absolutists and evaluativist. Multiplists
also do not consider inconsistencies of their reasoning because they think that every
opinion has same validity. On the other hand, evaluationist criticizes others based on
available evidence more than other two views. Their inconsistent reasonings are
fewer than other views and they deal with various different ideas. On the contrary,
absolutists engage in argumentation more than multiplist because seeking correct
answer motivates them to engage in argumentation. To sum up, people epistemic

view affects their engagement in argumentation process.

Likewise, Liu and Roehrig (2019) claim that people who think that knowledge is
relative and not absolute accept that argumentation is central practice in science and
these people engage in argumentation practice. In other word, sophisticated beliefs of
epistemology let people engage in argumentation practice. Similarly, Walker and
Sampson (2013) emphasize the importance of epistemic beliefs to construct

arguments. Walker and Sampson (2013) claimed that students can support their
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claims, they can produce arguments. However, their argumentation skills are not well
developed. For example; they do not reject data. In contrast, they manipulate or
trivialize it. They do not recognize the evidence. They rarely use suitable evidence,
and focus on the method and details in argumentation. Even though, they know the
evidence, they do not use rationale to support claim with evidence. To sum up,
students do not know what is important in science. The reason why their scientific
arguments are not developed is not their cognitive ability. The reason is their lack of
knowledge about how scientific knowledge is produced, and validated. Up to this
point, it is obvious that epistemological beliefs are vital to engage in argumentation;
therefore, it is better to explain how argumentation contributes on epistemological
beliefs to complete the feedback loop. According to Martin and Hand (2009), when
students construct and criticize knowledge in social environment, students create
scientific community and they make scientific inquiry. When they make scientific
inquiry they act as scientists. Through argumentation, science as is taught and
science as is practice become closer. In other word, engagement in scientific practice
let students to better understand uncertain structure of knowledge, its justification,
development and source aspects (i.e., epistemology). Likewise, Sandoval and
Millwood (2008) reported that understanding the rules of argumentation represent
epistemology of science. Therefore, theoretically, argumentation develops students’

epistemology.

According to Sandoval and Millwood (2008), nature of science is related with
epistemological beliefs and students” NOS views inform about their epistemological
beliefs. As there is a theoretical link between epistemological beliefs and
argumentation, nature of science and argumentation are linked too. Accordingly,
Khishfe (2014) explains that theoretically, argumentation supports NOS views. This
positive relation can be explained based on “counterarguments”. In other words,
having different claims on same evidence (i.e., counterargument, and argument)
aligns with subjectivity aspect of NOS. Counterevidence used for counterarguments
supports the idea of science is empirical based. The idea of accepting
counterarguments if they are valid and persuasive (i.e., replacement of argument with

counterargument) supports that science is tentative. On the other hand, Khishfe
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(2012) claims nature of science does not represent epistemological beliefs one
hundred percent. Khishfe (2012) reported that NOS shows people views about how
knowledge is constructed. NOS specifically shows the beliefs about nature and
construction of knowledge that means NOS is related with only one component of
epistemological beliefs that is nature of knowledge (i.e., certainty and simplicity of
knowledge). However, NOS ignore another aspect of epistemological beliefs which
is nature of knowing. To sum up, NOS is just one part of epistemological beliefs.
Khishfe added that there are few studies that examine the impact of argumentation

on epistemological beliefs.

2.3.2. Argumentation Studies on Students Epistemological Beliefs.

After theoretical consistencies between argumentation and epistemological beliefs
are explained, research examining the relationship between argumentation and

epistemological beliefs including NOS studies are presented in this part.

In her master thesis, Tucel (2016) examined the impact of a 13- week argument-
based inquiry approach on 60 8" students’ content knowledge, metacognitive skills
and scientific epistemological beliefs. Content knowledge test included questions
about sound, the relation between living organisms and energy, states of matter and
heat, and electricity in daily life. While treatment group conducted science activities
using ABI approach, control group engaged in laboratory activities in traditional lab
format. The effect of treatment (ABI) on dependent variables (e.g. epistemological
beliefs) was analyzed by one way MANOVA Findings suggested that groups did not
differ at the beginning of the study with respect to content knowledge, metacognitive
skills, and epistemological beliefs. On the other hand, experiment group
outperformed control group regarding content knowledge in post-tests and large
effect size was reported. Regarding metacognition, researcher reported that
experiment group outscored control group in declarative knowledge, planning,
information management, monitoring, debugging, and evaluation; however, there
was no statistically significant difference between experiment and control group in

terms of procedural and conditional knowledge. Next, participants’ epistemological
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beliefs results suggested that there was large effect size and statistically significant
difference between groups in favour of experiment group regarding justification and
development components of epistemological beliefs. On the other hand, there was no
statistically significant difference between groups in terms of certainty and source
components. Researcher explained the reason why experiment group students’
certainty and source of knowledge beliefs did not differ referring their perspective
towards science. Accordingly, students may think that the science that they do in
class is not same as the science that scientists do. While students’ work results in
uncertainty regarding experiments and argumentation and they do not need external
authority in their work, they still think that scientific knowledge is certain and it

comes from external sources when scientists do science.

As far as studies about the effect of argumentation instruction on NOS are
considered, McDonald (2010) examined the effectiveness of argumentation
treatment with explicit NOS instruction (i.e., the instruction that NOS tenets are
explicitly taught to the students) on 16 pre-service primary teachers’ nature of
science beliefs using questionnaires, interviews, video-tapes and written artefacts.
NOS aspects emphasized in this study were empirical NOS, methods of science,
relationship between theories and laws, tentative NOS, inferential and theoretical
NOS, subjective NOS, socio-cultural NOS, and creative NOS. In argumentation
treatment, participants used argumentation scenarios and two of the scenarios were
scientific (Mixtures, Elements, and Compounds, snowmen-heat transfer) and three of
them were socio-scientific (i.e. Diet, exercise, and cancer, Cigarette smoking and
cancer, fetal tissue transplantation). NOS aspects which were subjective NOS, theory
laden NOS, socio-cultural NOS, and creative NOS improved more than other
components, but the relation between theory and law improved less. Explicit NOS
and argumentation instructions were taught to the teachers prior to the study. In first
week, participants observe and explain solubility and behavior of a group of
inorganic substances and they engaged in whole class discussion. They also
discussed about NOS tenets. They explored principles of separation in second week
and content of the discussion was Mixtures, Elements, and Compounds. In forth

week, participants engaged in argumentation about first SSI topic that is diet,
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exercise, and cancer. In fifth week, argumentation topic was in scientific context that
is about snowmen where teachers discussed on heat transfer. Teachers engaged in
argumentation about the relation of smoking and cancer using the socio-scientific
context that is cigarette, smoking and cancer in six weeks. Finally, participants
discussed on drugs and medicine in fetal tissue transplantation topic. Participants
reported that explicit NOS instruction assisted their understanding about NOS
aspects, but they could not provide specific references about. Moreover, participants
did not reflect their NOS views when they engaged in argumentation both in
scientific and non-scientific contexts. In other word, participants did not explicitly
connect nature of science tenets to argumentation and the context they discussed.
Participants reported that some factors caused them not to participate in
argumentation such as lack of self-confidence, lack of content knowledge and lack of
argumentation skills, and participant’ ideas about other members of group. For
example, some of the group members talked that she did not like personalities of
other group members. Regarding participants epistemological reasoning, McDonald
claimed that participants might have multiple forms of epistemological reasoning.
Accordingly, if participants had sufficient content knowledge, they develop their
specific epistemological reasoning in scientific context. For example, participants
could not apply their epistemological reasoning in superconductor topic because of
their lack of content knowledge. On the other hand, participants reflect their general
epistemological reasoning on both scientific and socio-scientific context when they
did not have sufficient content knowledge. While participants developed arguments
in socio-scientific context, they could not able to develop argument in scientific
context. This shows that engaging argumentation in scientific context is more
difficult than engaging argumentation in socio-scientific context. Content knowledge
as pre-requisite knowledge to engage in scientific argumentation might explain why
argumentation in scientific context is more difficult. The students having lack of
content knowledge may not able to engage in argumentation in scientific context, to
support and to justify their arguments. On the other hand, supplying scientific
evidence assisted participants to engage in argumentation in socio-scientific context.
By this way, they could justify and support their claims. Likewise, conceptual
demands of socio-scientific context are less than scientific context and participants
61



can use their personal experiences and values (e.g., ethical) to construct arguments in
socio-scientific context. These differences might make engaging in argumentation

easier in socio-scientific context comparing with scientific context.

In another study, Khishfe (2014) included both explicit instruction and SSI topics as
context to increase participants’ argumentation skills and NOS beliefs. A total of 121
seventh grade students participated in the study. Classes were unit of analysis in this
study; therefore researcher reported percentage and frequency for comparison of
different treatment groups. Instruction, including 2 kinds of treatment, lasted 8
weeks. In treatment-1, explicit argumentation instruction was provided. In this
instruction, components of argument were explicitly taught to students. Strong and
weak sides of the arguments were compared and contrasted in class to show quality
of arguments. Students were asked to produce counterarguments as well. Treatment
1 (i.e., explicit argumentation and NOS instruction) provided students to analyze
argument structures formed in classroom activity. Moreover, teacher in treatment 1
scaffolded students’ arguments. On the other hand, treatment 2 (i.e., explicit NOS
instruction) included same activities as implemented in treatment 1 except explicit
argumentation instruction. Argumentation was analyzed as three separate
components which are argument, counterargument and rebuttal. These components
were analyzed in three increasing levels. Level 1 included claim without reasoning,
level 2 included claims with one reason, and level 3 included at least two reasoning
for each different argumentation component. Findings of the study showed that in
treatment 1 (i.e., explicit argumentation and NOS instruction), students could not
make reasoning at the beginning of the study; however, reasoning increased after
instruction. On the other hand, treatment 2 (i.e., explicit NOS instruction) was found
to be useful for increasing students’ argumentation skills in familiar context.
Students in treatment 2, however, could not transfer their developed argumentation
skills in unfamiliar context especially for counterarguments and rebuttals. Thus,
treatment 1 is more successful than treatment 2 for argumentation development and
transferring argumentation skills to unfamiliar contexts. In other word, explicit
argumentation instruction can be helpful for transferring argumentation skills into

unfamiliar context. Both groups developed their naive NOS understandings after
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instruction for both familiar and unfamiliar context. So, they could transfer their
informed NOS views from familiar to unfamiliar concept. Groups did not differ in
terms of their NOS understandings; however, group who took argumentation
included their argumentation experiences in their NOS explanations. Findings also
showed that the ones who developed their NOS views also developed their
argumentation skills which might show positive relationship between NOS and

argumentation.

In another study adopting socio-scientific orientation, Khishfe, Alshaya, BouJaoude,
Mansour, and Alrudiyan (2017) examined the relation between 11th grade students’
arguments and their nature of science beliefs in four different socio-scientific
contexts (global warming, genetically modified food, acid rain and human clothing)
and 74 students participated in the study that was conducted in Saudi Arabia.
Subjectivity, tentativeness and empirical based aspects of NOS were included in the
study. Likewise, argument components which are argument, counterargument and
rebuttal were another focus of the study. Data was collected by use of interviews,
observations and four open ended scenarios related with controversial issues which
are global warming, genetically modified food, acid rain and human clothing. After
researchers coded participants’ NOS beliefs and arguments as naive, intermediate
and informed hierarchically, they sought correlation analysis between NOS beliefs
and arguments. For example; when participants did not use any justification, they
were labelled as naive understanding about argumentation (e.g., I support human
cloning). Regarding NOS coding, if participants’ ideas were not consistent with
contemporary NOS views, they were labelled as naive (e.g., the knowledge about
human cloning will not change in the future). Chi square analysis was also conducted
to compare NOS aspects (e.g., tentativeness) and argument components (e.g.,
argument) between different controversial scenarios. Researchers found few and low
correlations between argument components and NOS aspects. On the other hand,
qualitative data analysis suggested that participants having developed understanding
had informed NOS beliefs. Chi square analysis also showed that participants’
responses regarding argument components and NOS beliefs were not different

between four scenarios. In other word, participants’ NOS views and arguments
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followed similar trends in different scenarios. However, qualitative analysis
suggested that participants emphasized different NOS aspects in different scenarios.
Researchers thought that different orientations that participants held affected their
NOS beliefs and arguments. These orientations were reported as religious

orientations, natural orientations, and environmental orientations.

In another study, Mendonga and Justi (2014) focused on the relation between
scientific models and argumentation. Accordingly, scientific models are important
because they show that scientific knowledge is neither true nor false. This situation
also aligns with argumentation because knowledge constructed in argumentation
process is not certain too. There are many models to explain scientific phenomena
and the most suitable ones are selected through justification and refutations.
Evidence in models shows models’ power if evidence works in reality (evidence
works in field). However, outer factors like persuasion can be important to prefer one
model and eliminate others. There is a two directional relation between
argumentation and modelling because we use our arguments to construct models, and
models assist us to justify our claims as theoretical constructs. When we test models,
we evaluate the evidence that model is constructed on which through argumentation.
Construction of models through testing shows that models are not copy of reality.
Thirty-eight high school students (16-18 ages) participated in the study. TAP does
not assist analysing arguments to their components because it is difficult to
distinguish the components. Thus, researchers’ analysis approach was
comprehensive for arguments. Modelling activities were produced in chemical
bonding, ionic bonding, and intermolecular bonding. Implementation lasted 9 hours
and it was video-recorded. Students conducted experiments before they made
argumentation. Class was separated in 6 groups, but data were collected from 2
groups whose data were available. During analysis, researchers made explicit the
models students proposed, the arguments about models, and the ideas about the
production, explanation and use of models. Then, instrument was prepared. Findings
showed that instrument had three hierarchical levels. Level-1 included a claim with
single type of justification which can be supported by either empirical evidence,

theoretical evidence, or representational evidence. Level-2 included more than one
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type of justification without persuasion. Level-3 included more than one type of
justification which aims to persuade others about the validity of selected model.
Level-1 and level-2 was based on the understanding the phenomena by constructing
model. In other word, the aim was sensational goal. However, level-3 was based on
the persuasion of others. Level-3 shows that people understand the model, test the
evidence of model, and prefer this model among others based on testing result. The
goal of this level was “persuasion”. Level-1 of this study was different from other
research’s level-1 because level-1 was justified in this study unlike other research.
Students started with level-1. Because of students of first group did not understand
the phenomena, they could not use empirical evidence. They just used theoretical
evidence which was found in their prior knowledge. Second group’s model was
worse because they were both in level-1 and their prior knowledge was deficient. So,
they just used representational evidence. Because of they had no prior knowledge;
they could not use theoretical evidence. Then, students reached to level-2. Students
integrated theoretical and empirical evidence and reached a model that was
consistent with scientific explanation. Next, students tested the model they reached
in level-2. The model reached at the end of the level-2 was better than other models
because it fit the observation. Students started to use this model to persuade others
and they reached level-3. In this level, students not only tried to persuade others
about validity of final model, they also explained why previous models were not
valid. Validity of model made it more persuasive. Activities used in this study

contributed on students’ level of argumentation in model based context.

Previous research on ABI also suggested that students’ use of data type (i.e., self-
collected primary data or second hand data that is obtained from somewhere else)
can be related with students’ epistemological views. For example; Kolsto and
Ratcliffe (2007) reported that students directly use data coming from expert in their
arguments. This is related with their naive epistemological beliefs because they think
that expert opinion is perfect and objective, they do not criticize expert opinion and
they directly accept them. However, if science is closed to discussion as in the case,
debaters discuss based on non-scientific things. On the other hand, some students

think that scientists can be criticized and these students want to understand scientists’
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claims more. If students’ epistemological beliefs are improved, their suspicion on
claims improves too. Therefore, it is meaningful to report ABI research that focused

on the type of data that students use in this part.

According to Wallace (2004), students are expected to emphasize similarities and
differences between different information such as textbook and experiment results.
In ABI, there are two different kinds of sources. First is first-hand observation which
is single, personal and interpreted by theory. Second are textbook statements which
are body of knowledge validated by scientific community. These two sources’
discourses are also different. In hand on activities, students use informal language;
however, ABI makes it more scientific because it adds claims and evidence to
informal language. On the other hand, textbook discourse is unique to science and
systematic. In line with this, Wallace (2004) conducted ABI research in a seventh
grade biology topic, diffusion and osmosis. Students were selected based on some
criteria which are their willingness, balanced gender, range of science achievements
obtained from the scores before and after the ABI instruction tests. Based on these
criteria, 6 students’ data were analyzed. Data sources were interviews, ABI reports
and letter writing activities. Results of the study showed that three students were
labelled as first-hand observers which mean these students mostly focused on hands
on activities as their source of knowledge. These students also thought that writing in
ABI is important. Moreover, these students thought that when they perform
something, they learn permanently. Even though first-hand observers were low-
achievers, they actively participated in the ABI process. Moreover, they were able to
distinguish claim and evidence. However, these students might have cognitive
dissonance when their hands on activity results differ from textbook (authority)
results. These students might have positivist epistemology and they might think that
results are derived from only hand on activity data. These students have naive NOS.
They could not integrate class explanation and textbook explanation. Their
explanations were limited with first-hand data and not supported by textbooks.
Likewise, they did not use theories. These students either focused on their
observations or provided scientifically incorrect explanation. One of the students was

labelled as reader. This student focused on textbook explanation and class discussion
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as evidence. The student reported facts, concepts, principles, and explanations and
did not focus on ABI writing and hands on activities. This student also did not enjoy
in participating ABI activity. Student reported that she did not use first-hand data
because first-hand data did not explain the process and reasons. She thought that
first-hand data is limited with observation. She thought that there is evidence about
what happens, but there is no evidence for explanation of the process in observations.
This student’s personal epistemology shows that scientific events are not explained
by solely observation. While student report theoretical information obtained from
textbook, student did not use evidence from observations. This student might see that
laboratory is verification of knowledge. Moreover, this student might think that
textbook knowledge is correct knowledge. Furthermore, student supported this idea
by saying that teachers look for this content knowledge in exams. Two of the
students who were high achievers were labelled as integrators. These students were
able to negotiate different knowledge obtained from discussions, hands on activities
and textbooks. These students used numerous sources to get knowledge. Their
personal epistemology showed they consider observations and observation
coordination with authority (textbook). The study showed that students use sources
which are consistent with their epistemology. Positivist students use first-hand data
and group idea. Their cognitive mechanisms are “observe, hear, peer opinion, and
explaining”. On the other hand, reader rejects first-hand observation and thinks that
observational evidence is not sufficient for theoretical explanation. Her cognitive
mechanisms are synthesis and reflection. Integrators use different type of cognitive
mechanisms and they have no cognitive dissonance to integrate textbook knowledge
and first-hand data. In this study, both low achievers and high achievers engaged in
ABI processes and they improved themselves. However, high achievers negotiated
different sources. Therefore, negotiation of different sources (e.g. textbook and
observation) should be explicitly taught to students. Reading sources can be much
more in ABI studies. Teachers should emphasize that discourses have different
nature (group discussion on investigation and class discussion). Grading should be
based on both content knowledge and scientific thinking (e.g. distinction of claim

and evidence) that results in balanced scientific growth.
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In another study, Kim and Song (2006) examined peer argumentation of 8 middle
school students. One of the aims of the study was to reveal what type of data students
use in argumentation. In data analysis, researchers found codes to answer research
questions. Regarding the source of evidence, researchers used two codes which were
personal evidence and authoritarian evidence. Findings showed that students mainly
used personal evidence including personal experience and knowledge. Evidence was
used implicitly in general. Authoritative evidence was based on literature and teacher
in general and students used authoritative evidence in order to hide their ignorance.
Likewise, students used authoritative evidence to give example when hiding
ignorance. Other findings of this study are presented in students’ engagement in

argumentation process part.

Walsh and McGowan (2017) conducted a study in which scientists provided
feedback to students’ artefacts about climate change aiming to develop complexity of
students’ arguments. In this process, students prepared their work, and they revised
them based on experts’ feedbacks. First, students’ knowledge and experience were
revealed in climate change. Second, students looked for news and counterarguments
in media about climate change. Third, students prepared infographic (i.e., data
graphics, poster) about the impact of climate change on species based on their data
collection. Last, students showed their infographics and experts provided feedbacks
about infographics at least one time in two weeks. A total of 48 students and 14
scientists from different disciplines related with climate change participated in study.
Findings showed that students did not use their own data; however, they used data
sets, so scientists did not use specific feedback on this practice. Researchers advised
that students should use both their own data and other data sets to obtain evidence in
their argumentation studies although students of this study only used data sets in this
study.

Another study examining data that students used in argumentation was conducted by
Kind et al. (2011). Researchers claimed that students usually did not generate
evidence and they got the evidence from computer, videos, and second hand data in
previous research. If argumentation is integrated in laboratory; alternative

hypothesis, data analysis, and evaluation of evidence will be examined. This is
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superiority of argumentation on other methods. Without argumentation, students
follow cookbook lab instructions which do not include discussion and reflection.
Argumentation is in line with open ended lab tasks. However, previous research
showed that even tasks are argumentation-based; students’ argumentation level was
low. The more time allocated to argumentation is, the better quality of arguments
students has. According to researchers, Students’ generation of evidence increases
quality of arguments comparing with other evidence which was already existent.
Students’ hypothesis and interpretation of evidence increases because students
owned the evidence which they generated. But, this idea was not so much tested, so
one of the aims of this study was to understand whether already existent evidence or
student made evidence is better to reveal high quality of arguments. Previous studies
showed that tasks were script based, and their solutions are certain. Researchers
explained that unproblematic data and clear response cause limited argumentation in
lab. Thus, this study prepared three tasks to stimulate argumentation. First task is
“complex data” that do not include clear answer. This task was based on heat transfer
through radiation. Second task is “conflicting hypothesis”. Conflicting hypothesis
was provided to make students have different ideas. Before argumentation, students
discussed the ideas as true and false, and then they tested the ideas through
experimenting. Dissolution of salt in water was task, and related misconceptions
were given as ideas. Third task was the extension of first task, “post-investigation
discussion”, but in this task students did not conduct experiment; on the other hand;
fictional data were provided to students. Fictional students used different methods.
Students were expected to discuss on method and data. The difference between first
and third task was used to understand whether student generated evidence or already
available evidence is better to produce high quality argument. Moreover, researchers
focused how these three tasks affected students’ argumentations. These tasks can be
thought as strategies to increase students’ argumentation levels because study
focused on how students’ arguments differed in different tasks. Participants were
three classes of students. Four groups, each of three students were selected for
analysis. Two groups performed only last task as control group to compare efficacy
of student generated data and second-hand data. Data were collected in two weeks.
Investigations were video recorded, and written reports were used in analysis. Tasks
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were introduced in first 10 minutes. There was no explicit argumentation instruction
in this study. Students were requested to make evidence based decision and conduct
experiment about tasks. How tasks were solved by students was analyzed based on
students’ orientations. First one was “experimenting” where students focus on data
collection and material. Second one was interpretation of the conclusion obtained
from experiment that ‘“hypothesizing”. Last one was the “co-ordination and
evaluation” that was the combination of first two orientations. Findings showed use
of type of argumentation (i.e., students’ orientations) changed based on groups and
tasks. Student made more explanation in written task (task 3) comparing with the
task they experimented. They produced more arguments in task 2 that is conflicting
hypothesis. Moreover, students reached high quality argument in conflicting
hypothesis task. They used data and produce rebuttals in conflicting hypothesis
because they needed to solve confliction. Level of arguments was mostly level-2 that
is claim supported by evidence. The fewest number of arguments was in post-
investigation discussion. This might be caused by limited time allocated to third task.
Although students allocated most of their time to the experimenting as data
collection, their type of arguments was rarely experimenting. In these limited
arguments about experimenting; students focused recording data and its relation to
claim. Very few arguments were about the examination of validity of methods.
Coordination and evaluation orientation (combination of experimenting and
hypothesizing) included most arguments. In these arguments, students evaluated the
evidence obtained from experiments. High quality arguments were proposed in
hypothesizing because students discuss validity of alternative claims. However, these
kinds of arguments were not common. Students did not produce argument when they
collect data. Arguments were proposed in explanation of phenomena or evaluation of
the evidence obtained from experiments. Over simplification of methodology in
tasks caused students not to investigate method. Moreover, students did not seek
quality of evidence. This caused students thought that science is simple. Even though
tasks were prepared to make argumentation, students spent most of their time in data
collection rather than argumentation. Conflicting hypothesis task yielded better
results than complex data in terms of number of argumentation although it depends

on the groups. Post-investigation discussion task findings were well, but students’
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perception about right answer and right method decreased the quality of arguments.
Comparison of task 1 and task 3 (student generated evidence vs. available evidence)
did not result in favour of task 1 surprisingly because students produced more
arguments in task 3. Students’ wrong perception to science might decrease the
quality and number of students’ arguments in both tasks because they thought that
there is a right answer and right method, so there is no need to make deep
argumentation in solution of tasks. If their epistemic understandings increase, their
engagement in argumentation based laboratory may be enhanced. They should give
up the idea of truth and support the idea of uncertainty in science. If students’
epistemology does not change, their experimental process becomes mechanistic. In
this study, students could not pass from one orientation to another (e.g.,
experimenting). If they conduct experiment, their orientations are experimenting. If
they do not conduct experiment, their orientations are hypothesizing. Researchers
claim that students need to make argumentation more in experimentation on the
accuracy of method and data. If data is complex, they could not understand design
and methods. On the other hand, if data is simple, students tend not to make
argument. This is the dualism that needs attention. Finally, researchers propose that
if epistemological criteria are taught to students before investigation, students can

benefit more from argumentation based laboratory activities.

2.3.3. Summary of Argumentation Studies on Students Epistemological
Beliefs.

In conclusion, although there is a theoretical consistency between argumentation and
epistemological belief, researchers who conducted ABI approach did not focus on
directly epistemological beliefs apart from Tucel (2016). In this study, researcher
found that experiment group outperformed control group in justification and
development aspects of epistemological beliefs. Researchers adopting socio-
scientific orientation, on the other hand, focused on middle school students (Khishfe
2014), high school students (Khishfe et al., 2017), and primary teachers’ (McDonald,
2010) NOS views and argumentation. While Khishfe (2014) found that explicit NOS

instruction and argumentation treatment supports middle school students’ NOS
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views, McDonald’s (2010) study and Khishfe et al.’s (2017) study yielded blurred
relationship between argumentation and NOS. Moreover, although it is not directly
related with NOS or epistemological beliefs, Mendonga and Justi (2014) focused on
the relationship between scientific models and argumentations and examine students’
arguments. Researchers also focused on type of data that students use in
argumentation process and students’ choice of data is linked with their
epistemological beliefs. The reviewed articles suggested that students mainly used
one type of data. For example; students mainly used either first hand data or second
hand data in Wallace (2004) study. Likewise, students used usually personal data in
Kim and Song (2006) study. On the other hand, students used second hand data in
Kind et al. (2011), and Walsh and McGowan (2017) research. Students are expected
to use both first hand data and second hand data when they construct argument and
they are expected to make negotiation between first hand and second hand data
(Wallace, 2004). Therefore, using only one type of data was linked students’ naive

epistemological beliefs in argumentation.

2.3.4. Reflections from Literature to Current Study regarding

Epistemological Beliefs and Argumentation.

In this sub-section, how previous literature contributed on current research about
argumentation and epistemological beliefs is explained. According to McDonald and
McRobbie (2012), students’ epistemological beliefs should not be absolutist because
absolutist people think that there is one truth and this truth does not change. When
people think that the truth is certain and does not change, they tend not to discuss.
Similarly, McDonald and McRobbie (2012) thought that people having multiplist
beliefs do not engage in argumentation process because they do not know the value
of evidence in argumentation. On the other hand, evaluativist people evaluate claim
and evidence. They know that knowledge is evidence based theory. In line with this,
when students were trained prior to the study, their beliefs were aimed to be
transformed to the evaluativist epistemology in this study. Therefore, some parts of
the presentation included information about scientists, how science is done, and

characteristics of scientific knowledge (e.g., empirical based). By this way, it is
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thought that students’ epistemological beliefs might shift to evaluativist one.
Similarly, Martin and Hand (2009) claimed that when students conduct experiments
and discuss on the ideas, they learn how scientific knowledge is constructed.
Therefore, when students engaged in argumentation process, their epistemological
beliefs improve. In line with this idea, students were told that they work like
scientists in this argumentation study when the study was introduced them at the
beginning. Role of experimentation and discussions were frequently emphasized in
lesson plans too. Another contribution of the literature is about what this study
should consider. The alternatives were the epistemological beliefs and nature of
science. According to Khishfe (2012), nature of science (NOS) comprehends only
one part of epistemological beliefs. NOS deal with nature and construction of
knowledge. NOS answers what constitutes knowledge, how knowledge is known,
whether knowledge can be known with certainty; however, NOS ignores how
individual come to know, the beliefs they hold about knowing, and how epistemic
belief influence thinking and reasoning. Therefore, this study specifically focused on
students’ epistemological beliefs instead of nature of science. Literature review also
informed this study about how students’ epistemological beliefs are measured.
Accordingly, Epistemological Belief Questionnaire (Conley et al., 2004) included all
dimensions of epistemological beliefs which are source, certainty, justification and
development. This scale was used in previous ABI research examining students’
epistemological beliefs development (e.g., Tucel, 2016). Hence, the same
questionnaire was used in current study to understand changes of students’
epistemological beliefs. Regarding students’ epistemological beliefs, previous
studies also affected current study in terms of characteristics of data. For example,
Kind et al. (2011) reported that students do not understand method and design if data
is complex. Likewise, if data is simple, students do not have to engage in
argumentation. Therefore, in this study, data should be neither complex, nor simple
to engage students in argumentation. Accordingly, new experiments were not
produced because they could be either simple or complex. On the other hand,
experiments from curriculum consistent with students’ grade level were used in this
study. These experiments were recipe type or cook-book experiments, but they were
restructured consistent with nature of ABI in this study. By this way, simplicity and
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complexity of data problem was aimed to be solved. Similarly, Walsh and McGowan
(2017) suggested that students should use both first hand data (i.e., they data they
produced) and second hand data (i.e. the data they obtained from somewhere else). In
line with this, current study was prepared such a way that students could use both
first hand data and second hand data. Accordingly, students used first hand data and
conducted experiments in first, second, fifth and last weeks of the study and second
hand data in third and fourth weeks of the study to provide evidence to support their
arguments. Kind et al. (2011) also reported that even though researchers design the
tasks for students’ engagement in argumentation, students focus on experimentation
and they do not engage in argumentation. Therefore, time limit was used in this study
regarding data collection procedure. Accordingly, students collected their data (e.g.,
experimentation) in a lesson hour (40 minutes) for each week. Likewise, whole class
discussion lasted a lesson hour for each week. By this way, time effect was removed
from the study and comparing students’ performance regarding argumentation
schemes and their engagement in argumentation process in different weeks became

possible.

2.4. Argumentation and Science Process Skills

This part specifically focuses on firstly, the theoretical link between argumentation
and science process skills and secondly, the practical research on argumentation
examining its impact on science process skills. This part concludes with a summary

of the related research findings.

One of the general aims of schooling is to make students think (Padilla, 1990). Due
to fact that science emphasizes making hypothesis, manipulating the physical work
and reasoning from data, students’ science related skills improve when they engage
in science practice. According to Padilla (1990), science related skills show
themselves in the terms which are scientific method, scientific thinking, and critical
thinking. However, the term science process skills became popular after Sanderson,
and Kratochvil (1971) prepared Science--A Process Approach (SAPA). According to
SAPA, science process skills are the results of the classification of the science’s

intellectual tools. These process skills are basic and integrated process skills. Basic
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process skills are observing, classifying, using numbers, measuring, using space/time
relationships, communicating, predicting, inferring. Sanderson and Kratochvil (1971)
reported that basic process skills are taught in primary grades. On the other hand,
integrated process skills are defining operationally, formulating hypotheses,
interpreting data, controlling variables, experimenting. Integrated process skills are
taught in intermediate grades (Sanderson & Kratochvil, 1971). This study
specifically focuses on integrated process skills as science process skills because this
study is conducted with students enrolled in 6 grade level which is one of the

intermediate grades.

2.4.1. Theoretical Link between Argumentation and Science Process
Skills.

Science process skills encompass rational and logical skills used in science. The use
of these skills let students to construct scientific knowledge and produce solutions to
given problems (Burn et al., 1985). Accordingly, scientific inquiry is thought to be
closely related to science process skills because when students make inquiry, they act
like scientists and follow scientists’ thinking patterns which involve the utilization of
various science process skills. In other words, it is expected that students use their
science process skills during the inquiry process (Bunterm et al., 2014; Walker &
Sampson, 2013). As a result, argument-based inquiry, which is the focus of the
current study, is likely to improve students’ science process skills because the ABI
requires students to formulate their own research questions, propose hypotheses,
identify variables design experiments, and discuss the findings These processes have
potential to directly contribute to the development of three of the five process skills
investigated in this study, namely identifying variables, formulating hypothesis, and
designing experiment. Throughout argumentation process, students are also expected
to clearly communicate with others. They are supposed to clearly explain their ideas,
claims, and justifications. Accordingly, the variables that they investigated should be
clear in their minds and they should be able to provide operational definitions.
Therefore, the ABI is also likely to improve students’ ability to operationally define.

In a similar main, students prepare tables when write their reports in ABI. For
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example, they prepared tables showing information how temperature of water
changes over time in matter and heat unit. Such kind of tables might inform students
to understand relationships between variables (e.g. temperature vs. time) and
students can transform these tables into graphs to better interpret relations between
variables. Due to fact that students are familiar to interpreting graph from earlier
units of same grade level (e.g., Force and Motion), they can use the data obtained
from tables they prepared and draw graphs representing relationships. After drawing
these graphs, students can interpret them and they can improve their interpreting
graph skill. In conclusion, ABI approach might theoretically increase all integrated
process skills.

2.4.2. Argumentation Studies on Students Science Process Skills.

Development of science process skills were usually investigated in inquiry studies
(e.g., Bunterm et al.; 2014). However, the number of such studies focusing on
argumentation is quite limited. In this part, firstly inquiry studies and their effect on
science process skills are presented. Then, the argumentation studies examining the
development of science process skills are reported. Moreover, science process skills
are closely related with science practices. According to Next Generation Science
Standards [NGSS] (2013), the word “practice” is used instead of “skills” to
emphasize that scientists engage in scientific investigation. Moreover, practice is not
limited with skill, and also includes knowledge specific to practice. Some of the
practices in science are planning and carrying out investigations, analysing and
interpreting data, obtaining, evaluating and communicating information. Due to fact
that these science practices are closely related with science process skills,
argumentation studies investigating participants’ science practices are also included

in this part of the review.

Regarding the effect of inquiry approach on science process skills; Germann (1989)
examined the effect of directed-inquiry treatment on high school biology students’
science process skills. This directed inquiry approach included six efficient

instructional and learning methodologies which are learning cycle, focusing technic
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(i.e., Teacher focuses on student attention to SPS, students use skills alone, responses
are discussed, teacher model existing and new skills.), Vee diagram, advance
organizers, concept maps, and writing process including prewriting, drafting,
revising, editing, publishing, and evaluation. The study consisted of 20 lab exercise
and lasted seven months. On the other hand, control group performed the same lab
activities, but directed-inquiry approach was not used in this group. Students’ science
process skills were measured by the use of Test of Integrated Process Skills and
Process of Biological Inquiry Test. ANCOVA was used to examine the effect of
directed-inquiry approach on science process skills while controlling for students’
content knowledge scores. Findings suggested that there was no significant
difference between groups in sub-sequent analysis of ANCOVA. Descriptive
statistics showed that experimental group performed lower than control group in all
tests Researcher also conducted regression analysis to reveal possible aptitude
treatment interaction and results showed that there was an interaction between
students’ cognitive level and type of treatment they took. More specifically, directed-
inquiry approach was found to be more effective for students classified as concrete
operational learners while less guided approach (i.e. control group) was more
effective for high achievers or students in formal operational thinkers. Therefore,
directed inquiry, its guidance and slow pace teaching might preclude high achievers’
cognitive strategies and further learning. Researcher added that the best instructional
methodology for average person may not be best for all students. Researcher also
claimed that assigning more students in formal operational stage to the control group

might cause the performance difference in favour of control group.

Likewise, Bunterm et al. (2014) examined the impact of different types of inquiry,
which are structured and guided inquiry, on 7" and 10" grade level students’ content
knowledge, science process skills, scientific attitudes and self-perceived stress. The
study lasted 14-15 hours and 239 students participated in the study. Researchers
claimed that although inquiry and traditional teaching instructions were compared in
previous research, there was no study examining the impact of different types of
inquiry (i.e., structured vs. guided inquiry) on students’ achievements and other

related variables in literature. In structured inquiry, researchers provided research
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questions and instruction regarding how students complete the experiments. On the
other hand, students designed and tested their own experiments, and reached
conclusion in guided inquiry, but research question was given them. In other word,
the difference between structured inquiry and guided inquiry was designing and
testing part of experiment. While guided inquiry let students be free in designing and
testing experiment, structured inquiry provided the instruction that students were
expected to follow in their designing and testing part of experiment. Researchers
used 5E model to create inquiry classes. Science process skill test included 45
multiple choice items and 13 science process skills. The test was independent from
the topic covered in the study (i.e., work, energy and motion). Data was analyzed by
use of multiple analysis of variance and content knowledge, science process skills,
science attitudes and stress were used as dependent variable. Findings showed that
although students’ science process skills improved significantly in structured inquiry,
it improved more in guided inquiry. The same trend was also observed for students’
content knowledge, however, difference in effect size was smaller between guided
inquiry and structured inquiry regarding content knowledge. Although students’
attitudes towards science improved, there was no significant difference between
guided inquiry and structured inquiry regarding attitudes. Likewise, students’ stress

decreased equally for different inquiry types from pre-test to post-test.

In Turkish context, Koksal and Berberoglu (2014) examined the impact of guided
inquiry approach on 6" grade level students’ content knowledge, science process
skills and attitude towards science. There were 304 students who participated in the
study in total. Experimental group included 162 students and control group had 142
students in this quasi-experimental study. The study was conducted in Reproduction,
Development, and Growth in Living Things topic. The study lasted 22 hours in the
study. Teacher was the key factor and guided all process in the experimental group
taught by guided inquiry. During the guided inquiry process, teacher did not give the
answers and present steps of inquiry. On the other hand, teacher provided clues for
students to follow. Thus, a semi-structured approach was used. Researchers claimed
whether guided inquiry approach is efficient for science process skills is not well

known. Control group teachers followed teacher guide book suggested by Ministry
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of National Education. Activities that teachers conducted in control group were
based on verification of scientific knowledge, and not related with inquiry even
though these activities were experiments. Science process skills was measured by use
of SPS test and this test included observing, classifying, proposing hypothesis,
identifying variables, proposing data, and producing models. This test included 16
questions which are multiple choice items, open-ended items, matching and hotspot
items. Content of the science process skills test was not specific to Living Things
topic. Repeated analysis of variance was used to answer the research questions.
Findings suggested experiment group performed better than control group in science
process skills, science achievement and attitudes towards science. Although effect
size was small for science achievement, it was medium for science process skills and
attitude.

In another study conducted with middle school students, Durmaz and Mutlu (2017)
focused on the effect of instructional intervention on 43 seventh grade students'
science process skills. Data collection process lasted 18 weeks. Students' science
process skills were measured by use of Science Process Skills test including 40
questions and 13 aspects of science process skills which are observing, classifying,
drawing conclusions, predicting, measuring, recording data, space/time relation,
operational  definition, formulating  hypothesis, designing investigations
(experimenting), controlling and manipulating variables, analysing data and
constructing model. Reliability coefficient of the scale was found as 0.81.
Experiment group intervention included a treatment that emphasizes science process
skills whilst control group did not emphasize SPS. Both experiment and control
group conducted similar activities including carrying out experiments, observations,
measurement, recording data, and research questions as suggested in curricular
sources (i.e., textbook). Moreover, experiment group was scaffolded with worksheets
and experiment reports and teacher provided feedback on students' work.
Furthermore, experiment group's activities started with closed experiments
conducted by the teacher and continued with partial open ended experiments that
students and teacher share the responsibilities in conducting experiments, and

finished with open ended experiments that students control the experimenting
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process. Paired sample t-test results showed that there was a significant improvement
in the experiment group. On the other hand, there was no statistically significant
change in control group' science process skills from pre-test to post-test. Moreover,
descriptive analysis showed that experiment group developed most of the science
process skills throughout the study. Developed SPS aspects were identifying research
question, formulating hypothesis, identifying and controlling variables, determining
materials, designing experiments, tabulating data, and drawing conclusions.
Although students developed these SPS aspects, researchers noticed many problems
about SPS. For example; students focused on the conclusion of research problem
rather than the reason, students confused dependent, independent and control
variables. Likewise, students could not link the variables when they formulate
hypothesis. They used more than one independent variable. They also had difficulty
in drawing graphs. Students also had difficulty in connecting their conclusion with
hypothesis.

In his master thesis, Yildirim (2012) examined the effectiveness of a guided inquiry
treatment on 55 8" grade level students’ science process skills and content
knowledge in physics topics including buoyancy and pressure. In this quasi
experimental research, there were three groups and two of them were experiment
group and one of them was control group. While experiment group included 39
students, control group included 17 students. Although, numbers of participants in
experiment group and control group were highly different, researcher reported that
test results met all the assumptions (e.g., equality of variance) to conduct inferential
statistics. Students’ science process skills were measured by use of Science Process
Skill test created by Burns et al. (1985). Although experiment groups outperformed
control group in science achievement, average gain score of experiment group was
not different from control group regarding science process skills. Likewise,
researcher found no significant main effect of guided inquiry treatment on students’
science process skills. Researcher reported that short period of treatment (5 weeks)
might cause no difference between experiment and control group in terms of science
process skills. Moreover, long sentences exist in science process skill test might

negatively affect improvement of science process skills. Students might not
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understand the long sentences and they could not perform their science process
skills.

Inquiry studies were not only held with middle school and high school students, but
also held with teachers. For example; Akben (2015) conducted a case study to
understand whether 30 pre-service primary school teachers design different type of
inquiry based experiments and use corresponding science process skills. Researcher
claimed that activities or experiments suggested in curricular sources (i.e., textbooks)
focus on limited number of science process skills. Moreover, these experiments
given in textbooks are about verification of facts. However, these experiments should
be prepared in different levels of inquiry (e.g. guided inquiry). In Akben’s study,
participants who are pre-service primary school teachers were not familiar with
science process skills, inquiry and its types prior to the study. After theoretical
knowledge was given to participants, researcher selected five different experiments
from fourth and fifth grade level textbooks. Pre-service teachers were assigned to
transform given textbook experiments to the experiments including different types of
inquiry. Moreover, they were expected to show to what extent their transformed
experiments match with science process skills. After pre-service teachers planned
their experiments, they conducted them in class and their peers provided feedbacks.
Based on the feedbacks on presentation of their experiments, pre-service teachers
made adjustments on their experiments. Findings suggested that pre-service teachers
prepared open inquiry experiments related to basic topics about which they were
knowledgeable whilst they prepared closed inquiry experiments in difficult topics.
To show the link between inquiry implementation and emphasized process skKills,
researcher selected three different experiments. Topics of the experiments were
"change of mass in response to heating”, "propagation of light", and "separation of
mixtures”. Pre-service teachers' explanations suggested that they point only few
number of SPS (4-6 science process skills) when they prepare experiment to verify
facts. When pre-service teachers prepared closed inquiry, they pointed out 5-8
process skills. Likewise, guided inquiry experiments corresponded to 9-10 science
process skills and lastly open inquiry experiments matched with 10-12 science

process skills. In conclusion, the findings suggested that pre-service primary school

81



teachers are capable of conducting different type of inquiry experiments and they
could use science process skills in their different type of inquiry experiments.
Likewise, pre-service teachers were aware that when inquiry level increases from
closed inquiry to open; more science process skills are emphasized in science

practice.

Even though it is not as popular as inquiry studies, argumentation studies also
examined students’ science process skills and science practices. For example, in an
argument-based inquiry study, Aslan (2016) examined the impact of argumentation
based inquiry approach on 53 pre-service teachers' science process skills and their
attitudes towards laboratory courses. In this study, there was no control group and
both groups were experiment group: Groups were divided as students having higher
scores and students having lower scores based on their science process skills' pre-test
results. This assisted researcher to understand how argumentation based treatment
influences two groups of pre-service teachers categorized based on their prior
science process skills. The treatment included 9 experiments in chemical Kinetics,
chemical equations, acids and bases, gases, heat, and electrolysis topics. Findings
suggested that there was a significant improvement in both groups concerning
overall science process skills. Moreover, students having lower science process skills
at the beginning of the study developed their overall scores more than students
having higher science process skills. Likewise, both groups’ science process skills
sub-components’ scores (e.g., operational definition) were similar at the end of the
study. In conclusion, students having lower scores at the beginning developed
themselves more than others. Regarding attitudes towards laboratory courses, the
improvement was statistically significant for both groups. Interview data also
suggested that 14 pre-service teachers over 19 thought argumentation based
treatment was beneficial because it brings about academic achievement (e.g.,
meaningful learning) and personal development (e.g., development of thinking
skills).

In another argumentation study, Walsh and McGowan (2017) aimed to develop high
school biology students’ science practices. In this study, scientists were invited to the

program and scientists provided feedback to the students. In this process, students
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prepared their work on climate change and they revised these works based on
scientists (experts) feedbacks. Researchers analyzed student work, scientists’
feedbacks and transcripts of student-scientist interactions. Science practices included
eight themes which are i. asking question and defining problem, ii. developing and
using models, iii. designing and carrying investigation, iv. analysing and interpreting
data, v. mathematical thinking and calculation, vi. Deep explanation and proposing
solution, vii. proposing arguments based on evidence, and viii. obtaining evaluating
and communicating knowledge. Regarding asking question practice, researchers
reported that scientists asked questions to assist students. After scientists asked
questions to students, students used more evidence and their arguments became
stronger. After that, scientists checked whether students’ evidence fit with
arguments. Scientists also connected their work with students’ works and asked
further questions about students’ work. Then, scientists’ questions let students to use
more evidence. Scientists also asked prompting questions to the students. When
students answered prompting questions, they got new evidence. Scientists’ questions
also let students to think on multiple perspectives. When students thought on

multiple perspectives, they used more counterarguments.

Results about analysing, interpreting data practices and mathematical calculations
practices showed that mathematics and data analysis are important because students’
arguments should be supported by evidence derived from data analysis. Scientists
criticized the data students used because they wanted students to focus on data and
its analysis. For example; scientists emphasized deficient analysis. Regarding
scientific explanations in argumentation, it was reported that scientists looked for
integrity and accuracy of explanations. In this way, students’ explanations were
clarified and became more academic. Students’ revised work included new evidence,
and students corrected their mistakes and missing points. Feedbacks also pointed out
inconsistencies between evidence and explanations, students corrected these
inconsistencies. For the models use in argumentation; scientists supported students’
use of models because these models support their arguments (i.e., future maps).
Scientists also suggested students to add models which can be helpful in their

arguments. Designing and carrying out investigation practice results showed that
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students did not use their own data; however, they used data sets, so scientists did not
use specific feedback on this practice. Finally, obtaining and communicating
multimodal arguments is another practice. Researchers reported that students are
expected to use multimodal data including visuals, graphs, and texts. Accordingly,
scientists suggested students to prepare posters composed of multimodal data such as
text and visuals. Scientists also advised students that texts and visuals used in posters
should be consistent with each other. Moreover, scientists asked students whether
visuals are appropriate for their arguments. Scientists added that some visuals are
used to support readability of poster rather than being used as evidence. Moreover,
scientists found some evidence for students to support their argument, and they
explained students how they found this evidence in feedbacks. Researchers
concluded that students focused on one thing in their first work, but they looked from
multiple perspectives after they got feedback from scientists. Hence, they considered
more evidence. In other word, holistic thinking that they developed produced

stronger arguments that consistent with NGSS (2013) scientific practices.

2.4.3. Summary of Argumentation Studies on Students Science Process
Skills.

In conclusion, previous studies showed that most of the treatments carried out to
improve science process skills are related with different types of inquiry (e.g., guided
inquiry). Findings of these inquiry studies are different from each other. Although
some of them found no difference between inquiry group and control group
(German, 1989; Yildirim, 2012), some other researchers found that inquiry groups
performed better in science process skills at the end of the treatments (Akben, 2015;
Bunterm et al., 2014; Durmaz & Mutlu, 2017; Koksal & Berberoglu, 2014).
Moreover, research showed that when type of inquiry transform from closed to open
inquiry participants develop their science process skills more (Akben, 2015).
Moreover, Aslan’s (2016) study showed that argument-based inquiry approach is
beneficial to improve pre-service teachers’ science process skills significantly.
Furthermore, the researcher suggested that pre-service teachers having lower scores

improved their science process skills more than their counterparts. Due to fact that
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science practice includes science process skills, one more study about argumentation
and science practice was reviewed. The finding of the study showed that while
constructing arguments, students developed their science practices (e.g., analysing,

interpreting data and mathematical calculations) with the help of scientists’
feedbacks.

2.4.4. Reflections from literature to Current Study regarding Science
Process Skills and Argumentation.

Next, how previous literature contributed on current research about argumentation
and science process skills is explained. Sanderson and Kratochvil (1971) reported
that basic process skills are taught in primary level and integrated process skills are
taught in middle school level. Due to fact that this study was conducted with middle
school level students, students’ integrated process skills were considered in this
argumentation study. Similarly, literature review also assisted to determine which
instrument was used to measure students’ science process skills in this study.
Theoretically, ABI is consistent with five aspects of integrated process skills (e.g.
formulating hypothesis). Therefore, a scale was needed that measure all these five
science process skills. In line with this, science process skills test developed by Burn
et al. (1985) assessing all integrated process skills were used in this study. Moreover,
previous study on science process skills and different inquiry levels also shaped
design of the current study. Accordingly, Akben (2015) suggested that the more
students are free in inquiry, the more science process skills they use. Therefore,
guided inquiry and open inquiry should be used in inquiry studies rather than
cookbook experiments and closed inquiry. In line with this, when the lessons were
designed, mainly guided inquiry was adopted. Guided inquiry was also suggested by
Ministry of National Education [MONE] (2018) teaching program for 6" grade level.
Accordingly, students were active learners, they were generally free, they had rights
to ask their own research questions, and conduct their own experiments in this study.
By this way, it is thought that number of science process skills that students use and
develop would increase. Similarly, cook book experiments and closed inquiry was

not used in this study. Likewise, while lessons were prepared, integrated process
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skills defined by Sanderson and Kratochvil (1971) were considered. Accordingly,
there are five process skills which are defining operationally, formulating hypothesis,
interpreting data, controlling variables and experimenting. Students were suggested
to explain their hypothesis and variables in all weeks that they conduct their
experiments. By this way, students were expected to increase their formulating
hypothesis, controlling variables, and experimenting process skills. Likewise, some
contexts were provided to students that they can produce or obtain data in all weeks.
By this way, students found chance to interpret data. For example, they prepared
tables to interpret what their data means. Likewise, students presented their
experiments to other groups and discussed with each other. When students explain
their research, teacher and other students asked students to define the variables that
they used in their experiments. By this way, it is possible that students improve their
defining operationally process skills. The next section of the literature review is

about the argumentation studies focusing on argumentation schemes.

2.5. Argumentation Schemes

Sampson and Clark (2006) examined analytical methods used in argumentation
studies that aim to understand students’ argument quality. These analytical methods
are Toulmin Argument Pattern (TAP), Zohar and Nemet’s (2002) content of
justification in an argument, Kelly and Takao’s (2002) Epistemic Levels of
propositions in an argument, Lawson’s (2003) hypothetical deductive validity of an
argument and Sandoval’s (2003) conceptual and epistemological aspects. According
to Sampson and Clark (2006), on the other hand, students should learn five epistemic
criteria, which are not emphasised by aforementioned five analytical methods, to
produce high quality argument. These five criteria include examination of (a) the
nature and quality of the knowledge claim, (b) how the claim is justified, (c) if a
claim accounts for all available evidence, (d) examination how the argument
attempts to discount alternatives, and (e) examination how epistemological
references are used to coordinate claims and evidence. In line with the idea, Duschl
(2007) proposed that Walton’s (1996) argumentation schemes consider epistemic

criteria while assessing students’ arguments. Therefore, it is expected that using
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argumentation schemes provide more valid and reliable results regarding quality of
students’ arguments. In line with this, argumentation studies using argumentation
schemes which are sign of high quality arguments are reviewed in this part. In this

point, defining Walton’s argumentation schemes can be meaningful.

According to Walton et al., (2008), argumentation schemes are forms of argument.
These schemes show structures of common types of arguments that people use in
their everyday discussions such as legal argumentation happening in courts and
scientific argumentation. There are 25 argumentation schemes that Walton (1996)
defined. Some of these argumentation schemes are argument from sign, argument
from expert opinion, argument from cause to effect and so on. As arguments can be
deductive and inductive, they can also be presumptive. Argumentation schemes
include presumptive reasoning. They are not strong arguments because of lack of
evidence. Although these arguments having presumptive reasoning are not so strong,
they can support the conclusion by providing evidence. In other word, these schemes
carry weight, and can affect the discussion moving forward. By the contributions of
argumentation schemes, some tentative accepted conclusions are reached even
though all evidence is not known. These argumentation schemes are common in
everywhere including scientific investigations. Although these argumentation
schemes are necessary for reaching a conclusion, these schemes are still fallible and
tentative conclusion can change when new evidence comes. For example, an
argumentation scheme may propose a generalization and conclusion is shaped by this
generalization. After that, an exceptional case is defined and reached conclusion

changes.

2.5.1 Studies focusing on Argumentation Schemes.

Although argumentation schemes involve epistemic criteria for high quality
arguments, they were not used so much in argumentation studies. In one such study,
Duschl (2007) worked with middle school students to improve their argumentation
skills through SEPIA (Science Education through Portfolio Instruction and

Assessment) program by using argumentation schemes. In SEPIA study, researchers
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focused on whether middle school students’ scientific reasoning improved in terms
of ability to reason about explanations, experiments and models. Students were
expected to evaluate claims using epistemic criteria; therefore minimum content
knowledge was used in this study. Seventeen triads of middle school students
participated in one hour long interviews in this study. Students evaluated the
scientific posters. Interviews were videotaped and transcribed. At first, both TAP and
Walton scheme was aimed to be used as analysis method, but TAP was abandoned.
Walton (1996) identified over 20 different argument categories. Nine of these
argumentation schemes (sign, commitment, position to know, expert opinion,
evidence to hypothesis, correlation to cause, cause to effect, consequences, and
analogy) are appropriate for middle schools. Revealing argument categories assisted
researcher to understand how student use evidence. In analysis, researchers could not
negotiate on the categorization of students’ arguments and they decreased these
categories from 9 to four which are: request for information (sign and position to
know schemes), expert opinion (expert opinion schemes), inference (correlation to
cause, cause to effect, consequence, evidence to hypothesis), analogy (analogy
schemes). Inter-rater reliability of a transcript was calculated as 90%. SEPIA group
members produced more dialogical argumentation schemes than non-SEPIA group
members. Likewise, SEPIA group produced more number of arguments. According
to descriptive results, SEPIA group members produced more inference and request
for information categories. Comparison of nine argumentation schemes for both
groups showed that groups had similar ranking in terms of argumentation schemes
where Spearman Rank Correlation Coefficient was found as 0.95. This study showed
that middle school students are ready to do presumptive reasoning. Walton
argumentation schemes showed that individuals’ performance in argumentation
discourse is more than what TAP suggested. This study also showed that
presumptive reasoning analysis is important to understand and evaluate development

of students’ argumentation strategies.

Duschl (2007) also claimed that science is not purely logical and analytical as
emphasized in textbooks; rather, it is dialectical and rhetorical in line with process of

scientific research. Hence, dialectical context can be more important to engage
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students in science classes. Moreover, dialectic argumentation includes presumptive
reasoning. Presumptive reasoning is done when there is need for action and evidence
is not sufficient. Burden of proof changes throughout the presumptive reasoning.
Therefore, Walton’s Argumentation Schemes for presumptive reasoning is useful to

analyze middle school students’ arguments.

Although it is not directly related with scientific arguments, Macagno, Mayweg-Paus
and Kuhn (2015) aimed to increase students’ arguments by using expert attacks.
Sixteen middle school students participated in the study and they discussed on a
pedagogical issue as a pair. Then, experts (PhD students) substituted with opposing
peer in pair and joined to the electronical discussions as mock students in this study.
Students’ arguments changed after student and expert interaction. After expert and
student interaction, students focused more on values and they revealed more
solutions to the problem. Next, experts were removed and students re-discussed on
the solution of the problem. Students started to discuss their peer’s principles
forming the argument rather than directly attacking arguments. Six different
argumentation schemes were revealed based on the content of the arguments which
are argument from consequences, practical reasoning, argument from values,
argument from best explanation, argument from rules, and argument from
classification. One of the limitations of this study was the experts who were PhD
students, not teachers. Moreover, this study was not focused on science education.
On the other hand, this study focused on general pedagogical issue. This short
intervention provided evidence that students develop their arguments in response to

treatments.

Argumentation schemes studies were not only held with middle school students, but
they were also held with pre-service science teachers. In one of these studies, Ozdem
et al., (2013) examined 35 pre-service science teachers’ argumentation schemes in
different tasks in an argumentation based inquiry treatment. Class discussions were
video-recorded and transcribed for data analysis and Walton (1996) argumentation
schemes were used as analytical framework to understand pre-service teachers’
arguments. In the study, firstly, researchers identified pre-service teachers’

argumentation schemes and secondly, they compared the frequency of argumentation
89



schemes revealed in experimentation process and the frequency of argumentation
schemes revealed in whole class discussions. Researchers found 20 different
argumentation schemes and the most observed argumentation scheme was argument
from sign in experimentation process. On the other hand, 18 different argumentation
schemes were observed in class discussion. Argument from correlation to cause was
the most frequently observed argumentation schemes in class discussions. Argument
from sign and argument from evidence to hypothesis followed argument from
correlation to cause. Researchers proposed that these three argumentation schemes
are regarded as scientific argumentation. Regarding argument from sign, its close
relationship with inferences, empirical observation and measurement and graph
makes argument from sign as scientific argumentation. Likewise, argument from
evidence to hypothesis is an example of scientific argumentation because pre-service
teachers made some verification and falsifications in their laboratory work.
Similarly, pre-service teachers observed the relationships between variables and they
produced argument from correlation to cause by using their inductive reasoning in
discussions and experimentation. Researchers added that argument from position to
know, ethotic argument, the causal slippery slope argument, the precedent slippery
slope argument and verbal slippery slope argument were not used by pre-service
teachers. Pre-service teachers’ participation to argumentation differed in tasks. For
example, they engaged more in density task. While argument from correlation to
cause was most observed argumentation schemes in three tasks, argument from sign
was the most observed scheme in other three tasks. On the other hand, each task
included similar number of kinds of argumentation schemes ranging from 12 to 17
argumentation schemes. Researchers also suggested that argument from sign,
argument from example, argument from evidence to hypothesis, argument from
correlation to cause, argument from cause to effect, and argument from
consequences were observed in all tasks and these argumentation schemes can be
task independent. Researchers also added that experimentation stage provided
participants a context where they can construct their arguments and class discussion
provided a context where they could evaluate the arguments. Experimentation stage
lasted more than whole class discussion. However, researchers observed that number
of arguments that participants produced in class discussion were more than it was
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expected. Researchers also reported there were differences of the use of
argumentation schemes between construction of arguments and their evaluation.
Accordingly, pre-service teachers used argument from sign and argument from an
established rule more in constructing scientific knowledge. Conversely, they used
argument from evidence to hypothesis, argument from expert opinion, argument
from consequence, argument from analogy, and argument from bias when they

evaluated the arguments.

In another study held with 40 pre-service teachers, Konstantinidou and Macagno
(2013) focused on understanding participants’ reasoning. Because reasoning is
something abstract, to make it concrete, the researchers used argumentation schemes
while analysing data. The overarching aim of the study was to remedy participants’
background knowledge leading to flaws in their arguments. Researchers focused on
warrant component of TAP model to remedy students’ arguments. By using
argumentation schemes, researchers aimed to clarify premises because premises are
abstract and hidden. After categorization of arguments, premises can be better
understood. Argumentation schemes include abstract premise and conclusion
including warrant. Even though argumentation schemes do not include many
components like rebuttal, they focus on the content and logic of the argument.
Researchers focused on background knowledge showing clues for participants’
reasoning. After understanding pre-service teachers’ background knowledge,
researchers used this knowledge to reconstruct their arguments. In analysis method,
researchers focused on understanding the quality of participants’ arguments. While
analysing the arguments, researchers reached participants’ prior knowledge. Then,
they aimed participants to understand their own arguments and improve initial
arguments. As human beings, we use some criteria to make reasons. For example;
our prior knowledge could be criterion. Likewise, warrant can develop based on
laws, statistics, authority, causal relations, and ethical commitment. Arguments were
classified depending on its warrants (9 class including cause and analogy). In thermal
conductivity activity, wrapping a snowman in a coat, researchers showed a cartoon
and provided three alternative ideas. After selecting one of the alternatives,

participants choose the most important terms and define them. Different definitions
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were discussed in class. Individual arguments about cartoon were constructed in 20
minutes whereas formation of group arguments lasted 1 hour about the thermal
conductivity activity. Participants’ written arguments were analyzed. Findings
suggested that %80 of the arguments were cause-effect argumentation schemes and
%10 of them were analogical argumentation schemes. The reason why participants
mostly explained causal relation was related with participants’ education level.
Research showed that undergraduate level students mostly use causal arguments
based on their prior knowledge even though some conclusion can be wrong. Causal
arguments are stronger than analogical arguments. Previous research showed that
earlier education level students produce analogical arguments which depends

experience more than prior knowledge.

2.5.2. Summary of the Argumentation Schemes Studies.

In conclusion, although there are few studies on argumentation schemes held in
science classes, these studies inform us about students’ use of argumentation
schemes in their discussions. More specifically, results suggest that dialectical
context can promote use of argumentation scheme in science classes, middle school
students are able to do presumptive reasoning and the ones having argumentation
treatment are better than their counterparts in using argumentation schemes (Duschl,
2007). Moreover, the most used argumentation schemes were reported as inference
(correlation to cause, cause to effect, consequence, and evidence to hypothesis) and
request for information (sign and position to know) by Duschl (2007). Similarly,
Macagno et al.’s (2015) use of argumentation schemes showed middle school
students’ arguments develop as response to expert attacks. Regarding use of
argumentation schemes in undergraduate level, Ozdem et al. (2013) study which
used argument based inquiry treatment showed that pre-service teachers mostly use
argument from sign schemes during experiments, and they use argument from
correlation to cause schemes in class discussions at most. Researchers thought the
most used three schemes which are argument from correlation to cause, argument
from sign and argument from evidence to hypothesis are scientific argumentations.

Moreover, findings of this study pointed out that argumentation schemes that pre-
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service teachers used changes depending on the tasks; however, number of total
argumentation schemes does not vary among different tasks. Furthermore, pre-
service teachers focus on constructing arguments in experimenting and evaluating
arguments in class discussions. Researchers reported that pre-service teachers use
arguments from sign and established rule when they construct arguments. On the
other hand, they use argumentation schemes which are argument from evidence to
hypothesis, expert opinion, consequence, analogy, and bias when they evaluate
others’ arguments. Finally, Konstantinidou and Macagno’s (2013) study showed that
pre-service teachers mainly use cause-effect argumentation schemes in their
arguments. Why they usually use cause-effect schemes were explained in terms of

their grade level and prior knowledge.

2.5.3. Reflections from Literature to Current Study regarding

Argumentation Schemes.

Next, how previous literature contributed on current research about argumentation
schemes is explained. Sampson and Clark’s (2006) analysis was informative for
selection of data analysis regarding argument quality. Accordingly, Sampson and
Clark (2006) reported that the studies examining argument quality do not meet the
epistemic criteria (e.g. examination how the argument attempts to discount
alternatives). By pointing out this analysis, Duschl (2007) reported that Walton’s
(1996) argumentation schemes meet epistemic criteria and these schemes are suitable
to analyze participants’ argument quality. In line with this, Walton’s (1996)
argumentation schemes were used for analysis to understand quality of arguments in
this study. Likewise, coding was prepared based on the work of Walton (1996) and
Duschl (2007). For example; Walton’s (1996) examples were related with daily life
and therefore, they were not sufficient to analyze scientific arguments’ analysis. In
this point, how Duschl (2007) analyzed same codes was examined because Duschl
(2007) analyzed middle school students’ scientific arguments. By this way, coding
procedure became clearer. For example; Walton’s explanation about argument from
corelation to cause just says that a corelation between two variables is seen like there

Is causation. On the other hand, Duschl explained same argumentation scheme (i.e.
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argument from corelation to cause) in detail and Duschl says that people prefer
plausibility to rather than possibility in argument from corelation to cause. In
conclusion, using explanations of codes for argumentation schemes from two
different sources facilitated the argumentation schemes analysis in this study. Lastly,
unit of analysis to analyze participants’ argumentation schemes was borrowed from
Duschl (2007) and unit of analysis was reasoning sequence in this study in line with
Duschl (2007). The next part informs about the studies examining students’

engagement in argumentation process.

2.6. Argumentation Process

Previous research mainly focused on quality of students’ arguments, but how
students learn arguing, support and refine their arguments is not clear. Therefore,
focusing on process of argumentation is as valuable as studying on quality of
arguments (Kim & Song, 2006). In line with this need, science education researchers
changed their agenda into argumentation process to reveal nature of argumentation
process that results in students’ arguments. This part reviews the previous studies

investigating students’ engagement in argumentation process.

2.6.1. Studies focusing on Argumentation Process.

In one of the studies focusing on argumentation process, Cavagnetto et al., (2010)
examined fifth grade students’ small group interactions in four different units which
are terrestrial biomes, aquatic biomes, light and sound using argument-based inquiry
approach. Researchers focused only on group talks but not on the whole class
discussions. In analysis, students’ talk was categorized as on task and of task talk.
While on task talk shows students’ talking about generating and evaluating
arguments, of task talk represents talking which are not related with argumentation.
On task talk was also divided in two parts which are Generate talk and
Representational talk. Generate talk included students’ knowledge construction
process and arguments’ components were obtained from this talk. On the other hand,

Representational talk was related with students’ application of Generate talk on
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writings. Researchers also examined the type of languages to understand functions of
students talk. There were seven different language types including instrumental,
regulatory, interactional, personal, imaginative, heuristic, and informative. In
instrumental language, people satisfy their needs. This language is most used
language among people. For example, students may claim that they do not want to
study at the end of the lesson. This shows that students satisfy their needs during
class. Students control others when they use regulatory language. Interactional
language shows students’ relationship with each other. If a student talks about
herself, this language is personal language. Imaginative language emerges when
students creatively use the sounds in their talk. On the other hand, heuristic language
includes students’ curiosity, exploration and questions. Finally, informative language
is used when students provide information to others. Researchers claimed that using
heuristic and informative language is hierarchically better than other five language
types. Findings of the study showed that students usually used On task talk that
shows students talked about generating and evaluating arguments and students
focused on knowledge construction process in their small group discussion.
Throughout the units, students talk included both generative talk that means they
constructed arguments and representational talk meaning they reported their
arguments in writing. Regarding components of an argument, fifth grade students
usually mentioned claim and data, but they hardly used rebuttals and counterclaims.
Rebuttals were in question format and they did not include explanations. Few
numbers of rebuttals were resulted with limited number of warrants and backings
decreasing quality of arguments. While students’ claims and data were used
explicitly in talks, other components of argument were used implicitly. Regarding
functions of language, %78 of students talk was informative and %12 of talk was
heuristic. This shows that students actively participated in the process of generating
claims and evidence. Likewise, students seldom used other language types that do
not correspond with argumentation in their talk. Researchers added that use of claims
and data indicated active knowledge construction by students, however limited
number of rebuttals and counterarguments were sign of students’ deficiencies on
criticizing arguments. Moreover, researchers thought that students were able to
transfer their knowledge construction process to different science units (e.g.,
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terrestrial biomes); therefore, argumentation process may not differ across different
topics. Finally, researchers claimed that achievement in argumentation studies
depend on students’ perception of culture. Students’ perception should change from
doing the lesson to learning through science discourse for more efficient

argumentation lessons.

In another study held with fifth grade students, Choi, Hand, and Norton-Meier
(2014) examined fifth grade students’ participation of an online argumentation
treatment using ABI. In this study, there was an asynchronous online discussions
forum and students wrote this forum their ideas in plant and health topics during
discussions. While students wrote 739 notes in plant topic, they wrote 686 notes in
health topic as their arguments. Moreover, ABI was used while students engaged in
inquiry based investigations. A total of 129 students participated in the study.
Findings suggested that students actively engaged in online discussion. Researchers
detected some codes about students’ contributions to online argumentation.
Accordingly, students “provide simple answer, provide more answer, justify, clarify,
accept, challenge, request clarification, challenge test questions, agree with claim,
request a detailed claim, disagree with claim, propose a counter claim, challenge
question-claim relation, support evidence, provide evidence, challenge evidence,
request more evidence, query about backing, challenge reference resource, provide
reference sources, request reference sources, challenge test, query about test, provide
information about test”. Accordingly, more than 85% students actively participated
in online discussion. Students’ participation in different investigation (human health
and plant) was similar. During this process, students focused on the evidence rather
than claims. Accordingly, students specifically used evidence in 31 % of all online
discussions in plant topic and 48 % of online discussion in human health topic; On
the other hand, students focused on claims only in 19 % of online plant discussion
and 29 % of online human health discussion. Students proposed some evidence to
online discussions to support their claim. After that, many students actively criticized
the evidence proposed by their friends. While students criticized the evidence they
focus on sufficiency, reliability, validity and accuracy of evidence. On the other

hand, students did not so often request more evidence, query backing, provide more
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evidence and support evidence. When presenting students get critics about their
evidence, they both provide simple answer and more evidence. On the other hand,
when presenting students defended their claims against responding students’
counterarguments, they tried to make justification to validate their arguments.
Likewise, if presenting students thought that their arguments were not well
understood, they tried to clarify their arguments. Moreover, when responding
students attacked to their arguments, presenting students sometimes re-attack
(challenge) the responding students’ counterarguments. Similarly, when responding
students propose counterarguments and attack to presenting students’ arguments,
presenting students often requested clarification for the responding students’
counterargument. In this study, researchers found many codes while students
engaged in online argumentation such as ‘“request clarification, challenge test
questions, agree with claim”. However, students’ uses of these codes differed from
plant investigation to human health investigation. In plant investigation, students
frequently used the following codes in online argumentation: “challenging, providing
information, querying test design, procedures, and measurement data”. On the other
hand, students focused on the challenge reference resources of evidence in human
health investigation. Researchers explained these differences based on the
differences between investigations. Accordingly, students were expected to generate
testable questions in plant investigation, but they were expected to use data from
written sources in human health topic. Likewise, research question was supplied to
students before argumentation in human health. In line with this, students challenge
question-claim relationship in plant investigation, they did not challenge relation of
these two argument components in human health investigation because question was
already given them in human health topic. In conclusion, it can be said that whether
students generate their own question, collect their own data, use already available

evidence caused differences on students’ engagement in argumentation process.

In a similar vein, Kim and Hand (2015) focused on how elementary science teachers’
characteristics and their students’ argumentation are related. In argumentation
discourse, role of the teacher was to sustain argumentation in class. ABI was selected

as strategy to generate arguments in class. Modified Chen’s framework (2011) was
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adopted in the study which included construction (i.e., information seeking,
elaboration) and critique (i.e., challenging, rejecting, defending, and supporting)
components of oral argumentation. Thirty teachers participated in ABI instruction.
Treatment group explicitly got ABI instruction, practiced on it, and collaborated with
their colleagues. On the other hand, control group’s instruction did not explicitly
refer ABI although content of the instruction was related with ABI. After teachers’
courses, 6 of them were selected to determine characteristics of teachers using
argumentation. Observation protocol was helpful to select participants. Accordingly,
treatment group teachers did not get low scores, and control group members did not
get high scores. Thus, 3 high score teachers and their classes, and 3 low score
teachers and their classes were chosen to compare characteristics of teachers and
events in argumentation class. Six hours of videos were analyzed. The grade levels
of classes were 3 and 5. Each codes’ frequency (e.g., challenging) was summed up,
their percentage over total number of codes was obtained for each class and they
were averaged in order to compare codes between traditional and argumentation
class. Likewise, teachers’ movement and interaction were divided into lecture time to
get percentage of teacher movement. Four different characteristics revealed after
analysis. First one was related with structure of teacher and student argumentation
and student-student argumentation. Second is directionality; teacher says students
what to do in class and non-directionality, teacher allows students to study alone in
activities. Third is movement; when teacher moves in class, s/he interacts with
students. Final one is structure of student talk referring argumentation discourse
among students. This component focused on critique aspect of argumentation rather
than construction. Finding of the study suggested that treatment group teachers used
critique component more than control group teachers regarding structure of student
and teacher argumentation. Control group mainly reiterated the knowledge by
focusing construction component. Control group also did not use evidence in their
arguments. Regarding directionality, treatment groups’ teachers did not direct their
students; they more frequently let students to say their ideas. Moreover, these
teachers allowed longer duration for students’ speech. On the other hand, control
group teachers used more directives. Regarding movement, treatment group teachers
moved and interacted with students more than their counterparts. Structure of talk
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results revealed that students from treatment group teachers used more evidence
based reasoning. None of the class addressed challenging dimension. Treatment
group teachers’ students also used more evidence based support and defend.
Although control group used more rejection comparing with treatment group,
evidence based rejections’ percentage over all rejections was higher in treatment
group. In control group which were similar to traditional class, construction aspect of
argumentation was emphasized more whereas evidence based critique aspect and
movement in class were dominant in treatment group teachers’ classes. In
conclusion, findings suggested that if non-directionality combines with critique
aspect, interaction and movement in class, it results with evidence based arguments.
On the other hand, if directionality combines with construction aspect of
argumentation, and non-movement with limited interaction, arguments without

evidence are proposed.

In another study, Sampson and Clark (2011) proposed conditions in argumentation
practice that increase quality of arguments. Five conditions were found that increase
quality of arguments which are the number of ideas about content, how individuals
respond ideas of each other, how often individuals challenge the ideas, the criteria
individuals use to distinguish ideas, how group members used available data. Four
groups of tyriads who are high school students participated in the study. This study
identified the product as high quality written science argument and the task involved
evaluating six alternatives for a discrepant event. This task provided students an
opportunity to engage in scientific argumentation. Groups had homogeny in terms of
gender (all girls or all boys). Regarding content knowledge, students completed the
content knowledge test prior to the study and each group included students having
different level of content knowledge. By this way, content knowledge effect on
argumentation process was removed in this study. Prior to the study, scientific
argument structure was taught to the students. Accordingly, scientific argument
included three aspects which are explanation, evidence and reasoning. In this
argument structure, explanation refers to claim that is the assertion; evidence is the
data which is the fact that supports claim; and reasoning is the warrant that connects

data and claim. After students engaged in argumentation in discrepant event, students
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were categorized based on their arguments (products of their argumentation process)
as lower performers and higher performers. All the groups tried to solve task and all
of them were active participants. Discussion for each group lasted 40 minutes to

select best explanation.

Findings showed that the number of ideas related with content (i.e., number of
discussed science topics in argumentation) was much more in higher performers’
discussion than lower performers’ discussion. Lower performers proposed fewer
ideas about content to be discussed. Higher group mentioned 30 content related
ideas; on the other hand, lower group mentioned 15 ideas. These ideas were related
with both context, background knowledge, and other contexts. The more and diverse
content related ideas result in the more discussion environment. Moreover, high
performer group proposed more accurate ideas found in supplied materials, more
accurate ideas not found in materials, inaccurate ideas found in materials, and
inaccurate ideas not found in materials. When high performer group discussed deeper
in topic, they proposed more ideas and when this group proposed more ideas, their
argumentation included more inaccurate ideas including misconceptions comparing

with low performer groups.

Second major finding was about how students respond to others. Higher performers
tend to discuss all ideas before accepting or rejecting them. On the other hand, lower
performers discussed less the ideas and willing to accept or reject ideas without
further discussion. How group members responded to proposed ideas were coded
based on four categories namely; accept (agreement no discussion), reject
(disagreement no discussion), discuss (question, challenge, revise, further
discussion), and ignore (no response). Coding of responses to proposed ideas showed
that discuss rate in higher performers was 56% whereas discuss rate in lower
performers was 43%. Moreover, accept and reject proportion for lower performers
was more comparing with the higher performer group. Ignore proportion was similar
for both groups. Higher group thought that each idea is product of cognition and
need to be tested, evaluated and criticized. On the other hand, lower group did not

discuss so much about ideas. As a result, lower performers’ discussions were not in-
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depth. Ideas were end point in lower performers’ discussion, but ideas were starting

point for higher performers’ discussion.

As third major finding, nature and function of the discussions were different. While
higher performers challenged each other in discussion episodes, lower performers
used challenge less and lower performers used seeking information, justifying own
idea, and supporting others more in their discussions. Unit of analysis was
conversational turns in discussion episodes. Four different categories emerged when
comments about task in discussion episodes were analyzed which are information
seeking (i.e. request more information and request clarification), exposition which is
about people own ideas (i.e., proposing, clarifying, and justifying ideas), oppositional
comments which is challenging the ideas of others, and co-construction of
knowledge with others. Co-construction includes summarizing, revising, supporting,
and adding ideas to ideas of others. This study showed that oppositional comment
(i.e., criticizing each other) is beneficial for argumentation because students did not
give up discussion when their ideas were criticized. Moreover, oppositional comment
brings about in-depth discussion. While higher performer group used oppositional
contribution more, lower performers used co-construction of knowledge and
information seeking more. Expositional category was used similarly in both groups.
Oppositional comment is characteristics of scientific argumentation. So, it is
expected that higher performer groups used it more than lower performers did. Even
though lower performers rejected the ideas more, they did not challenge these ideas.
Lower performers focused on elaborating idea, asking question, agreeing and
supporting. These students are not willing to discuss, critic, and challenge. Even
though content is inaccurate, students did not change the nature of conversation and
they did not challenge the ideas. Higher performers used more disagreement,
challenge and critic. There was no polarization of viewpoints or students did not end
discussion when they challenge each other. On the other hand, discussion continued

further. Explanations, evidence and reasoning were criticized.

Forth finding of the study was about criteria that students used in argumentation.
Accordingly, criteria that groups used differed when evaluating alternative

viewpoints. Higher performers were careful in using criteria. They considered
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whether idea and evidence is consistent and whether idea and theory is consistent.
On the other hand, lower performers used informal criteria mostly. They focused on
whether explanation and background is consistent, or explanation and personal
expectation is consistent. Higher performers used rigorous criteria (e.g., coherence of
explanation) to justify and challenge ideas more than lower performers. On the other
hand, lower performer group used informal criteria (e.g., appeal to authority) to
justify and challenge ideas more than higher performers. The ones who used
informal criteria frequently developed more misconceptions. High performers used
rigorous criteria frequently, and so they identified and eliminated the plausible but

wrong ideas.

Chen et al., (2016) claimed that it is possible to observe students’ development
regarding argumentation because classes had no argumentation experience in
general. Researchers selected ecosystems and human body systems units to
understand whether students transfer their argumentation skills to other contexts. The
study lasted 16 weeks and 22 fifth grade students participated in the research. Class
discussions were transcribed and researchers reached each participant’s arguments
revealed in argumentation process. Each individual’s contribution was determined
based on the number of their talking in discussions. Students’ critics and
contributions were coded based on social negotiation aspect of argumentation. Six
different categories emerged as a result of social negotiation based analysis. These
codes are information seeking (i.e., requesting more information about data source
and procedure), elaboration (i.e., providing more information when question is asked
to increase validity of claim, sufficiency of evidence and logic of evidence),
challenging (i.e., testing procedure, accuracy of claim, quality of evidence, quality of
reasoning, coherence between question and claim, coherence between claim and
evidence), defending (i.e., trying to persuade speaker using simple defending and
evidence based defending), supporting (i.e., thinking like speaker and using simple
supporting and evidence based supporting) and rejecting (i.e., contradiction with

speaker including ideas like claim does not fit with research question).

Findings of the study showed that students reached much more aspect of social

negotiation over time. They participated in the discussions more as time progressed.
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First rounds were based on simple questioning and answering. Information seeking
and elaborating categories were used primarily. Debates and justification of claims
were not used in first phases. In following phases, more critical elements of social
negotiation which are challenging, rejecting, supporting and defending were put
forward. In interviews, students reported that because of their lack of knowledge
about argumentation, they did not participate in discussions. Statistically, both
numbers of categories and argumentation increased as time went by. Dialogs
between students evolved to whole class discussion over time. Students also reached
scientifically acceptable knowledge through their explanations, their peers’ critics,
and students’ answers to those critics. Also, students defending, supporting, rejecting
ideas were based on evidence as time went on although these ideas were based on
arguments without justifications at the beginning. This study showed that students
can develop their oral arguments through practice. However, time and practice are
needed for this development. They engage in argumentation process through practice
and they construct and criticize the knowledge. At the beginning, students focused on
construction of their arguments and ignore their peers’ critics. Moreover, because of
they did not understand their friends’ arguments at the beginning; they focused on
elaborating ideas and so challenging the ideas stayed in the background. While
discussion process increased over time, students develop their challenges, rejections,
defense, supports, critics and construction of knowledge. Students did not only
criticize their peers, they also supported their peers’ arguments to construct more

complete arguments.

Kim and Song (2006) studied with 3 groups of middle school students. These 3
groups included 8 students in total. In this study, students first planned and
conducted experiment, second wrote report and third defend their arguments to other
groups. Students spent most of their time to decide their experiment topic and
identify the problem. Then, they presented their written reports with other two
groups to defend their own report and they criticized other two groups’ reports when
they were reported. Therefore, argumentation occurred between 2 groups as two
rounds (i.e. as reporter and as opponent). As a result, three different discussions were

conducted. Data was collected by discussion videos and student reports. Interviews
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followed this process. Via questionnaire, students explained their views about
advantages and disadvantages of this inquiry activity. In data analysis, researchers
found two different categories for students’ argumentation strategies which were
conflict and cooperative strategies. Regarding strategies students used in
argumentation, researchers used cognitive and social aspects of argumentation.
Argumentation is cognitive because it includes components of argument (e.g.,
warrant), but argumentation is social activity because it depends on communication
and persuasion. Hence, cognitive strategies included questioning, elaboration,
clarification, analogy, hypothesizing, and authorization. On the other hand, social
strategies included conflict to control argumentation (repetition, cutting short,
challenging, muttering) and cooperation to control argumentation (negotiation,

explicit closing, suggestion).

The inquiry activity consisted of experiment and argumentation activity. After
experiment, students wrote reports. Reports were written for peer review and
discussion. These reports initiated reflective thinking and argumentation. After
preparation of written arguments, stages of critical discussion start. Two activities
which are argumentation and experiment provide feedback to each other.
Argumentation activity gives feedback to the experiment. For example;
argumentation result says that review the hypothesis. After this feedback, group
reconsidered the hypothesis and conducted new experiment based on new
hypothesis. Likewise, argumentation gives feedback about method and group
changes the method of the experiment. On the other hand, experiment is prior to the
discussion because claim and evidence of the argumentation are derived from
experiments. This shows that argumentation and experiment are linked. Succession

of experiment and argumentation revealed a circular structure of inquiry.

For whole argumentation process, researchers provided four stages and these stages
formed different types of discussions. Before stages, students needed to decide on
what to argue and they are supposed to explain the meaning of the content about
what they discuss. Then, first stage “focusing” occurs. In focusing stage,
uncertainties were eliminated. Students try to focus on their arguments in this stage.

The aim is to form a common ground for discussion. At the end of focusing stage,
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students resolved ambiguity. Second phase is exchanging in which reporter provides
information about the detail of their research. The aim is not to discuss in this stage.
After, topic of presenter group is understood, debating stage starts. Opponent’s
answer to reporter determines debating which are confrontations (i.e., rejecting
reporter), coexistence (i.e., supporting reporter but also supporting other arguments)
and consensus. After opponents’ reaction, reporter answers and these result in three
different conditions which are ignoring argument, accepting argument, and reaching
an agreement. Three different closings can follow debating which are explicit closing
(i.e., argumentation ends with agreement explicitly), implicit closing (i.e.,
Argumentation ends with agreement implicitly. For example, summary or repetition
is used at the end), and circumstantial closing (i.e., argumentation ends with conflict
and there is no resolution. Closing can include silence and muttering.). Although
researchers found different types of discussions (e.g., focus-exchange-confrontation-
reaching agreement-explicit closing), researchers did not report that one type of
discussion is better than another in their explanation. Researchers claimed that
focusing is the most important stage of discussion. Teachers should inform students
about the process, concepts and other details which provide ground for

communication during argumentation.

At this point it is important to note that, argumentation studies focusing on
argumentation process is not unique to argument-based inquiry. Researchers also
focused on argument driven inquiry to reveal students’ engagement in argumentation
process. For example, in an argument-driven inquiry (ADI) study which is another
immersion approach for argumentation, Walker and Sampson (2013) examined how
students’ argument performance, oral argumentation and written argumentation
changed over time. A total of 46 students enrolled in chemistry lab course
participated in the study. Study included two sections and each section included six
groups comprised of four individuals. At the beginning of the course; ADI handout
was provided to students. Handout included some information about topic, statement
of the problem, research question, available material, precautions, starting
suggestions. Students were supposed to report what they did in the class.

Experiments were ranked from the simplest to the most complex one. Use of lab and
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steps of the ADI were introduced to the students. A total of seven chemistry
investigations were conducted, but five of them were reported. TAP was not suitable
for analysis of classroom reports or oral argumentation because it ignores the
interaction between individuals. Moreover, its components were not separated easily
in analysis. Hence, video analysis was analyzed based on Assessment of Scientific
Argumentation in the Classroom (ASAC). ASAC includes argumentation
observation protocol consisting of cognitive, epistemic and social structure.
Cognitive structure focused on the ideas about different claims, their reasons and
rationalization of ideas. Epistemic structure was based on supporting and challenging
claims. On the other hand, social structure was based on the interaction between
participants. All groups were observed separately. Findings of the study suggested
that students’ responses to the task performance developed over time. Their rationale
and claim developed over time whereas evidence did not improve. On the other
hand, previous studies suggested that students have difficulty in constructing
rationale because rationale develops through practice. Therefore, researchers
suggested that practicing argumentation is better than learning structures of argument
for students when students construct rationale. Moreover, increasing content
knowledge and ADI experience assisted to produce better rationale. So, performance
was highest at the end of the program. Second finding was related with oral
argumentation. Quality of oral arguments varied from one topic to another. In early
investigations, students’ argument generations were better than argument evaluation.
However, later investigation results showed that students’ argument evaluation was
better than argument generation. Students shared the responsibility by establishing
pre-set roles, so they did not make equal contribution on argument generation
process which did not result in further improvement of argument generation. On the
other hand, argument evaluation was new for students, and they equally evaluated
the arguments showing increase in argument evaluation quality. In first
investigations, evaluations of ideas were held at the end of the investigation and
students left the lab in these weeks early. Thus, argument evaluation was lower than
argument generation in these weeks. In conclusion, this study showed that use of
ADI improved both quality of arguments and argumentation process. While students
improved their claim and rationale in their arguments, they could not develop
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evidence in their arguments. Regarding argumentation process, argument evaluation
aspect that is criticizing arguments developed in last weeks because it was new at the
beginning of the study and students could not adapt it. On the other hand, students
could not develop argument generation that is constructing arguments so much
because pre-set rules giving responsibility to students inhibited them to engage in

argument generation process equally.

2.6.2. Summary of Studies focusing on Argumentation Process.

In conclusion, all research on students’ engagement in argumentation process was
qualitative and each study informs about nature of students’ argumentation.
Cavagnetto et al. (2010) study showed that middle school students mainly made
effort to engage in argumentation, but these students could not provide rebuttals that
decrease the quality of argument. Likewise, while students constructed arguments,
they could not criticize each other. However, students were able to transfer their
engagement in argumentation from one topic to another supporting the view that
topic is not so much important in argumentation. In second study, Choi et al. (2014)
study also showed that students actively engaged in argumentation. As in the
Cavagnetto et al. (2010) study, students’ participation was similar in different
contexts. In this study, students focused on evidence rather than claims. The study
also suggested that type of inquiry is important for argumentation process.
Accordingly, this study showed that students focus on experimental design if they
prepare their research question. On the other hand, if research question is directly
presented to students, students focus on resources of evidence during argumentation.
In third study, Kim and Hand (2015) focused on the conditions that result in better
arguments. Researchers claimed that the ones who criticize more can produce better
arguments. Moreover, if teachers do not give direction to students, if teachers move
in class and interact with students more, students produce high quality arguments.
Likewise, when these conditions are provided, Kim and Hand (2015) claimed
students used more evidence based reasoning. In forth study, Sampson and Clark
(2011) compared argumentation process of students having high quality arguments

and students having low quality arguments at the end of argumentation process.
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Researchers claimed that students who had better arguments used more number of
content knowledge, and discussed on the ideas more than students having low quality
argument. Likewise, students having better arguments used oppositional comments
more than exposition, information seeking and co-construction of knowledge
components of discussion. Moreover, students producing high quality arguments
used rigorous criteria to evaluate claims like scientists, but students producing low
quality arguments used informal criteria. In another study, consistent with other
research (Cavagnetto et al., 2010; Choi et al., 2014), Chen et al. (2016) claimed that
middle school students transfer their argumentation skills to different contexts. Chen
et al. (2016) study showed that students’ engagement in argumentation process
improved over time. Likewise, students start to use more evidence in their arguments
over time. Students used information seeking and elaboration components more in
first weeks, but they used challenge, reject, support and defend aspects of oral
argumentation in following weeks. Similarly, students focused on constructing
arguments in early weeks, but they focused on both constructing and criticizing
arguments in following weeks. Kim and Song (2006), on the other hand, identified
stages that middle school students followed in argumentation which are focus,
exchanging ideas, opponent reaction, reporter answer and closing. Researchers
claimed that use of these stages form discussion types happening in class. According
to researchers, these discussion types are exchanging information, consensus,
coexistence, confrontation, and extension. Finally, in their ADI research, Walker and
Sampson (2013) reported that students develop their rationale and claim over time,
but the use of evidence did not change. Students’ familiarity to ADI approach and
increasing content knowledge also facilitated students’ use of rationale that is one
component showing argument quality. As observed in Chen et al.’s (2016) study,
students focused on generating arguments in first weeks, but evaluation of arguments
got more attention than generating arguments in following weeks. In the next part,

argumentation studies focusing on argumentation schemes are presented.

108



2.6.3. Reflections from Literature to Current Study regarding

Argumentation Process.

Next, how previous literature contributed on current research about argumentation
process is explained. First of all, vision-1 approach of scientific literacy was adopted
in this study. According to this idea, variables which are directly related with
scientific practice such as content knowledge, epistemological beliefs and science
process skills are considered. When literature was reviewed regarding argumentation
studies, review results showed that only immersion argumentation orientation (see
Cavagnetto, 2010) fits with vision 1 approach of scientific literacy. Because of this
reason, immersion was adopted as argumentation orientation in this study before this
treatment was prepared. Literature review about immersion argumentation
orientation also showed that researchers mainly used two different immersion
approaches in their treatments which are argument-driven inquiry (ADI) (e.g.,
Walker & Sampson; 2013) and argument-based inquiry (ABI) (e.g. Hand et al.,
2004). Due to fact that ADI was designed to reveal undergraduate students’
argumentation in laboratories, ADI was not used as treatment in current study. On
the other hand, ABI has been used in different grade levels like elementary (e.g.
Taylor et al., 2018), middle school (e.g. Giinel et al., 2012), high school (Kingir et
al.,, 2012) and undergraduate (Cronje et al., 2013), current study used ABI as
argumentation treatment. While lesson plans, teacher training, student training, and
pilot study were prepared, ABI content was considered. For example; asking
questions, doing investigations, obtaining data, using evidence, proposing claims,
and making discussions were focus points in all activities. All plans were constructed
on this approach and students’ engagement in argumentation process was examined
based on the content of the ABI approach. If another approach had been adopted in
this study, most probably students’ engagement in argumentation process would
have been different. Although ABI approach or immersion do not include explicit
teaching of components of argument (e.g., justification), components of argument
and their examples were told to the students when students were trained prior to the
study. By this way, students got familiarity to the study. Review of epistemology and

argumentation studies also provided information about students’ engagement in
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argumentation process. These studies frequently reported that there are two types of
data that participants used when they engaged in argumentation which are first hand
and second hand data. In line with this, these two different data types were used in
current study to reveal how different types of data affect students’ engagement in
argumentation process. Furthermore, previous research also informed about data
collection process of current study. Previous research (e.g., Kim & Song, 2006)
showed that researchers used video records to examine students’ engagement in
argumentation process. In line with this, class discussions were recorded by video
cameras throughout the study. Next, data analysis for students’ engagement in
argumentation process was fed by existent literature. Accordingly, Sampson and
Clark’s (2011) analysis of nature and functions of discussions fits with the data
obtained from this study. Therefore, Sampson and Clark’s (2011) analysis was used
when students’ engagement in argumentation was analyzed. Interestingly, Chen et al.
(2016) proposed data analysis for students’ engagement in argumentation in ABI
treatment, but this analysis did not fit with the data obtained in this study because
this analysis did not include expositional comments (i.e., the comments that students
propose about their ideas); however, expositional comments were common in current
study and therefore, Chen et al.’s (2016) analysis were not used in current study.
Likewise, unit of analysis to analyze students’ engagement in argumentation was
borrowed from Sampson and Clark’s (2011) study. According to this, unit of analysis
was determined as conversational turns in discussion episodes. Finally, previous
studies (e.g., Chen et al., 2016) showed that when researchers analyzed participants’
engagement in argumentation process, they first used content analysis and after that
they used descriptive statistics such as frequency analysis to see changes of
participants’ performance throughout the process. In line with this, in this study, first
Sampson and Clark’s (2011) coding was used in data analysis process as content
analysis and after that descriptive statistics were used to compare participants’

engagement in argumentation process throughout the study.

All in all, this literature review included five different main themes regarding
argumentation studies. First part included theoretical consistency between

argumentation and content knowledge, and practical research on argumentation
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impact on content knowledge. Likewise, second part included the theoretical
connections between argumentation and epistemological beliefs, and practical work
about argumentation studies dealing with epistemological beliefs. Third part was
about contribution of argumentation on science process skills. Therefore, theoretical
match of argumentation and science process skills and practical work regarding
argumentation impact on science process skills were reviewed in third part. After
that, argumentation studies examining argumentation schemes were presented and
finally, argumentation studies dealing with students’ engagement in argumentation

process were reviewed. Methodology of the research is given in next chapter.
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CHAPTER 3

METHODOLOGY

Current research examined the effect of argumentation based inquiry approach (ABI)
on 6" grade level students’ content knowledge (e.g., matter and heat),
epistemological beliefs, and science process skills. Moreover, this study aims to
reveal 6" grade students’ engagement in argumentation process and their
argumentation schemes used in whole class discussions. In this chapter; research
design, sample and participants, variables, process prior to the data collection, data
collection, verification of independent variable, data analysis, validity, ethics,

limitations and assumptions are presented.

3.1. Research Design

Research questions determine the type of research design. While quantitative
research design is used to answer research questions that explore relationship
between variables and look for causes of relationships, qualitative research design is
used to answer research questions that explain the natural phenomena (Fraenkel,
Wallen, & Hyun, 2012). In this study, the impact of argumentation based inquiry
approach on selected variables is explored in first three research questions which are
“Is there a change in 6 grade students’ content knowledge from Time 1 (before the
ABI treatment) to Time 2 (after the ABI treatment)?”, “Is there a change in 6" grade
students’ epistemological beliefs from Time 1 (before the ABI treatment) to Time 2
(after the ABI treatment)?and “Is there a change in 6" grade students’ science
process skills from Time 1 (before the ABI treatment) to Time 2 (after the ABI
treatment)?. Therefore, this study has quantitative research design on the one side.
However, last two research questions of the study are based on explaining students’
engagement in argumentation process and their argumentation schemes. Hence, this

study has qualitative aspects too.
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Although this study has quantitative methods and qualitative methods, data obtained
from these two methods were not mixed explicitly. Different data obtained from
different methods were used to answer their corresponding research questions. In this
point, Creswell (2006) claimed that “Mixing is the explicit relating of the two data
sets. A study that includes both quantitative and qualitative methods without
explicitly mixing the data derived from each is simply a collection of multiple
methods.”(p.83). Due to fact that current study did not mix data, this study can be

called as a collection of multiple methods.

In the quantitative part of this research, one group pre-test post-test design was
employed. More specifically, there were four experimental groups (classes) taught by
argument-based inquiry approach, but there was no control group in this study. Prior
to the treatment, all these four groups were administered content knowledge tests for
matter and heat unit and electricity unit, epistemological belief questionnaire and
science process skills test as pre-tests (Time 1). Then, the ABI was implemented in
the unit of matter and heat as treatment. Following this unit, content knowledge test
for matter and heat unit was again administered as post-test (Time 2). Next, students
received the ABI instruction in the unit of electricity. After the treatment is
completed, groups were administered the content knowledge tests for electricity unit,
epistemological belief questionnaire and science process skills test as post-tests

(Time 3). Research design of the quantitative part is given in Table 3.1.

113



Table 3.1

Quantitative Part Research Design

Groups Time 1 Treatment Time 2 Treatment Time 3
Experiment  Content Argument Content Argument  Content
Groups Knowledge test  based Knowledge based Knowledge test
for Matter and inquiry test for inquiry for Electricity
Heat Unit (pre-  (ABI) Matter and (ABI) Unit
test) treatment Heat Unit treatment (post-test)

Content
Knowledge test
for  Electricity
Unit (pre-test)

Epistemological
Belief
Questionnaire

(post-test)

Epistemological
Belief
Questionnaire
(post-test)

Science Process
Skills Test
(post-test)

(pre-test)

Science Process
Skills Test (pre-
test)

On the other hand, in qualitative part of this research, case study was adopted. A case
is bounded by time and activity (Creswell, 2009). In this study, ABI was used as
treatment and how students experience this treatment was observed in qualitative
part. Due to fact that this study explores students’ experience to ABI treatment, ABI
treatment was selected as specific case for the qualitative part of the study. ABI
treatment as case also determined its boundaries. For example; activities,
investigations and discussions that students engaged are results of ABI treatment.
Two classes of students participated in qualitative part of this study and these two
classes are defined as sub-units of this case study. Figure 3.1 summarizes research

questions, corresponding research designs, and type of research.

114



Research Question 1: S Quantitative > | One Group Pre-Test
Is there a change in 6% Post-Test Design
grade students’ content ¢

knowledge from Time 1

(before the ABI treatment)

to Time 2 (after the ABI Variables

treatment)?
Independent | Dependent
ABI Content
Treatment Knowledge
Research Ouestiop 2: S Quantitative .~ | One Group Pre-_Test
Is there a change in 6™ Post-Test Design
grade students’ ¢
epistemological beliefs
from Time 1 (before the Variables
ABI treatment) to Time 2
(after the ABI treatment)?
Independent | Dependent
ABI Epistemological
Treatment Beliefs
Research Questiqn 3: S Quantitative .~ | OneGroup Pre—_Test
Is there a change in 6™ Post-Test Design
grade students’ science \L
process skills from Time 1
(before the ABI treatment) Variables
to Time 2 (after the ABI
treatment)?
Independent | Dependent:
N Science
ABI Process
Treatment Skills

Research Question 4:

What is the nature of 6" —
grade students’ arguments Qualititative >
when they are analyzed

Case Study

based on argumentation

cerhamace?

Research Question 5:

What is the nature of 6™ grade

students’ engagement in e

. . ualititative
argumentation process in ABI Q ———>| Case Study
treatment?

Figure 3. 1 Summary of research questions, research designs and type of research
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3.2. Participants

Regarding quantitative aspect, all 6™ grade students enrolled in public schools in
Ankara form the target population of the study. On the other hand, accessible
population is all 6" grade students enrolled in public schools in Cankaya district.
Convenient sampling strategy was used to select the sample from the accessible
population. More specifically, one middle school located in centre of Cankaya
district which was easily accessible to the researcher was selected due to time,
energy, and cost considerations. A total of four classes taught by the same teacher
involved in the study. All these classes received ABI treatment. Number of students
in each class was almost the same ranging from 17 to 18. Therefore, a total of 71 (36
males and 35 females) Grade 6 middle school students constituted the sample of the
quantitative part. Students’ ranged in age from 11 to 12. Students’ previous term
science grades were between 40.33 (minimum score) and 98.22 (maximum score)
over 100. The mean scores of participants’ previous term science grades were 78.61
with a standard deviation of 13.48. Based on their previous term science scores, it
can be claimed that students are not bad in science lessons. All classes were
comparable in terms of age, previous science grade, and gender distribution. Prior to
the study, each class followed the same curriculum suggested by MONE (2013).
Although the school had science laboratory, the teachers mainly did not use this

laboratory. Both pilot and main studies were conducted in this laboratory.

In qualitative part, two classes were randomly selected. Each of the class was sub-
units of case in this study. Data were collected and analyzed separately for each sub-
unit. After that findings of two sub-units (i.e., class) were compared and contrasted.
Accordingly, a total of 35 students (17 students from class 1, 18 students from class
2) participated in this part. In class 1, there were 9 girls and 8 boys. The mean of the
previous term science grades of participants was 77.33 for class 1. On the other hand,
class 2 included 8 girls and 10 boys. Class 2’s science score mean was 73.76 in the

previous term.

In laboratory, there were four desks prepared for group work. Students were
separated in four groups for each class. Each group consisted of 4-5 students. In pilot
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study conducted in spring semester of 2018, groups were heterogeneous and teacher
formed the groups. However, some groups did not work well because some students
did not want to work with others and there were some management problems which
can cause threats to implementation of the ABI. Therefore, students were allowed to
select their group members in main study. This strategy was useful because students
could better focus on their experiments and discussions in main study. Likewise,
there was less management problems throughout the study comparing with pilot
study. Groups were still heterogeneous in terms of science achievement, personality,
gender although students formed the groups. Main study was conducted in 2018-
2019 spring semester.

Each of the participants was labelled based on their class, desk number, and position
because of ethical concerns. Hence, each participant’s label included three digits. For
example students in first class, first desk and first position was labelled as student
111; on the other hand, student in second class, third desk and fifth position was
labelled as student 235. Laboratory seating arrangement of class 1 and class 2 are

presented in figure 3.2 and figure 3.3.
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Figure 3. 2 Laboratory seating arrangement of class 1
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3.3. Variables

In quantitative part, the variables can be categorized as independent variable and
dependent variables. Independent variable that researcher manipulated in this study
is the use of argument-based inquiry treatment. All participating classes took this
treatment, so all classes were experiment group. There was no control group in this
study. There were three dependent variables which are participants’ content

knowledge, epistemological beliefs, and science process skills.

In qualitative part on the other hand, two variables were examined throughout the
study including students’ engagement in argumentation process and their

argumentation schemes.

3.4. Process Prior to the Data Collection

Preparation process was done prior to collecting main data. Preparation process
included topic selection, lesson plan preparation process, school selection, teacher
training, and pilot study. This preparation process started in May 2016 and finished
in May 2018 when pilot study completed.

3.4.1. Topic Selection.

In Turkey, it is mandatory to follow curriculum suggested by MONE (2013).
Therefore, current study had to consider curricular objectives. Although curriculum
suggested teachers to use student centered approaches like argumentation, curricular
objectives hardly mention the components of arguments (Cetin et al., 2016).
Therefore, middle school science curriculum objectives were analyzed from grade 5%
to 8" at first. Science units which have objectives including experiments and
discussions were at the centre of topic selection because it was thought that
objectives including experiments and discussions can better align with argument

based-inquiry approach.
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Previous research reported that duration of argumentation treatments is important for
efficiency of treatment. These studies suggested that if duration of treatment
increases, students benefit more (Hong, Lin, Wang, Chen, & Yang, 2013). Therefore,
two different science units were selected in order to increase the duration of the
treatment. The selected units were Matter and Heat unit and Electricity in 6" grade
curriculum. Matter and Heat unit included more objectives than Electricity unit.
Therefore, teaching of matter and heat unit takes more time than teaching electricity.
Core ideas of Matter and Heat unit are heat conductors, heat insulators, thermal
insulating products, and types of fuels. On the other hand, in electricity unit, core
ideas are electrical conductivity, and factors affecting bulb brightness. To sum up,
this study had six core ideas. Six lesson plans were prepared based on core ideas.
Teaching of each core idea using ABI treatment lasted one week; hence, treatment
lasted six weeks both in pilot and main study. Next part informs about lesson plan

preparation process.

3.4.2. Lesson Plan Preparation Process.

Argument-based inquiry implementation requires the use of two templates which are
student template (see Appendix A) and teacher template (see Appendix B). While
student template is a scaffolding used by students to construct their arguments,
teacher template is used as scaffold by teacher to conduct phases of argument-based
inquiry (Hand & Keys, 1999). Therefore, teacher template was considered while
preparing lesson plans. Each lesson plan format was consistent with the structure of
the teacher template. Accordingly, lesson plans started with curricular objectives that
are covered in that week. Then, the lesson plans continued with the following phases:
eliciting students’ prior knowledge, activities prior to experiments, engaging in
laboratory activities, negotiation phase-1 (individual negotiation), negotiation phase-
2 (small group discussion), negotiation phase-3 (whole class discussion), negotiation
phase-4 (reflection), and evaluation. In other word, each lesson plan was a teacher

template that was prepared to assist teacher’s effective implementation of ABI.
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The lesson plans prepared for core ideas of heat conductor, heat insulator, electrical
conductivity and the factors affecting bulb brightness included all of the above
mentioned steps. All these core ideas included experiments and this situation fits
with the ABI implementation. One of the lesson plans prepared considering these
core ideas are given in Appendix C. On the other hand, core ideas which are thermal
insulating products and types of fuels did not include any experiments. Therefore,
some adjustments on lesson plans (teacher templates) about these core ideas were
done. Accordingly, lesson plans started with objectives as usual, and eliciting
students’ prior knowledge, negotiation phase-1 (individual negotiation), negotiation
phase-2 (small group discussion), negotiation phase-3 (whole class discussion),
negotiation phase-4 (reflection), and evaluation were same. However, phase-2 and
phase-3 which are activities prior to the experiment and engaging in laboratory
activities were replaced with prior activities and engaging in activities in these two
core ideas’ lesson plans (i.e., thermal insulating products and types of fuels) where
making experiment was not possible. One of these two lesson plans which were
prepared to teach core ideas that do not include science experiments are given in
Appendix D. While students collected their own data in other four core ideas’
activities where they conducted experiments, they did not collect data in thermal
insulating products and types of fuels topics. Students constructed and evaluated
their arguments based on the evidence cards prepared and given by researcher in
these core ideas. Therefore, it can be said that students used first-hand data in heat
conductors, heat insulators, electrical conductivity and factors affecting bulb
brightness topics where they conducted experiments, and they used second-hand data
in thermal insulating products and types of fuels topics where evidence cards were
provided to them. Table 3.2 summarizes the lesson plans’ core ideas, their
application weeks, sequence of steps followed in ABI instruction and type of data

planned to be used by students in given lesson plan.
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Table 3. 2

Summary of Lesson Plans

Weeks Lesson Plans  Core Ideas Steps of Lesson Plans Type of
Data
Week 1 Lesson Plan  Heat Eliciting students’ prior  First-hand
1 Conductors knowledge, activities prior to the
experiment, engaging in laboratory
activities, negotiation phases 1-2-
3-4, evaluation
Week 2 Lesson Plan  Heat Insulators  Eliciting students’ prior  First-hand
2 knowledge, activities prior to the
experiment, engaging in laboratory
activities, negotiation phases 1-2-
3-4, evaluation
Week 3 Lesson Plan  Thermal Eliciting students’ prior  Second-
3 Insulating knowledge, prior activities, hand
Products engaging in activities negotiation
phases 1-2-3-4, evaluation
Week 4 Lesson Plan  Types Of Fuels  Eliciting students’ prior  Second-
4 knowledge, prior  activities, hand
engaging in activities negotiation
phases 1-2-3-4, evaluation
Week 5 Lesson Plan  Electrical Eliciting students’ prior  First-hand
5 Conductivity knowledge, activities prior to the
experiment, engaging in laboratory
activities, negotiation phases 1-2-
3-4, evaluation
Week 6 Lesson Plan  Factors Eliciting students’ prior  First-hand
6 Affecting Bulb  knowledge, activities prior to the
Brightness experiment, engaging in laboratory

activities, negotiation phases 1-2-
3-4, evaluation

After lesson plans were prepared, they were sent to two science education

researchers having expertise in ABI research. Researchers’ feedbacks on lesson plans

were mainly related with type of inquiry. Experts thought that there were so much
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direction in lesson plans, and students should get more independence in ABI
research. For example, students should decide the materials they would use. Lesson
plans were adjusted based on experts’ recommendations and lesson plans included
less direction and provided more independence to students in latest form. By this
way, type of inquiry changed in lesson plans from closed inquiry where students
have less independence to guided inquiry where students have more independence.
This was also suitable for requirements of MONE (2013) because MONE (2013)

asks teachers to use guided inquiry in 6" grade level.

Preparing lesson plans had three main benefits to the current study. First, it prepared
researcher to the study. Researcher got familiarity to the phases of teacher template
because lesson plans addressed phases of teacher templates, and was aware of the
important and difficult parts of ABI instruction. Secondly, lesson plans were used as
part of teacher training. The teacher was no knowledgeable about ABI instruction
prior to the study. Therefore, lesson plans were shared with teacher and teacher
implemented these lesson plans in pilot and main studies. By this way, teacher got
familiarity to the ABI approach. The last benefit of lesson plans might be about
validity of current study. The lesson plans were prepared considering the phases of
teacher template. Therefore, it is possible that lesson plans assisted teacher to
implement ABI treatment effectively. By this way, implementation of lesson plans

might generally contribute to the validity of study.

3.4.3. Teacher Training.

After lesson plans were prepared, researcher sought for a volunteer teacher in the
selected school. After obtaining ethical committee approval, researcher went to
school that study was held and had a conversation with school principals. School
principals supported the study and directed researcher to the science teachers. There
were two science teachers who were teaching in 6 grade levels. In this meeting with
teachers, teachers reported their teaching orientations. While one teacher reported he
mostly used direct instruction and questioning, other teacher reported she used

questioning and discussion in science teaching. The teacher using discussion was
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considered to be more suitable for this study’s context (i.e., ABI instruction) and it
would take less time to train this teacher. Therefore, she was selected as the teacher

to conduct ABI in her four 6™ grade level students.

The teacher was female and thirty five years old having ten years of teaching
experience. She was graduated from elementary science education department of a
public university. After working in three years in rural regions of Turkey, teacher
started to work in this school. She had seven years of teaching experience in this
school, so she had enough knowledge about school contexts. Before pilot study,
researcher spent time with teacher in order to understand her orientation towards
teaching and some of her real teaching was observed by researcher. These
observations revealed that although the teacher asked questions and lead discussions
in her classes, she was the authority and she mainly held teacher centered ideas in
teaching. Therefore, it can be claimed that implementing teacher did not have student
centered or constructivist ideas for teaching and learning. This situation could be
problem for research. Moreover, the teacher did not know the ABI approach.

Therefore, she needed training for effective implementation of the ABI.

Teacher training for ABI implementation included six meetings. Three graduate
students who graduated from elementary science education department also
participated in meetings. These students also assisted the implementation of ABI
instruction both in pilot and main studies. The meetings were held prior to the pilot
study on January 2018. The content of the meetings was science, science process
skills, nature of science, argumentation, argumentation based inquiry and assessment

of scientific argumentation in class.

At the beginning of our conversations, teacher focused on the product of science
(content knowledge) and her main aim was to teach content knowledge emphasized
in the curriculum. She had some naive ideas about science. For example, she thought
that science is certain; scientists follow one scientific method in their research. She
also added that she usually did not use laboratory. It was inferred that the teacher
might not know the construction of scientific knowledge because she did not use

laboratory in science lessons. In line with this, the term “science” was discussed with
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teacher in the first meeting. In this discussion period, ways to obtain knowledge such
as sense organs, logic and science are compared. Why science is better than other
ways of obtaining knowledge was explained. In a similar vein, how scientists
construct the knowledge was told with teacher. Therefore, common points of
scientific research which are proposing problem, planning or designing a solution,
and interpreting data were discussed with teacher. Then, there was a debate regarding
how people see science. Therefore, positivist and post-positivist ideas were

discussed.

Second meeting’s topic was science process skills. Actually, the teacher was
knowledgeable about science process skills, but these skills were reviewed because
students were expected to use these skills when they conduct experiment and use
laboratory materials. This review might assist teacher to focus on process skills when
students make their experiments. Accordingly, basic process skills which are
observing, inferring, measuring, communicating, classifying, and predicting and
relationships between these skills were discussed at first. Then, integrated process
skills which are defining operationally, formulating hypothesis, interpreting data,
designing investigation, modelling, and presenting information were discussed.
Teacher reported that she did not know operational definition; therefore, she found

this review informative for her process skills.

In third meeting, conversation topic was epistemological beliefs because
sophisticated epistemological beliefs support argumentation (Liu & Roehrig, 2019).
In line with this, sophisticated epistemological beliefs and naive epistemological
beliefs’ examples were shared with teacher. Accordingly, absolutist, multiplist, and
evaluativist beliefs were shared with teacher and why evaluativist beliefs are
hierarchically better than other two views to engage in argumentation was told in this
meeting. Moreover, role of evidence in science, development, and certainty aspects
of science was discussed with teacher. After these discussions, teacher claimed that
she was surprised when she learnt that scientific theories do not transform to
scientific laws, scientific laws are not proven, laws have limitations, and theories and
laws are different kind of entities. Therefore, it is thought that this discussion was

helpful for the teacher to improve her epistemological beliefs.
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After talking about science, science process skills and nature of science, forth
discussion continued with argumentation. In this conversation, components of
argument which are evidence, warrants, rebuttals, and claim were explained initially.
Next, two texts were provided to teacher about hunting and energy sources and
teacher was asked to find out argument components in these texts. After that

advantages of engaging in argumentation process for students were told to teacher.

After teacher became knowledgeable about argument and argumentation, argument-
based inquiry treatment was presented to her in fifth conversation. Both teacher
template and student template were explained to the teacher. While these templates
were being told to teacher, a lesson plan about nervous system including teacher and
student template was shown to teacher. It is expected that this lesson plan was useful

for her understandings about argument-based inquiry and its implementation.

In last conversation, there was a conversation about to what extent teachers can be
sure that they do argumentation in class. Therefore, characteristics of a class where
ABI is used were explained to the teacher. In line with this, Assessment of Scientific
Argumentation in the Classroom (ASAC) prepared by Sampson et al., (2012) was
presented to teacher. Nineteen items including conceptual, epistemic and social
aspects of argumentation were shown to teacher and teacher was asked to consider
these items in her implementation of ABI research. By this way, quality of

implementation was aimed to increase.

Teacher training was not limited with face to face conversation. Lesson plans were
shared with teacher and teacher studied lesson plans before she implemented them
each week. By this way, she became more familiar to the ABI instruction. Moreover,
teacher implemented the ABI instruction in pilot study which lasted 6 weeks. It is
expected that this practice also assisted her improvement. The details of pilot study

are presented in next part.
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3.4.4. Pilot Study.

Pilot study was conducted in 2017-2018 spring semester and it lasted 6 weeks. All
the procedure was same with main study. Accordingly, four different classes
participated in the study. Each class included four groups having 4-5 students. A
total of 79 students participated in the pilot study. Three of the groups were selected
randomly, and these groups’ small group discussions were recorded. Moreover, two
of the classes were video-recorded for whole class discussions. Prior to the pilot
study, researcher met with each class and students were trained as their teacher. This
training lasted four hours. In these training sessions, students learnt about inquiry,
scientific debate, science, scientists, learning through inquiry, science process skills,
and prompts of the ABI (i.e., student template). Training continued with
demonstration about density. In this activity, students predicted which objects sinks
and which objects float in water. After that, they observe the sinking and floating
objects. Then, they explained their ideas regarding observations and they discussed
with their peers. After this activity, researcher explained students that they made
inquiry and engaged in argumentation process because students asked questions,
proposed claims, used evidence, supported and defended their arguments. This
activity also encouraged students to think that they are capable of making inquiry
and engaging argumentation process. Application of the pilot study provided
feedbacks for the main study. Some notes were obtained in each week and these
notes were used in main study to improve quality of the treatment. These notes
obtained in pilot study are as follows:

First week Notes (Heat Conductors Topic); 04.04.18

. Students’ initial ideas show that students had prior knowledge about heat
conduction because their predictions were correct. However, they could not make

theoretical explanations for their predictions.

. While some classes had difficulty in heat conduction experiment, some

classes performed well in their experiments.

127



. Solid oil, chick pea, hot water, and different kinds of spoons were provided to
groups regarding heat conduction experiment. However, most groups did not prefer

to use chickpeas in their experiments. Therefore, this material may not be given them

in main study.
. Eliciting prior knowledge and designing of investigation lasted one hour.
. Conducting experiments, recording observations and constructing group

claims lasted one hour.
. Whole class discussion lasted one hour.

. After whole class discussion, theoretical part was read from textbook and
teacher informed students further about theoretical explanations regarding why some
materials are better conductors than others. Teacher told that some materials’
particles are in order and these particles are closer to each other comparing with
other materials’ particles in micro level. These order and close distance between

particles make them easily conduct heat. This process lasted one hour too.

. Four hours were spent in total for heat conduction.

. Due to fact that time is limited, planned reading texts and videos were not
used.

. Students were voluntarily to discuss, criticize, suggest and ask questions.

. Students have difficulty in writing their reports.

. Students need more directions because they could not connect their

experiments and curricular objectives.

. Some students do not discuss and conduct experiments. Teacher tries to
engage these students in process by asking questions and inviting them to ask

questions.
. No technology related problem was encountered.
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. Existence of video camera did not make students uncomfortable.

Based on the aforementioned first weeks’ notes of pilot study, first week of the main
study was designed. Accordingly, chickpeas were removed from the experiment for
main study because students generally did not use chickpeas in their heat conduction
experiment. Duration of the activities for the main study was also determined
considering the findings of pilot study. In line with pilot study, one hour was given
for eliciting prior knowledge and designing experiment, one hour was given for
conduction of experiments and preparing group arguments, one hour was given for
whole class discussion, and one hour was given for review of the topic and
completion of missing points for the main study. Planned readings and videos were
not used in main study because time was not sufficient to use them in pilot study.
Other parts of the lesson that worked in pilot study remained the same and they were

used in the main study as it was planned.
Second week Notes (Heat Insulators Topic); 11.04.18

. Students’ prior knowledge about heat insulation was examined through the
activity about a snowman wearing coat. Students were expected to explain in which
condition snowman melts earlier. In first condition, snowman did not wear a coat,
and snowman wore a coat in second condition. Most of the students thought that
snowman that did not wear coat melt earlier and therefore, their content knowledge
about heat insulation was not proficient in this prior activity. This discussion and

designing experiment lasted one hour.

. In their experiments, students mainly compared the heat losses of water in
different cups. In these experiments, cups were used as insulator materials. If the
materials are better insulators, the heat loss of the water will be less. Conducting

experiments and preparing group claims lasted one hour.

. Whole class discussion lasted one hour.
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. Teacher informed students about theoretical explanations of heat insulations.
Students read textbooks at the end. This process lasted one hour too. In conclusion,

heat insulation activity lasted four hours in total.

. Students brake thermometers in their experiments in one of the classes. |

should bring more thermometers in main study.

. Students did not use beaker when they collect data. On the other hand, they
used half glass of water. In other word, they did not use ml in their measurement.

Therefore, their measurement may not be accurate.

. | need to answer the following question: Is there any effect of initial
temperature of water on heat loss? (After | asked this question to myself, | learnt that
initial temperature was important in heat loss. Accordingly, the materials having
higher temperature tend to lose its heat faster than cold materials. This principle is
known as Mpemba Effect in physics. Therefore, if we want to understand which
material insulate or conduct heat better, we should look at the percentage of heat loss

rather than looking at the differences between initial and final temperatures.)

. Some groups found that metal cup is better insulator than others. How can
this observation be explained? (This can be also related with Mpemba Effect. Initial
temperature of water in metal cup may be lower than other cups. Therefore, heat loss
can be less in metal cup. Likewise, it is possible that water in metal cup lost heat
earlier than it was measured by students. Therefore, actual initial temperature of

water in metal cup might be higher than what students measured.)

. In this activity, teacher provided one thermometer to each group. The number
of thermometer should be equal to number of cups that each groups used. For
example; if a group has three cups in their experiments, teacher should give them
three thermometers. If teacher gives them one thermometer, they will not measure
heat losses of different cups in same time. Therefore, they may not compare the heat
insulation of different cups. In conclusion, | will bring more thermometers for this

activity in main study.
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. In this activity, only some of the students participated in the activity. Some of

the students are not voluntarily to engage in argumentation.
. Students do not report what their peers think in their written arguments.

. | used so many cups in this activity, and so measurements got so much time. |

can decrease number of cups to be used in main study.

Above mentioned pilot study notes guided the preparation of the second week
activities of the main study. More specifically, pilot study showed that students liked
the snowman activity as pre-activity and all students actively discussed in this
activity. The same activity was decided to be used in main study. One hour was
given for snowman activity and experiment design in pilot study. Students were able
to design their experiments in given time. Therefore, one hour was again given in
main study for snowman activity and design of experiment. In pilot study,
conduction of experiment lasted one hour, and whole class discussions lasted one
hour too. Due to fact that one hour was sufficient for each of the activities, one hour
was given for each activity in main study too. As it was planned and conducted in
pilot study, one hour was given for the review of the week in second week of the
main study. Due to fact that group members damaged the materials like thermometer
in pilot study, greater number of thermometers and other stuffs were used in the main
study. By this way, students were able to complete their experiments. In pilot study,
students did not make precise measurements. Therefore, students were advised to
measure things precisely at the beginning of this activity in main study. How
volumes of liquids are measured, how thermometer is used was taught to students at
the beginning of the second week in main study. Units like millimeter and Celsius
and their symbols were also taught to students. The insufficient content knowledge
of researcher regarding the relation between initial temperature and heat transfer was
eliminated. Mpemba Effect was learnt and this concept was introduced in main study
after students engage in argumentation regarding the comparison of heat insulation
of different materials. By this way, Mpemba effect assisted students’ understanding
about heat transfer. In pilot study, some of the students engaged in argumentation
and others did not and this was a problem. In order to engage all students in whole
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class discussions, teacher was advised to ask more questions. By this way, more
students might engage in argumentation. Likewise, silent students were encouraged
to propose their ideas in main study. It was also said that all ideas are valuable and

deserve to be discussed, so they should be shared and discussed in class.
Third week Notes (Thermal Insulating Products); 18.04.18

. I made adjustment on student and teacher templates because there was no

experiment in this week. We replaced experiment with an activity.

. In this activity, thermal insulating products for insulation of buildings were

discussed because this was one of the objectives found in curriculum.

. | have prepared evidence sheets and added some visuals regarding thermal
insulating materials because students were not familiar with these materials and there

was limited information in textbook about these materials.

. In this process, students predicted which material should be used in which
part of the house without evidence cards at the beginning. This matching prediction
lasted one hour. Then, students re-matched materials and the parts of house for
insulation using evidence cards. This also lasted one hour. Students made whole
class discussion in third class hour. In the last hour, teacher informed students about
the criteria when selecting which thermal insulating products are used in which part

of the house. This activity lasted four hours as other activities.

. Whole class discussion was better than small groups’ discussions. In whole
class discussions, although it was not planned in lesson plans, teacher drew a table on
board to match insulating products and corresponding parts of house. Students were
expected to match related insulating materials and parts of house on this table.
Students actively used this table in their whole class discussions. Therefore, same

table can be drawn by the teacher in whole class discussions of the main study.

. The number of students who participated in argumentation increased in this

week comparing with previous weeks.
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. When students make explanations, they tended to use evidence cards

provided them.

. The number of home parts for insulation can be decreased because of limited
time. Discussing on all parts of the house and their matching with appropriate

thermal insulating materials took too much time.

. Projector did not work properly; therefore, | took hard copy print of power

point presentations.

Considering the third weeks’ notes of pilot study, some revisions were decided to be
made while preparing the third week of the main study: drawing a table that assists
matching thermal insulating products and related part of house was added to lesson
plan for the main study because this table drawn by teacher on board facilitated
whole class discussion in pilot study. Due to fact that time was limited, some parts of
house and corresponding thermal insulating product was not discussed in whole class
discussion in pilot study. Therefore, two parts of the house which are interior trim
and exterior trim were removed from the content for the main study. In other word,
content of this week was simplified because of limited time. Finally, projector did
not work properly in pilot study, and teacher could not use her presentation in pilot
study, therefore, researcher brought hard copy materials including the content found

in presentations. By this way, the problem caused by projector was solved.
Forth week Notes (Energy Sources); 25.04.18

. This activity did not include experiment; therefore, | made some adjustment
on student template.

. Students reveal their prior knowledge about energy sources and they formed

their research questions in first hour.

. Evidence cards were given students in second hour and they worked on this

evidence while constructing arguments.

. Group presentations and whole class discussions were done in third hour.
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. Sometimes, students cannot focus on lesson and video-camera distracts their

attention.

. Higher number of students engage in argumentation; however, it is difficult to
control students” mishbehavior. They sometimes do not respect their peers. Pro-active
rules should be emphasized in main study.

. Classroom management sometimes becomes a problem because students feel

themselves totally free in activities.

. While some students never engage in activities, some students are always
active participants. On the other hand, some other students have recently started to

participate in activities. They participate more over time.

. Their oral argumentation is better than written argumentation reflected in

student template.

. The points which were not discussed by students were explained by teacher in
fourth hour. This activity lasted four hours (one week) too.

The aforementioned notes of pilot study, guided the preparation of the
implementation for the fourth week of the main study: in fourth week of the pilot
study, the main problem was the classroom management because it was difficult to
control students’ misbehaviour (e.g., not respecting others, making noise in class). At
the beginning of the main study, some pro-active rules were explained to students in
student training. Accordingly, it was told that student centred instruction does not
mean that students are totally free, and they can do whatever they want in class.
Moreover, it was explained that everyone should respect to others in activities.
Similarly, it was told that when there is a chaos in class, quality of their
argumentation might decrease, and so they could not learn the topic. Another
problem was about students’ written argument in pilot study. Accordingly, students
rarely completed their SWH reports in pilot study, but it was important for their
content knowledge, and quality of arguments. Therefore, more attention was given

using SWH in main study. While use of SWH was on students’ responsibility in pilot

134



study, students were actively monitored by the teacher in main study regarding the
use of SWH reports. By this way, they used SWH throughout the study, and they

focused their written arguments more in main study comparing with pilot study.
Fifth week Notes (Electrical Conductivity); 02.05.18.

. The activity lasted four hours. A picture representing Benjamin Franklin’s
experiment about electricity was used to elicit students’ prior knowledge. Students
actively engaged and discussed in this activity. This activity can be used in main
study. In this activity, students observed that metal key conducts the electricity, but
wet rope conducts electricity less. This observation let students to understand that

today’s topic was about electrical conductivity.

. After that they designed their experiments. Students conducted their
experiments in second hour and they constructed their group arguments. Whole class

discussion was done in third hour. Teacher summarized the activity in forth hour.

. At the beginning of the study, tape recorder was used in order to reveal small
group discussion that happens among group members. However, students do not
focus on their experiments when tape recorder is used. They either damage the tape
recorder, or they focus on tape rather than small group discussions. In other word,
using tape recorder distracted their attention and affected their engagement in
argumentation negatively. Therefore, using tape recorder did not work as it was
planned, so it might not be used in main study. Only video camera can be used to

observe students’ engagement in argumentation.

. All groups focused on the classification of substances according to their
electrical conductivity. They designed similar experiments and reached similar

results.

. Their research questions were not totally the same. Some groups asked which
materials do conduct electricity. However, some groups asked which materials do
conduct electricity better than others. The second question was more problematic

because we had no quantitative measurement to claim one substance has better
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electrical conductivity than others. The only data we had was bulb brightness which
is qualitative and this data was highly subjective for the comparison of different
substances’ electrical conductivity. To sum up, I need to bring ammeter to class and
we should explain the function of ammeter in a circuit in main study because
students have not learnt about ammeter. If ammeter is not used, questions like second

one cannot be answered and discussed properly.

. Some groups examined whether salty water solution (i.e. solution that include
water as solvent and salt as solute) conducts electricity or not. Results of this
experiment were very interesting and it also shocked us. We all, including teacher
and my research mates already knew that salty water conducts the electricity.
However, it does not because bulb did not light when we connected salty water to
circuit. On the other hand, water was foaming when we used salty water. This
showed that there were some reactions, but no electrical conductivity. Likewise, we
observed that colour of water returned to yellow because chlorine gas is one of the
product of reaction and it is released in this reaction and gives its colour to the salty
water. All these observations that there is no light in bulb, foaming water, and colour

change of salty water were interesting and mysterious for students.

. There was no error when sugared water was used in experiment. It did not

conduct electricity as it was expected.

. The materials provided to students were salty water, sugared water, batteries
(3 volt), bulb (1.5 volt), small and thin connection wires, paper clips, aluminium foil.

Students were also free to use and test other materials’ conductivity.

. In this week, groups had difficulty in proposing research questions, claims,

and evidence.
. We assisted some groups which were not able to conduct experiments.

. After this activity, we discussed how we can better design this activity. We
made some adjustments regarding the materials we provided to students.

Accordingly, we decreased the size of cup and decreased the amount of water, so
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percentage of salt increased in solution. We replaced 3 volt batteries with 9 volt
batteries, by this way; we provided more electricity to the circuit. We removed small
thin connection wires and added more durable and thick wires. We also noticed that
the distance between cables are important in salty water. When conductive ends of
cables are closer to each other, there is less resistance and bulb brightness increases.
As response to these adjustments, salty water conducted electricity and bulb lighted.

All these adjustments will be used in main study.

Pilot study also provided information for main study regarding fifth week of the
research. First of all, Benjamin Franklin’s flying kite experiment was very interesting
for students and all students shared their idea and discussed with each other to
explain the process such as how electricity reach to Benjamin franklin, and whether
wet rope conducts or insulates electricity in pilot study. Because of its effectiveness,
this activity remained for main study. Next, small group discussions were aimed to
be uncovered by use of tape recorder in pilot study. However, existence of tape
recorder distracted students’ attention in pilot study. For example, the groups in
which tape recorder were used engaged in experimentation and small group
discussion less than other groups where tape recorder were not used. Therefore, tape
recorder was not used in main study. By this way, small groups’ discussions were not
uncovered too. On the other hand, whole class discussions were uncovered by use of
video cameras in main study. While small group discussions informed about one
group’s argumentation, whole class discussions informed about all groups’
argumentation. Therefore, it is thought that focusing on whole class discussion is
more comprehensive and informative comparing with focusing on small group
discussions. Another problem of this week was about necessary materials. Some
groups wanted to compare the degree of different conductors in terms of electricity
in pilot study. However, students had no device (i.e. ammeter) to compare objects’
electrical conductivity. Therefore, ammeters were included in main study. Before,
students used ammeters, their functions and how they are connected to the circuit
was explained to the students in main study. By this way, comparison of conductivity
level of different objects became possible. Finally, some adjustments were done

regarding the salty water experiment based on the feedbacks obtained in pilot study.
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The problem was that salty water did not conduct electricity in experiments done in
pilot study; however, it is known that salty water conducts electricity. Therefore,
some adjustments were done for the main study regarding this experiment. In line
with this, voltage of battery was increased. By this way, more electrical current pass
through circuit. Likewise, saturation of salty water solution increased. By this way,
more ions were added to experiments that facilitated electrical conduction.
Moreover, the distance between ends of cables was decreased. By this way,
resistance of the circuit decreased. To sum up, these three adjustments provided bulb

brightness in salty water experiments. All these adjustments were used in main study.

Sixth week Notes (Factors affecting light brightness); 09.05.18

. The focus of this week was how characteristics of wire affect the light
brightness.
. Research questions were provided to groups. Two groups focused on the

effect of wire length on light brightness, other group studied on the effect of cross
sectional area (thickness) of wire on light brightness, and other group worked on the

effect of different type of wires on light brightness.

. We provided electric circuits to each group and assisted groups when they
conducted their experiments. However, groups reached unexpected results. For
example, some groups found that when we increase the length of wire, light
brightness increases or it does not change. The same inaccurate results were obtained
in other groups too. The materials that we provided to students may not work
properly. Therefore, it might be better to use simulation programs to show students

the effect of wire characteristics on light brightness.

Last week of the pilot study also assisted preparation of the main study. Accordingly,
the experiments were not conducted successfully in pilot study. For example,
increasing length of the wire does not result with decrease on bulb brightness. Due to
fact that, laboratory experiments of this week was replaced with a simulation for the
main study. In this simulation, students conducted same experiments in virtual

context. All the material in simulation was same with laboratory experiment. While
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students could not get expected results in their laboratory experiments in pilot study,
students participated in main study were able to reach expected results when they did

same experiments in virtual context.

3.5. Data Collection

Data collection part includes two main sub-parts. In first sub-parts, instruments used
in data collection are presented. Then, treatment conducted in main study is

explained.

3.5.1. Instruments.

Four different instruments which are content knowledge tests, epistemological belief
questionnaire, science process skills test, and observations were used in current

study. The following part explains each instrument consecutively.

3.5.1.1. Content Knowledge Tests.

Content knowledge tests included matter and heat unit content knowledge test and
electricity unit content knowledge tests. Each test was prepared by the researcher.
Each test included 20 multiple-choice test items. Details of content knowledge tests

are presented in next part.

3.5.1.1.1. Matter and Heat Content Knowledge Test (MHCKT).

The MHCKT was developed to assess students’ content knowledge in the unit of
matter and heat. During the development of the test, firstly, a table of specification
was prepared. While preparing the table, attention was given to curricular objectives
taking Bloom’s Taxonomy of educational objectives into consideration (Bloom,
1956). Then, twenty multiple choice items were developed in line with the table of
specification. Test questions were written by researcher considering the content
suggested by the curriculum (MONE, 2013). Each item included 4 alternatives. The

prepared items were examined by one professor in physics and one professor in
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science education. Based on the feedbacks provided by the experts regarding
accuracy and quality of the items and the appropriateness of the proposed match
between objectives and items, necessary revisions were made. Of 20 items
developed, 6 were prepared to address the objectives at knowledge level. There was
just 1 item at application level. Majority of the items (8 items) targeted the
objectives at Analysis level. While 3 items were at Synthesis level, 2 items were at
Evaluation level. In Bloom’s taxonomy, knowledge level represents lowest level of
thinking. At this level, students are expected to just recall the information. In the
MHCKT, only 6 of the items were at knowledge level, and remaining items were at
application level or beyond. Therefore, it can be asserted that the MHCKT

emphasizes higher order thinking skills.

After revising the items, based on the experts’ opinions, the MHCKT was pilot tested
with 7" grade students who already learnt about the topics related to matter and heat
unit. When the pilot study was conducted, 6" grade students did not learn about these
topics yet. A total of 156 7" grade students from two schools located in Cankaya
district completed the matter and heat content knowledge test in pilot study. Students

completed the matter and heat unit content knowledge test in 20 minutes in average

In the pilot study, item test difficulty and item discriminating power were calculated
for each test item. Item difficulty shows the percentage of people passing the item. If
percentage is high, this shows that item is easy. On the other hand, if number of right
answer is low, this shows that item is difficult (Miller, Linn, & Gronlund, 2009).
Although, the computed values are used as an indication of item difficulty, the real
difficulty is linked to the effectiveness of instruction. Thus, a higher value can
simply indicate that the instruction was effective (Popham, 2005). Table 3.3 shows
items’ difficulty levels, item discriminating power, and Bloom Taxonomy level that

items corresponds.
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Table 3.3

Matter and Heat Content Knowledge Test Item Difficulties, Item Discriminating

Power and Corresponding Bloom Taxonomy Levels

Matter and Heat Test Item Item Discriminating Power Bloom Taxonomy
Difficulty Level
Item 1 0.66 0.46 Knowledge
Item 2 0.66 0.67 Analysis
Item 3 0.53 0.69 Analysis
Item 4 0.22 0.12 Analysis
Item 5 0.57 0.72 Knowledge
Item 6 0.35 0.49 Analysis
Item 7 0.30 0.41 Synthesis
Item 8 0.31 0.05 Knowledge
Item 9 0.40 0.36 Evaluation
Item 10 0.38 0.51 Analysis
Item 11 0.28 0.44 Synthesis
Item 12 0.30 0.64 Knowledge
Item 13 0.50 0.77 Knowledge
Item 14 0.40 0.62 Analysis
Item 15 0.36 0.44 Analysis
Item 16 0.31 0.44 Synthesis
Item 17 0.43 0.62 Knowledge
Item 18 0.36 0.56 Application
Item 19 0.38 0.66 Analysis
Item 20 0.25 0.36 Evaluation

According to this table, the items 4, 11 and 20 are more difficult than other items.
Item difficulties ranged from .22 to .28. While item difficulty considers whether an
item is easy or difficult, item discriminating power shows how an item discriminate
high achievers from low achievers. In discriminating power calculation, upper %25
percent of students (n=39) and lower %25 percent of students (n=39) were used. The
following formula was used to calculate item discriminating power of each item: D=
(RU-RL)/ (0.5T) where RU is the total number of right answers of the upper group,
RL is the total number of right answer of the lower group, and T is the total number

of students trying the item. According to Ebel and Frisbie (1991), while D value
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between .30 and .39 suggest reasonably good item, the D value greater than or equal
to .40 indicates very good item. Based on these criteria, Table 3.3 shows that, all
items except for item 4 are reasonably good or very good items. Although, the item 4
had low discriminating power, since the discriminating power is not an indication of
item validity and a defective item (Miller et al., 2009), it was decided to be retained
in the test. In fact, Miller et al suggested that, if there are no technical defects in the
item and if it assesses an important objective, then it should not be removed from the

test.

In addition, according to table 3.3 all the items had positive discrimination that
means the items were responded correctly more often by the students performing

well on the overall test than the students who performed poorly (Popham, 2005).

In order to determine the reliability, Kuder-Richardson Formula 20 (KR-20) was
applied which provides a measure of internal consistency. KR-20 is used when items
have different degree of difficulty and items are dichotomously scored. In the pilot
study, KR-20 value was found as .70 suggesting sufficient internal consistency. In
the main study, KR-20 value for pre-test was .64 and KR-20 for post-test was .76.
Overall, the matter and heat unit content knowledge test appeared to possess good
psychometric properties with sufficient validity and reliability evidences. A copy of

the test was presented in Appendix E.

3.5.1.1.2. Electricity Content Knowledge Test (ECKT).

The ECKT was developed to assess students’ content knowledge in the unit of
Electricity. During the development of the test, a table of specification was prepared
considering curricular objectives in relation to Bloom’s Taxonomy of educational
objectives. While some of the curricular objectives were directly related to
conceptual understanding, others were related to science process skills. In line with
the table of specification, a 20 multiple choice item test was constructed. Researcher
prepared these questions and content suggested by curriculum (MONE, 2013) was
considered when questions were written. Each item had four alternatives. The items

were reviewed by one professor in physics and one professor in science education.
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Based on the experts’ feedbacks regarding accuracy and quality of the items and the
appropriateness of the proposed match between objectives and items, necessary
revisions were made and the test was pilot tested. Of 20 items pilot tested, 11 were
prepared to assess students’ conceptual understandings and 9 were prepared to assess
students’ science process skills (see Table 3.4). In addition, as shown in the table, 4
of the items were at knowledge level and remaining items were all at comprehension
level (2 items) and beyond (14 items). Thus, because the majority of the items
targeted complex learning outcomes, the test can be considered as assessing higher

order thinking skills.

The pilot study was conducted with a total of 195 7" grade students who learnt about
electricity topic in the previous year. The students were from a middle school located
in Cankaya district. Students completed the electricity unit content knowledge test in
20 minutes in average. The findings in the pilot study, regarding item difficulty and
item discriminating power were presented in Table 3.4. According to the table item
12, item 14 and item 20 were relatively more difficult than other items. In general, it
was thought that questions were in optimum level of difficulty and none of the
questions were removed from test. Table 3.4 also shows item discrimination index of
electricity content knowledge test. Upper %25 students (n=49) and lower %25
students (n=49) test results were used to calculate item discrimination index. All the
items , except for item 12,14, and 20, were found to have reasonably good or very
good items. The three items which can be considered as marginal (Ebel & Frisbie,
1991) were decided to be retained in the test, because the discriminating power is not
an indication of item validity, and a defective item (Miller et al., 2009). Indeed,
according to Miller et al, if there are no technical defects in the item and if it assesses

an important objective, then it should not be removed from the test.
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Table 3. 4

Electricity Content Knowledge Test Item Difficulties, Item Discriminating Power

Index, Item Contents and Corresponding Bloom Taxonomy Levels

Electricity Test Item  Item Discriminating Item Content Bloom
Difficulty Power Index Taxonomy
Level
Item 1 0.36 0.41 Conceptual Understanding Knowledge
Item 2 0.55 0.82 Conceptual Understanding Knowledge
Item 3 0.62 0.78 Conceptual Understanding Comprehension
Item 4 0.68 0.76 Conceptual Understanding Application
Item 5 0.65 0.69 Conceptual Understanding Application
Item 6 0.70 0.69 SPS-Classify Analysis
Item 7 0.60 0.80 SPS-Research Question Analysis
Item 8 0.34 0.43 SPS-Identify variables Analysis
Item 9 0.55 0.82 Conceptual Understanding Synthesis
Item 10 0.44 0.69 Conceptual Understanding Synthesis
Item11  0.32 0.55 SPS-Designing Experiment  Evaluation
Item12  0.25 0.24 Conceptual Understanding Knowledge
Item 13  0.48 0.72 Conceptual Understanding Comprehension
Item14  0.24 0.28 Conceptual Understanding Application
Item15 0.38 0.59 SPS-ldentifying variables Analysis
Item16  0.30 0.49 SPS-Identifying variables Analysis
Item 17  0.47 0.73 SPS-Formulating hypothesis ~ Synthesis
Item 18  0.36 0.45 SPS-Designing experiment  Synthesis
Item19 0.36 0.39 SPS-Formulating hypothesis  Evaluation
Item20  0.27 0.22 Conceptual Understanding Knowledge

In addition, as a measure of reliability, Kuder-Richardson Formula (KR-20) was
used because the items were dichotomously scored and they were of different
difficulty. KR-20 value for the electricity unit content knowledge test was found as
.72 in the pilot study revealing a sufficient internal consistency. Likewise, KR-20
values for the main study were found as .77 for both in pre-test and post-test. A copy

of the electricity unit content knowledge test was presented in Appendix F.
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3.5.1.2. Epistemological Belief Questionnaire (EBQ).

The EBQ developed by Conley et al. (2004) was used to assess students’
epistemological beliefs. It includes 26 items on five-point scale in four dimensions,
namely source (n= 5, e.g. “If you read something in a science book, you can be sure
it’s true.”, o = .81), justification (n =9, “A good way to know if something is true is
to do an experiment.” a = .65), development (n= 6, e.g. “New discoveries can change
what scientists think is true.”, a = .57, and certainty (n= 6, , e.g. “All questions in

science have one right answer.”, a = .78).

The EBQ was translated and adapted to Turkish by Ozkan (2008). During its
validation for Grade 7 Turkish middle school students, exploratory factor analysis
(EFA) was conducted. Results suggested three factors explaining 45.5 % of total
variance. Accordingly, although source and certainty belongs to different aspects of
EBQ (e.g., nature of knowledge) in the original version, in Turkish version of the
instrument it was decided to combine these two factors and consider them as a single
factor. In addition, two items, which were found not to contribute well to the total
variance reducing the reliability, were removed from the questionnaire. The
reliability for the overall questionnaire was found to be .76. Confirmatory factor
analysis (CFA) also supported the three factor structure (GFI=0.92, AGFI=0.91,
RMSEA=0.06, S-RMR=0.06).

In the current study, 24 item Turkish version of the EBQ (Ozkan, 2008) was used.
(see Appendix G). Regarding reliability, Cronbach alpha value for whole scale was
found as 0.81 for pre-test and 0.91 for post-test. Cronbach alpha value for
combination of source and certainty dimensions were found as 0.75 in pre-tests, and
0.87 in post-test. Development dimension’s Cronbach alpha value was 0.60 in pre-
test and 0.81 in post-test. Finally, justification dimension’s Cronbach alpha value
was calculated as 0.73 in pre-test and 0.89 in post-test. Thus, reliability coefficients

were found to be high enough to conduct further analyses.

145



3.5.1.3. Test of Integrated Process Skills 2 (TIPSII).

The TIPSII developed by Burn et al., (1985) was used to assess students’ science
process skills. This test aims to assess middle school and high school students’
integrated process skills including identifying variables (12 items), operational
definition (6 items), stating hypothesis (9 items), interpreting graphs (6 items), and
designing investigation (3 items). Overall, the test included 36 multiple choice items
with four alternatives. Content knowledge was not emphasized when TIPSII was
prepared. The emphasis was, on the other hand, on the use of integrated process
skills. Therefore, participants do not have to be content expert when solving TIPSII
questions. During its development, six science educators examined the test in terms
of content validity. In this process, educators separately answered the multiple choice
questions, matched the questions and objectives and made comments for
modification of the test. A total of 459 students from Grade 7 to Grade 12 completed
the test. It took 40-50 minutes for middle school students to complete the test.
Cronbach alpha level was found as 0.86. Results of the study also showed that
TIPSII scores significantly correlated with TIPSI which was prepared by same
researchers to assess students’ science process skills. Accordingly, both TIPSI and
TIPSII were prepared to assess integrated process skills; however, content of the
questions were different from each other for these two tests. This high correlation

between test scores supported the construct validity of TIPSII.

The TIPSII was translated and adapted to Turkish high school students by Geban,
Askar, and Ozkan (1992). Number of item was 36 as in original scale and five
dimensions of the test which are identifying variables, stating hypothesis,
operationally defining, designing investigation, and interpreting graphs also existed
in adapted version. Reliability coefficient was calculated as 0.81 for the whole test.
Then Can (2008) applied this scale including 36 items to 227 middle school students
and removed 10 items from the original scales because of their low item
discriminating power. Final version of the adapted TIPSII had 26 items and the
researcher found KR-20 for the whole instrument as 0.80. In this final version,
defining operationally includes 3 items, identifying variables includes 11 items,

stating hypothesis includes 6 items, interpreting graph consists of 3 items and
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designing experiment includes 3 items. the In the current study, short version of the
TIPSII validated for middle school students by Can (2008) was used (see Appendix
H). KR-20 value was found to be .83 in pre-test and .86 in post-test.

Actually, TIPSII data should have been examined considering science process skills’
dimensions (e.g., defining operationally). However, reliability scores of dimensions
were too low because of few numbers of items assessing corresponding dimension.
Therefore, related analyses were not performed considering dimensions of TIPSII.
On the other hand, analysis was conducted based on overall scores of TIPSII. The
same issue was observed in previous research regarding low reliability scores of
TIPSII dimensions and researchers conducted analysis based on total scores (Gok,
2014). This situation is a limitation of the study and interferes with the determination

of the impact of the ABI in terms of the dimensions of the science process skills.

3.5.1.4. Observations.

Up to this point, instruments used to collect quantitative data were presented. On the
other hand, observations were used to collect qualitative data in this study. The data
obtained from observations were mainly used to answer forth and last research
questions that examine 6" grade students’ engagement in scientific argumentation

and argumentation schemes.

Observations are the first hand data that is collected in natural environment
(Merriam, 2009). Video camera records were used in this study to collect observation
data both in pilot study and main study. Ethical permissions were obtained from
university, Ministry of National Education, and school administration for both pilot
and main study to record class instances with camera before study started. Moreover,
teacher contacted with students’ families and all parents and the students voluntarily
accepted use of video cameras. Accordingly, each of the four classes was video-
recorded four lesson hours (each lesson is 40 minutes) in a week and study lasted six
weeks for both pilot and main study. Same observation process was followed both in
pilot and main study. Therefore, each class was observed 24 lesson hours which is
equal to 960 minutes for each class. Video cameras were placed at the corner of the
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laboratory, therefore it did not get students’ attention too much, and thus it did not
affect students’ behavior negatively. Data was collected on April and May 2018 for
pilot study and it lasted six weeks. Similarly, data collection process via video-
cameras started in at the beginning of March 2019 and finished six weeks later in
April 2019 for the main study.

In main study, two of the classes were selected randomly and these classes’ video
records were used for data analysis. Accordingly, each lesson’s video records were
watched by researcher. The discussion episodes were identified in each lesson.
Identification of discussion episodes lasted one month and this process was done in
June 2019. Then, researcher transcribed each discussion episodes one by one.
Transcription of data lasted two months. This process started in June and finished at
the end of August 2019.

Researcher and research mates were also in classes when ABI instruction was
implemented. Researcher position was being a complete observer in this study.
According to Merriam (2009) complete observer means that researchers do not
participate in any activity and they just observe what is happening in class.
Researcher and research mates sat at the corner and observed teacher’s
implementation of ABI and students’ whole class discussions. When students needed
help in their experimentation process, research mates provided feedbacks to the
students. Likewise, research mates assisted distribution of materials like experiment
equipment and evidence cards. Existence of researcher and research mates did not
affect students’ participation because students got familiarity with researcher in
student training conducted prior to main study. Moreover, teacher was not affected
by researcher and camera records because teacher got familiarity to this research
from pilot study and conversations held with researcher in teacher training. Data
collection tools and corresponding research questions were summarized in table 3.5.

Details of the treatment done in main study are explained in next part.
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Table 3.5
Summary of Data Collection Tools and Corresponding Research Questions

Research Questions

Data Collection Tools

1. Is there a change in 6" grade students’ content
knowledge from Time 1 (before the ABI treatment) to
Time 2 (after the ABI treatment)?

2. Is there a change in 6" grade students’
epistemological beliefs from Time 1 (before the ABI
treatment) to Time 2 (after the ABI treatment)?

3. Is there a change in 6" grade students’ science
process skills from Time 1 (before the ABI treatment)

Heat and  Matter  Content
Knowledge Test

Electricity Content Knowledge
Test

Epistemological Beliefs

Questionnaire (Conley et al., 2004)

Science Process Skills Test (Burn
et al., 1985)

to Time 2 (after the ABI treatment)?

4. What is the nature of 61 grade students’ arguments Observations
when they are analyzed based on argumentation
schemes?

5. What is the nature of 6" grade students’ engagement  Observations

in argumentation process in ABI treatment?

3.5.2. Treatment.

Teacher templates and feedbacks obtained from pilot study determined how the
treatment to be carried out in the main study. Accordingly, phases of the teacher
template were considered while implementing the ABI treatment. Each week’s
activities are presented based on the phases of teacher template (e.g., pre-lab

activities) in this part.

Prior to main study, researcher met with students and there has been a conversation
between researcher, teacher and students. Content of this conversation was scientific
debate, inquiry, importance of different ideas in science, scientists, similarities
between students and scientists, how scientists work, and science process skills.
Students voluntarily participated in this conversation. After that researcher informed
students about argument-based inquiry and student templates. By this way, students
were able to understand what are expected from them in this study. Next, proactive
rules were shared with students. Accordingly, students were supposed to respect each
other, attack others’ ideas (not their identities), follow the evidence, and avoid
personal bias. At the end of conversation, researcher brought a bell jar that was full
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of water and there was a predict-observe-explain activity about density topic.
Researcher asked students to predict which object would float or sink. Students
shared their predictions and reasonings with class. Then, researcher threw different
objects in water, and students observed their position relative to water. After that
students explained the reasons of their observations. Some ideas were opposed to
each other and students engaged in argumentation in this conversation. Using this
activity, researcher explained that this was an inquiry activity and students
constructed and evaluated their arguments in argumentation process. Researcher also
provided information regarding the components of argument (e.g., claim,
counterclaim, and data) using students’ ideas. This conversation, held prior to main

study, lasted four lesson hours (one week) in each class involved in the study.

In the first week of the treatment, the core idea was the classification of matters
based on their heat conductivity. First phase in the implementation was eliciting
students’ prior knowledge. Accordingly, teacher asked students which type of cooker
should be used when we go to picnic to cook foods. The alternatives provided were
clay pot and metal pot. There was a class discussion to answer this question. Students
proposed different claims and their justifications. They used counterarguments for
the claims which they did not agree. Teacher started another discussion by asking
which kind of fork (e.g., metal, plastic, wood) should be used if we want to mix the
cooked food. Another argumentation process started and students tried to refute
opponent ideas. By this way, teacher was able to elicit students’ prior ideas regarding
heat conductivity. In second phase (i.e., pre-lab activities), teacher asked students to
construct a research question they would like to test. After each group formed their
research question, these research questions were analysed in terms of
appropriateness. Both teacher and other groups shared their ideas about the research
questions. The research questions starting with how and why questions were
eliminated and groups set some other research questions. For example; students
could not answer the research question “Why does metal conduct heat better than
wood?” by doing experiment, so this question was not suitable for research.
Likewise, research questions which were not related with curricular objective (i.e.,

classification of substances based on heat conductivity) were also abandoned. In line
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with this, students formulated research questions such as “which type of spoon does
conduct heat better?”” Then groups formed their own experimental design to answer
their research questions. They stated their hypothesis, independent, dependent, and
control variables and research designs. In third phase (i.e., laboratory activities),
students performed their experiments. The materials which are easily accessible in
school were chosen and provided to the students. These materials were metal spoon,
wood spoon, glass spoon, plastic spoon, beaker, aluminium foil, thermometers,
clock, solid oil, and hot water. Students did not have to use all these materials and
they used the materials which were consistent with their experiments. Students did
not directly use hot water; teacher provided hot water and poured it in beakers
because of safety rules. However, groups determined the amount of hot water to be
used. Although groups’ research questions were similar, their data collection
processes were different from each other. For example, some groups put different
spoons in hot water; they added solid oil on spoons and observed which spoon’s
solid oil melt faster than others. They concluded that faster melting of solid oil is
result of better heat conduction. On the other hand, some other groups put spoons in
hot water, they waited in few minutes. Then, they removed spoons and put them on
table. After that they added the solid oil on different spoons and they decided which
spoon conducts heat better than others. In conclusion, students were able to design
and conduct their experiment in general. However, some groups could not able to
design and conduct their experiments. Teacher assisted these groups in designing and
conducting experiments. Students reported their research questions, design of the
experiments, hypothesis, and variables in student template. Likewise, students
recorded their observations such as temperature change of water over time, melting
of solid oil to student template. After experiments were conducted and observations
were reported in students’ templates, phase-4 (negotiation phase-1) started. In this
phase, students individually constructed their arguments reporting their claims and
evidence. For example, some students claimed that metal is better heat conductor
because solid oil on metal melted earlier than other oils. In phase-5 (negotiation
phase-2), students compared their individual arguments with group members and
groups formed their group arguments based on group discussions. Students mainly
had similar observations and their individual arguments were similar to each other.
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When group members did not discuss further, teacher guided these groups and asked
questions such as “What could be the reasons of these observations?”, “Did you
consider all the observations?”, “Did you falsify or retain your hypothesis?” In
phase-6 (negotiation phase-3), groups presented their experiments, findings and
arguments to other groups in order. There were whole class discussions. Other
groups’ examined and evaluated presenter group’s arguments. For example, some
groups found that plastic spoon was better heat conductor; on the other hand, some
others found that metal spoon was better heat conductors. Groups examined the
evidence and data collection procedures further to reach a consensus. After that
groups focused on theoretical explanation regarding why some substances conduct
heat better than others. Teacher engaged in these theoretical explanations and
students summarized that some substances are better heat conductors because their
particles have an order and these particles are closer to each other that facilitate heat
transfer. Then, teacher said that substances can be classified based on heat
conductivity. The substances that transfer heat better are heat conductors; on the
other hand, substances that do not conduct heat well are heat insulators. In phase-7
(negotiation phase-4), students wrote their reflections regarding what they learnt in

this activity.

While heat conductors were emphasized in the first week, the core idea of the second
week was heat insulators. In the first phase, students’ prior knowledge regarding heat
insulation was elicited through an activity about snowman. Teacher showed students
two different pictures. In first picture, there was a snowman without any clothes and
there was a snowman wearing coat in second picture. Related with these pictures,
teacher also added that the weather is sunny and outer environment’s temperature is
higher than snowman’s temperature. Teacher asked students which snowman melt
earlier or faster. By asking this question, teacher aimed to understand students’ prior
knowledge about heat insulations. Most of the students claimed that snowman
wearing coat melt faster because the air is hot and hot air gets snowman melts,
moreover, students added that coat make snowman hotter causing faster melting. On
the other hand, few students used correct argument claiming that coat that snowman

block heat transfer from outer environment to the snowman, therefore, snowman
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wearing coat melt slower than snowman without coat. After this class discussion,
teacher asked students to design experiments about heat insulation as a group in
second phase (pre-lab activities). Teacher provided students with materials. These
materials were easily accessible materials which were foam cup, plastic cup, glass
cup, metal cup, thermometers, and hot waters. Students formed their research
questions such as which of the materials is the best heat insulator and what is the
relationship between cup type and heat insulation. Then, groups designed their
experiments and shared their designs with the rest of the class. More specifically,
each group told their research questions, variables, hypothesis, and data collection
procedure. Other groups and teacher provided feedbacks about experiments and
groups made adjustments on their experiments based on feedbacks. In phase 3, all
groups conducted their experiments. As in the first week, teacher poured hot water to
different cups for safety. Students recorded temperature differences on thermometer
over time to student template as their observations. Moreover, students recorded their
qualitative observations such as “when I grabbed the metal cup, it burnt my hands.”
In phase 4 (negotiation phase-1), students individually report their claims and
arguments. For example, one student wrote that | hypothesized that foam cup is the
best insulator; however, my observations showed that heat loss in plastic cup was
less than foam cup. Therefore, my claim is plastic cup is better heat insulator. In
phase 5 (negotiation phase-2), students discuss their individual arguments with group
members and they formed group arguments. While groups formed their group
arguments, there was no so much discussion. Teacher moved around the groups and
asked them whether their hypothesis was falsified. Moreover, teacher asked students
other possible factors affecting their experiments. Such questions provoked students
and encouraged them to think and discuss further. After group arguments were
formed, whole class discussions started in phase 6 (negotiation phase-3). Groups
presented their arguments, experiments and findings in order. Other groups criticized
or supported the presenter groups. When groups had same research question and
reached different claims, discussions were at the top level. For example, students
used temperature difference to decide which cup is better heat insulator; however,
temperature difference was the lowest in foam cup in one group and it was lowest in
plastic cup in another group. So, groups could not reach a consensus. Then, one of
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the students claimed that they should focus on percentage of heat loss for each cup
(i.e., Mpemba Effect) rather than focusing on only heat loss. Then, class applied this
suggestion, and they reached the conclusion that percentage of heat loss in foam cup
is more than other cups for each group. Therefore, all groups reached a consensus
that foam cup is better heat insulator and foam can be used for insulation. Moreover,
whole class discussions included the factors affecting heat loss of the cups such as
initial temperature of the hot water, size of cup, ambient temperature and so on. After
that in phase 7 (negotiation phase-4), teacher summarized the lesson and students
wrote their learning as reflections to student templates. Then, teacher re-asked the
snowman question asked at the beginning. Most students answered that snowman
wearing coat melts later than snowman wearing nothing because it blocks heat

transfer.

Third week’s core idea was thermal insulating products used in different parts of the
house. No experiment was conducted in this week and evidence sheets were given to
students. In phase 1 (eliciting prior knowledge), teacher showed a picture of a house
to students. In this picture, students were asked to compare heat loss of different
parts of the house. After showing different parts of the house (internal wall, external
wall, ceiling, installation pipe and solar panel), teacher asked students which thermal
insulating products (plastic foam, tar, glass wool, silicone wool, rock wool, and
wood wool) should be used in which part of the house. Students were expected to
match thermal insulating products and corresponding parts of the house using their
background knowledge and predictions in this pre-activity (phase 2). Due to fact that
students did not have prior knowledge about properties of thermal insulating
products and the areas that they are used, students either mismatched these products
and corresponding house parts or they could not match them. In phase 3 (main
activity), teacher presented the evidence cards to each groups. No research question
was assigned to groups. All groups were free to produce their own research
questions. Group research questions were like “Which thermal insulating products
should be used for internal wall?”, “In which part of the house should stone wall be
used?” After groups formed their research questions, they started to gather data by

analysing evidence cards. Evidence cards were prepared based on textbook
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suggested by curriculum (see Appendix I). The information found in evidence card
included four different criteria for the selection of thermal insulating products. These
criteria were flammability, area of usage, durability and economic cost. While
addressing their research questions, students were asked to consider all these four
selection criteria. In phase 4 (negotiation phase-1), students individually wrote their
claim and evidence in student template. For example, one student wrote that glass
wool should be used in internal wall because it does not burn easily; it can be used
for many vyears, it is economical and one of the house part that it can be used is
internal wall. In phase 5 (negotiation phase-2); group members discussed their claims
to construct group argument. For example, individuals criticized each other when
they selected different thermal insulating product for same part of the house. While
students criticized each other, they considered selection criteria given in evidence
cards. After groups formed group arguments, they engaged in whole class
discussions in order (phase 6, negotiation phase-3). Again, different groups
considered selection criteria for thermal insulating products when supporting,
defending and criticizing their arguments. Next, teacher summarized the lesson
pointing out thermal insulating products and their selection criteria for heat
insulation. Students write their learning as reflection in student template (phase 7,

negotiation phase-4).

Forth week’s core idea was sources of energy. As in third week, there was no
experiment in forth week and researcher prepared evidence cards for students to
make them construct their arguments. The same research questions were formed by
all groups in this week. The research questions were “Which energy source should
we use? and “Which energy source should not we use? ” Sources of energy was
obtained from textbook which are wood, coal, petroleum, natural gas, solar energy,
wind energy, geothermal energy, and biomass. Food, hydroelectric energy and
nuclear energy were excluded as sources of energy because they were not included in
curriculum. At the beginning of the lesson, teacher showed three pictures to the
students. There was a car going on road in first picture, a bulb lightning in a room in
second picture and a man running on the street in third picture. Teacher asked

students to discuss common points of these three pictures. Students were expected to
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explain that all objects in the pictures need energy to sustain their situation. After
students connected the topic into energy, teacher asked the sources of energy used in
these pictures. By this way, students’ prior knowledge about sources of energy was
elicited (phase 1, eliciting prior knowledge). Then, teacher presented different
sources of energy and asked students which energy sources we should use and which
energy sources we should not use. Using their background knowledge, students tried
to answer teacher’s question without any evidence cards. For example, one of the
students claimed that wind energy should be used because it is free, and petroleum
should not be used because it contaminates the sea, river and ocean. Similarly, other
students proposed their initial ideas regarding which energy sources should or should
not be used. They also discussed with each other prior to the main activity about
these energy sources even though no evidence cards were given them. This activity
was used as pre-activity (phase-2). Then, teacher distributed evidence cards to each
groups. Evidence cards were prepared by the researcher and included definitions,
advantages and disadvantages of each energy sources. Evidence cards used in week 4
is presented in Appendix D. Students analyzed each evidence cards and so they
collected data to answer the research question (Which energy source should we use,
which energy source should not we use?). This data collection process using
evidence cards was main activity (phase-3). After that, students individually wrote
their claims and evidence to student template (phase-4, negotiation phase-1). For
example, one of the students wrote that we should use solar energy because solar
energy is free, we can benefit from solar energy to heat our houses, heat water and
cook food. Moreover, we can transform solar energy to other energy types. On the
other hand, we should not use wood as sources of energy because it is not efficient to
use. Seventy five percent of burned wood turns into ash and fog before it is used. In
phase-5 (negotiation-2), individuals discussed with their peers to form group
arguments. For example, one of the group members thought that they should not use
solar energy because sometimes there is no sun and we cannot benefit from sun.
Likewise, some places do not get enough solar energy to use it; therefore solar
energy is not usable for these places. Groups constructed their arguments depending
on these feedbacks and alternative ideas. After group arguments were formed, whole
class discussion started (phase-6, negotiation phase-3). Groups presented their group
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arguments in turn. For example; there was a debate between groups in class-1
regarding whether we should use wood as source of energy or not. Accordingly, one
of the groups claimed that they did not want to use wood as energy source justifying
that burning wood causes climate change. On the other hand, another group members
rejected and added that “Not only wood, but also petroleum and natural gas cause
climate change, why did not you select petroleum and natural gas, if your focus is
climate change?” and discussion continued. After debates ended, teacher wanted
students to read energy sources part from textbooks. Teacher asked students whether
there was any new term that they were not familiar with. Students mentioned
renewable and non-renewable energy sources. Class engaged in further discussion
about classification of energy sources as renewable and non-renewable energy
sources. In last phase (negotiation phase-4), students wrote what they learnt in this
week as their reflections in students template. Energy sources were the last topic of
Matter and Heat unit. After this week, electricity unit started and lasted two weeks.

Core idea of fifth week was electrical conductivity; students were expected to
classify substances as conductors and insulators. At the beginning of the lesson,
teacher showed a picture representing Benjamin Franklin’s electricity experiment
which was done to understand whether lightning is electrical energy or heat energy.
In this picture, Benjamin Franklin grabs a rope in a rainy day, and a flying Kite is tied
to this rope. Besides, there was a key on the rope and this key shines. According to
this initial activity, students also decided which objects in the picture are conductor
and which objects are insulators in terms of electricity. In this point, students make
inferences based on the data found in picture (e.g., key shines). Likewise, students
use their background knowledge when they explain electrical conductivity of objects.
For example, students might think that key is conductor because it shines; on the
other hand, there can be conflict in class whether wet rope is conductor or insulator.
By this way, students’ prior knowledge about electrical conductivity was elicited
(phase 1). In these early discussions, students discussed whether lightning is
electrical or heat energy, whether key is a conductor, whether rope is a conductor,
whether electricity reaches kite, if it reaches kite how it is possible, whether

electricity reach Benjamin Franklin how he was affected by electricity. Many of the
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students voluntarily engaged in this early discussion. After that, teacher explained
what happens in picture and made a connection with the topic of electrical
conductivity. Then, teacher provided materials to students and asked students to
write their research questions, experimental designs, variables and hypothesis as pre-
lab activities (phase 2). The materials provided to groups were battery (9v), bulb
(1.5v), socket, connecting cable, paper clip, ceramic cup, glass cup, duster,
aluminium foil, metal spoon, plastic spoon, wood spoon, three beakers, salt, sugar,
and water. Students were free to write their research questions but there were three
conditions that they had to obey. First, research question should be relevant to
electrical conductivity. Second, research question should be answered by use of
provided materials which means students should not need any additional material to
conduct their experiments. Third, questions should not start with how and why words
that requires theoretical explanations which cannot be derived from direct
observations or experiments. Next, students prepared their research questions such as
which materials do conduct electricity? Which of the material does conduct
electricity better than others? Which materials are conductors? Which materials are
insulators? Next, students designed their experimental set up and conducted their
experiments (phase-3, laboratory activities). They recorded their data individually as
their observations in student template. Then, they wrote their claims and evidence,
this assisted them to construct individual arguments (phase-4, negotiation phase 1).
For example, one of the students wrote that sugared water and tap water do not
conduct electricity because bulb did not light when these materials were connected to
electrical circuit. Then, small group discussions started and group members
constructed group arguments (phase 5, negotiation phase 2). When groups did not
discuss and they all had consensus, teacher interacted with groups and asked further
discussion questions such as what could be reason causing sugared water not to
conduct electricity? These questions assisted further discussions among group
members. After group arguments formed, groups presented their arguments in order.
By this way, whole class discussions started (phase 6, negotiation phase 3). When
students tried same materials, but got different results, there were firm discussions.
For example, one group found that salty water conducts electricity; on the other
hand, another group found that it does not. Moreover, these groups were
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knowledgeable that salty water conducts electricity because this knowledge was
available in textbook. Although all groups knew it conducts electricity, groups
sustained supporting their experiments and findings. Then, students discussed
possible causes of different results. In fact, some of the students reached theoretical
explanation for the conditions that salty water conducts electricity. For examples,
students claimed that there is a chemical reaction in salty water because water
foamed and it turned to yellow colour when cables put in water and this chemical
reaction provided electrical conduction. Likewise, students claimed that when cable
ends close each other, less resistance is applied to the electrical current. Therefore,
current passes in circuit and bulb lights. In other word, student constructed the
knowledge through discussion. After this whole class discussion, teacher
summarized the lesson pointing out Benjamin Franklin case, classification of
materials as conductors and insulators, and electrical conductivity. After all, students
wrote their learning as reflection in student template (phase 7, negotiation phase 4).

Core idea of the final week of the treatment was the factors affecting bulb brightness.
Students learnt the factors such as number of bulbs, number of battery affect bulb
brightness in previous year (5" grade level). Therefore, the content was limited with
the wire properties which are length of wire, cross-sectional area of wire (wire
thickness), and type of wire as factors affecting the bulb brightness. At the beginning
of the lesson, teacher asked whether we can change the bulb brightness in an electric
circuit. Students discussed the factors affecting light brightness based on their
background knowledge learnt in previous year. By this way, students’ prior
knowledge about the factors affecting bulb brightness was elicited (phase 1). Then,
teacher asked whether properties of wire that connect different components of circuit
to each other affect bulb brightness. Students tried to answer this question too. Next,
teacher wrote three research questions to be tested. These questions were “What is
the relation between length of wire and bulb brightness?”, “What is the relation
between thickness of wire and bulb brightness? and “What is the relation between
type of wire and bulb brightness?”. These questions were randomly assigned each
group. Groups formulated their hypothesis, identified variables and their research

design to address their research questions (phase-2, pre-lab activities). After all
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groups shared their research design and they got feedbacks about research designs
from their peers and teacher, they were taken to the computer laboratory because
experiments in science laboratory did not work properly in previous year (pilot
study). In other word, groups were asked to conduct their experiment in a simulation
showing how wire properties affect bulb brightness. Each group worked in different
computer to answer their research questions. Teacher, researcher and research mates
assisted students when they needed help about use of simulation such as setting
electrical circuit. When students collected data via simulation, they recorded their
findings to student template (phase 3, laboratory activities). After students collected
data, they returned to science laboratory. They individually wrote their claim and
evidence (phase 4, negotiation phase 1). For example, a student wrote type of wire
affects light brightness because light brightness increased when they changed the
kind of wire from iron to copper. Next, groups formed their group arguments by
comparing their individual arguments (phase 5, negotiation phase 2). When they
reached consensus, teacher asked the group some theoretical questions for further
discussions. These theoretical questions were like “Why does copper wire conduct
electricity better than iron wire?” After groups constructed their group arguments,
they presented their experiments and arguments in turn (phase 6, negotiation phase-
3). For example, one of the groups told that when they increased the length of the
wire, the resistance decreases because the value on ammeter decreases. This group
had misunderstanding that ammeter value shows resistance. Other groups rejected
and claimed that if length of wire increases, the resistance increases too and less
electrical current pass through wire and the value read on ammeter decreases. After
whole class discussion, teacher summarizes the lesson telling students that there is a
reverse proportion between length of wire and bulb brightness, direct proportion
between thickness of wire and bulb brightness and bulb brightness depends on the
type of wire. Then, teacher connected topic to resistance of wire and explained how
resistance of wire changes when its properties change. Teacher used some analogies
to show the relation between wire resistance and wire properties. For example,
teacher asked students to think two different cups having full of water. While first
cup has a small hole at the bottom, second cup has a big hole at the bottom. Teacher
asked students which cup losses water faster. The expected answer was the cup
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having big hole losses water faster. Then teacher compared cups having full of water
to battery, flowing water to electrical current, and the size of hole to the thickness of
wire. When hole size increases, water passes through hole easily. In the same
manner, when thickness of wire increases, current passes more and bulb brightness
increases. Then, students wrote their learning to student template (phase 7,

negotiation phase-4).

3.6. Treatment Verification

Verification of independent treatment shows to what extent argument-based inquiry
was applied in current research. In line with this, how previous research verified their
ABI treatment was investigated. In the relevant literature, it was found that Reformed
Teaching Observation Protocol (RTOP) developed by Sawada, Piburn, Falconer,
Turley, Benford, and Bloom (2000) was used as a guideline by ABI researchers to
verify their treatment (Martin & Hand, 2009). For example, Martin and Hand (2009)
used RTOP to assess teachers’ implementation of ABI. Researchers claimed that
there was consistency between RTOP’s 25 items and ABI. Especially, 13 items were
directly related with ABI (Martin & Hand, 2009). Accordingly, in the present study,
throughout the data collection process, the researcher decided to use the RTOP scale
as checklist while observing teacher’s ABI implementation for each week. In these
observations, researchers focused on 13 key items (e.g. “Student questions and
comments often determined the focus and direction of classroom discourse.””) which
are considered to be essential for the ABI implementation. After each observation,
the researcher marked RTOP checklist and shared it with the teacher. The teacher
adjusted her teaching considering RTOP feedbacks in the following weeks. By this
way, quality of implementation was aimed to be improved. The 13 items of RTOP
used in the current study to verify ABI instruction was given in Appendix J.

3.7. Data Analysis

In the present study, both quantitative and qualitative data analyses were conducted.
Quantitative data analysis was used to address the first three research questions;
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while, qualitative data analysis was used to address the fourth and the fifth research
questions. The following two sub-sections provide detailed information about

quantitative and qualitative data analysis employed in the present study.

3.7.1. Data Analysis for the Quantitative Part.

In the quantitative part of the study one group pre-test post-test research design
(Fraenkel et al. (2012) was used. More specifically, the effect of the ABI treatment
on students’ content knowledge, epistemological beliefs and science process skills

was examined by comparing students’ pre-tests and post-test scores.

In this study, first research question was about uncovering ABI treatment effect on
students’ content knowledge. There was no control group in this study. Treatment
groups’ content knowledge was assessed by MHCK and ECK as pre-test and post-
test. There were two dependent variables (matter and heat content knowledge and
electricity content knowledge) and time was the independent variable representing
the implementation of ABI treatment. In line with this, treatment effect on students’
content knowledge was analyzed by use of within subject Repeated measure
Multivariate Analysis of Variance (MANOVA).

Similarly, second research question was about uncovering ABI treatment effect on
students’ epistemological beliefs. Epistemological beliefs were measured by use of
Epistemological Belief Questionnaire as pre-test and post-test. Epistemological
beliefs included three different dimensions which are development, justification and
combination of source and certainty. Therefore, there were three dependent variables
and one independent variable (i.e., Time) in analysis. Hence, treatment effect on
students’ epistemological beliefs was analyzed by use of within subject Repeated

measure MANOVA.

Likewise, third research question was about uncovering ABI treatment effect on
students’ science process skills. TIPSII was used to assess students’ science process
skills. The scale had five dimensions of science process skills. However, reliability

scores of these dimensions were found too low in current study. Therefore, analysis
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was not conducted based on dimensions of science process skills. On the other hand,
science process skills were used as one dimensional and students’ total scores
obtained from pre-test and post-test were used for analysis. In line with this, there
was one dependent variable that is science process skills and one independent
variable that is time. Therefore, paired sample t-test was conducted to reveal the

effect of ABI treatment on students’ overall science process skills.

3.7.2. Data Analysis for the Qualitative Part.

Qualitative research design was set to answer the last two research questions.
Specifically, in qualitative part, the research design involved case-study. Constant
comparative analysis was used for analysis. Accordingly, researcher compared a
piece of data with another to see similarities and differences in constant comparative
analysis. These similarities and differences were grouped and named. Each of these
groups was called as category. Then, these categories were used to reveal patterns
which address the research questions (Merriam, 2009). How constant comparative
analysis was used for the last two research questions is explained in detail below:

Constant comparative analysis was used for research question four aiming to
understand 6™ grade level students’ argumentation schemes in the ABI treatment.
Student discussions were transcribed, discussion episodes were determined.
Accordingly, starting and end points of each discussion episode were determined
based on the following criteria: one student proposes his/her idea in a new topic
which is the starting point of an episode. Discussion episode lasts until a new
discussion emerges in another topic. When another discussion starts, current episode
ends. Unit of analysis was reasoning sequence in this study in line with Duschl
(2007). Each episode was analyzed deductively in analysis of students’
argumentation schemes. Accordingly, Walton’s (1996) argumentation schemes and
Duschl’s (2007) work on argumentation schemes were used for deductive coding to
reveal students’ argumentation schemes. Table 3.6 presents argumentation schemes,

their definitions and sample quotations.
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Table 3. 6

Deductive Codes used to Reveal Students Argumentation Schemes

Argumentation Description Example
Schemes
Argument from  This argument is about students’ The water temperature decreased
sign inferences and their endeavour to less in metal cup than plastic cup.
explain an observation (Duschl, 2007; We did not expect this, maybe
Walton, 1996). window was open and wind caused
more heat loss in plastic cup
(Student 111, week 2)
Argument from  This argument is used to support a Solar panels should be established
example generalization. The current situation is on cities which gets so much
protected when this argument is used sunlight. For example, it can be
(Walton, 1996). established in Antalya (Student
144, week 4)
Argument from This argument is realized when When we test the electrical
verbal students” words are unclear. If students conductivity of matters, bulb

classification

Argument from
commitment

Circumstantial
argument against
the person

Argument from
position to know

Argument from
expert opinion

clearly tell what they want to say,
verbal classification and
communication ~ become  stronger
(Walton, 1996).

In this argument; people have their
perspectives and they are expected to
act based on these perspectives. If there
is confliction between their perspective
and actions, they are warned and they
are asked to behave consistent with
their  perspective  (Duschl, 2007;
Walton, 1996).

The ones using this argument point out
conflictions between others speeches
and behaviours (Walton, 1996). Due to
fact that this argument is highly similar
to argument from commitment, this
argument was removed from analysis.

In this argument, students ask
questions to others when they have
limited knowledge. Students look for
opposite statement (Duschl, 2007).

Students use external source or
authority to support their claim in this
argument (Duschl, 2007; Walton,
1996).

brightness was little when we
connected cables to the metal cup
(Student 223, week 5)

I want to make counterclaim
against student 133. You claimed
that you both want to use organic
products and chemicals in heat
insulation for building. If you are
using organic products, this shows
that you are environment friendly.
Then, it is not meaningful to
support use of chemicals if you are
environment friendly (Student 111,
week 3)

This argumentation scheme was
not observed.

When you cover the upside of the
cup with aluminium foil, is not it
more difficult to melt fat? (Student
223, week 1)

I think we should not use tar in our
house for heat insulation because
evidence cards say that tar smells
bad and we do not want to live in a
house that smell bad (Student 231,
week 3)
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Table 3.6 cont’d

Deductive Codes used to Reveal Students Argumentation Schemes

Argumentation
Schemes

Description

Example

Argument from
evidence to
hypothesis

Argument from
correlation to
cause

Argument from
cause to effect

Argument from
consequences

Argument from
comparison

Argument from
analogy

In this argument, there is a testable
hypothesis or prediction. Hypothesis is
supported or denied based on evidence
(Duschl, 2007; Walton, 1996).

In this inductive argument, student
observes a positive relation between two
variables, and they think that one is the
reason of another although there is no
direct observation to support this idea
(Duschl, 2007; Walton, 1996). Students
prefer plausibility rather than possibility
in this argument (Duschl, 2007).

In this argument, conclusion is directly
observed after premise is proposed.
There is a clear cause effect relation
between premise and conclusion and
there is no need for testing (Duschl,
2007)

Students consider potential consequences
of decisions in this argument. Decisions
with good consequences are supported,
and decisions with bad consequences are
rejected (Duschl, 2007; Walton, 1996).

This argument is not specifically
mentioned in Walton (1996), but this
argument is used when two concrete
things are compared according to Walton
(1996).

In this argument, students compare two
different abstract things (Walton, 1996)

Our research question is: which
spoon does conduct heat better?
We hypothesize that metal spoon
is better heat conductor (Student
243, week 1).

Wood wool can be used for
exterior wall as insulating
material because wood wool is
environmentally friendly
(Student 241, week 3). (There
was no plausible link between
using wood wool for exterior
wall and the concept
“environmentally friendly”)

Aluminium foal was not useful
for us because when we made a
hole in it using thermometer,
there was heat loss from this hole
and aluminium could not block
heat loss (Student 241, week 1)

We should not use glass wool for
heat insulation because when we
use glass wool, we may suffer to
allergic reactions (Student 232,
week 3)

In their experiment, they added
four spoons of sugar, but we
added one spoon of sugar to test
whether sugared water conduct
electricity (Student 115, week 5)

I think that we should make
thicker plastic that surround wire.
If we make thicker plastic,
electricity cannot pass out from
thick plastic, there is less heat
loss and bulb  brightness
increases (Student 231, week 6)
(In this wrong analogy, student
compares flow of electricity with
heat conduction)

165



Table 3. 6 cont’d
Deductive Codes used to Reveal Students Argumentation Schemes

Argumentation
Schemes

Description

Example

Argument from
waste

Argument from
popularity

Ethotic
argument

Argument from
bias

Argument from
established rule

Argument from
precedent

In this argument, student does not give up
her/his argument because s/fhe made so
much effort to construct her/his argument.
Students think that if s/he gives up, their
effort will be waste, so student keeps
his/her argument even though s/he knows
it is wrong (Walton, 1996).

In this argument, students support the
others and the ideas become major ideas
as popular ones (Walton, 1996).

When this argument is proposed,
students’ consider the characters of others
to increase validity of their arguments
(Walton, 1996).

A respondent attack to proponent by
thinking proponent has some bias in this
argument (Walton, 1996).

In this argument, there is a rule for
everyone and everyone should obey the
rules (Walton, 1996). In this study,
however, argument from established rule
was expanded to natural rules that all
natural things obey these rules.

This argument is refutation of argument
from precedent. The rules proposed in
established rule argument either modified
or refuted (Walton, 1996). In this
argument, students proposed limitations
of the views supported by established
rules.

This argument was not observed
in class.

In this experiment, we observed
that brightness of bulb increases
as response to increasing
resistance. As a group, we all
think the same thing and we
verified our hypothesis (Student
241, week 6)

This argument was not observed
in class.

This argument was not observed
in class.

I think that we should use solar
energy, not wind energy because
earth rotates. When earth rotates,
one side of the earth is daylight
and other side is night.
Therefore, we can always benefit
from solar energy (Student 221,
week 4).

(In response to argument from
established rule: solar energy
should be used, but not wind
energy, because sunlight always
comes one side of the earth)

Yes, sun light always come to
the world, but you get solar
energy in just one side of the
earth where you live, therefore
you cannot benefit from it at
nights and you cannot get it from
other side of the world (Student
231, week 4).
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Table 3. 6 cont’d
Deductive Codes used to Reveal Students Argumentation Schemes

Argumentation
Schemes

Description

Example

Argument from
gradualism

The causal
slippery slope
argument

The precedent
slippery slope
argument

Argument from
vagueness of a
verbal
classification

Argument from
arbitrariness of
a verbal
classification

People are not persuaded by use of one
comprehensive  argument.  Therefore,
more than one argument which are linked
but less comprehensive are used to
persuade others in argument from
gradualism (Walton, 1996).

The causal slippery slope is used to refute
argument from gradualism. The weak
points of gradualism arguments are used
to demolish argument from gradualism
(Walton, 1996).

This type of argument is conservative and
does not want to change current situation.
The precedent slippery slope argument
points out devastating consequences of
argument from gradualism. Therefore, if
first step of argument from gradualism
happens, there will be bad consequences
and so first step must not happen
(Walton, 1996).

This argument is used against argument
from verbal classification. This argument
claims that there are some vague terms in
verbal classification and therefore,
argument from verbal classification
should not be accepted (Walton, 1996).

This argument claims that verbal
classification is done arbitrary, and there
is no acceptable reason to make this
verbal classification so argument from
verbal classification should not be
accepted (Walton, 1996).

(Explain the relationship between
distance of cable ends in salty
water and brightness of bulb)

Cable that is connected to battery
gets current from battery and
electricity reach in salty water from
the end of this cable. Electricity
should pass to other cable’s end to
light the bulb. When we decrease
the distance between ends of
cables, more current will pass and
less energy will lose in salty water.
The more current passes, the
brighter bulb we get.

This argument was not observed in
class.

This argument was not observed in
class.

You said that there was little
brightness of bulb when you
connected cable ends to the metal
cup. What do you mean by saying
little brightness because it is not
clear (Student 234, week 5)

This argument was not observed in
class.
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Table 3. 6 cont’d
Deductive Codes used to Reveal Students Argumentation Schemes

Argumentation Description Example
Schemes

The verbal slippery  This argument is used to refute This argument was not observed
slope argument arguments having vague terms. in class.
Refutation is done gradually in the
verbal slippery slope argument
(Walton, 1996).

The full slippery This argument is a rejection to This argument was not observed
slope argument argument from gradualism in order in class.

to eliminate negative effects of

argument from gradualism. First

step of argument from gradualism

must not happen. While other

slippery slope arguments are

related with individuals, the full

slippery slope is about public

(Walton, 1996).

After each episode in class one was analyzed based on the argumentation schemes
given in table 3.6, frequency and percentage of each argumentation schemes were
calculated for each week. Bar graphs were used for frequency of argumentation

schemes and pie charts were used for percentages.

Fifth research question of this study is “What is the nature of 6" grade students’
engagement in argumentation process in ABI treatment?” After student discussions
were transcribed, discussion episodes were determined following Sampson and
Clark’s (2011) approach in their study. After each episode was identified, unit of
analysis was determined. Unit of analysis was conversational turns in discussion
episode (Sampson & Clark, 2011). Based on unit of analysis and discussion
episodes, deductive coding was done to reveal the nature of 6" grade students’
engagement in argumentation process. Deductive codes was retrieved from Sampson
and Clark (2011) work. Table 3.7 shows deductive codes, their definitions and

sample quotations.

All discussion episodes were coded one by one based on these deductive codes for
class one in each week. Although data coding included both pre-activity discussions

and whole class discussions held after activities, this study just focused on reporting
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whole class discussion regarding nature of students’ engagement in argumentation
process. The reason why pre-activity discussions’ analysis was removed from this
study is about absence of evidence. While students used evidence obtained from
evidence sheets and their experiments in whole class discussions held after activities,
they only used their background knowledge without further evidence in pre-activity
discussions. It was thought that lack of evidence found in pre-activity discussion
does not accurately reflect students’ engagement in argumentation process so coding

of this part was not used in data analysis.

Similarly, small group discussions were not analyzed this study. Actually, it was
planned to analyze small group discussions at the beginning of the pilot study.
Therefore, tape recorders were brought to class and given some groups in pilot study.
However, existence of tape recorders distracted students’ attention and students
focused on tape recorder rather than constructing their arguments when tape recorder
was used. In line with this, tape recorder was not used in main study and students’
small group discussions were not analyzed. This is one of the limitations of current

study.
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Table 3.7

Deductive Codes used to Reveal Students Engagement in Argumentation Process

Code

Definition

Example

Information seeking

Exposition

Oppositional
Comments

Co-construction of
knowledge

Information  seeking s
students’ questions to others
in argumentation process.
By using these questions,
students  request  more
information or clarification
(Sampson & Clark, 2011).

Exposition code is about
people’s own ideas.
Proposing ideas in a
presentation, clarifying
ideas and justifying ideas
are examples of exposition
(Sampson & Clark, 2011).

Oppositional comments are
students’ challenges to
others’ ideas. When people
use oppositional comments
they might use evidence, but
using evidence is not
obligatory to use
oppositional comments
(Sampson & Clark, 2011).
Co-construction of
knowledge is about the
ideas of others. People
construct the knowledge
together. Co-construction of
knowledge includes
summarizing, revising,
supporting and adding ideas
of others (Sampson &
Clark, 2011).

Student 131: In our observations, bulb
lighted when we put cables in the salty
water. When we decrease the distance
among cables, bulb brightness increased.
Moreover, water at the end of the cable
foamed. A few minutes later water colour
turned to yellow...

Student 115: You said that water foamed.
How did this happen?

Student 144 explains why they covered
metal paper clip with aluminium foil
(clarifying ideas):

Student 144: We think that metal paper
clip conducts electricity better if we cover
it with aluminium foil because both
aluminium and paper clip conduct
electricity. If we combine them, the energy
passes through materials will be twice.

Student 131 does not accept student 144
explanations given above regarding
electric conductivity.

Student 131: | think that the energy passes
through material will not be twice when
you combine paper clip and aluminium
foil. Aluminium foil is better conductor, so
it decides how much energy will pass.

Student 223: In our experiment, glass cup
lost 25 degree, foam cup lost 19 degree and
plastic cup lost 18 degrees, but metal lost
22 degree. Actually, our hypothesis was
metal is better heat conductor, but glass
lost more temperature in our experiment.
Therefore, our claim is glass is better
conductor.

Student 243: Maybe you touched the glass
cup more than others and this caused more
heat loss.

Student 241: Maybe you kept the
thermometer too much and you increased
value read on temperature for the metal
cup.
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After whole class discussions were analyzed deductively, frequency and percentage
of each codes for each week were calculated for class one. These frequencies are
presented as bar graphs and percentages are presented as pie graphs in the results
chapter. Same deductive coding process was applied to the data obtained from class
2. Then, similarities between class one’s coding and class two’s coding were
recorded consistent with constant comparative analysis. By this way, results common
to both classes were identified. Additionally, results which are not consistent across
the two groups were determined. The later results were unique to one of the classes.
All the findings derived from similarities and differences between two classes can be
considered as addressing the research question five which requires the examination

of the students’ engagement in argumentation process.

Moreover, weekly prepared frequencies and bar graphs for argumentation schemes
were compared with weekly prepared frequencies and bar graphs showing students’
engagement in argumentation process. By this way, possible connections between
nature of students’ argumentation process and their argumentation schemes were

identified.

3.8. Validity

Current study has both quantitative part and qualitative part. According to Fraenkel
et al. (2012), validity of a quantitative research includes internal validity and external
validity. On the other hand, validity of qualitative research is called as
trustworthiness. Trustworthiness of a study is supported by its credibility,
dependability, and transferability (Merriam, 2009). Validity of this study considering

its quantitative and qualitative parts is presented separately.

3.8.1. Validity for Quantitative Part.

Quantitative part of this study involved one group pre-test post-test design where
there is no control group. It is one of the weak experimental designs (Fraenkel et al,
2012) Internal and external validity of the quantitative part, therefore, are explained

considering the properties of this design.
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3.8.1.1. Internal Validity.

According to Fraenkel et al. (2012), internal validity means that the observed
differences on dependent variable is the direct result of independent variable and
other factors should not affect dependent variable. Quantitative part of this study
involved one group pre-test post-test design which unfortunately has many internal
validity threats because of the absence of control group (Fraenkel et al., 2012).
According to Fraenkel et al. (2012), one group pre-test post-test experimental design
suffers nine internal validity threats. In other word, nine different reasons, other than
the treatment, might cause change in the dependent variables. These possible causes
are history, maturation, instrument decay, data collector characteristics, data
collector bias, testing, statistical regression, attitude of subjects and implementation.
Accordingly, how each factors threat the internal validity and how researcher took
actions to avoid these threats are presented below.

History effect is unplanned or unanticipated event that happens during the course of
study (Fraenkel et al., 2012). In this study, no such events occurred. In addition, to
prevent disruption of the implementation do to unexpected events, the schedule of
the study was well planned prior to the study and shared with the teachers and school

administration.

In this study, maturation is not considered as a potential threat either, because
maturation becomes a threat if the change on dependent variable is caused by passing
of time rather than the treatment (Fraenkel et al., 2012). Duration of the current study
was six weeks and six weeks is a relatively short period of time. Therefore, it is
thought that passing of time in this short term most probably do not affect the

dependent variable.

Another potential threat to internal validity in the current study was instrument decay
which is about changing nature of instrument. If instrument is open to different
interpretation or it is too long for assessing, instrument decay threat may emerge

(Fraenkel et al., 2012). Instrument decay is not considered as threat in this study
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because the instruments used were either in multiple choice item formats or consisted
of Likert type items which are completely objective to score, so they were not open
to different interpretations. Thus, the use of objective items with easy scoring

eliminated possible threat to internal validity.

Data collector characteristics such as gender, age, ethnicity, and language pattern can
also affect the nature of data (Fraenkel et al., 2012). In addition, data collector may
unconsciously distort the data to support hypothesis (data collector bias) (Fraenkel et
al., 2012).The quantitative data obtained in this study was collected by objective
instruments such as multiple choice test items and Likert type scales and the data was
coded in SPSS program by researcher exactly as the same way that students marked.
Therefore, it is thought that characteristics of researcher (data collector) and data

collector bias do not pose an internal validity threat in the present study.

The use of pre-test can affect students’ performance on post-test and this threat is
known as testing threat For example, students are alerted to practice because of the
items found in pre-test, and they seek the answers of pre-test searching textbook and
other sources. This increased effort may increase their performance on post-tests
(Fraenkel et al., 2012). Although this threat was not totally eliminated in this study,
researcher told students that these treatment, pre-tests, or post-tests did not affect
their grades. Students were asked to answer each question honestly. By this way,
researcher wanted to normalize the conditions. This normalization might decrease
the testing effect, but still there is a possibility that pre-tests affected students’
performance because the same questions were asked in post-tests and students could

remember these questions from pre-tests.

Regression is another threat and existence of people having extreme characteristics
related with tests can cause regression threat. Accordingly, if a person’s pre-test
score is too low, most probably it will improve at the end of the study regardless of
the effect of independent variable. In the same manner, some scores may be too high
in pre-test, and these scores cannot improve in post-tests even though

implementation is successful (Fraenkel et al., 2012). Prior to the study, classes
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having average achievement were included to the study. By this way, possible

extreme scores were aimed to be eliminated.

Attitude of subjects, which is related to how subjects perceive the study and their
involvement in it, is another potential threat to internal validity in this study.
Participants may think that treatment is something special and researcher cared them.
Therefore, participants might improve their performance to assist researcher
(Fraenkel et al., 2012). At the beginning of the treatment, researcher told subjects
that this treatment is part of their education. In this way, it was aimed to eliminate

students’ perceptions that they are getting a type of distinctive intervention.

Regarding implementation as a potential threat, Frankel et al. (2012) suggest that
researcher should not be implementer to avoid implementation threat because
researchers might unintentionally increases the effect of treatment. In line with this,
teacher implemented the lessons and researcher used a checklist to control whether
teacher implement the treatment accurately. By this way, treatment effect was not

exaggerated or inhibited.

After describing the possible threats to internal validity and researcher’s precautions
to avoid these threats, next part presents information about external validity of

quantitative part.

3.8.1.2. External Validity.

External validity concerns to what extent findings of the study can be applied to
other situations (Merriam, 2009). While results of a treatment is generalized,
researchers should focus on three possible external validity threats which are
interaction of selection and treatment, interaction of setting and treatment, and

interaction of history and treatment (Creswell, 2009).

Interaction of the selection and treatment threat refers that participants’

characteristics are narrow; therefore, researcher could not generalize the findings to

other individuals who do not have these characteristics. Creswell (2009) suggests

that researchers should point out group characteristics and claim that generalizations
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of these groups’ scores cannot be done other groups not having common
characteristics. For example, current study was held with 6™ grade level, 11-12 age
years’ old students having average achievement level. Therefore, findings of the
study can be generalized to other groups having same characteristics. However,
findings may not be generalized to other students from different grade level, age and
achievement level. Future studies can be held with students having other
characteristics that subjects of this study did not have. By this way, external validity
of this research can be supported and interaction of selection and treatment threat can

be avoided.

Interaction of setting and treatment threat shows that setting of a study might inhibit
generalization of the findings to other settings (Creswell, 2009). Context of the study
was described in sample and population part. Accordingly, this study was conducted
in one of the schools located in a central district of Ankara. The school was a public
school and students’ families’ socio-economic status were high. Therefore, findings
of this study can be generalized to other similar contexts. On the other hand, findings
may not be generalized to other context such as private schools, distant towns from
the city and places where socioeconomic status is not high. For example, Akkus et
al., (2007) reported that students from low achievement group benefitted from ABI
instruction more than students from high achievement group. It is possible that
proportion of low achievement students would change (most probably increase), if
this study was conducted in distant towns or the places where students’ families have
low socioeconomic status. The treatment effect might increase in these
disadvantageous places. Therefore, findings of current study may not be generalized
to other contexts. Future studies can be done in other contexts to increase external

validity of the study and to eliminate interaction of setting and treatment threat.

Interaction of history and treatment threat is about the time when treatment is
conducted. Accordingly, findings of the treatments cannot be generalized to past and
future time (Creswell, 2009). This study was held in spring semester of 2018-2019;
therefore, findings are generalized in this time period. For example, Dindar and
Taneri (2011) reported that Turkish science curriculum program emphasized content

knowledge and observation in 1968. On the other hand, this program ignored role of
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laboratory and students’ active participation to science lessons in those years.
Therefore, findings of the current study cannot be generalized to those years. On the
other hand, nowadays MONE (2018) suggests that students should actively engage in
scientific argumentation, conduct their own experiments, and construct knowledge.
Therefore, findings of the study can be generalized to other schools following
suggestions of MONE (2018). The repetition studies can be done to generalize

findings for the future to avoid this threat.

Up to this point, validity of quantitative part of this research was explained. The

chapter continues with validity of qualitative part of research.

3.8.2. Validity for Qualitative Part (Trustworthiness).

Qualitative part of the study includes observations of two classes which were done to
reveal students’ engagement in argumentation process and their argumentation
schemes. Hence, validity of qualitative part focuses on these observations.
Nomenclature of validity in qualitative research is different from quantitative
research. Validity is named as trustworthiness in qualitative research and
trustworthiness includes credibility, dependability, transferability (Lincoln & Guba,

1985). The following parts inform trustworthiness of the study in detail.

3.8.2.1. Credibility.

Credibility corresponds to internal validity issue in quantitative research and it refers
to the consistency between research findings and reality. Merriam (2009) claims that
credibility of a qualitative research increases using triangulation, member check,
adequate engagement in data collection, researcher position (reflexivity), and peer

review.

According to Merriam (2009), use of multiple methods of data collection, data
sources, investigators, and theories support triangulation. Multiple methods of data
collection were not used in this study; the only method used by researcher was
observation. Other methods like interview could have accompanied with
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observations, but it did not. This can be considered as one of the limitations of
current research. On the other hand, multiple data sources were used in current study.
Classroom observations were done in two classes throughout the study. Observations
held in different weeks and different classes were transcribed, compared and
contrasted. These multiple data sources contributed the triangulation. Another
possible data source used in this study was student templates. However, student
templates inform about students’ written arguments rather than their oral
argumentation. On the other hand, focus of this study is students’ oral argumentation.
Therefore, student templates were not used as data source in this study. Likewise,
data found in student template was not analyzed. On the other hand, student template
was used as scaffolding that assist students to construct arguments and engage in
argumentation process in this study. Likewise, multiple investigators involved in the
study increasing triangulation. Accordingly, research team members shared their
ideas about implementation throughout the research. Their feedbacks were used to
improve the research quality. Likewise, one of the research members contributed to
the selection of data analysis method. There have been several conversations
between research team members increasing researcher and research mates’
cumulative knowledge on argumentation. Furthermore, one of the research members
participated in qualitative data analysis. All in all, multiple investigators made many
contributions to this study. Finally, it can be claimed that multiple theories were used
to increase triangulation. These multiple theories are use of both argumentation
process and argumentation schemes in this study. It is thought that argumentation
process and argumentation schemes complete each other. Accordingly, if this study
had only included argumentation process, there would not have been any suitable
inference regarding the product of argumentation. Likewise, if this study had only
used argumentation schemes, there would not have been any information regarding
argumentation process. Therefore, use of both argumentation process and
argumentation schemes in qualitative part as multiple theories contributed
triangulation of the study. On the other hand, member check was not done in this
study because students were video-recorded and their speech and what they implied
were clear, so member check was not needed. Moreover, data was analyzed with one

of the research mates and students’ speech and these speeches’ meanings were
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discussed with this research mate. By this way, what students told in their

argumentation was further clarified.

Another way of increasing credibility of a research is adequate engagement in data
collection (Merriam, 2009). Researcher spent so much time with participating
teacher and visited the school more than two years during pilot and main studies.
Specifically, there were several conversations held with participating teacher in both
pilot and main studies. Likewise, researcher observed the full implementation of the
ABI treatment in both pilot and main studies. Moreover, researcher trained both
teacher and students prior to research. All these activities that researcher participated
in provided adequate engagement in data collection. Through these conversations,
trainings and observation of class instances; researcher got familiarity with school

contexts, students, and the teacher.

Another way of increasing credibility is researcher position or reflexivity. According
to Lincoln and Guba (2000), human being is the instrument in qualitative study.
Therefore, researcher should critically examine herself or himself to what extent s/he
is sufficient to conduct current research. One factor affecting reflexivity is
researcher’s experience. First of all, researcher has experience in qualitative research:
the researcher conducted qualitative research in master thesis. Likewise, researcher
has qualitative research experiences because researcher collected data in university’s
scientific research projects. Moreover, researcher had articles on science education
journals and all these articles included qualitative research design. It is thought that
researcher is not only capable of conducting qualitative research, but also has
experience on argumentation research. Accordingly, researcher enrolled in an
argumentation course in 2012. In this course, researcher got some theoretical and
practical experience about argumentation. In 2016, researcher prepared a proposal
for this study and researcher reviewed the literature which contributed to researcher’s
theoretical understandings. In 2017, researcher prepared 29 lesson plans using
argumentation as teaching method. Nine different argumentation approaches were
used in these lesson plans. These approaches are attention grabbing approach
(Wojdak, 2010), analogical mapping based comparison activities (Emig, McDonald,

Zembal-Saul, & Strauss, 2014), use of multiple representations (Namdar & Shen,
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2016), coupled inquiry cycle (Dunkhase, 2003), history and philosophy of science
(Archila, 2015), hypothetico-predictive argumentation (Lawson, 2003), simulated
jury (Vieira, Bernardo, Evagorou, & Melo, 2015), argument-based inquiry (Hand et
al., 2004), and modified argument driven inquiry (Chen, Wang, Lu, Lin & Hong,
2016). While writing these lesson plans, researcher got familiarity to argumentation.
Likewise, researcher read and summarized many argumentation articles and books to
better understand its philosophy and practical stance in science education.
Furthermore, researcher planned and conducted pilot study of this research in 2018.
This process added contribution to researcher’s understanding about its theoretical
underpinnings and challenges of using argumentation in practice. Finally, researcher
planned, prepared, conducted the main study in 2019. All of these activities that
researcher engaged in added him experience about argumentation supporting

researcher’s position to conduct this activity.

Credibility of the study was also supported with peer review. Accordingly,
researchers having experience in methodology and content add contribution to study
as peer review (Merriam, 2009). Two experts, one associate professor and one
assistant professor in science education field, provided feedback to researcher
throughout the study. Moreover, two professors in science education monitored the
whole process. They had conversations with researcher and shared their suggestions.
Likewise, researcher met with research team members and discussed with them
about their suggestions to improve quality of research. Furthermore, one members of
research team participated in qualitative data analysis process. It is thought that all
these reviews, feedbacks, conversations and suggestions as peer reviews increase

credibility of current research. Next part continues with dependability of the study.

3.8.2.2. Dependability.

Dependability or consistency is about reliability of the study. Results and collected
data should be consistent in qualitative research (Merriam, 2009). Data was coded by
researcher and one of the research team mates regarding students’ engagement in
argumentation process and argumentation schemes. Prior to data analysis,

researchers coded first week’s data together in order to make calibration. By this
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calibration, researchers established a common understanding such as negotiating on
standards for coding. After calibration, analysis was done separately. After
researchers analyzed the data they compared the results of data analysis. Then, inter-
rater agreement was calculated based on the formula given by Miles and Huberman
(1994):

Inter-rater agreement = (Number of Agreement) / (Number of agreement +

disagreement)

Inter-rater agreement for argumentation process was calculated as 85 % and inter-
rater agreement for argumentation schemes were calculated as 80 %. After
researchers detected different codes, they talked about them and discussed until
conflictions were solved. Following is an example of conflictions between coders

regarding students’ engagement in argumentation process:

Student143: When we increase number of bulbs, the bulbs have to share energy
provided by battery, so bulb brightness decreases.

Teacher: Do these bulbs have to share energy?
Student 143: Yes.
Teacher: Why?

Student 143: because both bulbs are in same circuit and battery energy passes

through the conductive wires and each of the bulbs.

In this example, researcher coded studentl43 speech as co-construction of
knowledge. On the other hand, other coder thought that this is just the ideas and
answers of student143 and there is no co-construction. Coder added that there should
be some other ideas supporting student143 to code this speech as co-construction.
Therefore, code of this dialog should be exposition. This dialog persuaded researcher
and this excerpt was re-coded as exposition, not co-construction. Other conflictions
between coders were resolved in same way. Next part provides information about

transferability of the study.

180



3.8.2.3. Transferability.

Transferability is about the external validity of qualitative study. It considers to what
extent findings can be applied to other studies (Merriam, 2009). Although findings of
qualitative part cannot be generalized to other studies, researchers having similar
contexts including 6" grade students enrolled in public schools located in central
districts of metropoles can benefit from the findings of the study. According to
Merriam (2009), transferability of research can be supported by rich thick description
of the study and maximum variation. Rich thick description of the study was done
through explanation of research design, sample and participants part, teacher
training, pilot study, main study (i.e., treatment) and excerpts obtained from
observations. Likewise, findings of qualitative part were prepared based on
observation of two classes. Use of two classes as data sources provided maximum
variation. If this study had included only one class, inferences obtained from
observations would have been limited with what this class presented. On the other
hand, use of two classes enriched the data and provided more inferences by
maximizing the variation. In this part validity of qualitative part (trustworthiness) of
the study was explained based on credibility, dependability and transferability. Next

part explains ethical considerations of the study.

3.9. Ethics

After instruments and treatment were prepared, application was done for university’s
ethical committee approvals for the pilot study in 2018. After obtaining university
approval, application was done for Ministry of National Education (MONE) ethical
committee approvals. After getting MONE’s approval, permissions were taken from
school principal. Then, teacher and students voluntarily participated in pilot study. In
this process, participation form was distributed the students. This form provided brief
information about study, participants’ rights, and researcher’s information.
Furthermore, parent permission form was prepared and sent to families to get their

permissions about children’s participation to pilot study. Families accepted
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participation of their children in to study. Teacher communicated with parents in this
process. Content of the parent permission form included brief information about
researcher, information about study, students’ right, and parents’ rights. Same
process regarding ethical permissions was repeated for main study in 20109.
University’s ethical committee approval is presented in Appendix K. Likewise,
Ministry of National Education’s ethical committee approval is presented in
Appendix L. Participation form that was distributed to students are given in

Appendix M and parent permission form can be found in Appendix N.

Both teacher’s and students’ right were protected in this study. Teacher, parents and
students had rights that they can leave the study whenever they want. The real names
were not used in this study. Labelling of each student was explained in sample and
participants part. Likewise, data were not shared with third person. Researcher
shared data only with experts to get their feedbacks and analyze data. None of the
participants were deceived or no one got harmed in this study. Furthermore,
researcher did not judge teacher or students throughout the study and so participants
felt themselves in a safety environment. In a similar vein, students got familiarity
with researcher and existence of camera; therefore, existence of researcher and

camera did not affect students’ participations and did not result in ethical problems.

Data analysis can also include ethical problems. For example, researchers might
select some of the data reflecting their expectations and ignore anomalous data. In
this study, all data obtained from whole class discussions were analyzed in same way
and none of the data was left without analysis. Likewise, data was not distorted in
analysis process. Researchers adhered to codes and their meaning during analysis.

Next part informs regarding the limitations of the study.

3.10. Limitations

Current study has some limitations. Regarding quantitative part, convenient sampling
was used in this study. In other word, a group of students participated in current

study because they were available. If random sampling had been used to collect data,
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it would have been better to generalize the findings of the study (Fraenkel et al.,
2012).

Current study has also three limitations regarding its qualitative aspect. First
limitation is about data analysis. Qualitative data analysis of this study included
whole class discussions done after experiments and activities. However, data
obtained from pre-activity discussion held prior to main activity were not analyzed.
The reason why these discussions were not analyzed was absence of evidence.
Students only used their background knowledge in these discussions and they did not
use experiments and evidence sheets which are more scientific than their background
knowledge. If these pre-discussions had been included in data analysis, nature of
their argumentation process might have been portrayed wrong because arguments
would have been constructed on naive ideas rather than scientific evidence.
Similarly, small group discussions were not analyzed in this study as another
limitation regarding data analysis. In pilot study, students over reacted to existence of
sound recording and they did not work properly when sound records were provided
them. Therefore, main study did not include sound record and absence of data for
small group discussions caused not to analyze small group discussions. If small
group analysis had been added to current study, it would have been better represent
students’ engagement in argumentation process. However, students’ engagement in
argumentation process is limited with whole class discussions in current study.
Another limitation of the study is about use of multiple methods of data collection
for qualitative research. Observation was the only methods of data collection used to
gather students’ engagement in argumentation process. If it has been combined with
interviews, more information about argumentation practice would have been
gathered. Final limitation of the study is about transferability of findings.
Researchers having similar participants and context can benefit from the findings of
the study. For example, findings of current research are efficient for research
conducted with 6™ grade students enrolled in public schools located in metropolis.
However, findings may not be beneficial for other ABI research conducted with
different grade levels, different type of schools like private schools and remote areas
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from the cities. After limitations of the study, assumptions of this research are

presented in the following part.

3.11. Assumptions

There are three main assumptions accompanying this study: first, it is assumed that
the students honestly and seriously responded to the instruments used in the
quantitative part. Secondly, it is thought that students’ engagement in argumentation
process was not affected by existence of researcher and use of video cameras in
qualitative part. Thirdly, research team members assisted students when students had
difficulty to conduct their investigation that means team members facilitated and
stimulated students’ work. Therefore, it is assumed that assistance of team members

did not affect the results.

184



CHAPTER 4

RESULTS

This chapter reports results for research questions, and so this chapter includes five
parts. First part presents results about changes of participants’ content knowledge
(heat and matter and electricity). Second part presents results about changes of
participants’ epistemological beliefs (e.g. source and certainty of knowledge). Third
part shows the results about changes of participants’ science process skills (i.e.
integrated process skills). Fourth part informs about argumentation schemes that 6"
grade students used throughout the study. Last past demonstrates students’

engagement in argumentation process.

4.1. Results for Changes in Content Knowledge

First research question of the study was “Is there a change in 6" grade students’
content knowledge from Time 1 (before the ABI treatment) to Time 2 (after the ABI
treatment)?”” Content knowledge included two units namely matter and heat unit and
electricity unit. Therefore, there were two dependent variables which are matter and
heat content knowledge and electricity content knowledge and one independent
variable which is time (Time 1 and Time 2). In line with this, within subject repeated
measures multivariate analysis of variance (MANOVA) was planned to be
conducted. Before inferential statistics, results about descriptive statistics are

presented.

4.1.1. Descriptive Statistics for Changes in Content Knowledge.

Table 4.1 presents participants’ descriptive statistics of content knowledge for pre-
test and post-test. Participants’ matter and heat content knowledge was assessed by

MHCK test. Descriptive statistics suggested that participants’ matter and heat
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content knowledge mean score increased from 9.77 (SD=3.42) to 11.65 (SD=4.15)
from pre-test to post-test. Minimum and maximum scores for matter and heat content
knowledge were 3 and 16, so range was 13 in pre-test. On the other hand, minimum
and maximum values increased to 4 and 18 in post-test (Range=14). Likewise,
participants’ electricity content knowledge was assessed by ECK test. Accordingly
Table 4.1 participants’ electricity score improved from 9.39 (SD=4.37) to 11.94
(SD=4.26) from pre-test to post-test. Minimum and maximum values for electricity
content knowledge was 1 and 19 (Range=18) in pre-tests and these values were 3 and

19 (Range=16) in post-tests. The next part informs results about inferential statistics.

Table 4.1

Descriptive Statistics for Content Knowledge

Pre-Test Post-Test

Variable N Mean SD Range Min. Max. N Mean SD Range Min. Max.

MHCK 71 977 342 13 3 16 71 1165 415 14 4 18

ECK 70 939 437 18 1 19 70 1194 426 16 3 19

Prior to Repeated measure MANOVA; its assumptions are tested to understand to
what extent the results yield to valid interpretations. Therefore, firstly assumptions of
the repeated measure MANOVA are tested and secondly, results of the repeated
measure MANOVA is presented to answer research question 1 in this part.

4.1.2. Evaluation of the Assumptions of Repeated Measures Multivariate

Analysis of Variance for Content Knowledge.

Seven assumptions were considered before doing within subject multivariate analysis
of variance test. These assumptions are missing data analysis, univariate normality,
univariate outliers, multivariate normality, multivariate outliers, linearity and
absence of multicollinearity and singularity. These assumptions are discussed

separately in this part.
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4.1.2.1. Missing Data Analysis.

This study included 71 students however; two of the students either did not complete
pre-tests or post-test. Thus, the missing data were less than 3 %. According to
Tabachnick and Fidell (2012), if the percentage of missing data is low (i.e. 5 % or
less) in a random pattern, nearly all missing data handling procedures yield
comparable results. Considering this idea and the nature of the design of this study
(i.e. pre-test post-test design), the data from these students were excluded and the

remaining data from the 69 students were used to conduct the analysis.

According to Hahs-Vaughn (2017), product of the number of dependent variables
and number of measurement occasions that is the number of within subject factors
should be less than sample size. In this part of the study, there are 2 dependent
variables (e.g. electricity content knowledge) and each was measured 2 times (e.g.
pre-test). Sample size is larger than the product of these values. When the number of
dependent variables and number of measurement occasions was taken into

consideration, this remaining sample size was large enough to conduct the analysis

4.1.2.2. Univariate Normality.

Statistical or graphical methods are used for the assessment of normality
(Tabachnick & Fidell, 2012). Skewness and kurtosis values are considered to assess
normality. While skewness represents the symmetry of distribution, kurtosis is about
whether a distribution is peaked or flat. Normal distributions have zero value for
skewness and kurtosis (Tabachnick & Fidell, 2012). Therefore, skewness and
kurtosis values were used to assess univariate normality assumption. Table 4.2 shows
skewness and kurtosis values regarding matter and heat and electricity content

knowledge;
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Table 4. 2

Skewness and Kurtosis Values for Content Knowledge

Skewness Kurtosis
Pre-test
MHCK 0.09 -0.67
ECK 0.10 -0.85
Post-test
MHCK -0.24 -1.09
ECK -0.04 -1.04

According to Hahs-Vaughn (2017), distributions having skewness values larger than
2 and kurtosis values beyond 7 are considered as non-normal. Table 4.2 suggested
that skewness values for test scores are between -0.24 and 0.10. Likewise, kurtosis
values are between -1.09 and -0.67. There is no skewness and kurtosis value that
extend critical values. Therefore, it can be claimed that univariate normality

assumption is met.

4.1.2.3. Univariate Outliers.

“Univariate outliers are cases with an outlandish value on one variable” (Tabachnick
& Fidell, 2012, p.73). If a score has too large standardized value (z-score), this score
is univariate outlier. Standardized scores which are beyond +3.29 and -3.29 are
potential univariate outliers. Therefore, students’ scores were standardized in order to
detect potential univariate outliers. Table 4.3 presents highest and lowest scores for
each test:

Table 4.3

Standardized Scores for Content Knowledge

Highest Z-scores Lowest Z-scores
Pre-test
MHCK 1.88 -1.96
ECK 2.23 -2.00
Post-test
MHCK 1.56 -1.82
ECK 1.64 -2.10
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As it is seen from Table 4.3, highest and lowest z-scores for matter and heat and
electricity pre-tests and post-tests ranged between +2.23 and -2.10. These values are
between critical values which are +3.29 and -3.29. Therefore, it can be claimed that

there is no univariate outliers in cases.

4.1.2.4. Multivariate Normality for Dependent Variables.

According to Hahs-Vaughn (2017), linear combination of variables should be
normally distributed for multivariate normality for dependent variables. Prior to
multivariate normality, first univariate normality assumption should be met.
Univariate normality was met and explained in previous parts. However, univariate

normality is not sufficient for multivariate normality (Hahs-Vaughn, 2017).

There is no direct way to measure multivariate normality assumption in MANOVA.
Therefore, this assumption was not directly tested. Moreover, Hahs-Vaughn (2017)
claimed that MANOVA including repeated measure MANOVA is robust to
violations of multivariate normality when there are 20 or more cases per cell. In this
study, 69 students completed both tests in pre-test and post-test. Therefore, violating

this assumption is not serious.

Moreover, multivariate outliers can negatively affect multivariate normality. In other
word, existence of multivariate outliers might violate multivariate normality
assumption (Hahs-Vaughn, 2017). The next part informs whether multivariate

outliers exist in analysis.

4.1.2.5. Multivariate Outliers.

“Multivariate outliers are cases with an unusual combination of scores on two or
more variables” (Tabachnick & Fidell, 2012, p.73). Mahalanobis distance is used to
detect multivariate outliers and Mahalanobis distance is “the distance of a case from
the centroid of the remaining cases where the centroid is the point created at the
intersection of the means of all the variables.” (Tabachnick & Fidell, 2012, p.74).
Accordingly, Mahalanobis distance of cases is compared with the value obtained
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from chi square 2 table. In this case, number of dependent variable is two and so
degree of freedom is also two and corresponding chi-square value is 13.82 (Pallant,
2007). Similarly, cases having p value less than 0.001 for this chi square value are
accepted as outlier (Tabachnick & Fidell, 2012). Mahalanobis distance for each case
was calculated by conducting linear regression analysis in SPSS 26 program. After
Mahalanobis distances were calculated, cases were sorted in descending order and
cases having the highest 10 Mahalanobis distance are reported in Table 4.4.
Moreover, using this Mahalanobis distances, a new variable was defined to calculate
corresponding p-values for each Mahalanobis distance. 1- CDF.CHISQ (MAH_1, 2)
code was used to calculate p-values. These p-values are also available in Table 4.4:

Table 4. 4

The Highest 10 Scores for Mahalanobis Distance for Content Knowledge

Highest Mahalanobis Distance Probability level

Scores
1 13.11 0.0014
2 5.63 0.0598
3 4.43 0.1092
4 4.18 0.1234
5 4.18 0.1238
6 3.53 0.1709
7 3.42 0.1803
8 3.38 0.1840
9 3.37 0.1856
10 3.34 0.1879

The highest Mahalanobis distance is 13.11. This value does not extend the critical
values (13.11<13.82). Likewise, smallest p value is 0.0014 and this value is larger
than critical value (p>0.001). Therefore, it can be claimed that there is no

multivariate outlier in data.

4.1.2.6. Linearity.

Linearity assumption is provided when there is a linear correlation between variables
(Tabachnick & Fidell, 2012). Bivariate scatterplots between pairs of variables was

used to detect possible non-linearity. Matrix scatterplot to check linearity assumption
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Is presented in Appendix O. According to Matrix scatterplot, there are linear
relationships between variables and there is no sign for non-linearity. Therefore, it

can be concluded that linearity assumption was met.

4.1.2.7. Absence of Multicollinearity and Singularity for content knowledge

changes.

According to Tabachnick and Fidell (2012), multicollinearity problem occurs when
the correlation between variables are very high (r>0.90). Multicollinearity problem
shows that variables are too similar. Correlation coefficient between pairs of
variables was used to detect any multicollinearity problem. Table 4.5 shows

correlation coefficient among variables:

Table 4.5

Corelation Coefficient Values for Content Knowledge

Matter and Heat Matter and Heat Electricity Pre- Electricity
Pre-test Post-test test Post-test

Matter and Heat 0.58 0.68 0.54
Pre-test
Matter and Heat 0.58 0.68 0.72
Post-test
Electricity Pre- 0.68 0.68 0.61
test
Electricity Post- 0.54 0.72 0.61

test

As seen from Table 4.5, correlation coefficient values are between 0.54 and 0.72.
These values are not higher than critical value (.90), therefore, it can be said that
correlation between variables are not too high and variables are not similar, hence it

can be concluded that there is no multicollinearity problem in data.

Second concern is singularity and this problem happens when one variable is
combination of others (Tabachnick & Fidell, 2012). In this test, there are two
dependent variables which are matter and heat content knowledge and electricity

content knowledge. Tests used to assess these variables were constructed separately
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and their core ideas and objectives are different, thus, it can be claimed that one

variable do not comprehend another and there is no singularity problem.

In conclusion, data obtained from matter and heat content knowledge and electricity
content knowledge tests has no serious violations for the repeated measure
MANOVA assumptions. Therefore, repeated measure MANOVA test can be

conducted to reveal the ABI treatment effect on students’ content knowledge.

4.1.3. Repeated Measures of Multivariate Analysis of Variance for

Content Knowledge.

Repeated measures MANOVA was conducted to reveal content knowledge changes
as response to ABI treatment. Time was the independent variable and there were two
dependent variables which are matter and heat content knowledge and electricity
content knowledge in this test. Main test results are presented in Table 4.6. Results
showed that there was a statistically significant effect of argument-based inquiry
treatment on combined dependent variables, F(2,67)= 20.55, p= 0.00; Wilks’
Lambda= 0.62.

Table 4. 6

Multivariate Test Result within Subjects for Content Knowledge

Effect Wilks” Lambda F Hypothesis df Error df Significance
Level
Time 0.62 20.55 2 67 0.00

Paired sample-t tests were conducted as follow up tests to understand which content
knowledge (e.g., electricity) statistically changed as response to treatment. However,
it should be noted that paired sample-t test does not consider the correlation between

dependent variables and so it is not powerful.

Due to fact that there are two tests (pair sample t-test for matter and heat, pair

sample t-test for electricity), o level was set as 0.25 (0.50/2) and confidence interval
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was determined as 97.5% prior to analysis. Paired sample t-test analysis results are

presented in Table 4.7.

Table 4.7

Paired Sample t-test Results for Content Knowledge

Confidence Interval (97.5 %)

Pairs t Df Sig. Mean Lower Upper Eta
Difference Squared

Matter and 4.48 68 0.000 1.90 0.93 2.87 0.23
Heat post-
Matter and
Heat pre
Electricity 5.47 68 0.000 2.46 1.43 3.50 0.31
post-
Electricity
pre

According to the paired sample t-test results given in Table 4.7, there was a
statistically significant increase in matter and heat content knowledge scores from
pre-test (M=9.64, SD=3.37) to post-test (M=11.54, SD=4.13), t(68)=4.48, p<0.025
(two tailed). The mean difference in matter and heat content knowledge scores was
1.90 with a 97.5 % confidence interval ranging from 0.93 to 2.87. The eta squared
statistic (0.23) indicated large effect size according to Cohen (1988).

The following figure provides more information regarding how students’ matter and

heat content knowledge changed from pre-test to post-test.
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Figure 4. 1 Comparison of pre-test and post-test scores regarding matter and heat
knowledge

Red square represents percentage of correct answer for given item in post-tests, and
blue square (diamond shape) represents percentage of correct answer for given item
in pre-tests. According to Figure 4.1, percentages of post-test scores are higher than
percentages of pre-test scores regarding MHCK. Students’ content knowledge
increased in 15 items out of 20 from pre-test to post-test. On the other hand,
students’ content knowledge decreased in 4 items namely item 4, item 15, item 16
and item 19. Similarly, students’ performance did not change in last item (item 20).
Actually, there was no so much difference in item 4, and this question was about heat
transfer topic taught at the beginning of the treatment (week 1). It is possible that
students did not adapt to study at the beginning, hence their knowledge about this
item might not increase. Similarly, students’ performance did not improve in item
15. In this item, students were expected to compare disadvantages of renewable and
non-renewable energy sources in terms of economy and environment. Moreover,
students were expected to interpret data found in item 15 to compare different energy
sources. It is possible that both interpreting table, comparing disadvantages of
different sources, and connecting this interpretation and comparison are difficult task
for students and because of this reasons, students might not improve themselves in
item 15. Next, item 16 was about biomass as source of renewable energy. While

solving this item, students were expected to think from two opposing perspective to
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reach correct answer. First, they should know that biomass contaminates the air after
it is burnt. Second, they should grasp the idea that biomass makes photosynthesis and
this process leads them to clean air. Students might have difficulty to think these two
opposing idea and linking them, therefore, they might not successfully answer this
item in post-test. Likewise, students could not improve their performance in item 19.
This item was about interpreting knowledge given in table, fossil fuels’ damage to
environment, fossil fuels’ damage to human beings. Moreover, this question asked
students to link fossil fuel damages to environment and human beings. These four
requirements might be compelling for students. All these four items were in analysis
and synthesis level. Likewise, students’ performance did not change in item 20 and
this question was in evaluation level. On the other hand, students improved their
matter and heat content knowledge other 15 items. Six of these 6 items were in
knowledge level, 5 of them were in analysis level, 2 of them were in synthesis level,
one of them was in application level and other one of them was in evaluation level.
In conclusion, it can be said that participants’ matter and heat content knowledge

increased in this study.

Likewise, there was a statistically significant increase in electricity content
knowledge scores from pre-test (M=9.52, SD=4.25) to post-test (M=11.99,
SD=4.28), t (68) =5.47, p<0.025 (two tailed). The mean difference in electricity
content knowledge scores was 2.46 with a 97.5 % confidence interval ranging from
1.43 to 3.50. The eta squared statistic (0.31) indicated large effect size according to
Cohen (1988). Figure 4.2 provides detailed information about participants’ change

on electricity content knowledge.
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Figure 4. 2 Comparison of pre-test and post-test scores regarding electricity
knowledge

Participants’ performance increased from pre-test to post-test in 16 items out of 20.
On the other hand, participants’ performance stayed same in items 14 and items 15.
On the other hand, participants’ performance decreased in item 18 and item 19
regarding electricity. Item 14 was an application question and students were expected
to connect electricity system of a kettle and the factors affecting wire resistance. This
was the most difficult question in the ECK test (P=0.24). Results about this item
shows that students still had difficulty in connecting related objective (i.e., factors
affecting wire resistance) to their daily life applications (mechanism of kettle) after
they took ABI treatment. Likewise, students’ performance did not change in item 15.
This was an analysis level item and this item aimed to assess participants’ identifying
variables SPS skills in electricity topic. An experimental design was provided to
participants in this item and independent variable was asked to students. Although
participants’ reported their variables in all their experiments throughout the
experiment, only half of the students correctly identified independent variable asked
in this question both in pre-test and post-test. Therefore, this result is surprising for
item 15. Similarly, there was a slight difference between pre-test and post-test in
item 18 in favour of pre-test results. This was a synthesis question examining
participants’ designing experiment SPS in electricity topic. In this item, students

were asked to select an experimental design that seeks the relation between cross
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sectional area of wire and bulb brightness. Only 40 percent of students selected
correct experimental design in pre-test and this percentage was less in post-test. On
the other hand, students correctly designed this experiment in last week of the
treatment. Therefore, this finding is not expected. Likewise, participants’
performance decreased in item 19 which is evaluation level question about
formulating hypothesis SPS in electricity topic. In this question, an experimental
design was provided to students. Moreover, a hypothesis was presented to students.
In this hypothesis, it is said that there is a reverse relationship between cross
sectional area and bulb brightness. Moreover, result of the experiment is given in
question and hypothesis was falsified according to result. In this item, students were
asked to evaluate whether hypothesis is falsified or retained. Moreover, suitable
justification was needed to be selected in this question. While more than half of the
students correctly answered this question in pre-tests, less than half of them correctly
answered this question in post-test. Actually, this was a difficult question because it
requires students to know what is hypothesis, know content knowledge about the
factors affecting bulb brightness and make reasoning to explain why hypothesis
should be rejected or retain. Although this was a difficult question, this does not
explain why students’ performance decreased in this item. On the other hand,
students’ performance improved in 16 items out of 20. Accordingly, 4 of them were
in knowledge level, 2 of them were in comprehension level, 2 of them in application
level, 4 of them were in analysis level, 3 of them were in synthesis level, and 1 of
them were in evaluation level. Regarding item content, student improved their
conceptual understanding in 10 questions out of 11 and they improved their science

process skills in 6 questions out of 9 questions.

This part presented the results regarding the treatment effect on content knowledge;

changes on students’ epistemological beliefs are addressed in next part.

4.2. Results for Changes in Epistemological Beliefs

Second research question of the study was “Is there a change in 6" grade students’
epistemological beliefs from Time 1 (before the ABI treatment) to Time 2 (after the

ABI treatment)? ” Epistemological belief questionnaire was used as pre-test and
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post-test to collect data about students’ epistemological beliefs. Repeated measure
multivariate analysis of variance (MANOVA) was used to identify possible changes
in epistemological beliefs components as response to argument based-inquiry
treatment. Time was independent variable (i.e. Timel and Time 2). At Time 1
protest scores were obtained while at Time 2 post test scores were obtained. On the
other hand, three components of epistemological beliefs, namely combination of
source and certainty (i.e., combsc), development and justification were dependent
variables. Prior to repeated measures MANOVA, its assumptions are tested to see
whether data fits to conduct repeated measure MANOVA, but first, descriptive

statistics about students’ epistemological beliefs are presented.

4.2.1. Descriptive Statistics for Changes in Epistemological Beliefs.

Table 4.8 presents participants’ epistemological beliefs’ descriptive statistics for pre-

test and post-test.

Table 4.8

Descriptive Statistics for Epistemological Beliefs

Pretest Posttest
Component M SD M SD
Combination of Source and 3.92 0.61 4.00 0.79
Certanity
Justification 4.00 0.62 3.89 0.87
Development 3.67 0.59 3.74 0.80

Participants’ epistemological beliefs were assessed by EBQ (Conley et al., 2004).
Accordingly, there are three components of epistemological beliefs (Ozkan, 2008).
In line with this, mean and standard deviation of these three components are
presented as descriptive statistics for pre-test and post-test. Descriptive statistics
suggested that participants marked high scores (e.g. 4-5 over 5) both in pre-tests and
post-tests. Accordingly, combination of source and certainty mean score was 3.92
(SD=0.61) in pre-test, and this score slightly increased 4.00 (SD=0.79) in post-test.
Likewise, development component was 3.67 (SD=0.57) in pre-test and it reached to

198



3.74 (SD=0.80) in post-test. Although there were slight increases in these two
components from pre-test to post-test, participants’ justification component’s mean
score slightly decreased from 4.00 (SD=0.62) to 3.89 (SD=0.87) from pre-test to
post-test. According to descriptive statistics, it can be concluded that participants’
justification mean score was highest and combination of source and certainty and
development mean scores followed justification in pre-test. On the other hand,
participants’ combination of source and certainty mean score was highest and
justification and development components’ mean scores followed combination of

source and certainty in post-test.

4.2.2. Evaluation of the Assumptions of Repeated Measures Multivariate
Analysis of Variance for Epistemological Beliefs.

4.2.2.1. Missing Data Analysis.

A total of 71 students participated in the study. On the other hand, 66 students
completed epistemological beliefs questionnaire in both pre-tests and post-tests.
Moreover, one student was found as outlier (as explained in univariate outlier
assumption). Therefore, sample size was 65. Accordingly, the analysis was
conducted using the data only from these students. This sample size was considered
to be sufficient to get valid results. Indeed, according to Hahs-Vaughn (2017), while
determining the minimum sample size needed to conduct repeated measures
MANOVA, the number of measurement occasions and the number of dependent
variables should be considered and the sample size should be greater than the
product of these two measures. In the present study, the number of measurement
occasions was 2 and the number of dependent variables was 3. Accordingly, the
minimum sample size required is 6. Moreover, the Hahs-Vaughn (2017) added that
there are some other suggestions for the minimum sample size for MANOVA. For
example, according to a recommendation the sample size for MANOVA should be at
least 20. When these different suggestions are considered, the sample size of 65 is
found to be sufficient to conduct the analysis.
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4.2.2.2. Univariate Normality.

Descriptive statistics were used to test univariate normality assumptions. Skewness
and kurtosis values are considered to assess normality. Descriptive statistics for

epistemological beliefs components are presented in Table 4.9;

Table 4.9

Descriptive Statistics for Epistemological Beliefs Components

Skewness Kurtosis

Pre-test

Combsc* -0.54 -0.18
Justification -0.88 0.56
Development -0.23 -0.52
Post-test

Combsc* -1.03 0.95
Justification -1.33 1.46
Development -0.97 1.39

*Combsc refers the component which is combination of source and certainty.

According to Hahs-Vaughn (2017), distributions having skewness values larger than
2 and kurtosis values beyond 7 are considered as non-normal. On the other hand,
Skewness values for epistemological beliefs components are between -1.33 and -
0.23. These values are acceptable for normality because they are between acceptable
ranges. Likewise, kurtosis values support normality and their range is between -0.52
and 1.46. There is no skewness and kurtosis value that extend critical values.

4.2.2.3. Univariate Outliers.

Univariate outliers were detected by use of standardized scores. According to
Tabachnick and Fidell (2012) standardized scores (z scores) should be between -3.29
and +3.29. The values exceeding these critical values are univariate outliers. Highest
and lowest standardized scores for each epistemological belief components are

calculated and presented in Table 4.10;
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Table 4. 10

Standardized Scores for Epistemological Beliefs Components

Highest Z-scores Lowest Z-scores

Pre-test

Combsc 1.76 -2.59
Justification 1.62 -3.07
Development 2.27 -2.27
Post-test

Combsc 1.26 -2.68
Justification 1.26 -3.31*
Development 1.57 -3.42*

*the score is out of acceptable range

According to Table 4.10, one student’s standardized score is below the acceptable
range regarding post-test justification (-3.31<-3.29). Likewise, same student’s post-
development score is less than minimum limits for standardized score (-3.42<-3.29).
Then, this student’s post-test justification score and post-test development score was
compared with mean scores for post-test justification and post-test development.
While means of post-test justification and post-test development were 3.89 and 3.74
respectively, this student’s corresponding scores were 1.00 and 1.00. There were big
differences between this student’s scores and mean values and so this student’s
scores were removed from analysis in order not to affect analysis negatively.
Moreover, when Mahalanobis Distance was calculated for multivariate outlier, this
students’ Mahalanobis Distance was found as 22.97 indicating the presence as a
multivariate outlier. After this student was removed from analysis, skewness and
kurtosis values for each score became closer to zero supporting univariate normality.

In conclusion, this outlier was removed prior to analysis.

4.2.2.4. Multivariate Normality for Dependent Variables.

Linear combination of dependent variables should be normally distributed (Hahs-
Vaughn, 2017) for this assumption. Moreover, univariate normality assumption
should be met for multivariate normality for dependent variables. In line with this,

univariate normality was met and one outlier (Z= -3,31 and -3,42) violating
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univariate normality was removed from analysis. Removal of this outlier made

contribution on multivariate normality for dependent variables.

Moreover, Hahs-Vaughn (2017) claimed that MANOVA including repeated measure
MANOVA is robust to violations of multivariate normality when there are 20 or
more cases per cell. In this analysis regarding epistemological beliefs, 65 students
were included. Hence, it is thought that even though multivariate normality for
dependent variable was violated in this study, this does not result in serious

conclusions.

Another important point for multivariate normality is multivariate outliers because
multivariate outliers might threat multivariate normality (Hahs-Vaughn, 2017). In

line with this, next part informs about multivariate outliers.

4.2.2.5. Multivariate Outliers.

Mahalanobis distance and corresponding probability levels (Tabachnick & Fidell,
2012) were used to decide whether there are multivariate outliers in data.
Accordingly, chi square y> table is compared with Mahalanobis distance to claim
whether there are multivariate outliers. Degree of freedom (i.e., df) is number of
dependent variables and there are three dependent variables in this test.
Corresponding chi square value for df =3 is 16.27 and Mahalanobis distance larger
than 16.27 is assumed as multivariate outliers (Tabachnick & Fidell, 2012).
Mahalanobis distances were calculated from regression analysis using SPSS 26
program. Furthermore, probability values corresponding to Mahalanobis distance are
used to determine multivariate normality. Probability levels which are less than
0.001 are evidence that the obtained score is multivariate outlier. Probability levels
were computed by the formula 1-CDF.CHISQ (MAH_1, 3) using SPSS. Table 4.11
shows the highest 10 scores for Mahalanobis distance and corresponding probability

values;
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Table 4. 11

Highest 10 Scores for Mahalanobis Distance

Highest Mahalanobis Distance Probability level

Scores
1 22.97* 0.000*
2 10.48 0.014
3 10.31 0.016
4 9.63 0.021
5 8.70 0.033
6 8.61 0.035
7 8.51 0.036
8 7.43 0.059
9 7.13 0.067
10 6.85 0.076

According to Table 4.11 the highest score is multivariate outlier because this value’s
Mahalanobis values exceeds the critical chi square y* value (22.97> 16.27).
Likewise, this value’s probability level is less than critical value (p<0.001).
Therefore, it can be concluded that there is a multivariate outlier in data. When data
set was examined, this multivariate outlier was the student who was also univariate
outlier. Hence, this student’s scores were removed from the analysis. Other scores

did not threat multivariate outlier assumption.

4.2.2.6. Linearity.

Linearity is another assumption for repeated measure MANOVA. Accordingly, there
should be straight line relationship between each pair of dependent variables. Scatter
plots are used to meet the linearity assumption. Scatter plots used for linearity
assumption are given in Appendix O. Matrix scatter plot shows that there is no

serious violation of the assumption.

4.2.2.7. Absence of Multicollinearity and Singularity.

According to Tabachnick and Fidell (2012), multicollinearity and singularity
violations occur when pairs of dependent variables are highly correlated. If the
correlation between two dependent variable is higher than 0.90, this is evidence for
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multicollinearity. Correlation coefficient values were calculated to decide whether

there is multicollinearity. Relationships are presented in Table 4.12;

Table 4. 12

Corelation Coefficient Values for Epistemological Beliefs Components

Pre-test Post-test  Pre-test Post-test Pre-test Post-test
combsc  combsc  justification  justification  development development
Pre-test 0.49 0.56 0.09 0.27 0.03
combsc
Post-test 0.49 0.31 0.55 0.14 0.45
combsc
Pre-test 0.56 0.31 0.40 0.31 0.21
justification
Post-test 0.09 0.55 0.40 0.23 0.84
justification
Pre-test 0.27 0.14 0.31 0.23 0.20
development
Post-test 0.03 0.45 0.21 0.84 0.20

development

According to Table 4.12, there are no correlation between variables higher than 0.90.
Therefore, it can be claimed that there is no multicollinearity in data. Singularity is
another concern and singularity happens when variables are combination of other
variables. In this study, variables were obtained from Ozkan (2008). Confirmatory
factor analysis provided three structures in this previous study which are
combination of source and certainty, justification and development. Therefore, it is
assumed that none of the epistemological belief component is combination of others

and there is no singularity violation in data.

In conclusion, data obtained from epistemological belief questionnaire has no serious
violations for repeated measure MANOVA assumptions. Therefore, repeated
measure MANOVA test can be conducted to reveal whether there is a change on

epistemological beliefs as response to ABI treatment.
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4.2.3 Repeated Measures of Multivariate Analysis of Variance for

Epistemological Beliefs.

Repeated measure MANOVA was conducted to see the impact of ABI treatment on
students’ epistemological beliefs including three components namely combination of
source and certainty, justification and development. Results of Repeated measure
MANOVA were given in Table 4.13. According to the results there was no
significant effect of argument-based inquiry treatment on combined dependent
variables, F(3,62)= 2.24, p= 0.09; Wilks’ Lambda= 0.90. Due to fact that treatment
had no effect on combined variables, separate analysis for dependent variables were

not conducted.

Table 4. 13

Multivariate Test Result within Subjects for Epistemological Beliefs

Effect Wilks’Lambda F Hypothesis df Error df Significance
Level
Time 0.90 2.24 3 62 0.09

In order to get more information about changes on participants’ epistemological
beliefs, participants’ level of agreement to each epistemological beliefs questionnaire
items were taken into consideration for both pre-test and post-test. Accordingly,
percentages of strongly agree and agree were summed under Agree title. Likewise,
percentages of strongly disagree and disagree were summed under Disagree title.
Moreover, percentages of the undecided response for each item are recorded too.
Table 4.14 presents combination of source and certainty items and percentages of
students’ answers including agreement, disagreement and undecided answers for pre-
test and post-test. Source and certainty items were negative items (Conley et al.,
2004) therefore; disagreement with related items suggests sophisticated

epistemological beliefs.
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Table 4. 14

Percentages of Students’ Response to Combination of Source and Certainty Items

Pretest Posttest

Item Disagree  Undecided  Agree Disagree ~ Undecided  Agree
(%) (%) (%) (%) (%) (%)

Everybody has to 84.8 7.6 7.6 83.3 6.1 10.6
believe what
scientists say.

In science, you have  84.3 9.1 4.5 81.8 7.6 10.6
to believe what the

science books say

about stuff.

Whatever the teacher  63.6 18.2 18.2 74.2 12.2 13.6
says in science class
is true.

If you read 51.5 30.3 18.2 57.6 33.3 9.1
something in a

science book, you

can be sure it is true.

Only scientists know  79.8 13.6 7.6 77.3 15.2 75
for sure what is true
in science.

Scientists pretty 80.3 6.1 13.6 69.7 19.7 10.6
much know

everything about

science; there is not

much more to know.

Scientific knowledge 65.2 22.7 121 59.1 28.8 121
is always true.

Once scientists have  78.8 9.1 12.1 75.8 12.1 12.1
a result from an

experiment, that is

the only answer.

Scientists always 54.5 19.7 25.8 63.6 21.2 154
agree about what is
true in science.

According to Table 4.14, students’ level of disagreement was higher than their
agreement and undecided response on all negative items found in combination of
source and certainty component for both pre-test and post-test. This shows that

students marked the options which are consistent with sophisticated epistemological
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beliefs regarding this component because all the items in this component were

negative item.

In pre-test, the highest percentage of disagreement was 84.8 in item “Everybody has
to believe what scientists say.” and second highest percentage of disagreement was
84.3 in item “In science, you have to believe what the science books say about stuff.”
On the other hand, the lowest percentage of disagreement was 51.5 in item that is “If
you read something in a science book, you can be sure it is true.” Likewise, students’
level of disagreement was relatively low (54.5 %) in the item “Scientists always

agree about what is true in science.”

Similarly, the highest percentage of disagreement was 83.3 in the same item
“Everybody has to believe what scientists say.” in post-test. Likewise, the item “In
science, you have to believe what the science books say about stuff.” followed it with
81.8 %. Furthermore, the lowest percentage of disagreement (57.6 %) was still the

item “If you read something in a science book, you can be sure it is true.”

When change of students’ disagreement level was examined from pre-test to post-
test, it is seen that percentages of disagreements for three items increased from pre-
test to post-test. Accordingly, disagreement increased from 63.6 % to 74.2 % in item
“Whatever the teacher says in science class is true.”, from 51.5 % to 57.6 % in item
“If you read something in a science book, you can be sure it is true.” and from 54.5
to 63.6 in item “Scientists always agree about what is true in science.” Although
percentages of disagreement increased in these three items, it decreased obviously in
two items. Accordingly, students disagreement percentage decreased from 80.3 to
69.7 in item “Scientists pretty much know everything about science; there is not
much more to know.” and decreased from 65.2 to 59.1 in item “Scientific knowledge
is always true.” In conclusion, the data suggests that students had sophisticated
epistemological beliefs in source and certainty components’ combination both in pre-
test and post-test because disagreement was higher than agreement and undecided
response for all items written in negative format. Moreover, their percentage did not
change too much according to percentages of responses obtained in pre-test and post-
test. On the other hand, when three items in which disagreement level increased are
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examined, it might be said that students became a bit more sceptical to source of
knowledge and students started to think that scientists may disagree with each other.
On the other hand; after this study, students’ approval to some positivist
epistemology might increase because the percentages of ideas which are scientists
know everything in science and scientific knowledge is always true increased from
pre-test to post-test. However, these claims are still not eligible because students’

responses to items in general seem to be stable.

After combination of source and certainty component was reported based on
percentages of each item, justification item’s percentages are reported. Table 4.15
presents the percentages of each item related with justification component of

epistemological beliefs.
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Table 4. 15

Percentages of Students’ Response to Justification Items

Pretest Posttest

Item Agree  Undecided  Disagree Agree  Undecided
(%) (%) (%) (%) (%)

Disagree
(%)

Ideas about science 72.7 22.7 4.6 63.6 21.2
experiments come

from being curious

and thinking about

how things work.

In science, there can 84.8 9.1 6.1 72.7 13.6
be more than one

way for scientists to

test their ideas.

One important part of  77.3 9.1 13.6 75.8 9.1
science is doing

experiments to come

up with new ideas

about how things

work.

It is good to try 74.2 15.2 10.6 74.2 15.2
experiments more

than once to make

sure of your findings.

Good ideas in 75.8 9.1 15.1 72.7 10.6
science can come

from anybody, not

just from scientists.

A good way to know 81.8 6.1 12.1 71.2 13.6
if something is true is
to do an experiment.

Good answers are 66.7 27.3 6.0 68.2 24.2
based on evidence

from many different

experiments.

Ideas in science can 69.7 15.2 15.1 69.7 15.1
come from your own

questions and

experiments.

It is good to have an 81.8 6.1 12.1 71.8 9.1
idea before you start
an experiment.

15.2

13.7

15.1

10.6

16.7

15.2

7.6

15.2

19.7
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As it was reported in combination of source and certainty, students had sophisticated
epistemological beliefs regarding justification component because their agreement
was higher than undecided response and disagreement for all items both in pre-test

and post-test.

In pre-test, the highest approval was 84.8 % in the item “In science, there can be
more than one way for scientists to test their ideas.” and there were two items getting
second highest approval which are “A good way to know if something is true is to do
an experiment.” and “It is good to have an idea before you start an experiment.”
These two items’ approval percentage was 81.8 %. On the other hand, the least
approved item was “Good answers are based on evidence from many different

experiments.”. Accordingly, 66.7 % of students agreed to this item.

On the other hand, it can be said there is a decrease in students’ agreement with
justification items in post-test. According to post-test items, the highest agreement
was with the item “One important part of science is doing experiments to come up
with new ideas” (75.8 % ), the second highest agreement in post test was with the
item “It is good to try experiments more than once to make sure of your findings.”
(74.2) However, the least agreed item was “Ideas about science experiments come
from being curious and thinking about how things work.”. Accordingly, 63.6 % of

students agreed with this item in post-test.

Although students’ agreement percentages with justification items were higher than
disagreement and undecided response’s percentages both in pre-test and post-test for
all items, there is no obvious increase on students’ agreement to justification items
from pre-test to post-test in item level. On the other hand, students’ agrement with
justification items apparently decreased in four items. The items that students’
agreement decreased from pre-test to post-test are “Ideas about science experiments
come from being curious and thinking about how things work.”, “In science, there
can be more than one way for scientists to test their ideas.”, “A good way to know if
something is true is to do an experiment.” and “It is good to have an idea before you
start an experiment.” All these four items’ agreement decreased around 10 % in

average. In conclusion, it can be said that participants’ epistemological beliefs were
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sophisticated both in pre-test and post-test in terms of justification component.
However, these beliefs started to slightly decrease after treatment because related
percentages showed that students’ agreement with several justification items
decreased from pre-test to post-test. In spite of this decrease, high level of agreement
with the items suggested that students’ epistemological beliefs regarding justification

dimension reflected sophisticated views both before and after the treatment

Finally, percentages of students’ responses about development component are
presented. These percentages further inform about students’ epistemological beliefs

in development component in item level. Percentages are presented in Table 4.16.

Table 4. 16

Percentages of Students Response to Development Items

Pretest Posttest
Item Agree  Undecided  Disagree Agree  Undecided  Disagree
(%) (%) (%) (%) (%) (%)
Some ideas in 455 37.9 16.6 50.0 40.9 9.1
science today are
different than what
scientists used to
think.
The ideas in science 59.1 33.3 7.6 56.1 30.3 13.6
books sometimes
change.
There are some 80.3 10.6 9.1 72.7 7.6 19.7
questions that even
scientists cannot
answer.
Ideas in science 72.7 13.6 13.7 77.3 12.1 10.6
sometimes change.
New discoveries can 42.4 47.0 10.6 47.0 42.4 10.6
change what
scientists think is
true.
Sometimes 62.1 21.2 16.7 66.7 25.8 7.5

scientists change
their minds about
what is true in
science.
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According to Table 4.16, participants percentages of agreement with development
items were higher than their percentages of undecided response and disagreement in
general both in pre-test and post-test. Therefore, it can be said that students had
sophisticated epistemological beliefs regarding development component both in pre-
test and post-test. However, participants’ agreement level with development items is
lower comparing with their agreement to other two epistemological beliefs

components (e.g. justification).

Percentages obtained from pre-test shows that agreement percent is higher than
disagreement and undecided percent in five items out of six. On the other hand,
undecided response percentage was higher than agreement percentage in one item
(47.0 % and 42.4 %) which is “New discoveries can change what scientists think is
true.” The highest percentage that students agreed in pre-test was 80.3 in the item
“There are some questions that even scientists cannot answer.” and the item “Ideas in
science sometimes change.” followed this item with 72.7 %. On the other hand, the
item that students least agreed was “New discoveries can change what scientists

think is true.” with 42.4 %.

While percentages of students’ agreement were higher than undecided response and
disagreement percentage in five items in pre-tests, agreement percentage was higher
than other responses’ percentages in all development items in post-tests. Students
agreed most with the item “Ideas in science sometimes change.” (77.3 %). The item
“There are some questions that even scientists cannot answer” followed the most
agreed item with an agreement of 72.7 % in post-test. On the other hand, the least
agreed item was “New discoveries can change what scientists think is true.” (47.0 %)

in post-test.

Table 4.16 also informs about changes about students’ beliefs in development
component of epistemological beliefs from pre-test to post-test. Accordingly,
percentages of students’ agreement increased in four items and the increase percent
for these items were around 4-5 %. For example, students’ agreement increased from
45.5 % to 50.0 % in item “Some ideas in science today are different than what

scientists used to think.” On the other hand, percentages of students’ agreement
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clearly decreased in one item “There are some questions that even scientists cannot
answer.” from 80.3 to 72.7. Likewise, students’ agreement with the item “The ideas
in science books sometimes change.” slightly decreased from pre-test to post-test. In
conclusion, it can be claimed that students had sophisticated epistemological beliefs
about development both in pre-test and post-test although there are some increase or
decrease on percentages of students’ agreement in some items from pre-test to post-

test.

In conclusion, percentage tables were presented to portray how students’
epistemological beliefs changed according to each component in item level. These
three tables showed that students held sophisticated epistemological beliefs in both
pre-test and post-test scores because percentages of students’ agreement were almost
more than the percentages of undecided response and disagreement. Although there
were slight differences between pre-test and post-test in item level, general trend
remained stable for all three components. These results obtained from percentage
tables is also consistent with the inferential statistics’ (i.e. Repeated MANOVA)
results revealing that there is no statistical change on students’ epistemological
beliefs from pre-test to post-test. The following part continues with result about

change in participants’ science process skills as response to treatment.

4.3. Results for Changes in the Science Process Skills

Third research question of the study was “Is there a change in 6" grade students’
science process skills from Time 1 (before the ABI treatment) to Time 2 (after the
ABI treatment)?” Science process skills test developed by Burns et al. (1985) was
used to collect data regarding students’ science process skills. This test was
developed to assess integrated process skills and the test was non-specific to
curriculum. Therefore, results of this test reflect students integrated process skills

(e.g., operational definition) about general science domain.

Prior to analysis, within subject repeated measure MANOVA was planned to be
conducted because there were five different components of science process skill test.

However, these components had only few items and these components’ reliability
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scores were too low. Therefore, SPS was decided to be examined as a
unidimensional construct rather than combination of five dimensions because of low
reliability scores of dimensions. Similar approach (e.g. accepting SPS as one
dimension) was also used in previous research (Cansiz, 2014; Gok, 2014). Hence,
within subject repeated MANOVA was not conducted to reveal whether
corresponding components changed. Lack of separate analysis of science process
skills components can be one of the limitations of current study. On the other hand,
paired sample t-test was conducted on total instrument scores which is the
combination of other components. This part includes assumptions of paired sample t-
test and its results. First, assumptions of the test are explained and then results of
paired sample-t test are presented. Prior to evaluation of assumptions of pair sample
t-test, descriptive statistics for science process skill scores obtained in pre-test and

post-test are presented.

4.3.1. Descriptive Statistics for Changes in Science Process Skills.

TIPSII included 26 multiple choice test items (Can, 2008). Thus, if all questions are
answered correctly, the maximum score will be 26. Table 4.17 presents descriptive
statistics for science process skills including sample size, mean, standard deviations,

minimum, maximum values and range.

Table 4. 17

Science Process Skills Descriptive Statistics

N Mean Standard Minimum Maximum Range
Deviation
Pre-test 63 14.70 5.48 5 25 20
Post-test 63 14.33 5.98 4 25 21

Descriptive statistics show that mean scores of students’ science process skills were
similar in pre-test and post-test. The mean score of pre-test was 14.70 (SD=5.48) and
this score slightly decreased to 14.33 (SD=5.98) in post-test. The minimum SPS

score was 5 and the maximum score was 25 over 26 in pre-test. Similarly, the
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minimum SPS score was 4 and the maximum score was 25 in post-test. The range

also did not change from pre-test to post-test.

4.3.2. Evaluation of the Assumptions of Paired Sample t-test for Science

Process Skills.

There are two basic assumptions of paired sample t-test namely, independence of
observations and normal distribution of difference scores in the population (Gravetter
& Wallnau, 2007). Independence of observation assumption requires that
observation is independent between cases, not across occasion or time. In the current
study, while administering the instruments, no interaction among the students was
allowed. There was no cheating or discussions among the students. Thus, this
assumption is assumed to be satisfied. Regarding normality assumption, the
difference scores obtained from subtraction of pre-test scores from post-test scores
were calculated and skewness and kurtosis values were examined for the difference

scores (see Table 4.18).

Table 4. 18

Descriptive Statistics for Difference Scores

Mean Standard Skewness Kurtosis Minimum Maximum
Difference Deviation
The -0.36 491 -0.12 -0.03 -13 10
difference
between
post-test
and  pre-

test

According to Table 4.18; skewness values for difference is -0.12 and kurtosis value
is -0.03 and these values are between acceptable ranges. Therefore, these results do

not violate normality assumption.
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4.3.3. Paired Sample t-test for Science Process SkKills.

Paired sample t-test was conducted to see the effect of argument based inquiry
treatment on students’ integrated science process skills. Results of paired sample t-

test were given in Table 4.19;

Table 4. 19

Result of Pair Sample t-test regarding Science Process Skills

Confidence Interval (95

%)
Pair T Df Sig. Mean Lower Upper
Difference
Difference
between -0.59 62 .557 -0.36 -1.60 0.87
post-test and
pre-test

According to the Table 19, there was no statistically significant change from pre-test
(M=14.70, SD=5.48) to post-test (M=14.33, SD=5.98), t (62) = -0.59, p>0.05 (two
tailed). The mean difference score was -0.36 for science process skills scores with 95
% confidence interval ranging -1.60 to 0.87. It can be claimed that the treatment did

not have a significant effect on students’ integrated science process skills.

In order to better portray changes in science process skills, results were examined in
item level. Figure 4.3 presents changes of percentage of correct answers in science
process skill test from pre-test to post-test for each item
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Figure 4. 3 Comparison of pre-test and post-test scores regarding science process
skills

According to Figure 4.3, there is no specific trend for changes of percentages of
correct answers from pre-test to post-test. Percentages of correct answers were
similar in 18 items out of 26 because blue and red squares were close to each other in
these items. In these items (e.g. item 2, item 7), differences of percentages of correct
answers were less than 10 %. On the other hand, percentages of correct answer were
clearly higher in four items in pre-test scores compared with post-test scores (item 6,
item 9, item 15, item 22). Content of these items were different from each other. For
example, item 6 was about graphing, and item 9, 15 and 22 were about identifying
variables (e.g. control variable) integrated process skills. On the other hand,
percentages of correct answers increased in four items which are item 1, item 14,
item 23 and item 24. Content of item 1 was about defining operationally, and content

of item 14, 23, and 24 were about identifying variables.

To sum up, it can be claimed that percentages of correct anwers regarding science
process skills was stable in general because the scores obtained in pre-test and post-
test were close to each other in 18 items out of 26 (The percentage of difference was
less than 10 % in these 18 items). Moreover, the numbers of items that percentages
of correct answers decreased or increased in this study are close each other
(percentage of correct answer decreased in 4 items and increased in 4 items too.
Percentages of difference between pre-test and post-test were more than 10 % in
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these items), thus an inference cannot be done based on number of items to reach a
conclusion (i.e. increase or decrease) for changes. Even though percentage of correct
answers obviously increased or decreased from pre-test to post-test in some items,
content of items did not diverge so much between items in which percentages of
correct answers increased and items in which percentages of correct answers
decreased. For example, three of the items in which percentages of correct answers
increased were about identifying variables. Likewise, three of the items in which
percentages of correct answers decreased were about identifying variables too.
Therefore, it cannot be claimed that percentages of correct answers changed based on
content of the item (e.g., identifying variables). These percentages of correct answers
are also consistent with paired sample t-test results showing there is no statistical
difference between pre-test and post-test scores in terms of science process skKills.

The next part presents the results about argumentation schemes.

4.4. Findings for Nature of Students Arguments

Forth research question of the study is “What is the nature of 6" grade students’
arguments when they are analyzed based on argumentation schemes?” Walton’s
(1996) argumentation schemes (see Table 3.6) were used to reveal students’
argumentation schemes throughout the process. In addition to Walton’s explanations
of argumentations schemes, Duschl’s (2007) ideas about argumentation schemes
were also used as a guide to reveal students’ argumentation schemes. Total
frequency of each argumentation schemes and their percentages are presented for
both classes in each week. Firstly, class 1’s argumentation schemes and secondly,
class 2’s argumentation schemes are presented. After findings of both classes are
given, similarities and differences derived from both classes’ findings are presented
as assertions. These assertions summarize 6" grade level students’ argumentation

schemes and can be thought as the answer of research question 4.
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4.4.1. Class 1 Findings.

Class 1’s whole class discussions were analysed based on argumentation schemes.
Students’ argumentation schemes are linked with students’ reasoning about the
argument (i.e., product of argumentation). According to Walton (1996), people can
use 25 different schemes when they propose an argument (see chapter 3, Table 3.7).
Similar to Walton, Duschl (2007) also used some of these argumentation schemes,
but Duschl did not add some new argumentation schemes. Therefore, current study
focused on all 25 argumentation schemes. Total frequencies of argumentation
schemes used by class 1 students for each week are presented in Figure 4.4. Content
of the each week, how ABI was applied for each week and type of data used in

corresponding week was summarized in chapter 3 Table 3.2.
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Class 1 Argumentation Schemes
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Week1 Week2 Week3 Week4 Week5 Week6
M Sign 2 4 7 12 15 0
B Evidence to Hypothesis 4 4 0 0 6 5
B Comparison 6 6 2 0 5 3
M Position to Know 7 1 1 5 4 5
B Example 1 1 0 7 1 0
B Expert 0 1 33 7 0 0
B Popularity 0 1 0 0 0 2
m Corelation to cause 0 0 6 4 1 0
Consequence 0 0 4 3 0 0
Committment 0 0 3 0 0 0
M Cause effect 0 0 0 3 1 1
M Analogy 0 0 0 1 0 1
Gradualism 0 0 0 0 1 0

Figure 4. 4 Total frequencies of argumentation schemes used by class 1

Firstly, there are 25 possible argumentation schemes (Walton, 1996). However,
Figure 4.4 suggested that class 1 students used 13 argumentation schemes out of 25
schemes (e.g. argument from sign) in whole class discussions and so 12
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argumentation schemes (e.g., argument from established rule) were not used by Class
1.

Secondly, students’ argumentation schemes can be explained based on total number
of argumentation schemes used and total types of argumentation schemes that
students used in class. Therefore, Figure 4.4 firstly was interpreted based on total
number of argumentation schemes and then this figure was interpreted depending on

the types of argumentation schemes in total.

Regarding total number of argumentation schemes, argumentation schemes were
mostly used in week 3 in class 1 where students used 56 argumentation schemes.
Second week that students used argumentation schemes most was week 4 where
students used 42 argumentation schemes. Students were also used argumentation
schemes frequently in week 5. Total number of argumentation schemes used in week
5 was 34. On the other hand, Class 1 students did not actively used argumentation
schemes in week 1, week 2 and week 6. Accordingly, total number of argumentation
schemes used by class 1 students was 20 in week 1, 18 in week 2 and 17 in week 6.
In conclusion, the order of the weeks depending on the total number of
argumentation schemes is: Week 3> Week 4> Week 5> Week 1> Week 2 > Week 6

Total number of argumentation schemes used in class 1 for each week can also be

seen from Figure 4.5 linear line graph:
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Figure 4. 5 Class 1 argumentation schemes weekly line graph

Figure 4.4 also informs the types of argumentation schemes that students used in
each week. The number of type of argumentation schemes that class 1 students used
was most in week 4 and week 5. In these weeks, 8 different types of argumentation
schemes were used in class 1. The argumentation schemes used by students in week
4 were sign, position to know, example, expert, corelation to cause, consequence,
cause effect and analogy. On the other hand, sign, evidence to hypothesis,
comparison, position to know, example, corelation to cause, cause effect, and
gradualism were the types of argumentation schemes used in week 5. Besides, 7
different argumentation schemes were used in week 2 and week 3. While sign,
evidence to hypothesis, comparison, position to know, example, expert and
popularity schemes were used in week 2; sign, comparison, position to know, expert,
corelation to cause, consequence, and commitment were used in week 3 regarding
the types of argumentation schemes. Class 1 students used 6 different types of
argumentation schemes in week 6. The schemes that students used in this week were
evidence to hypothesis, comparison, position to know, popularity, cause effect and
analogy. The fewest numbers of types of argumentation schemes were used in week
1inclass 1. Class 1 students used sign, evidence to hypothesis, comparison, position
to know and example schemes in this week. In conclusion, class 1 students started
with using five different types of argumentation schemes in week 1 and number of
types of argumentation schemes increased to eight different schemes in last weeks
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except week 6. Therefore, it can be said that class 1 students increased the use of

number of argumentation schemes types over time in the study.

When frequency of use of argumentation schemes are compared with each other,
Figure 4.4 shows that the most frequently used scheme was argument from expert
opinion which was used 41 times. The second most frequently schema was argument
from sign and this scheme was used 40 times. Argument from position to know
followed these two schemes. Accordingly, class 1 students used position to know
scheme 23 times. Similarly, class 1 used argument from comparison 22 times and
argument from evidence to hypothesis 19 times throughout the study. Students also
used argument from corelation to cause (11 times), argument from example (10
times), and argument from consequence (7 times) although these schemes were not
used as often as the most frequently used schemes. On the other hand, other schemes
which were used by class 1 students were argument from cause to effect (5 times),
argument from popularity (3 times), argument from commitment (3 times), argument

from analogy (2 times), and argument from gradualism (1 time).
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While frequency graph (Figure 4.4) informed about students’ total number of
argumentation schemes and types of argumentation schemes students used, pie charts
were prepared to compare percentages of each argumentation schemes with others

for each week. These pie charts are presented in Figure 4.6;

Weekl Wee k2
M 5ign M Evidence to Hypothesis @ Comparison M Position to Know M Example ¥ Sign B Evidence fo Hyputhesis  Com pariscm
W Position to Know M Example ¥ Expert
1 Popularity

Week3 Week4
W 3ign B Comparison M Position to Know W Sign M Position to Know M Example
W Expert W Corelation to cause © Consequence M Expert B Corelation to cause ™ Consequence
M Committment M Cause effect ¥ Analogy
5% 7% 2%
7% 4% 7%
2%
Week5
Week6
B Sign ' Evidence to Hypathesis B Comparison B Evidence to Hypothesis B Comparison B Position to Know
B Position to Know HExample B Corelation to cause W Popularity M Cause effect  Analogy
W Cause effect Gradualism
6%
3% 3%
% 3%

Figure 4. 6 Class 1 weekly percentages of argumentation schemes

According to Figure 4.6, class 1 students mostly used argument from position to

know, argument from comparison, and argument from evidence to hypothesis in
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week 1 which was about heat conductivity. Percentages of these schemes were 35 %,
30 % and 20 % respectively. Argument from sign and argument from example on the
other hand were used less. While 10 % of the arguments were argument from sign in
this week, 5 % of arguments were argument from example. After students presented
their arguments, other students asked questions to learn more about experiments and
results, so students mostly used argument from position to know in this week. While
students presented their arguments, they focused on the comparison of concrete
materials such as metal spoon and plastic spoon. Therefore, students used argument
from comparison very much when they constructed their arguments. Likewise,
students formed hypothesis prior to experiment and tested this hypothesis and
reached some evidence regarding the validity of hypothesis. By doing this, students
frequently used argument from evidence to hypothesis. On the other hand, students
could not explain the observed phenomena in some cases and they formulated ideas
using their inferences. By this way, students used argument from sign. Moreover,
students sometimes referred examples to support their claims and so they referred

argument from examples in this week.

Similar to week 1, class 1 students used argument from comparison most in week 2.
One third of the arguments were arguments from comparison in this week. Argument
from sign and argument from evidence to hypothesis were other two schemes that
were frequently used in week 2. Percentages of each of these two argumentation
schemes were 22 %. Apart from these three argumentation schemes, students used
argument from example, expert, popularity and position to know. However,
percentages of these four argumentation schemes were fewer and corresponded to 5
or 6 % of total argumentation schemes. In week 2, the topic was about heat
insulation. Students conducted experiments to reveal which materials were better
heat insulators. While forming their arguments, they compared different cups such as
metal cup and foam cup with each other, so they frequently used arguments from
comparison. Likewise, they tested their hypothesis, and so they consulted argument
from evidence to hypothesis in this week. Similarly, argument from sign was often
used by students when there were uncertainties. Students used inferences to reach

explanation and eliminate uncertainties. By using their inferences, they used
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argument from sign. While students were trying to make explanations using their
inferences, they were aware that their explanations were not certain and there were
some possibilities that their ideas can be wrong. Although students actively used
argument from position to know in week 1, they did not use this scheme frequently

in week 2.

In week 3, students did not conduct experiments and they used evidence cards to
construct their arguments in thermal insulating products. More than half of the
argumentation schemes were argument from expert which corresponded to 59 % of
all schemes in this week. Argument from sign (12 %) and argument from correlation
to cause (11 %) were other two noticeable schemes used in week 3. Students also
used argument from consequence (7 %), argument from commitment (5 %),
argument from comparison (4 %) and argument from position to know (2 %).
However, percentages of these four schemes were fewer. According to this data,
students mainly consulted on evidence cards when they constructed their arguments;
therefore, argument from expert opinion dominated this week. When uncertainties
emerged they formulated idea to clarify issue by using their inferences. In some
points, they knew that their ideas had possibility of being wrong, so their
argumentation schemes were argument from sign. However, in some points, students
were certain that their ideas were correct even though their ideas were wrong,
therefore, it is thought that students used argument from correlation to cause schema

in such situations.

Topic of the week 4 was energy sources. Three most common argumentation
schemes that were used in this week were argument from sign, argument from
example, and argument from expert. While percentage of argument from sign
corresponded to 29 % of all arguments, percentages of argument from example and
argument from expert were 17 %. Argument from position to know and argument
from correlation to cause followed these three schemes. Percentages of these two
argumentation schemes were 12 % and 9 % respectively. Three more argumentation
schemes which were argument from consequence, argument from cause to effect and
argument from analogy were also used in this week, but percentage of these schemes

were fewer. Students had prior knowledge in energy sources topic because they
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actively discussed in both pre-activity discussions and whole class discussion.
Moreover, evidence cards supported their argumentation. Likewise, topic was closely
related with daily life. During argumentation, students frequently used their
inferences and so argument from sign became most used argumentation scheme.
Likewise, students consulted on the information given in evidence cards and this
supported their use of argument from expert opinion. Furthermore, students
frequently used argument from example to support their ideas benefitting from the
direct link between daily life experiences and the topic. When students did not have
sufficient knowledge, they asked questions to each other. This caused them to use
argument from position to know during whole class discussions. On the other hand,
students connected two different phenomena as cause and effect actually there was
no cause effect relationship between them and this situation resulted in using
argument from correlation to cause. However, students sometimes noticed the correct
cause effect relationships and they used argument from cause to effect schemes in
such instances. Likewise, students sometimes considered possible benefits and
damages of using relevant energy sources, so they used argument from consequence

scheme.

Students started electricity unit in week 5 and the topic was electrical conductivity.
In line with this, students conducted their experiments. Nearly half of the
argumentation schemes revealed in class 1 in this week were argument from sign (44
%). Argument from evidence to hypothesis, argument from comparison and
argument from position to know followed this scheme. The percentages of these
three argumentation schemes were 17 %, 15 % and 12 % respectively. Students also
rarely used argument from example, correlation to cause, cause-effect and
gradualism in this week. Students tried to explain their observations and their effort
was based on making inferences to explain observed phenomena. For example; they
tried to explain why salty water conducted electricity, and they used their inferences
and so they used argument from sign. Second most used scheme was argument from
evidence to hypothesis. Students used this scheme often in constructing their
hypothesis prior to testing and they pointed out this scheme when they presented

their results in whole class discussions. Regarding use of argument from comparison,
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students compared concrete materials throughout the discussion. For example, they
mentioned the examples of electricity conductors such as metal cup and compared
them with materials that do not conduct electricity such as foam cup. By this way,
they actively used argument from comparison. Likewise, students examined other
groups by asking questions and so they used argument from position to know in this
week too. For example, one of the students asked presenting group the relationship
between battery power and bulb brightness when presenting groups explained the

relation between thickness of wire and bulb brightness.

In the last week, students used simulation activity and content of the topic was the
factors affecting bulb brightness. In this week, students used mostly argument from
evidence to hypothesis (29 %), argument from position to know (29 %), and
argument from comparison (18 %). Argument from popularity, cause-effect and
analogy were the other argumentation schemes used in this week. Accordingly, the
reason why students mainly used argument from evidence to hypothesis and position
to know can be linked to nature of argument based inquiry. Accordingly, students
conducted their experiments (in simulations) and presented them in negotiation
phases. While presenting their results, students mainly pointed out their hypothesis
and testing procedure. Hence, they used argument from evidence to hypothesis.
While proponent students used argument from evidence to hypothesis when
presenting results, other students asked questions and examined the validity of
findings. By this way, they actively used argument from position to know. Likewise,
students compared different properties of wire such as thickness, length and type.
Hence, argument from comparison was the third most used argumentation scheme in
last week. Argument from popularity was also used in this week and students used
this scheme when they reached the same results with presenting groups. When one
argument was proposed in class, others supported it because their argument was
same. By this way, proposed argument became popular in class and other students
appreciated it. In this part, argumentation schemes occurred in class 1 was presented

and next part informs about the argumentation schemes revealed in class 2.

In conclusion, findings about argumentation schemes in Class 1 showed that 13

different argumentation schemes were used in class 1. Total number of
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argumentation schemes was most in week 3 and week 4 followed this week. On the
other hand, students used the fewest number of argumentation schemes in week 6
and week 2 in Class 1. There was no clear pattern to claim that total number of
argumentation schemes class 1 students used increased or decreased over time.
Although total number of argumentation schemes did not increase over time,
findings suggested that total number of types of argumentation schemes that Class 1
students used increased over time in general. The most used argumentation scheme
used by Class 1 students were argument from expert opinion. Argument from sign
and argument from position to know followed the argument from expert opinion.
Argument from comparison, argument from evidence to hypothesis, and argument
from corelation to cause were other argumentation schemes frequently used by Class
1 students. In week 1, Class 1 students mostly used argument from position to know,
but they mostly used argument from comparison in week 2. On the other hand,
argument from expert opinion was the most used scheme in week 3. Likewise,
students mostly preferred to use argument from sign in week 4 and week 5.
Argument from evidence to hypothesis and argument from position to know were the
two argumentation schemes that Class 1 students mostly used in last week of the

study.

4.4.2. Class 2 Findings.

Similar to class 1, class 2 students’ argumentation schemes were revealed by use of
Walton’s (1996) argumentation schemes, and Duschl’s (2007) ideas about
argumentation schemes. Figure 4.7 presents total frequencies of argumentation
schemes used by Class 2 throughout the study. Although there are 25 possible
argumentation schemes, Class 2 students proposed 16 different argumentation
schemes (e.g. argument from evidence to hypothesis) throughout the study and 9 of
the argumentation schemes (e.g. argument from gradualism) were not observed in
Class 2.

According to Figure 4.7, total number of argumentation schemes was the highest in

week 1. Class 2 students used 48 schemes in total in week 1. Students used similar
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number of argumentation schemes in week 5 and week 3. While they used
argumentation schemes 47 times in week 5, they used argumentation schemes 44
times in week 3. Although use of argumentation schemes was not as often as these
weeks, students also used them frequently in week 6 and week 4. Total number of
argumentation schemes used in week 6 was 35 and in week 4 was week 34. On the
other hand, class 2 students did not use argumentation schemes so much in week 2.
As a result, weeks can be ranked from highest to lowest in terms of the total number
of argumentation schemes occurred as week 1, week 5, week 3, week 6, week 4, and

week 2 in class 2.
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Verbal Classification 0 0 0 0 1 0

Figure 4. 7 Total frequencies of argumentation schemes used by class 2

Total number of argumentation schemes used in class 2 for each week can also be

seen from Figure 4.8 linear line graph:
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Figure 4. 8 Class 2 argumentation schemes weekly line graph

Figure 4.7 also provides information regarding the types of argumentation schemes
used in each week. Accordingly, total numbers of types of argumentation schemes
used in class 2 were the highest in week 5, and students used 12 different schemes
which are sign, evidence to hypothesis, comparison, position to know, example,
popularity, correlation to cause, analogy, established rule, precedent, vagueness, and
verbal classification. Similarly, class 2 students used 11 different schemes in week 6;
these schemes used in week 6 are sign, evidence to hypothesis, comparison, position
to know, expert, popularity, consequence, cause effect, analogy, established rule and
precedent. The week that students used different argumentation schemes third most
was week 4. In this week, class 2 students used 9 different argumentation schemes
namely sign, comparison, position to know, example, expert, consequence,
commitment, established rule and precedent. On the other hand, class 2 students used
relatively fewer numbers of different types of argumentation schemes in first three
weeks. Accordingly, students used 6 or 7 different types of argumentation schemes
in these weeks. In week 1, class 2 students used sign, evidence to hypothesis,
comparison, position to know, popularity, consequence, and cause effect. In week 2,
similar schemes were used. The schemes used in week 2 by class 2 students were

sign, evidence to hypothesis, comparison, position to know, expert, and consequence.
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Lastly, class 2 students used sign, comparison, position to know, example, expert,
correlation to cause, and consequence in week 3. In conclusion, class 2 students used
6-7 types of argumentation schemes in first three weeks of the study, and they
increased the number of types of argumentation schemes in following weeks. The
number of types of argumentation schemes ranged 9 and 12 in last three weeks of the
study.

Comparison of argumentation schemes according to their use of frequency in class 2
shows that argument from position to know was the most frequently used
argumentation schemes in class 2 and students used this scheme 48 times (see Figure
4.7). Second scheme that class 2 students mostly used was argument from
comparison which was used 33 times. Beside, argument from sign was the third most
frequently used scheme and it was used 30 times. Class 2 students also actively used
argument from expert opinion, this scheme was used 25 times in class 2. Argument
from evidence to hypothesis, argument from analogy, and argument from
consequence were other three schemes that were often preferred by class 2 students.
These schemes were used 19, 16 and 14 times respectively. On the other hand, Class
2 students used some argumentation schemes less frequently. For example, argument
from example, argument from established rule, argument from popularity, argument
from correlation to cause, and argument from precedent were used 8, 8, 6, 5, and 5
times respectively. Examples of other argumentation schemes (e.g., argument from
commitment, cause-effect, vagueness, verbal classification) were also available in
class 2 whole class discussions, but these schemes were used only once or twice in

the study.

Pie charts for each week was also prepared to compare percentages of each scheme
occurred in related week. Pie charts including percentages of argumentation schemes

occurred in each week for class 2 are presented below as Figure 4.9:
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Figure 4. 9 Class 2 weekly percentages of argumentation schemes

According to Figure 4.9, the most used argumentation scheme was argument from

position to know in week 1, the percentage of this scheme was 31 %. This scheme

was used when students looked for further information about other groups’ research.

One quarter of the argumentation schemes were argument from comparison in this

week. Accordingly, students preferred to use this scheme when they compared

concrete materials such as different kinds of cups. Likewise, 15 % of the schemes

were argument from sign. Students formulated ideas for the rationale explanations of
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their observations and used their inferences when proposing argument from sign. For
example, one group found plastic spoon conducted heat better than metal spoon and
one student said that “maybe type of the plastic affects the rate of melting”. The
fourth most used scheme in week 1 was the argument from evidence to hypothesis,
this scheme’s percentage was 13 % and this scheme was used when students
presented their experiments and reported their hypothesis and test results. Beside,
students used argument from popularity, argument from consequence, and argument
from cause-effect in this week, but these schemes percentages were low ranging
from 2 % to 8 %.

Similar to first week, class 2 students mostly used argument from position to know in
week 2. One third of the total argumentation schemes were argument from position
to know in this week. While students discussed with each other, they sought further
information and so preferred to use argument from position to know. Likewise,
argument from comparison and argument from evidence to hypothesis were the
second most used argumentation schemes in week 2. This result was consistent with
week 1’ results. The percentages of each scheme were 20 % in week 2. Accordingly,
students compared the heat differences of different cups to detect which cup is better
heat insulator and so they used argument from comparison. Likewise, students used
argument from evidence to hypothesis when they presented their research questions,
hypothesis and test results in week 2. Argument from sign was fourth most used
argumentation scheme in this week. Similar to week 1, this scheme was used when
students tried to make rationale explanations to surprising events such as faster heat
transfer of plastic cup. Apart from these schemes, class 2 students also used
argument from expert opinion and argument from consequence, but these schemes

percentages were low (7 % for each).

Third week’s topic was thermal insulating product and students used evidence cards
to construct their arguments. Moreover, it should be added that students had no prior
knowledge about this topic. Students consulted on the information found in evidence
cards and so percentages of argument from expert opinion reached to 43 % in this
week. The second most used argumentation scheme in week 3 was argument from

sign. Although students had no prior knowledge to match related thermal insulating
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products and parts of house, they still made inferences using their daily life
experiences and tried to match insulating products and relevant house parts. For
example, when one student learnt that silicone wool decrease the water leakage, she
claimed that silicone wool might be used for windows because windows are affected
by rain. Such inferences derived from daily life experiences might cause students
frequently use argument from sign scheme in this week. Students also used other
schemes in this week; however, percentages of these schemes were highly low
comparing with the two schemes (i.e., argument from expert opinion and argument
from sign). Accordingly, 9 % of argumentation schemes were argument from
correlation to cause. This scheme was used when students used wrong cause effect
relationships. For example, one student claimed that wood wool can be used for
exterior wall as insulating material because wood wool is environmentally friendly.
There was no plausible link between using wood wool for exterior wall and the
concept “environmentally friendly” so this argument was used as argument from
corelation to cause. Students also seldom considered the possible results of the
actions (realization of claims), and so used argument from consequence (7 %).
Similarly, students asked further information from the other groups and used
argument from position to know, but percentage of this scheme was low (7 %). Other
schemes that students used in this week were argument from example and argument
from comparison; however, their percentages were highly low comparing with

schemes explained above.

In week 4, topic of whole class discussion was energy sources. Students both had
prior knowledge about topic and evidence cards were provided them. By using their
prior knowledge and information found in evidence cards class 2 students
constructed and examined many arguments in this week. Likewise, class 2 students
used numerous types of argumentation schemes. Therefore, it is possible that
percentages of argumentation schemes are very close to each other. In other word,
none of the argumentation schemes dominated this week. According to Figure 4.9;
outstanding argumentation schemes for week 4 were argument from position to
know (17 %), argument from established rule (15 %), argument from example (14

%), argument from expert (12 %) and argument from consequence (12 %).
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Moreover, students used argument from sign, argument from comparison, and
argument from precedent same amount. Each of these argumentation schemes
corresponded to 9 % of all schemes occurred in week 4. Students used argument
from position to clarify presenting group’s reasoning about their selection of energy
sources. For example, one of the groups chose not to use wood as energy source
because wood is non-renewable. After this explanation, one of the students asked this
group why they did not report other fossil fuels as the energy sources they did not
prefer because other fossil fuels are also non-renewable energy sources. Similar to
argument from position to know, students used argument from established rule.
Established rule argument examples are about the rules that human beings
constructed in Walton’s (1996) explanations. However, class 2 students used natural
laws in their arguments and these arguments matched with argument from
established rule. For example, one of the students selected solar energy as energy
sources. While explaining the advantages of this energy, he said that we can always
find solar energy because Earth rotates and always one side of the Earth gets solar
energy. As seen from this example, students can use natural laws as their source of
reasoning in their arguments. Students also used argument from example. This
scheme is used when people aim to support their generalization. For example,
students preferred to use renewable energy source which was their general idea.
Then, they gave examples about types of different renewable energy sources such as
geothermal energy and wind energy and their benefits to support their general idea.
Likewise, students used evidence cards to construct their arguments. By referring
evidence cards, they used argument from expert opinion. Moreover, students
considered possible costs and profits of each energy types when they selected them.
While students determine possible costs and profits, they actively used argument

from consequences in this week.

Students started electricity topic in week 5 and they conducted experiments
regarding electrical conductivity. Students used 12 different schemes in this week.
Five of these schemes were used more often than other seven argumentation
schemes. The more frequently used argumentation schemes in week 5 are argument

from position to know (23 %), argument from analogy (19 %), argument from
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comparison (19 %), argument from sign (11 %) and argument from evidence to
hypothesis (11 %). On the other hand, less frequently used argumentation schemes
used in this week are argument from example, argument from popularity, argument
from correlation to cause, argument from established rule, argument from precedent,
argument from verbal classification and argument from vagueness of verbal
classification. The percentages of these seven schemes were not noticeable and
ranged between 2 % and 4 %. Students used argument from position to know by
asking questions to presenting groups to clarify content. They also asked questions to
understand the reasons of their observations. For example, students used argument
from position to know to understand why salty water color turned to yellow when
circuit cables were touched to salty water. Students also actively used argument from
comparison. In their experiments, students compared different materials in terms of
their electrical conductivity. For example, they compared conductivity of salty water,
sugared water and tap water in their experiments. While reporting their results, they
often used argument from comparison. Students not only compared concrete objects,
they also compared abstract themes, and so they actively used argument from
analogy in their experiments. For example, they linked between heat conductivity
and electrical conductivity, so they frequently used argument from analogy.
Unfortunately, the content of argument from analogy was wrong because there is no
link between heat conductivity and electrical conductivity according to their
scientific explanations. In this week, students also actively used argument from sign.
This scheme was mostly used when students tried to explain why salty water
conducts electricity. They used their daily life observations in their inferences and
most of their explanations were not consistent with scientific explanation. However,
they were aware that their ideas can be wrong, all of their sentences included
possibility. They were just making predictions when using argument from sign. For
example, one student thought that maybe copper in wire leaked into salty water, and
copper changed the water color into yellow. This explanation was wrong, however,
student was aware that this explanation is a possibility because student started the
sentence with “maybe”. Likewise, students used argument from evidence to
hypothesis in this week. This argument was mainly used when students reported their
hypothesis, research questions and results.
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Last week topic was the factors affecting bulb brightness in electrical circuit.
Students used simulations to conduct their experiments in this week. Totally, 11
different argumentation schemes were used in this week. Four of the schemes were
more often used than seven argumentation schemes. The four more frequently used
argumentation schemes in this week are argument from position to know (23 %),
argument from analogy (20 %), argument from evidence to hypothesis (14 %) and
argument from comparison (14 %). The less frequently used seven argumentation
schemes in this week, on the other hand, are argument from sign, argument from
expert, argument from popularity, argument from consequence, argument from cause
effect, argument from established rule, and argument from precedent. The
percentages of these less frequently used argumentation schemes ranged between 2
% and 6 %. As in all weeks except week 3, argument from position to know was
most used argumentation scheme in week 6. When using argument from position to
know, students asked questions about the results and procedures of experiments. For
example, one group examined the wire thickness effect on bulb brightness. After
group presented their results, one of the students from other groups asked whether
this group thickened the plastics layer that wrapped wire or just thickened the metal
wire in their experiment. Similar to week 5, class 2 students frequently used
argument from analogy. Some of the analogies that students used in these arguments
were correct and some others were false. Arguments from analogies which were
correct were about the core idea of this week. Accordingly, some students linked the
length of wire with the long distance. In such analogies, students claimed that it is
difficult to pass long distance comparing with short distance. Likewise, long wire
resists more to current comparing with short wire. These kinds of analogies were also
used by teachers and they are correct. On the other hand, students still used some
false analogies. Accordingly, they still linked heat conductivity and electrical
conductivity in their analogies when they tried to explain reason of electrical
conductivity. Students also frequently used argument from comparison and argument
from evidence to hypothesis in this week. Students compared different types of
wires, lengths of wires and thickness of wire in their experiments. By doing this, they
often used argument from comparison. Likewise, students prepared their hypothesis
and tested them. When they presented their hypothesis and results, they used
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argument from evidence to hypothesis. In conclusion, this part separately presented
findings of class 1 and class 2 regarding argumentation schemes students used. The
next part shows the assertions about argumentation schemes. These assertions are
derived from either similarities or differences between class 1 and class 2. It is
thought that these assertions contribute on enlightening of nature of argumentation

schemes that middle school students use.

In conclusion, findings about Class 2 students’ argumentation schemes show that 16
different argumentation schemes were used in class 2. Total number of
argumentation schemes was most in week 1, week 5 and week 3. On the other hand,
students used the fewest number of argumentation schemes in week 2. There was no
clear pattern to claim that total number of argumentation schemes class 2 students
used increased or decreased over time. Although total number of argumentation
schemes did not increase over time, findings suggested that total number of types of
argumentation schemes that class 2 students used increased over time in general.
The most used argumentation scheme used by class 2 students was argument from
position to know. Argument from comparison and argument from sign followed
argument from position to know in class 2. Other frequently used argumentation
schemes in class 2 were argument from expert opinion, argument from evidence to
hypothesis, argument from analogy, and argument from consequence. Weekly
comparison of argumentation schemes via pie charts further informed that most
preferred argumentation schemes in Class 2 was argument from position to know in
all weeks except week 3. In week 3, the most preferred argumentation scheme was

argument from expert opinion in class 2.

4.4.3. Assertions about argumentation schemes derived from similarities

between class 1 and class 2.

Class 1 and class 2 had some similarities regarding their use of argumentation
schemes throughout the study. Based on these similarities, three assertions have been
proposed. These assertions are explained below:
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Assertion 1: The number of types of argumentation schemes used by the students

increases over time.

This study showed that both class 1 and class 2 increased the total number of type of
argumentation schemes over time. These findings may suggest that students do more

reasoning over time and they use wider range of argumentation schemes.

More specifically, class 1 used five different argumentation schemes at the beginning
of the study and the number of type of argumentation schemes reached eight in week
5. Class 1 used argument from position to know, argument from comparison,
argument from evidence to hypothesis, argument from sign, and argument from
example in week 1. However, in week 5, class 1 students added three more
argumentation schemes to these five argumentation schemes. The additional schemes
used by class 1 students in week 5 are argument from correlation to cause, argument
from cause effect, and argument from gradualism. For example, argument from
gradualism was used in week 5, but this scheme was not observed in previous weeks.
According to Walton (1996), people are not persuaded by use of one comprehensive
argument. Therefore, more than one argument which are linked but less
comprehensive are used to persuade others in argument from gradualism. One of the
students from class 1 explained the relationship between distance of cable ends in
salty water and brightness of bulb step by step using argument from gradualism. The

following example shows this argument from gradualism:

Student 132: Cable that is connected to battery gets current from battery and
electricity reach in salty water from the end of this cable. Electricity should pass to
other cable’s end to light the bulb. When we decrease the distance between ends of
cables, more current will pass and less energy will lose in salty water. The more

current passes, the brighter bulb we get.

If this student had just said that there is a reverse relationship between distance of
cables in salty water and bulb brightness because of the resistance or electricity flow,
other students would not have been persuaded. On the other hand, step by step

explanation as argument from gradualism facilitated other students’ understanding
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the relationship between distance of cables in salty water and bulb brightness and

these students most probably accepted this explanation.

Likewise, class 2 started study with seven different argumentation schemes, and this
class used 12 different argumentation schemes in week 5. According to this, class 2
students used argument from position to know, argument from comparison, argument
from sign, argument from evidence to hypothesis, argument from popularity,
argument from consequence, and argument from cause effect in week 1. On the other
hand, this class added some new argumentation schemes to the existing
argumentation schemes in week 5. These argumentation schemes added in week 5
are argument from analogy, argument from example, argument from correlation to
cause, argument from established rule, argument from precedent, argument from
verbal classification and argument from vagueness. For example, class 2 students did
not use argument from analogy until week 5. However, argument from analogy
became the second most used argumentation scheme in week 5. Its percentage was
19 %. For example; one of the students used an analogy between pure water and

sugared water while explaining why sugared water does not conduct electricity.

Student 231: We know that pure water does not conduct electricity because it is
neutral. Likewise, when we use sugared water in circuit, it does not conduct
electricity too. The reason why sugared water does not conduct electricity is the same

with pure water. Sugared water is neutral like pure water.

Assertion 2: Students prefer to use argument from expert opinion, argument from
sign, argument from position to know, argument from comparison, and argument

from evidence to hypothesis more often than other argumentation schemes.

Findings of the study showed that students prefer to use some argumentation
schemes more than others in middle school level science lessons. Although there are
25 argumentation schemes according to Walton (1996), Both class 1 and class 2
students most frequently used five argumentation schemes which are argument from
expert opinion, argument from sign, argument from position to know, argument from

comparison, and argument from evidence to hypothesis. Accordingly, class 1
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students used these schemes 41, 40, 23, 22, and 19 times respectively. Likewise,

class 2 students used these schemes 25, 30, 48, 33 and 19 times.

Students generally used argument from expert opinion when they used second hand
data to construct arguments. Both classes used frequently argument from expert
opinion when evidence cards are provided them. Examples of argument from expert

opinion are presented below:
Class 1

Student 124: We should not use tar as insulating product in interior wall because it is

flammable, not durable and used for ceiling (Student is reading evidence card)
Class 2

Student 241: | think we can use wood wool in interior wall as insulating product

because evidence card provides this information.

Likewise, argument from sign was frequently used by both classes. Argument from
sign was used for different aims throughout the study. For example, students used
this scheme when they looked for explanation of the observed phenomena. In the
following example; one student from class 1 tried to explain why salty water
conducts electricity. In this example, student did not know the ion and their effect on
electrical conductivity. Therefore, argument from sign he used mislead him when he

tried to explain reason of observation:

Student 115: the reason why salty water conducted electricity in your experiment,
can be related with your experimental design. You might connect the cable ends each
other in salty water and therefore, bulb might light in your experiment.

Third scheme that was frequently used by both classes is argument from position to
know. Argument from position to know was mainly used by two ways. Students
either used this argumentation schema to get further information or they used this
scheme to show inconsistencies that proponents of the idea had. The following first

excerpt is example of using argument from position to know to get more information
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and second excerpt is an example of using argument from position to know to show

inconsistencies to the proponent.

Student 114: In which cup, did you conduct your experiment? (Argument from

position to know-to obtain more information)

Student 224: We heated spoons in hot water. After that we removed spoons from

water and measured their temperature using thermometer.

Student 213: How did you measure solid substance’s temperature using
thermometer? Thermometer is used to measure liquids or gases’ temperatures.

(Argument from position to know-to refer inconsistencies).

Similarly, both classes used argument from comparison throughout the study. This
scheme was used when students compare concrete materials with each other. When
students explain their research design, they frequently compared different materials
in terms of heat conductivity or electrical conductivity. By comparing different
materials in their experiments, students frequently used argument from comparison.
The followings are some of the examples showing that students used argument from

comparison when they presented their experiments.
Class 1

Student 132: We put different spoons in hot water which was 70° about two minutes.
We placed butter on each spoon and butter on metal spoon melted first. Therefore,

metal conduct heat better than plastic and wood spoon.
Class 2

Student 231: We put spoons on hot water. In our experiment, firstly butter on plastic
spoon melted. Secondly, butter on metal spoon melted and lastly, butter on wood

spoon melted. Our observations show that plastic spoon conduct heat better.

Finally, both classes of students used commonly used argument from evidence to
hypothesis. This argumentation scheme that depends on testing was usually used by

students when they reported their experiments and hypothesis. This situation is
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expected in argument based inquiry study because groups are expected to present
their findings with others in negotiation phase of argument based inquiry research.
Some examples that students actively used argument from evidence to hypothesis are

given below:
Class 1:

Student 131: Our research question was whether type of wire affects the wire

resistance. We hypothesized that type of wire affects wire resistance.
Class 2:

Student 243: Our research question was whether thickness of wire affects wire
resistance. We thought that it affects. Our control variable is number of bulb.

Independent variable is thickness of wire and dependent variable is bulb brightness.

Assertion 3: Type of data students used may affect which argumentation schemes

they use in argumentation.

Similarities between two classes showed that type of data students used might affect
their selection of argumentation schemes. Accordingly, students used first hand data
in first two weeks and last two weeks because they conducted experiment and
produced their own data in these weeks. On the other hand, students used second
hand data in third and fourth weeks when they obtained information from evidence

cards.

When students used first hand data, both classes frequently used argument from
evidence to hypothesis. This finding is reasonable, because students needed to test
their hypothesis when they conducted experiments. After students conducted
experiments, they presented experiment results. In presenting experiment results,
they actively used argument from evidence to hypothesis because they reported
whether their hypothesis was rejected or retained. However, students did not use
argument from evidence to hypothesis when information was directly provided to
them as second hand data (i.e., evidence cards) because students did not test their

hypothesis or conduct experiments in these weeks.
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On the other hand, students most frequently used argument from expert opinions
when they used second hand data. Although students actively used argument from
expert opinion when they used second hand data, this scheme was not used by
students when first hand data (i.e., experiment results) was used. In conclusion, it can
be claimed when first hand data replaced with second hand data in argumentation,
students might give up using argument from evidence to hypothesis and start to use
argument from expert opinion. Likewise, when students stop using second hand data
and start using first hand data, they may give up using argument from expert opinion,
and start to use argument from evidence to hypothesis. In this part, assertions about
argumentation schemes derived from similarities between class 1 and class 2 are
presented. The next part presents the assertions about argumentation schemes

derived from differences between class 1 and class 2.

4.4.4. Assertions about argumentation schemes derived from differences

between class 1 and class 2.

As classes had some similarities about argumentation schemes, they also had some
differences. Based on these differences, two assertions are proposed about

argumentation schemes. These assertions are presented in this part.

Assertion 1: More active class uses more argumentation schemes comparing with

less active class.

Findings of the study showed that class 2 engaged in argumentation process more
than class 1. Accordingly, class 2 was labelled as more active class and class 1 was
labelled as less active class. As more active class engaged in argumentation process
more than less active class, more active class used more argumentation schemes
comparing with less active class throughout the study. Actually, two classes did not
separate from each other first three weeks. Classes used 5-7 different argumentation
schemes in first three weeks. However, number of use of different argumentation
schemes differed after week 4. While less active class used up to eight different
argumentation schemes after week 4, more active class used up to twelve
argumentation schemes in the following weeks. Total numbers of types of
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argumentation schemes used by two classes throughout the study are presented in
Figure 4.10;
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Figure 4. 10 Total numbers of types of argumentation schemes used by two classes

These findings supported the idea that when students engaged in argumentation
more, they make more reasoning and they appeal to various types of argumentation

schemes.

Assertion 2: While the most used argumentation schemes is argument from position
to know in more active class, the most used argumentation schemes is argument from

expert opinion in less active class.

Classes also differed regarding the most used argumentation schemes. The most used
argumentation scheme in less active class was argument from expert opinion which
was used 41 times; on the other hand, this scheme was used 25 times in more active
class. While most used schema was argument from expert opinion in less active
class, more active class mostly used argument from position to know which was used

48 times. On the other hand, this schema was used 23 times in less active class.

In line with this, it can be claimed that less active class (i.e., Class 1) appeal to

second hand data when producing argument, so they use evidence found in second
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hand data and use argument from expert opinion. On the other hand, more active
class (i.e. Class 2) focused on asking more questions to others during argumentation
and they mainly preferred to use argument from position to know. Examination of
others’ arguments and experiments through argument from position to know might
facilitate to sustain argumentation in Class 2 and make this class as more active class
comparing with the other class (i.e. Class 1) which mainly relied on expert opinion
when constructing arguments. The next part presents findings about students’

engagement in argumentation process.

4.5. Findings for the Nature of the Students’ Engagement in Argumentation

Process

In order to address the fifth research question of the study, namely “What is the
nature of 6" grade students’ engagement in argumentation process in ABI
treatment?”, Sampson and Clark’s (2011) codes (e.g., exposition) were used. In line
with this, total frequency of codes (i.e., engagement components), linear line graphs
and their percentage were reported for both classes in each week. Firstly, findings of
class 1 were reported in this part and class 2 findings follow it. After findings of two
classes were reported, assertions derived from the similarities of both classes’
findings, and assertion derived from differences of both classes’ findings was
presented to address the research question about nature of students’ engagement in

argumentation process.

4.5.1. Class 1 Findings.

The study lasted six weeks and whole class discussions were deductively analysed
for class 1. As detailed in the methodology chapter (chapter 3), the deductive codes
used to reveal students’ engagement in argumentation processes were Information
seeking, Expositional Comment, Oppositional Comment and Co-construction of
knowledge. These codes were obtained from Sampson and Clark’s (2011) study.
Based on this analysis, total frequency of four engagement components was obtained

per each week. Figure 4.11 shows the total frequency of four engagement
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components revealed in class 1’s whole class discussions. Frequency of these
engagement components occurred in every week represents students’ engagement in

argumentation process.

Class 1: Students Engagement of
Argumentation throughout the study
50
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Week1l Week2 Week3 Week4 Week5 Week6
B Informationseek 6 1 1 5 6 3
Exposition 8 6 44 15 19 9
Opposition 1 1 13 16 12 8
Coconstruction 4 4 1 5 5 2

Figure 4. 11 Summary of class 1 students’ engagement of argumentation process

According to Figure 4.11, class 1 students engaged in argumentation process at most
in week 3 which is about thermal insulating products. Students engaged in
argumentation 59 times in this week. The next highest frequency reflecting students’
engagement was observed in week 5 week when the topic was electrical
conductivity. Students engaged in argumentation process 42 times in this week
which was comparable to that of week 4: students engaged in argumentation 41
times in total in week 4 when the topic was types of fuels. While students were
relatively active in week 3, week 4 and week 5, they less actively participated in
argumentation in week 1, week 2 and week 6. More specifically, students engaged in
argumentation process 22 times in week 6 when the factors affecting the bulb

brightness was covered, On the other hand, students participated in argumentation
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process 19 times in week 1 when the topic was heat conductors and they engaged in
argumentation process 12 times in week 2 when the heat insulators were covered. In
conclusion, the order of the students’ engagement in the argumentation process from
the highest to the lowest based on the overall frequencies across weeks was week 3,
week 5, week 4, week 6, week 1 and week 2

When the four engagement components were compared based on their overall
observed frequencies throughout the study, Expositional comment emerged as the
component which was used at most (see Figure 4.11). This engagement component
was utilized 101 times. Oppositional comment, which was used 51 times, was the
second most used engagement component. Information seeking and Co-construction
of knowledge were used relatively less. More specifically, information seeking was

used 22 times and co-construction of knowledge was used 21 times.

While frequency graph (figure 4.11) informed about students’ total number of
engagement in argumentation process, pie charts were used to compare four
engagement components with each other for each week. Pie charts show percentages
of each engagement component occurred in each week and are presented in figure
4.12.
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Figure 4. 12 Pie charts showing the percentage of engagement components for class
1

Figure 4.12 shows that the most used engagement component for Class 1 students’
engagement in argumentation process was expositional comment in all weeks except
week 4. Accordingly, nearly half of the argumentation was expositional comment in
all weeks. Percentages of expositional comment ranged between 37 % and 74 %. On
the other hand, the engagement component that was used at most in week 4 was

oppositional comment with 39 %.

Figure 4.12 also shows that the least used engagement component was oppositional
comment in week 1 and week 2. In week 3 and 4, on the other hand, the least used
engagement components were information seeking and co-construction of
knowledge while in week 5 and 6, the least observed component was co-construction

of knowledge.

Apart from total number of frequencies and pie charts, linear line graphs were used

to detect possible changes in individual engagement components representing
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students’ engagement in argumentation across weeks. These line graphs are

presented in Figure 4.13;
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Figure 4. 13 Weekly changes of engagement components for classl

According to Figure 4.13, oppositional comment was the unique engagement
component whose number of frequency increased at the end of the study comparing
with first week of the treatment. While it was rarely used in first two weeks, students
started to use it more in the following weeks. However, same trend was not observed
for other three engagement components. Data shows that there is a fluctuation of the
frequency for these three engagement components in the study.

Figure 4.13 shows that students used oppositional comment at most in week 4 that is
about types of fuels (16 times). On the other hand, students used oppositional
comments least in first two weeks. Students used this engagement component just
one time in these weeks. On the other hand, linear line graph for information seeking

shows that students used information seeking at most in week 1 and week 5. They
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used information seeking 6 times in these weeks. There was one common point
between week 1 and week 5 that both weeks were the first weeks of their unit. While
week 1 was first week of matter and heat unit, week 5 was first week of electricity
unit. On the other hand, information seeking was used only one time in week 2 and
week 3. Next, line graph for the change of exposition component shows that students
used exposition comment at most in week 3 (44 times) and they used it least in week
2 (6 times). Figure 4.13 also shows the changes of co-construction of knowledge
throughout the study. According to linear line graph for co-construction of
knowledge, class 1 students hardly used co-construction of knowledge in week 3 (1
time) and week 6 (2 times). Students relatively used co-construction of knowledge

more in other weeks (4-5 times).

In sum, the findings suggested that the most used engagement component was
appeared to be expositional comments in class 1. Expositional comment was
followed by oppositional comment. On the other hand, information seeking and co-
construction of knowledge was observed less frequently in this class. Although
frequency of oppositional comments increased at the end of study comparing with
first week, other three components representing students’ engagement did not
obviously increase or decrease. On the other hand, these three components fluctuated

through weeks.

Up to this point, class 1 findings about students’ engagement in argumentation
process were presented and next part informs about the findings of class 2 students’

engagement in argumentation process.

4.5.2. Class 2 Findings.

The same engagement components were used to reveal Class 2 students’ engagement
in argumentation process obtained from whole class discussions throughout the
study. Total frequency of each engagement component was presented weekly in
Figure 4.14.
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Class 2: Students Engagement of
Argumentation throughout the study
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Figure 4. 14 Summary of class 2 students’ engagement of argumentation process

According to Figure 4.14, class 2 students engaged in argumentation process at most
in week 3 (thermal insulating products). Students engaged in argumentation 50 times
in this week. Unlike class 1, total frequency of engagement components per each
week was similar in class 2. For example, the next highest frequency reflecting
students’ engagement was observed in week 1 for class 2. In this week, students
engaged in argumentation 49 times. Similarly, class 2 students engaged in
argumentation 46 times in week 5 and they engaged in argumentation 41 times in
week 4. On the other hand, students were less active in week 6 and week 2.
Accordingly, students engaged in argumentation 31 times in week 6. Class 2 students
were least active in week 2, and students engaged in argumentation 16 times in this

week.

Comparison of Figure 4.11 and Figure 4.14 clearly suggested that class 2 students
engaged in argumentation process generally more than class 1 because total number
of frequency of engagement components revealed in Class 2 are more than Class 1

for each week except for week 3 and week 4.
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Figure 4.14 shows which engagement component was used more than others.
Accordingly, Expositional comment was the most used engagement component and
it was used 111 times throughout the study. Second most used engagement
component was oppositional comment and this component was used by class 2
students 73 times. On the other hand, information seeking was the third component
in terms of total number of frequency; this component was used 30 times in class 2.
The engagement component that was used in fewest numbers in class 2 was co-
construction of knowledge which was used 19 times. Although sorting of
engagement components based on total number of frequency was the same for class
1 and class 2 (expositional comment >oppositional comment> information seeking>
co-construction of knowledge), the number of times that they were used was more in
class 2 than class 1 for all four engagement components. Therefore, it can be said
that class 2 students were more active than class 1 students when they engaged in

argumentation.

While figure 4.14 informs about frequency of engagement components for each
week, pie charts were used to compare four engagement components occurrence with
each other for each week using their percentage. Pie charts showing percentage of
each component for each week revealed in class 2 are presented in figure 4.15;
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Figure 4. 15 Pie charts showing the percentage of engagement components for class
2

Figure 4.15 suggests that most used engagement component in class 2 was
expositional comments except for week 1 and week 4. Percentage of the expositional
comment in the four weeks where it was observed at most ranged from 44 % to 76
%. On the other hand, the engagement component that was used at most in week 1
and week 4 was oppositional comment. Oppositional comment percentage was 45 %

in week 1 and 68 % in week 4.

Pie charts also inform the least used engagement components in terms of percentage.
Accordingly, the least used engagement component in week 1, week 2 and week 6
was co-construction of knowledge. Its percentages in these weeks were 6 %, 12 %
and 0 respectively. On the other hand, information seeking was the least used
engagement component in week 3 and week 4. The percentage of information

seeking was 5 % in week 4 and it was not used in week 3. On the other hand,
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oppositional comment was the least used engagement component in week 5. In this

week, only 5 % of the total argumentation process was oppositional comments.

Linear line graphs were also used to detect how individual engagement components
changed throughout the study. Linear line graphs representing individual change of
engagement components happening in class 2 are presented in Figure 4.16;
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Figure 4. 16 Weekly changes of engagement components for Class 2

Figure 4.16 suggested that none of the four engagement components increased
throughout the study. All of the four engagement components fluctuated from week
to another week. For example; oppositional comment was used at most in week 4 (28
times). Likewise, class 2 students were highly active in using opposition comments
in week 1 (22 times), but they used oppositional comment very few in week 5 (2
times) and week 2 (4 times).

Regarding information seeking graph, Figure 4.16 shows that class 2 students

generally used information seeking in week 1 (7 times), week 5 (10 times) and week
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6 (8 times). On the other hand, students rarely used information seeking in week 2 (3

times) and week 4 (2 times), and information seeking was not used in week 3.

Another engagement component is expositional comment and students used
exposition comment at most in week 3 (38 times). This component was also
frequently used in week 5 (28 times). On the other hand, expositional comment was

used least in week 4 (6 times) and week 2 (7 times).

Co-construction of knowledge was the least used component in class 2 similar to
class 1. For example, this component was hardly ever used in first three weeks (2-3
times) and co-construction of knowledge was not used in week 6. On the other hand,
this component was used relatively more in week 4 (5 times) and week 5 (6 times).

In sum, most used engagement component in class 2 was expositional comments in
general. Oppositional comments followed expositional comments. On the other hand,
information seeking and co-construction of knowledge were less frequently used in
class 2. There was no obvious increase or decrease in frequency of four engagement
components in class 2. Comparison of class 1 and class 2 also suggested that class 2
students used engagement components more than class 1 students in general.
Therefore, it can be said that class 2 students were more active than class 1 students

regarding engagement in argumentation process.

After findings of class 1 and class 2 are presented in this part, assertions derived
from similarities between two classes are explained in terms of students’ engagement

in argumentation.

4.5.3. Assertions derived from similarities between class 1 and class 2.

Two classes who participated in qualitative part of the study had some
commonalities. These commonalities allow claiming assertions regarding the nature
of students’ engagement in argumentation process in middle school level.
Accordingly, seven different assertions have been claimed. Three of these assertions
are related with the nature of activity (i.e., content of the week). Another four

assertions are specific to components forming students’ engagement in
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argumentation process (e.g., expositional comment). At first, assertions about nature
of activity are presented. After that, assertions specific to components forming

students’ engagement in argumentation process are given.

4.5.3.1. Assertions about nature of activity.

Similarities between class 1 and class 2 revealed three assertions about nature of
activity. In this study, Turkish middle school science curriculum (MONE, 2013) was
followed. Activities were prepared based on two units (matter and heat and
electricity) found in curriculum. Accordingly, different curricular objectives were
followed in each week. Therefore, content and activities of the weeks were different
from each other. It is thought that differences of content and activities between
weeks had effect on students’ engagement in argumentation process. Three
assertions about nature of activities and their impact on students’ engagement in

argumentation support this idea. The assertions are as follow:

Assertion 1: Students engage in argumentation at most when evidence cards are

provided to them.

Findings of the study suggested that both classes engaged in argumentation at most
in week 3. While class 1 engaged in argumentation 59 times in this week, class 2
engaged in argumentation 50 times. Content of the week 3 was thermal insulating
products. In this week, students did not conduct experiment. On the other hand,
evidence cards including definition of thermal insulating products and their
characteristics were shared with students. By using evidences, students constructed
their arguments and engaged in argumentation. Although students engaged in
argumentation at most in week 3, their engagement mostly included expositional
comments in this week for both class. In their expositional comments, students
proposed their ideas when matching thermal insulating product and the place where
it should be used in the house. While doing this, students justified their ideas using
evidence cards. A lot of students participated in argumentation process and one of

the examples occurred in class 1 in week 3 is presented below:
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Student 134: | think that plastic foam should be used in interior wall because it keeps

house warm and there is no heat loss (Expositional comment)

Student 122: Plastic foam is durable so it can be used in interior wall (Expositional

comment)

Student 143: There is a space in plastic foam and this space provides heat insulation,

therefore, heat does not lose (Expositional comment)

As it is seen, students constructed their arguments using the information found in
evidence cards and they proposed their ideas. Although expositional comments
dominated week 3, students sometimes used oppositional comments in this week for
both classes. The following excerpts are examples of oppositional comments that

both classes’ students used in week 3:
Class 1 instance:

Student 131: | think that wood wool should not be used in interior wall because it is
too expensive; its cost is 180 liras. Moreover, it is not durable and it can be eaten by

insects... (Expositional comment)

Student 133: You said that insects can harm to the wood wool, however, if you add
chemicals on wood wool, insects cannot approach to the wood wool and it does not
get harm (Oppositional comment)

Student 111: | want to say something to you (refers student 133). If we use wood
wool, this shows that we are using environmentally friendly products. If we are
environmentally friendly, why do we use chemicals to protect wood wool?

Chemicals are not environmentally friendly (Oppositional comment).

Student 133: But, chemicals used to protect wood wool may not harm to

environment (oppositional comment).

Class 2 instance:
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Student 243: I think that tar can be used in ceiling as insulating material because tar’s
color is dark. If it is used for ceiling, dark color absorbs heat and tar may adjust room

temperature (Expositional comment).

Student 231: | think tar should not be used. You claimed that dark color absorb heat.
In evidence cards, it is written that tar is flammable material. If it absorbs heat as you

said, then it flames and home flames too (Oppositional comment).

Similar to week 3, both classes were active in week 4. Both classes engaged in
argumentation 41 times in this week. Content of the week 4 was types of fuels. The
common point between week 3 and week 4 was not conducting experiments and
using evidence cards to construct argument, therefore, it can be summarized that 6"
grade students engaged in argumentation more when they did not conduct

experiment and they use already available data exist in evidence cards.

Assertion 2: Students engage in argumentation less in a following week when they

do similar activities.

Findings showed that both classes engaged in argumentation least in week 2.
Accordingly, class 1 students engaged in argumentation 12 times in week 2 and class
1 students engaged in argumentation 16 times. This situation might be related with
task similarity between week 1 and week 2. First week core idea was heat conductors
and students tried to find which kind of spoons’ heat conductivity is better than
others in their experiments. Students engaged in the whole class discussions in this
week to some extent. For example, class 2 students were highly active in this week.
They engaged in argumentation 49 times in first week. Besides, in second week core
idea was heat insulators and students examined which kind of cup is a better heat
insulator. This week activity was similar to the previous week’s activity because both
heat conductors and heat insulators belong to same main idea which is heat transfer.
Likewise, students used similar materials in their experiments. For example, they
used hot water, cup, thermometers and easily accessible materials such as aluminium
foil in both weeks’ experiments. Therefore, students might think that they do similar

things in first two weeks. The idea of repeating same activities might cause students
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to lose their excitement in week 2 and they engaged less in argumentation. This
claim can be true especially for class 2 because while class 2 students engaged in
argumentation 49 times in week 1, they engaged in argumentation 16 times in week
2. On the other hand, this claim can be less true for class 1 because class 1 was not
active in week 1 and week 2, but still it can be claimed that class 1 students’
engagement decreased from week 1 (19 times) to week 2 (12 times) depending on
the total number of their engagement in argumentation. The followings are the

examples of students’ engagement in argumentation in week 2:
Class 1:

Student 111: In this experiment, our research question was which cup does lose its
heat faster. We hypothesized that metal cup loses its heat faster... The temperature
difference between metal cup’s water initial temperature and final temperature is 17
degree. On the other hand, temperature difference for plastic cup’s water is 19.5
degree. This means plastic lost its heat faster (Expositional comment).

Student 143: | think that metal cup transfers its heat faster to the surface where it
contacts because it is better conductor, but plastic cup do not lose its heat as fast as
metal cup. Therefore, | think that metal should lose its heat faster than plastic in your

experiment (oppositional comment).

Student 141: When we poured hot water to the metal cup, metal cup might be cold
and there can be heat transfer between hot water and metal cup before we measured
initial temperature of metal cup. By this way, we might measure the initial
temperature of water less than actual value, so heat difference might be less than

actual heat difference (co-construction of knowledge).
Class 2:

Student 223: In this experiment, we examined which cup transfer heat more. We
hypothesized that metal cup transfers more... We measured temperature of hot water

in 1., 5. and 10. minutes using thermometer. While metal cup’s water lost 22°
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temperature, glass cup lost 25°. Maybe our result is wrong, but we found these values

(Expositional comment).

Student 243: Maybe you touched the thermometer too much and this might cause
temperature increase on value you read for metal cup (co-construction of

knowledge).

Assertion 3: Use of ideal conditions might inhibit students’ engagement in

argumentation.

Students conducted experiments about the factors affecting bulb brightness in the last
week (i.e., week 6). However, their experiment results were faulty and they could not
reach the correct explanations in the pilot study. Therefore, researcher removed real
experiments from the study, and found a simulation program for the main study. By
this way, students could conduct experiments and reached the scientifically
acceptable conclusions. Although students’ conclusions were acceptable regarding
the factors affecting bulb brightness, students’ engagement in argumentation process
decreased for both class compared with the pilot study. The possible reason
explaining why students engaged in argumentation less when they used simulation
can be related with idealized conditions. When students conducted experiments in
laboratory, they reached faulty results, they could not conduct experiment, but they
formulated their idea based on their observations. These ideas were different from
each other and these diverging points might let them discuss more in the pilot study.
On the other hand, when students conducted their experiments through simulation
programs, all conditions were idealized and there was no error in experiments.
Besides, students mainly reached similar results. These idealized conditions might
clear all question marks in students mind, and so students might not discuss further
in this week. The following records are examples of students’ whole class
discussions which were done after students completed their experiments using

simulations:

Class 1:
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Student 121: Our research question is “Does thickness of wire in circuit affect bulb
brightness?” We hypothesized that it affects brightness...\WWe connected circuit
components and measured the current. Then, we increased the thickness of wire, and
re-measured the current. According to our findings, current was 0.35 when wire was
thin. After we increased wire thickness, current increased to 0.46. Our claim is when

we used thick wire, bulb brightness increased (Expositional comment)

Student 131: | have no question about circuit, but what was the ampere when you

used thick wire, was it 0.45? (Information seeking)

Student 123: 0.46 (Exposition)

Student 121: When we used thin wire, we read 0.35 (Exposition)
Class 2:

Student 223: Our research question was “Does the length of a wire affect light
brightness?” We hypothesized that it does not affect, but this hypothesis did not
happen... When we increased the length of wire, we observed that bulb brightness is
affected by change of wire length. When we increased the wire length, bulb lights

less (Exposition)

Student 234: Why did you think that wire length does not affect bulb brightness prior

to experiment? (Information seeking)

Student 223: No matter how long you increase the length of wire, you have same

electricity, so we thought bulb brightness does not change (Exposition)
Student 234: But it changed (Oppositional comment)
Student 223: Yes, it changed (Consensus-No further discussion).

As it is seen from Figure 4.11 and Figure 4.14, there is no obvious sign that students’
engagement in argumentation develop over time. One factor explaining why students
did not engage in argumentation more over time can be nature of activities given

above. For example, if students prefer to discuss more when they get evidence cards,
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it is expectable that students will not discuss so much when they conduct experiment
or they do not use evidence cards in following weeks. Similarly, it is not meaningful
to expect students to discuss more when current activities are similar to previous
weeks’ activities. Likewise, students may not engage in argumentation so much
when the conditions are idealized as in the week when students used simulation
programs to conduct their experiments. As a result, nature of activity might affect
development of students’ engagement in argumentation process. Up to now,
assertions about nature of activities derived from commonalities of two classes were
presented. Assertions specific to components forming students’ engagement in
argumentation process derived from similarities of two classes are explained in next

part.

4.5.3.2. Assertions specific to components forming students’ engagement in

argumentation process.

Four components which are expositional comment, oppositional comment,
information seeking, and co-construction of knowledge were obtained from Sampson
and Clark’s (2011) work to explain nature of students’ engagement in argumentation
process. Analysis of two classes’ argumentation process revealed four commonalities
regarding components forming students’ engagement in argumentation. These four
commonalities about components (e.g., oppositional comment) are presented as

assertions in this part.

Assertion 1: When students engaged in argumentation, they mostly use expositional

comment.

Findings of two classes showed that students usually use expositional comment when
they engage in argumentation. Through expositions, students propose, justify, and
clarify their ideas. By this way, they constructed their arguments. Apart from
constructing arguments, expositional comments might be seen as starting point of
argumentation process because students propose ideas through expositions and other
students added their ideas based on these expositional comments. These added ideas

can be oppositional comments, information seeking, co-construction of knowledge or
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expositional comments. However, dominating engagement component in this
argumentation process was expositional comments for both classes. An example of
proposing expositional comment and adding ideas on this component sustaining
argumentation process was given in following example. The argumentation resulted

in agreement in this example.
Class 2:

Student 234: We think that we should use solar energy because it is renewable. We

do not want to use wood because it is non-renewable (Exposition).

Student 231: | want to add something. We should not use nuclear energy too because
it is risky. Actually, nuclear energy is good for economy, but it damages to

environment (co-construction of knowledge).

Student 223: You said that nuclear energy damages to environment, but it also
damages to out of world. Nuclear energy has radiation; this radiation can pass to
space and damage the space (co-construction of knowledge).

Student 231: However, space already has radiation in it. The radiation that space has

is much more than nuclear power plants had (oppositional comment).
Student 223: Yes, you can be right (Agreement).

On the other hand, study showed that students did not use expositional comments so
many in week 2. It is possible that students do not propose their ideas when activity
is similar to previous week’s activity because they might lose their excitement. The
loss of excitement might cause not to proposing their ideas as expositional comment,
and not proposing their ideas might inhibit revealing other three components of
engagement in argumentation process. To sum up, students engaged in

argumentation least in week 2 whose activity was highly similar to week 1.

Although students did not produce expositional comments so many in week 2, both
classes used expositional comments with the highest frequencies in week 3. The core

idea of week three was thermal insulation products and students had no prior
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knowledge on this topic. Therefore, they just depended on the evidence cards
provided them while constructing arguments. According to this, students might
propose expositional comments at most when they have no prior knowledge and
already available data is presented to them. While students use expositional
comments with the highest frequencies using the available data, they might focus on
their own ideas ignoring others. In other word, focusing on their ideas and ignoring
alternative views might inhibit the occurrence of other three components forming
students’ engagement in argumentation. Following is an example that students
focused on constructing their arguments and ignored other students’ ideas in week 3

in which they had no prior knowledge and they used evidence cards.
Class 1:

Student133: | think that glass wool should be used in interior wall because it keeps

warm the house (Expositional comment)

Student 132: Glass wool is not flammable, it is economical and durable, and so | can

use it for interior wall (Expositional comment)

Student 122: It can be used every part of the house, so | can use glass wool in interior

wall (Expositional comment)

Student 134: Glass wool does not decay; it protects itself from the insects, so | can

use glass wool in interior wall (Expositional comment)

As the excerpts given above show, students might focus on their ideas and they just
propose expositional comments and do not consider alternative ideas in some
situations. This may not be acceptable for argumentation because students do not use
other components forming their engagement in argumentation in such situations.
This was observed in this study when already available data was given to students in
a topic that students had no prior knowledge. Therefore, it might be better to avoid
giving students already available data when they had no prior knowledge and

alternative plans for effective argumentation might be prepared.
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Assertion 2: If evidence cards are provided to students and students have prior
knowledge about the topic, they mostly tended to use oppositional comments in

argumentation process.

Oppositional comments are the challenging the ideas of others (Sampson & Clark,
2011). In this study, both of the classes used oppositional comment at most in week 4
which is about type of energy sources. Both classes were highly active in pre-
discussions which was done prior to the main activity in week 4, therefore, it can be
understood that students had prior knowledge about types of energy sources. Similar
to week 3, evidence cards were given to students in week 4. Evidence cards included
information about definition, advantages and disadvantages of energy sources.
According to Figure 4.12, 39 % of the whole class discussions were oppositional-
comments in class 1. Similarly, Figure 4.15 shows that 68 % of class 2 students’
engagement in argumentation corresponded to oppositional comments. The

following excerpts are students’ oppositional comments used in week 4:
Class 1:

Student144: | think that we should use solar panels because it is natural and it does
not damage to environment. It has many advantages. On the other hand, coal should
not be used as energy sources because it contaminates the environment (Expositional

comment).

Student 111: You want to use solar energy; however, solar energy is not sufficient
for world demands. | want to add something about coal. We can easily find coal, so it
can be used as energy sources. Moreover, coal provides more heat comparing with

solar energy (oppositional comment).

Student143: | will answer about solar energy part. If we place solar panels to the
deserts and educate people, I think solar energy supplies all world’s demands

(oppositional comment).

Student 111: Ok, let’s place them in Egypt, but we are in Turkey. We cannot benefit

from the solar energy for our demands (oppositional comment).
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Class 2:

Student 244: 1 think that we should use wind energy because it is free. It does not
cause global warming, and it is renewable. I think we should not use wood as energy

source because it is non-renewable (Expositional comment).

Student 223: However, solar energy is free too. We prefer to use solar energy. Solar
energy is better energy comparing with wind energy because wind does not always
available, but sun rises every day. If there was no sun, there would be no light

outside. Therefore, solar energy should be used (Oppositional comment).

Student 231: You said that wind does not always available, but sun is also not
available at nights (Oppositional comment).

Student 221: However, earth rotates. When somewhere on earth is day, another place

is night. Hence, sun is always available (Oppositional comment).

Student 231: However, you collect energy from just one point, not from different
parts of the earth (Oppositional comment).

Student 221: We know when the sun rises and sets, but we do not know when wind

blows (Oppositional comment).

Student 231: | say that wind energy close the gap. Wind provides the same energy
that solar energy provides us (Oppositional comment).

Student 223: Solar energy is always available (Oppositional comment).

Student 231: You can create artificial wind and close the gap (Oppositional

comment).
Student 223: We do not talk about artificial wind (Ignore).

Although oppositional comment was the most used component forming students’
engagement in argumentation in week 4, it was rarely used in week 2 for both

classes. While class 1 used oppositional comment one time in week 2, class 2 used it
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four times in week 2. Why students did not frequently produce oppositional
comments in this week might be also related with loss of excitement. As it was
explained in the previous assertion, it is possible that students might think that week
2 activity was so similar to week 1 and so they might lose their excitement. On that
account, students might not engage in argumentation and use components forming
their engagement in argumentation. Therefore, not using similar activities in
following weeks of an argumentation study can be better if students are expected to

use all engagement components including oppositional comments.

Assertion 3: Students use information seeking component more in the weeks when
they conduct experiment compared with weeks when they do not conduct
experiment. Moreover, use of information seeking becomes top level when students

conduct experiment at the beginning of the unit.

Information seeking component of students’ engagement to argumentation refers
requesting more information and clarification (Sampson & Clark, 2011). One of the
commonalities between classes showed that 6™ grade students mainly used
information seeking component in first weeks of the units. According to Figure 4.12,
32 % of class 1 discussions were information seeking at the beginning of the matter
and heat unit (i.e., week 1). Likewise, another week that class 1 students actively
used information seeking was first week of the electricity unit (i.e. week 5). 14 % of
total discussion was information seeking in this week. Same trend was also observed
in class 2. According to Figure 4.15, class 2 students actively used information
seeking at the beginning of both units. Percentages of information seeking used in
class 2 for week 1 and week 5 were 14 % and 22 % respectively. Some examples that

students used information seeking in these weeks are presented below:
Class 1:

Student143: In this experiment we examined which object’s heat conductivity is
more. We hypothesized that metal is better conductor and wood is better insulator...
After we removed spoons from hot water, we touched each object and tried to

understand which one is hotter. Our observations showed that initial temperature of
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water was 70°. Metal spoon got hot in few minutes. It got 2 minutes, but plastic
spoon got heat in four minutes. Wood spoon wetted because of water. It became
heavier because it absorbed some water in cup... When experiment ended, water

temperature was 41° (Exposition, week 1)
Student 111: What was the temperature of spoons? (Information seeking)

Class 2

Student 223: Our research question was “Which kind of cup does conduct electricity
better?”... After we completed the circuit, we connected the different cups in turn.
When we connected the cups, we observed the brightness of bulb. We repeated this
procedure for each cup. The cups that we used were foam, metal and plastic. There
was little brightness when we connected metal cup; however, bulb did not light when
we connected other two cups. Bulb brightness was at most when we completed the
circuit without connecting anyone of the cups. Our claim is metal cup conducts
electricity better because bulb lighted when we connected metal cup (Exposition,
week 5)

Student 234: How much did bulb light? Because you said there was little brightness
(Information seeking)

Student 223: When we completed the circuit at the beginning, it was so bright. When
we connected metal cup, the brightness of bulb was less comparing with previous

condition (Exposition)
Student 231: Why did metal conduct electricity? (Information seeking)

As it was seen from the given excerpts; students mainly used information seeking in
three different conditions. First, students use information seeking when they have no
idea about the procedure of group who conducted the experiments. For example;
class 1 students asked the temperature of spoons to understand which spoon was
hotter. Second, students used information seeking when there was uncertainty. For
example; there was uncertainty about the brightness of the bulb in class 2 excerpt.

Therefore, class 2 students used information seeking to be knowledgeable about the
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amount of brightness. Third, students tend to use theoretical questions in their
information seeking to understand the reason of observed phenomena. For instance,
students presented the experiment results in class 2 excerpt. However, other students
did not satisfy just listening the electrical conductivity results and they used
information seeking to understand why some objects conduct electricity better than

others.

Although students tended to use information seeking when they conducted
experiments, especially at the beginning of the units, both classes hardly ever used
information seeking in the weeks that they did not conduct experiment or evidence
cards were presented to them. According to Figure 4.12, class 1 students’ use of
information seeking corresponded to 2 % and 12 % of total discussions in week 3
and week 4 when evidence cards were given to them. Similarly, class 2 students
never used information seeking in week 3 and percentage of information seeking was

5 % of week 4’s whole class discussions.

In conclusion, this data may suggest that use of information seeking is top when
students had no information about other groups’ experiment and theoretical content
of topic. Therefore, students might use information seeking most at the beginning of
the weeks that they conducted experiments. In these weeks, students asked both
procedural and theoretical questions. On the other hand, students might think that
they have necessary data to construct argument in the weeks when evidence cards
were provided them. Hence, students might not focus on information seeking in these

weeks.

Information seeking might have specific role in students’ engagement in
argumentation like expositional comment. In assertion 1, it was explained that
argumentation process starts with expositional comments in which students propose
their ideas. However, expositional comments are not sufficient to maintain
argumentation. For example, both classes used expositional comments so many times
in week 3; however, other three components forming students’ engagement in
argumentation were not used in this week. In this point, information seeking might

have key point to sustain argumentation. Accordingly, students might use
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expositional comments as data sources to engage in argumentation. After presenting
group tell their expositional comments, other groups of students might identify
missing points, conflictions and uncertainties of expositional comments. By this way,
they might start to examine expositional comments through information seeking. As
new questions (i.e., information seeking) and explanations (i.e., expositional
comments) emerges, diverging or converging points between different ideas might

emerge too which decide the direction of argumentation.

Assertion 4: Students usually do not use co-construction of knowledge in

argumentation.

Co-construction of knowledge is summarizing, revising, supporting and adding ideas
to others’ ideas (Sampson & Clark, 2011). According to Figure 4.11 and Figure 4.14,
both classes used co-construction of knowledge less than other three components
forming students’ engagement in argumentation. Moreover, frequency of number of
co-construction of knowledge decreased further for both classes when similar
activities were used in following weeks (i.e., week 2) and when simulation activity
was used (i.e., week 6). The following excerpts are examples of co-construction of

knowledge that students used in whole class discussions.

Class 1

Student 111: Our research question is “What is the effect of aluminium foil on the

rate of melting butter?” (Expositional comment)

Student 132: | think you can try two conditions to test this experiment. In first
condition, you can wrap butter with aluminium foil and throw it in hot water. In
second condition, you throw the butter in hot water without aluminium foil. Then,
compare the rate of melting of butter for two conditions (co-construction of

knowledge)
Student 111: ok, that sounds fine; we can use your suggestion (Accept).

Class 2
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Student 213: Our research question is “Which kind of water does conduct
electricity?”... Our hypothesis was salty water conducts electricity and the result was
as we expected. Bulb lighted when we add salty water to the circuit, but bulb did not

light when we add other kinds of water like sugared water (Exposition)
Student 215: Water became yellowish a few times later (Exposition)

Student 234: Sugared water did not conduct electricity in our experiment too (Co-

construction of knowledge)
Student 224: Why did water color become yellowish? (Information seeking)
Student 213: | do not know.

As it is seen, class 1 excerpt is evidence that students use co-construction of
knowledge when the presenter group has difficulty in conducting experiment. In this
excerpt, one of the students suggested an experimental design by adding his ideas
(i.e. co-construction of knowledge) and presenter group accepted his ideas and chose
it as data collection procedure. Similarly, students use co-construction of
knowledge to support others’ ideas. For example in class 2 excerpt, one student
encouraged presenter group saying that they reached the same result regarding salty
water’s electrical conductivity. Moreover, co-construction of knowledge was used
when students did not have enough information to explain the natural phenomena. In
such situations, students tried to reach correct explanations by sharing and adding
ideas of each other. The following is an example that students collaborate with each
other to explain natural phenomena. Although students reached wrong explanation,
they still put effort to reach an explanation by using co-construction of knowledge.

Class 2:

Student 245: In our experiment, foam and paper cup did not conduct electricity

(Exposition)

Student 223: Do you know the reason why foam and paper cup did not conduct

electricity? (Information seeking)
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Student 241: because they are insulator (exposition)

Student 231: | think there is a space between foam particles and so electricity does

not pass through it (exposition)

Student 241: This was same in heat insulation. The reason of insulation was the
particular structure of matter. Particular structure of matter can be cause of electrical

insulation too (co-construction of knowledge).

Student 234: Yes, foam is electrical insulator because of the space between particles.
This space does not allow electricity to transfer from somewhere to another (co-

construction of knowledge).

Even though reaching scientifically wrong explanation is seen as an undesired
situation in terms of learning at first glance, such kind of wrong explanation might be
source for further discussion. For example, scientifically wrong explanation can be
examined by students and teacher guides the process. Examination of scientifically
wrong explanation might trigger further discussion, students engage in
argumentation more and their conceptual understanding might increase. As a result,

students might reach the scientific explanation.

As it was explained above, students used co-construction of knowledge less than
other three components forming students’ engagement in argumentation throughout
the study. However, number of frequency of using co-construction of knowledge
decreased further when activities were similar to each other. It is possible that
students might think week 2 activity was similar to week 1, therefore they did not
engage in argumentation, and so they did not produce co-construction of knowledge
in this week. Similar trend was also observed in last week when students used
simulation to examine the factors affecting light brightness. Accordingly, idealized
conditions revealing in simulation activity might negatively affect students’

engagement in argumentation including co-construction of knowledge component.

In this part, qualitative findings of the study were examined in terms of students’

engagement in argumentation process. According to the results, both classes had
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some commonalities. Using these commonalities, two different types of assertions
were proposed which are assertions about nature of activities and assertions specific
to components forming students’ engagement in argumentation process. Assertions
about nature of activities included three assertions. Activities about nature of
activities firstly showed that students engage in argumentation at most when
evidence cards are provided to them. Second assertion about nature of activities
indicated that students engage in argumentation less in following week when they do
similar activities. Last assertion about nature of activities suggests that idealized
conditions might inhibit students’ engagement in argumentation. On the other hand,
assertions specific to components forming students’ engagement in argumentation
process revealed four assertions. These assertions were unique to components (e.g.
oppositional comment) that form students’ engagement in argumentation process.
Assertion about expositional comment suggests that when students engaged in
argumentation, they mostly use expositional comment. Another component forming
students’ engagement in argumentation is oppositional-comment and assertion about
this component suggests that students use oppositional comments at most when they
have prior knowledge about topic and evidence cards are provided them. Regarding
information seeking component, assertion shows that students tend to use
information seeking when they conducted experiments, especially at the beginning of
the units, however students hardly ever use information seeking in the weeks that
they do not conduct experiment. Finally, assertion about co-construction of
knowledge demonstrates that students usually do not use co-construction of
knowledge in argumentation. As findings of both classes had some commonalities,
these two classes’ findings also included some differences. These differences
between classes allow proposing further assertions explaining the nature of students’
engagement in argumentation. The assertions derived from differences between two

classes’ findings are presented in next part.

45.4. Assertion derived from differences between class 1 and class 2.

Although argument-based inquiry was implemented in both classes, whole class

discussions included some differences as seen from Figure 4.11 and Figure 4.14.
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Comparison of Figure 4.11 and Figure 4.14 shows that class 2 students engaged in
argumentation more than class 1 students. Therefore, class 2 can be labelled as more
active class and class 1 can be labelled as less active class. Accordingly, one
assertion was proposed based on the comparison of more active class and less active
class. It is thought that assertion derived from differences of two classes further

enlighten nature of students’ engagement in argumentation process.

Assertion: While more active class tend to engage in argumentation process more in
the weeks when they conduct experiments, less active class tend to engage in
argumentation process more in the weeks when students use evidence cards to

construct arguments.

Data was further analyzed based on percentages of each component considering
different units and sources of data. Accordingly, first two weeks were about matter
and heat unit and students conducted experiments and used first hand data. Week 3
and week 4 were about matter and heat topic again however, evidence cards were
given to students in these weeks and students did not conduct experiment. They used
second hand data found in evidence cards to construct arguments in these weeks.
Last two week was about electricity unit and students conducted experiments and
used first hand data they obtained from experiments. In this analysis, total
frequencies of each component for related weeks were divided to overall frequencies
of that component for each class. For example, class 1 used expositional comments
101 times throughout the study. This class used expositional comment 8 times in first
week and 6 times in second week, so class 1 used expositional comments 14 times
for first two weeks that students conducted experiment in matter and heat unit. Total
frequency of these two weeks which is 14 was divided to overall frequency that is
101. By this way percentage of first two weeks’ expositional comment for class 1
was calculated as 14 %. Same calculations were done for each components, each
classes and corresponding weeks. Percentages of each component forming students’
engagement in argumentation for each class considering units and sources of data are

presented in Table 4.20;
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Table 4. 20

Percentages of Each Engagement Components regarding Units and Sources of Data

First two weeks: Third and Forth weeks: Last two weeks:
Matter and Heat Unit Matter and Heat Unit Electricity Unit
First hand data Second hand data First hand data
e} O e}
m (@] e e m (@) = g m (@] = 2
x Q = Py
8% 98 93 35 9% 98 93 33 95 S8 ¢% 33
32 33 23 £% 32 38 ¢35 £% 32 38 23 22
35 3= 23 oc 35 3= 23 ac 3= 3= 23 ac
@ o go(g:r.gg @ o gog:.gg @ o go(g:*.(g-fl
= = =4
More Active  22% 37% 33% 26% 40% 52% 6% 42% 39% 14% 60% 32%

Class

Less Active 13% 4% 31% 38% 58% 57% 27% 29% 28% 39% 40% 33%
Class

Both classes used co-construction of knowledge seldom throughout the study.
Therefore, co-construction of knowledge considering their percentages was not
compared between classes. According to Table 4.20, percentages of three
components which are expositional comment, oppositional comment, and
information seeking were higher in more active class than less active class for first
two weeks when students conducted experiment in matter and heat unit. While
percentages of expositional comments, oppositional comments and information
seeking occurred in more active class’s first two weeks were 22%, 37% and %33
respectively, percentages of these components used in less active class in first two
weeks were 13 %, 4 %, and 31 %. Likewise, percentages of expositional comment
and information seeking occurred in more active class was higher than less active
class in last two weeks that students conducted experiments in electricity unit. While
percentage of expositional comment in more active class was 39 %, it was 28 % in
less active class. Similarly, percentage of information seeking was 60 % in more
active class, but it was 40 % in less active class. On the other hand, percentages of
oppositional comment in less active class outperformed this component’s percentage

in more active class for last two weeks (14 % vs. 39 %). This superiority of less
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active class regarding oppositional comments towards more active class in last two

weeks might be an exception.

To sum up, this part focused on the differences between two classes during
argumentation. Differences of the students suggested that class 2 engaged in
argumentation more than class 1. Differences between two classes allowed proposing
one assertion. Accordingly, while more active class tend to make argumentation in
the weeks when they conduct experiments, less active class tend to engage in
argumentation in the weeks that students use evidence cards to construct arguments.
It is thought that both assertions derived from similarities and differences between
classes contributes on enlightening 6 grade students’ nature of engagement in

argumentation process.

4.6. Summary of Results

In conclusion, quantitative findings of the study suggested that argument based
inquiry treatment improved 6" grade level students’ content knowledge about matter
and heat topic and electricity topic. On the other hand, students’ epistemological

beliefs and science process skills did not improve.

This study also sought to explain argumentation schemes that 6" grade students used
in argument based inquiry treatment. Similarities and differences of two classes were
used to claim assertions that enlighten middle school students’ argumentation
schemes in ABI treatment. Similarities between classes showed that total number of
types of argumentation schemes increased over time for both classes. Similarities
also showed that students tend to use some argumentation schemes more than others
in science classes. These argumentation schemes that both classes’ students mainly
use are argument from expert opinion, argument from sign, argument from position
to know, argument from comparison, and argument from evidence to hypothesis.
Findings also suggested that types of data (i.e. first hand data, second had data)
might affect the argumentation schemes students used. Accordingly, students might
use argument from evidence to hypothesis when they use first hand data, but they use
argument from expert opinion when they use second hand data. Differences between
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two classes were also beneficial to understand nature of students’ argumentation
schemes. According to differences emerged between two classes, this study showed
that more active class (i.e. Class 2) uses more argumentation schemes comparing
with less active class. This trend was obvious especially after week 3. Differences
also showed that while most used argumentation scheme in more active class was
argument from position to know, the most used argumentation scheme in less active

class was argument from expert opinion.

Findings also informed about students’ engagement in argumentation process. Two
classes’ video records were compared with each other and assertions were identified
based on the similarities and differences of classes regarding their engagement in
argumentation process. Similarities of two classes showed that both classes engaged
in argumentation most in the weeks when they used evidence cards. On the other
hand, students appeared to engage in argumentation less if following week’s activity
Is similar to previous activities. Likewise, use of ideal conditions instead of real
experiments might inhibit students’ engagement in argumentation process.
Similarities of classes also showed that the most used engagement component was
expositional comments which occur when students propose and clarify their ideas.
Findings also suggested that both classes used oppositional comments most when
they have prior knowledge, and evidence cards are given him. Next, students usually
used information seeking component of engagement at the beginning of the units;
moreover, students tend not to use this engagement component in the weeks when
they do not conduct experiments. This study also showed that both classes usually

did not use co-construction of knowledge in argumentation.

Classes also had some differences when they engaged in argumentation.
Accordingly, class 2 engaged in argumentation more than class1. Therefore, class 2
was labelled as more active class and class 1 was labelled as less active class in this
study. Findings emerging from differences of two classes showed that while more
active class tend to engage in argumentation in the weeks that students conduct
experiment, less active class tend to engage in argumentation in the weeks that

evidence cards were provided to students.
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CHAPTER 5

DISCUSSION

This study attempted to investigate effect of ABI treatment on 6" grade students’
scientific literacy components which are content knowledge, epistemological beliefs,
and science process skills. Moreover, this study uncovered participants’
argumentation schemes and their engagement in argumentation process. In line with
this, effects of ABI treatment on scientific literacy components are discussed at first.
Second, the findings about argumentation schemes and then students’ engagement in
argumentation process are discussed. At the end, implications of the study are
presented.

5.1. Argument Based Inquiry and Scientific Literacy

In this study, vision-1 for scientific literacy was adopted. Accordingly, students were
expected to act like scientists and they were expected to focus on both process of
science and product of science (Roberts, 2007). Therefore, variables which are
directly linked with scientific enterprise (e.g., content knowledge, epistemological
beliefs, and science process skills) were selected and it was assumed that these
variables represent scientific literacy. Accordingly, ABI’s effect on students’ content
knowledge, epistemological beliefs and science process skills are discussed in this
part. It is expected that these discussions about content knowledge, epistemological
beliefs and science process skills shed light the effect of ABI on students’ scientific

literacy.
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5.1.1. Argument Based Inquiry and Content Knowledge.

In this study, content knowledge is defined as academic content of a discipline (e.g.,
physics, biology, chemistry) (Carlson & Daehler, 2019). Students’ conceptual
understanding about matter and heat unit and electricity unit taught in 6™ grade level
represents their content knowledge. In the present study, the effect of ABI treatment
on sixth grade students’ content knowledge in Matter and Heat and Electricity topics
was examined using multiple choice tests. The test were developed in the current
study and demonstrated to provide valid and reliable measure of students’ content
knowledge in these topics. In order to investigate the effectiveness of the ABI
treatment, Within Subject Repeated MANOVA was conducted. More specifically,
this analysis was carried out to explore the changes in participants’ content
knowledge about matter and heat topic and electricity topic in ABI treatment. Results
showed that there was a significant increase in the level of students’ content
knowledge in both topics with a large effect size. At this point, it is also important to
note that, the effect size was larger for the second topic (i.e., electricity unit)
suggesting that the effectiveness of the ABI treatment on content knowledge
increased over time. However, there was no control group in this study which is one
limitation in quantitative part. Therefore, it is not certain to what extent ABI
treatment was effective to improve participants’ content knowledge compared to
regular instruction. On the other hand, previous ABI research mainly employed
experimental research including control groups. These previous ABI treatments
mainly suggested that experimental groups outscored control groups (Erkol et al.,
2017; Greenbowe et al., 2007; Hand et al., 2004; Hohenshell & Hand, 2006; Kingir
et al., 2012; Kingir et al., 2013; Shamuganathan & Karpudewan, 2017; Taylor et al.,
2018; Yesilcag-Hasangebi & Giinel, 2013) although there are some exceptions
showing no statistical difference between experiment and control groups (Cronje et
al., 2013; Rudd et al., 2001).

Why participants’ content knowledge increased in this treatment is one focus of
interest. Previous research mainly explained contribution of ABI treatment on
content knowledge referring to ABI’s focus on process of science (Kingir et al.,

2013), the relationship between ABI and conceptual change (Kingir et al., 2013), use
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of SWH as scaffold (Akkus et al., 2007; Chen et al., 2016; Cronje et al., 2013; Hand
et al., 2004), group discussions (Hand et al., 2004; Heng et al., 2015; Shamuganathan
& Karpudewan, 2017), following ABI phases strictly (Cronje et al., 2013; Erkol et
al., 2017), use of students own research questions and allowing them to follow their
own data collection process (Cronje et al., 2013; Hand et al., 2004).

Concerning the effect of ABI treatment on content knowledge through its focus on
the process of science, it is pointed out that students in ABI classes act like scientists,
they ask questions, conduct investigations, interpret data and discuss on different
interpretations in this process. As a result, students construct knowledge in this
process and their content knowledge increases (Kingir et al., 2013). Similarly,
students, in the present study, acted like scientists and they focused on the process of
science especially in the weeks when they conducted their own investigations (week
1, week 2, week 5 and week 6). Therefore, their engagement in process of science
might have improved their content knowledge in this study.

In addition, Kingir et al. (2013) claimed that ABI is consistent with conceptual
change approach and so it facilitates students’ conceptual understanding. According
to this, students get surprised when they obtain conflicting data in data collection
process and they become suspicious to their own prior knowledge. These conflicting
data and suspicion on their prior knowledge provoke students and they start to
discuss on conflicting data and their prior knowledge. These discussions end with
negotiations. By this way, students learn from each other (Kingir et al., 2013). The
consistency between conceptual change and ABI was also observed in this study. For
example, one of the groups hypothesized that length of wire does not affect wire
resistance because the voltage and current should be same. On the other hand, the
group conducted the experiment and observed that there is a reverse proportion
between wire length and wire resistance. This inconsistency led group to engage in
discussion. Other groups used an analogy to explain this reverse proportion. By
listening other groups’ analogy, the group learnt the reason of reverse proportion and

their content knowledge increased.
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Previous research also suggested that use of science writing heuristics (SWH) is
facilitator for students’ learning (Akkus et al., 2007; Chen et al., 2016; Cronje et al.,
2013; Hand et al., 2004). According to Akkus et al. (2007), SWH is a bridge between
personal and scientific knowledge. Likewise, Chen et al. (2016) claimed that SWH
assists students to engage in argumentation. By writing their initial ideas on SWH,
students start engaging argumentation. After students engage in oral argumentation,
they write their final ideas on SWH. The difference between their initial and final
ideas shows how much students learn in argumentation process. In this study, SWH
student template was actively used from the beginning to the end for each week. For
example, students wrote their prior knowledge about content in first prompt. Then,
they recorded their research questions, hypothesis, materials, and data collection
procedure in SWH template. When students conducted their investigation, they were
requested to write their observations in SWH templates. They were also requested to
use these observations to prepare their individual arguments. After, students wrote
their initial arguments, students had time to construct their group arguments. Next,
students wrote group arguments in SWH template. When groups presented their
group arguments to the rest of the class, they actively used SWH templates in these
presentations. If groups did not prepare SWH templates, most probably they could
not present their arguments, data, evidence, experiment process in an effective
manner. In other words, SWH templates prepared by students were used as source to
engage in argumentation and facilitated their engagement in argumentation process.
However, although SWH was actively used throughout the process, it is important to
note that, students’ written arguments included some deficiencies. In general,
students successfully reported their research questions, hypothesis, experiment
process, recorded observations and prepared individual arguments. However,
students tended not to report the diverging ideas in small group discussions.
Likewise, students did not report the different ideas revealed in whole class
discussions in their SWH templates. Similarly, their reflection was naive. In the
present study, results about written arguments existed in SWH templates were not
used as data sources and their results were not shared in result section. The informal
examination of SWH written arguments, on the other hand, showed that students did
not benefit from SWH student template so much even though they were encouraged
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to use SWH template in whole process. If students could use SWH better, their
written arguments might have been better. Improvement in written arguments could

also result in better content knowledge.

Previous research also indicated that the group discussions in ABI process can assist
in conceptual understanding (Hand et al., 2004; Heng et al., 2015; Shamuganathan &
Karpudewan, 2017). For example, Heng et al. (2015) claimed that group arguments
have higher quality than individual arguments because there is a knowledge pool
including different ideas in group argument and students integrate their cognitive
strengths in this pool. Moreover, students adjust their ideas using peer feedbacks. As
a result, their content knowledge improves. Similarly, Hand et al. (2004) asserted
that students learn more when they engage in discussion because they learn by
listening others’ ideas, sharing ideas, commenting on ideas and sharing cognitive
load in group discussion. In this ABI research, participants mainly engaged in
discussions. Discussions included pre-activity discussions, small group discussions,
and whole class discussions. Pre-activity discussions were held at the beginning of
the weeks as warm up activities and to reveal participants’ prior knowledge in a
given topic. Small group discussions were carried out while students were forming
their arguments based on their investigations before students present their arguments
in whole class discussion. Whole class discussions were done when groups presented
their arguments to rest of the class and critically evaluated other groups’ arguments.
It 1s highly possible that such activities supported students’ conceptual
understandings. For example, a concept cartoon was used in second week pre-
activity. In this cartoon, a snowman was shown to students and whether snowman
without clothes or snowman wearing coat melts earlier in a hot day was asked to
students. Most of the students thought that snowman wearing coat melts earlier than
snowman without clothes. This shows that majority of students had naive ideas about
heat insulation at the beginning. After that, students engaged in discussions in this
pre-activity. The ones who knew heat insulation correctly persuaded others in this
discussion. They claimed that snowman wearing coat does not melt early because
coat on snowman blocks heat transfer. Most of the students found this argument

acceptable at the end of pre-activity discussions and most students reached scientific
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explanation of the phenomenon about melting of snowman. The increase in the
number of students who thought that snowman without coat melts earlier shows that
students’ content knowledge about heat insulation increased in this pre-activity

discussion.

Another factor increasing students’ content knowledge might be related with
applying ABI phases strictly. For example; Cronje et al. (2013) did not apply these
phases strictly and experiment group did not outperform control group regarding
content knowledge. Similarly, Rudd et al. (2001) used only SWH student template as
laboratory report format and did not focus on other aspects of ABI for experiment
group. Control group got traditional instruction and completed standard laboratory
report. Groups did not differ in terms of content knowledge (Rudd et al., 2001).
These findings showed that if ABI approach is used with its all phases, its efficacy
becomes top level; however, ignoring some aspects of ABI (e.g. using only SWH
template) or not focusing its phases might decrease the effectiveness of ABI. In other
words, all phases of ABI appear to contribute to students’ content knowledge and
none of the phases should be ignored. Consistent with this idea, all phases of ABI
were implemented in the current study. For example, lesson plans were prepared
based on these phases for all weeks. Each phase included specific activities.
Therefore, both implementing teacher and participants engaged in all activities
throughout the study. For example; Benjamin Franklin experiment about lightning
was discussed with students for the phase “eliciting students’ prior knowledge” in
week 5 (i.e., electrical conductivity). Then, materials were provided to students and
students designed their experiments in phase “prior activities”. Next, students
conducted their experiments in phase “laboratory experiments”. After that students
engaged in negotiation phases 1-2-3-4. In these phases, students constructed their
individual arguments and group arguments. They engaged in whole class discussions
and compared their findings with authorities like teacher and textbooks. Moreover,
students prepared their SWH templates throughout the process. To sum up, all phases
of ABI were considered in this study and this consideration might have contributed

to the improvement of students’ content knowledge.
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Lastly, according to the relevant literature, students’ identification of their own
research questions and their follow of their own data collection procedures can
increase the effectiveness of ABI approach (Cronje et al., 2013; Hand et al., 2004).
In fact, Hand et al. (2004) claimed that when students formulate their own research
questions, their interest increases and they become more likely to complete their
research. Similarly, Cronje et al. (2013) reported that pre-determined hypothesis and
data collection decrease the effect of ABI because students think that there is one
right answer which is the result of testing given hypothesis and following given data
collection process. Moreover, students start to think that this is not their own
research and their interest decrease towards conducting investigation. As a result,
they cannot learn the topic. In this study, students were asked to prepare their own
research question and data collection process; however, all lessons were prepared
based on curricular objectives. When students prepared research questions extending
curricular objectives, they had to modify their research question. Likewise, materials
used in this study were easily accessible school materials. Sometimes, materials were
not sufficient to conduct students” own investigations and therefore, students had to
change their research questions and data collection process. Although, such
mandatory changes might have negative effect on students’ interest interfering with
better content knowledge acquisition, the overall effect of the ABI on students’
content knowledge was positive as indicated by a significant increase in mean scores

from pre-test to post-test with large effect sizes.

In conclusion, in the current study, there was a significant improvement students’
content knowledge. This finding can be attributed to the focus of the ABI on the
process of science, the implemented activities’ consistency with conceptual change
approach (e.g., discrepant events like heat transfer experiment), active use of SWH
student template, emphasis on discussions including small group, pre-activity, and
whole class discussions, and application of all phases of the ABI strictly. In addition,
the effect size was found to be larger for the second topic (i.e. electricity) compared
to the first topic (i.e. matter and heat). This finding might suggest that students got
familiarity with the ABI and become more adapted to its implementation in the

second topic, leading to a better improvement in their content knowledge. Thus, this
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explanation may suggest that as the ABI becomes a regular part of instruction and
students gain more experience, the effectiveness of the ABI on the content

knowledge may become more striking.

5.1.2. Argument Based Inquiry and Epistemological Beliefs.

According to Conley et al. (2004), epistemological beliefs are the belief systems
including source, certainty, development and justification dimensions. Source refers
to where scientific knowledge comes from, certainty concerns whether scientific
knowledge is certain, development is related with whether scientific knowledge
changes, and justification emphasizes role of experiment, testing and evidence in
science. In the present study, the EBQ was used to assess students’ epistemological
beliefs. Findings of this study suggested that there was no significant change in
participants’ epistemological beliefs in ABI treatment. There may be different
explanations for this result: in this study, participants’ mean scores for
epistemological beliefs were around 4.0 out of 5.0 in pre-tests. Therefore, it was
difficult to obtain a significant improvement in participants’ epistemological beliefs

throughout the study.

There can be some other reasons explaining why participants’ epistemological
beliefs did not change. For example, lack of explicit instruction about
epistemological beliefs might have caused a non-significant change in students’
epistemological beliefs. McDonald (2010) reported that explicit NOS (e.g., part of
epistemology) instruction is needed to improve participants’ NOS views and
argumentation treatment without explicit NOS instruction is not sufficient alone to
increase participants’ NOS views because participants might not link their
performance in argumentation and related epistemological beliefs. On the other hand,
explicit instruction might assist them to link their scientific practice and
epistemological beliefs. By this way, they might increase their epistemological
beliefs (McDonald & McRobbie, 2012; McDonald, 2010). However, current study
did not include explicit instruction about epistemological beliefs and it is possible

that participants did not develop their epistemological beliefs because of this reason.
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Likewise, previous studies reported time is important factor affecting quality of
argumentation studies (e.g., Chen et al., 2016). If durations of the treatments are
longer students benefit more from argumentation studies. However, current study
lasted six weeks and six weeks may not be sufficient to improve participants’

epistemological beliefs.

According to current study, pre-test results showed that participants of the study held
sophisticated epistemological beliefs because students had high scores in
epistemological belief items. However, this situation might not reflect the reality.
According to Cavagnetto et al. (2010), science classes mainly focus on product of
science that is content knowledge and they ignore science practice. This focus on
product of science causes students having naive understandings about science. They
see science as collection of facts which is consistent with positivist (e.g. less
sophisticated beliefs) epistemology. Therefore, their epistemic commitments might
be problematic and this might decrease quality of arguments. Actually, students’
proximity to positivist epistemology can be also true for this study although their
responses to epistemological belief questionnaire supported that students had
sophisticated epistemological beliefs. First of all, participating teacher and students
focused on understanding content knowledge prior to the study. Although teacher
said they usually discuss on topics, they hardly conducted investigations. Therefore,
both teacher and her students were now knowledgeable about scientific practice and
most probably, they did not held sophisticated epistemological beliefs prior to the
study. Likewise, observational data obtained from students’ engagement in
argumentation process supported the view that participating students might have
naive epistemology (e.g. positivist epistemology, less sophisticated beliefs). Kolsto
and Ratcliffe (2007) claimed that students usually use data coming from expert
opinion. Students think that expert opinion is perfect and objective and they do not
criticize the expert opinion. In this study, students were more active in the weeks
where first hand data were not collected. Students actively used expert opinions
existing in evidence cards. While they proposed their arguments, students did not
criticize the evidence cards and this is one of the evidence that students had naive

epistemologies. Furthermore, less active class engaged in argumentation less in the
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weeks that students conducted experiments comparing with the more active class.
According to Wallace (2004), students who use only first-hand data or second-hand
data held naive epistemological beliefs. Wallace claimed that students having
developed epistemological beliefs use both first hand data and second hand data and
they link these data sources in argumentation. Therefore, less active class’s focus on
second hand data ignoring first hand data during argumentation might supported the

idea that participants had naive epistemologies.

Moreover, McDonald and McRobbie (2012) claimed that transition of
epistemological beliefs for a person is related with developmental process.
Accordingly, young people think that knowledge is certain, therefore, they are
absolutist that is consistent with positivist epistemology (e.g. less sophisticated
beliefs). When these people reach to adulthood, absolutist epistemology replaces
with evaluationist epistemology that evaluates evidence and prefers more justified
models which is consistent with constructivist epistemology (sophisticated beliefs).
Therefore, participants of this study (6™ grade students in 12 years old) might have

positivist epistemology prior to the study.

If participants had positivist epistemology, why did they show themselves in
constructivist epistemology? The first answer for this question can be related with
students’ perception. It is possible that students could not link work of scientists and
their work in class. While their epistemology is constructivist regarding scientists’
works, they might have positivist epistemology about themselves working in class
(Sandoval & Millwood, 2008; Tucel, 2016; Tucel, Cakiroglu, & Oztekin; 2015).
Therefore, they might represent constructivist epistemology thinking scientists’ work
instead of thinking themselves. Second answer can be more philosophical. Students’
markings to epistemological beliefs items might not show that these students had
constructivist beliefs. On the other hand, their markings might show that these
students only agreed the ideas supporting constructivist epistemology, but their
personal epistemologies might be different from this constructivist epistemology.
Third answer to this question might be about multiple epistemological beliefs that
students held. In one study conducted by Liu and Roehrig (2019) showed that

participants might have two different epistemological beliefs in same time which are
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general epistemologies and topic-specific epistemologies. Liu and Roehring (2019)
found that participants’ general epistemology was constructivist because participants
believed that scientific knowledge is uncertain. On the other hand, participants
thought that the findings about climate change were “truth”. This showed that
participants’ topic-specific epistemological beliefs were positivist. Similar result can
be true for current study too. For example, participating students might have general
epistemology consistent with constructivist epistemology. Therefore, they might rank
the items supporting the constructivist epistemology in pre-test and post-test. On the
other hand, participants might hold positivist epistemology in specific science topics
(e.g., electricity) that they engaged in argumentation and they acted in class
consistent with positivist epistemology. For instance, when participants reached
different conclusions in salty water experiment, they thought whether their
experiments or other groups’ experiments were wrong, but students did not think the
conditions leading different results in their experiments. The idea of wrong or true
result might show that students had positivist epistemology in electricity topic. In
conclusion, their general and topic-specific epistemologies might be different from

each other.

If participants had positivist epistemologies as explained above prior to this study,
this might also cause no change on their epistemological beliefs. Accordingly,
Walker and Sampson (2013) sophisticated epistemological beliefs are necessary to
construct qualified arguments because the ones having sophisticated epistemological
beliefs evaluate different evidence and they are open to different ideas and evidence.
In other word, the ones having sophisticated epistemological beliefs are ready to
engage in argumentation. On the other hand, positivists believe that there is one
correct answer and there is no need to discuss more after reaching correct answer.
Therefore, if participants of current study had positivist epistemologies at the
beginning of the study, this might decrease their engagement in argumentation, and
decreased engagement in argumentation might inhibit development of participants’

epistemological beliefs.

In conclusion, findings of the study suggested that participants of the study had

constructivist epistemological beliefs before and after the study based on quantitative
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analysis and participants’ epistemological beliefs did not change in this study. There
can be different reasons why students’ epistemological beliefs did not improve in this
study. It is possible that high scores prior to the study, lack of explicit
epistemological belief instruction in ABI treatment, and short duration of ABI
treatment might cause no change on students’ epistemological beliefs in this study.
Although quantitative results showed participants had constructivist epistemology
(e.g. sophisticated beliefs) participants might not have constructivist epistemological
beliefs. On the other hand, they might have positivist epistemology (e.g. less
sophisticated beliefs). Participants’ traditional instruction focusing on product of
science prior to the study, students’ approach to expert opinion (i.e., not criticizing
evidence cards), less active class’s less engagement in argumentation in the weeks
they conducted experiment, participants’ age and its corresponding epistemological
beliefs aligned with developmental perspective supported the view that participants
might have positivist epistemologies. Students’ inability to link their work and
scientists’ works, the difference between their actual epistemologies and their
approval of constructivist epistemology, and their multiple epistemologies including
general and topic-specific epistemologies might cause students show themselves
having constructivist epistemologies although they might have positivist
epistemology. Following part continues with discussing findings of current study and

previous research about science process skills.

5.1.3. Argument Based Inquiry and Science Process SKills.

One of the aims of current study was eliciting the change of science process skills in
the ABI treatment. Padilla (1990) claimed students’ science process skills increases
when they engaged in science practice. According to Sanderson and Kratochvil
(1971), there are two different kinds of science process skills which are the result of
classification of science’s intellectual tool: basic skills (e.g., observe) and integrated
skills (e.g., defining operationally). While basic skills are taught in primary years of
schooling, integrated skills are taught in the following years. Consistent with the

participants’ grade level (i.e. 6" grade), integrated skills represented students’
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science process skills and test of integrated process skills developed by Burn et al.

(1985) was used to assess participants’ science process skills.

Due to fact that reliability of test scores was too low for components of integrated
process skills (e.g., identifying variables), the test was used as unidimensional. The
same issue was also reported in previous research and the scores from the overall
instrument were utilized in data analysis (e.g., GOk, 2014). In the present study,
findings suggested that participants’ science process skills as a unidimensional
construct did not change significantly in this treatment. There can be different
reasons why participants’ process skills did not improve in this treatment. These
possible factors may be short duration of the treatment and lack of explicit emphasis

on science process skills throughout the study.

Regarding the duration of the treatment, although the treatment lasted six weeks,
students conducted experiments which involved the extensive use of science process
skills only in four weeks. Thus, this situation might have led to a non-significant
change in students’ science process skills. Similarly, Yildirim (2012) reported that
short period of guided inquiry treatment caused no change on students’ science
process skills. If this study had lasted longer and students conducted experiments in
all weeks, it would be possible that there would be an improvement in students’
science process skills. At least, theoretical consistency between ABI and science

process skills promises this improvement.

Why participants’ science process skills did not improve can also be related with
lack of emphasis on science process skills during treatment. Although students used
science process skills in this treatment especially in the weeks they conducted
experiment, science process skills were not emphasized in these experiments. For
example, in their intervention, Durmaz and Mutlu (2017) emphasized science
process skills in experiment group, and experiment groups’ science process skills
developed more comparing with control group in which science process skills were
not emphasized. In another study, Akben (2015) asked participants which science
process skills they used when they designed and conduct their experiment in an
inquiry study. By this way, participants became alerted about their science process
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skills in their investigation and they could learn science process skills. Moreover,
participants discussed about science process skills with their peers and peer
feedbacks probably improved their process skills further. If participants were asked
to address which science process skills they used in their experiments in this study, it
is possible that there would be an improvement their science process skills. But, in
the current study, neither science process skills were emphasized nor there was a
discussion on science process skills used and these two situations might have caused

no change in participants’ science process skills.

To sum up participants’ science process skills did not improve in this study and
possible reasons for no change on science process skills can be short period of

treatment time and lack of emphasis on science process skills during treatment.

Until now, how participants’ content knowledge, epistemological beliefs and science
process skills which are components of scientific literacy were affected by argument-
based inquiry treatment was discussed. The next part of discussion is about

argumentation schemes students used in this study.

5.2. Nature of Argumentation Schemes in Middle School Level

Walton’s (1996) argumentation schemes and Duschl’s (2007) explanations about
argumentation schemes were used to reveal the nature of 6" grade students’
arguments. According to Walton et al. (2008), argumentation schemes are forms of
arguments showing structures of common types of arguments people use in everyday
discussions. Argumentation schemes are presumptive in nature and they are used to
support main arguments. This support can assist to change direction of discussion. In
other word, the weight that argumentation schemes have contributes on other

arguments that schemes are related.

In this study, five assertions were proposed about 6™ grade students’ argumentation
schemes. Three of these assertions were derived from similarities of two classes
observed and two of assertions were derived from differences of two classes. In this

part, these five assertions are discussed.
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Firstly, this study showed that number of types of argumentation schemes students
used increased over time. Secondly, students preferred to use some argumentation
schemes like argument from sign more than others. Third, the data sources that
students used affected which argumentation schemes students used. Fourth, the more
active class used the more types of argumentation schemes. Fifth, the more active
class used argument from position to know most, but the less active class used

argument from expert opinion most.

More specifically, this study, firstly, showed that there was an increase the total
number of type of argumentation schemes used in both class 1 and class 2 over time.
Accordingly, total types of number of argumentation schemes increased from 5 to 8
for class 1 and total types of number of argumentation schemes increased from 7 to
12 for class 2. On the other hand, there were fluctuations for total number of
argumentation schemes used. For example, the number of argumentation schemes
used in class 1 students was the highest in the week 3, week 4 and week 5, but fewest
number of argumentation schemes were used in week 1, week 2, and week 6. These
findings suggest that although total number of argumentation schemes used
fluctuated, total types of number of argumentation schemes increased over time in
ABI treatment. This finding may imply that as students get familiarity with the
argumentation over time, they start to use different types of argumentation schemes.
According to Konstantinidou and Macagno (2013) the use of argumentation schemes
as a way of analysis makes participants’ reasonings concrete. In other word,
argumentation schemes that participants use show their reasoning. Therefore,
increase of total types of argumentation schemes supports the idea that participants
do more reasoning over time. Similarly, in another study using argumentation
schemes, Macagno et al. (2015) reported that students considered values more on
their arguments and they offered more solutions to the problems over time. They
focused on the reasons underlying in an argument rather than argument itself in their
critics over time. Therefore, it can be said that participants use more types of
argumentation schemes over time in ABI reflecting a development in their reasoning.
On the other hand, Duschl (2007) claimed that nine of argumentation schemes which

are sign, commitment, position to know, expert opinion, evidence to hypothesis,
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corelation to cause, cause to effect, consequences, and analogy are appropriate for
middle school students, but this study showed that students can use more than these
nine argumentation schemes. In this study, middle school students used 17 different
types of argumentation schemes (e.g. argument from established rule). This result is
evidence that middle school students can use more argumentation schemes than they
are expected to use if students have enough opportunity to engage in argumentation
as in argument-based inquiry treatment. Moreover, use of various types of
argumentation schemes shows that middle school students can do more presumptive
reasoning when they engage in ABI treatment. Therefore, it can be said that ABI
treatment is an efficient way of improving participants’ reasoning in middle school

level.

Second, this study showed that participants tended to use some argumentation
schemes more than others. More specifically, both classes used argument from
expert opinion, argument from sign, argument from position to know, argument from
comparison and argument from evidence to hypothesis frequently and they used
other argumentation schemes less. Students mainly used argument from expert
opinion when they had second hand data like evidence cards. They used argument
from sign when they looked for explanation of observed phenomena as explained by
Duschl (2007): When students used argument from sign, their explanation sometimes
included wrong content knowledge, but students were aware that their explanations
were not certain, they included possibility. Classes also used argument from position
to know to get further information and to show inconsistencies of ideas. Argument
from comparison was mainly used to compare concrete materials consistent with its
definition (Walton, 1996). Lastly, argument from evidence to hypothesis was used
when students reported their experiments and hypothesis. At this point, it is
important to note that in the present study, argumentation schemes were obtained
only from whole class discussions not from experiments or small group discussions.
However, argumentation schemes derived from experiments can be different from
schemes obtained from whole class discussions. For example; Ozdem et al. (2013)
examined pre-service teachers’ argumentation schemes in an ABI treatment and

researchers reported that participants used argumentation schemes to construct their
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arguments in experimentation and they used argumentation schemes to criticize
others in whole class discussions. Ozdem et al. (2013) also reported that argument
from sign, argument from evidence to hypothesis and argument from corelation to
cause are scientific argumentation schemes because argument from sign is related
with inference, observation, measurement and graphs; argument from evidence to
hypothesis is used when participants make verification and falsification; argument
from corelation to cause is used when participants observe relationship between
variables. Argument from evidence to hypothesis and argument from sign which are
scientific schemes were also commonly used in current study too, but participants of
this study did not use argument from corelation to cause so much. In addition to
these schemes, participants of this study used argument from expert opinion,
argument from comparison and argument from position to know frequently. In
addition to argumentation schemes Ozdem et al. (2013) reported, these three
schemes frequently used in current study (e.g. argument from expert opinion) can
also be scientific argumentation schemes. For example, students in this study
frequently used argument from expert opinion. Wallace (2004) claimed that students
should integrate first hand data derived from their experiments and second hand data
obtained from experts (e.g., textbook) to construct their explanations. Therefore,
students should actively use second hand data by proposing argument from expert
opinion in discussion. In this point, using argument from expert opinion can be seen
as an example of scientific argumentation scheme. Likewise, argument from
comparison can be a scientific scheme. While argument from analogy is used to
compare abstract things, argument from comparison is used to compare concrete
things (Walton, 1996). Argument from comparison was actively used in current
study. Due to fact that participants were expected to be in concrete operational stage,
they usually reported macro level things and their relationship in their arguments. By
comparing these different observable entities, participants used argument from
comparison. Likewise, participants actively used argument from comparison when
they reported the differences between their experiment group and control group in
investigations; therefore, argument from comparison can be a scientific
argumentation scheme too. Lastly, participants of this study frequently used
argument from position to know in this study; however, pre-service teachers did not
297



use this scheme so much in previous research (Ozdem et al., 2013). As other four
schemes, argument from position to know can also be scientific argumentation
schemes. When participants thought they did not have enough information or they
observed something that was inconsistent with their thinking, they preferred to ask
questions to presenter groups. By this way, they used argument from position to
know. Lederman and Lederman (2012) claimed that scientific inquiry starts with
asking questions at the beginning of the scientific investigation and scientists try to
answer these questions in their investigations. Similarly, argument from position to
know stimulated the argumentation process in class and students looked for answers
to these questions. Due to fact that argument from position to know was used to start
scientific argumentation in class, this scheme can also be seen as scientific
argumentation scheme. Although these five argumentation schemes revealed more
than other twenty argumentation schemes, we do not claim that middle school
students always use these argumentation schemes and ignore others. For example; if
students do not know the content, most probably they are going to create their own
explanations and the number of use of argument from example and argument from
analogy will increase. Likewise, if the topic is too complex and needs to be broken
down before understanding it, it is possible that students will use argument from
gradualism frequently. Simlarly, if students have misconceptions in a science topic, it
is possible that they are going to link inconsistent things and so they will use
argument from corelation to cause in general. However, in this study, use of five
argumentation schemes explained above was more frequent than others and so this
finding was reported as argumentation schemes assertion 2. This assertion is

tentative as all assertions and can change when new evidence emerges.

Third, this study showed when type of data sources (e.g., first hand) change, type of
argumentation schemes that students used also changes. Accordingly, when
participants conducted their own investigation, they produced first hand data and
both classes used argument from evidence to hypothesis by reporting their
hypothesis and variables. Students did not use argument from expert opinion in these
weeks. On the other hand, participants stopped using argument from evidence to

hypothesis when they did not conduct experiment and evidence cards were provided
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them. In these weeks, participants used evidence cards as second hand data and
frequently used argument from expert opinion. In other word, the type of data
participants used shaped their use of argumentation schemes. Similarly, Ozdem et al.
(2013) reported that participants’ use of argumentation schemes changed depending
on the tasks. While students used argument from sign most in some tasks, they used
argument from corelation to cause most in some others. Likewise, Kind et al. (2011)
reported that students do not have certain orientation. They develop their orientation
spontaneously. If they conduct their experiments, their orientations is based on
experimenting and they focus on data collection; on the other hand, if they do not
conduct experiment, they focus on product of science (e.g., already available data).
Focusing on one type of scheme depending on data source can be deficiency because
students are expected to use first hand and second hand data together in scientific
investigation (Walsh & McGowan, 2017). Using only one type of data can support
students’ positivist epistemological beliefs. For example, they might think their
experiment results are the unique way reaching scientific knowledge if they use only
first-hand data. Likewise, students might think that second hand data is objective and
perfect knowledge and it should not be criticized if they only use second hand data
(Wallace, 2004). Therefore, just focusing on argument from evidence to hypothesis
in using first hand data or just focusing on argument from expert opinion in using
second hand data is problematic and does not align with constructivist epistemology.
One of the reason of students’ focus on only one type of argumentation schemes
depending on type of data source (e.g., first hand) can be design of current research.
In this study, additional evidence cards were not given to students when they
conducted their experiments. Students were supposed to use textbook or teacher’s
ideas to produce argument from expert opinion, but they did not in general. They
focused on their experiments and used argument from evidence to hypothesis. If
evidence cards had been provided to students in these weeks, they might use
argument from expert opinion frequently and they might integrate first hand and
second hand data. The same also can be true for the weeks that students used second
hand data. Accordingly, evidence cards were given to students in those weeks
consistent with the curricular content and students mainly use argument from expert
opinion in these weeks; however, students had no opportunity to conduct their own
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investigations, so it is not surprising that students did not use argument from

evidence to hypothesis frequently in these weeks.

Findings also suggested that more active class used more type of argumentation
schemes than less active class. Actually, two classes used similar number of types of
argumentation schemes in first three weeks of the study. However, more active class
used 12 different argumentation schemes, but less active class used 8 different
argumentation schemes in last weeks of the study. Sampson and Clark (2011)
explained that characteristics of discourse affect group performance. Accordingly,
the group who interacts more than others focuses on content, uses much more ideas.
More and diverse ideas lead to more discussion. As a result, groups engaging in
argumentation more are likely to improve their reasoning. Similarly, argumentation
schemes show proponents’ presumptive reasoning and this reasoning might improve
through engagement in argumentation. As a result, groups that improved their
presumptive reasoning might use different types of argumentation schemes.
Likewise, the group who engaged more in argumentation might need to look from
multiple perspectives to support their arguments and to refute others’ arguments in
discussion. Looking from multiple perspectives might also cause participants to use

various types of argumentation schemes.

The study also showed that while more active class used argument from position to
know most, less active class used argument from expert opinion most. This finding
might explain why more active class engaged in argumentation more and less active
class did not engage argumentation so much. According to Lederman and Lederman
(2012), asking question is very important in science and scientific inquiry starts with
questioning. After proposing questions, scientists investigate the answers of these
questions. In this study, more active class started scientific inquiry like scientists by
asking their questions shown in their argument from position to know. By this way,
class discussed alternative ideas and other findings they did not consider before.
These questions and corresponding answers sustained discussions. By this way,
Class 2 became more active class in this study. By asking questions frequently, class
2 engaged in argumentation process like scientists. On the other hand, less active

class (i.e. class 1) used argument from expert opinion most instead of argument from
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position to know in this study. Argument from expert opinion was mainly used in
this study when participants used second hand data (e.g. evidence cards). Frequent
use of the second hand data suggests that owners of these arguments are interested in
product of science and they ignore process of science. In other words, they deal with
only one aspect of science. However, science is not limited to its product (i.e. content
knowledge, knowledge in evidence cards, second hand data). People should also
consider how science is done, so they should consider process of science too. If
participants solely focus on content knowledge, they might think that there is no need
to discuss because everything is certain and represented in content knowledge that is
truth (Kind et al., 2011). This might be the reason why Class 1 became the less active
class. According to another point of view, Kim and Song (2006) claimed when
students do not know the content, they appeal to authoritarian evidence to hide their
ignorance. If this is true for less active class, this shows that this class did not reach
to threshold level content knowledge to engage in argumentation process. Previous
research showed that middle school students may not reach to threshold level content
knowledge and therefore, they could not improve rational reasoning (Dawson &
Venville, 2013). If these students have lack of content knowledge and rational
reasoning, it is expectable for them not to engage in argumentation process.
Furthermore, appealing to expert opinion and using mostly second hand data may
decrease their interest to engagement in argumentation. Accordingly, Kind et al.
(2011) claimed that if students use the data they produced (first hand), they own this
data, propose more hypotheses and interpret the evidence further. As a result, they
actively engage argumentation process. On the other hand, class 1 may not motivate
themselves because they appealed to second hand data which were not belong to
them, so they might not own these data, need to support it, and engage in

argumentation actively.

In this part, assertions about argumentation schemes that middle school students used
were interpreted by considering previous research on argumentation. The next part
addresses the discussion for last research question which is about middle school

students’ nature of engagement in argumentation process.

301



5.3 Nature of Students Engagement in Argumentation Process

Students’ engagement in argumentation process was revealed using codes obtained
from the Sampson and Clark’s (2011) study. Accordingly four codes which are
expositional comments, oppositional comments, information seeking, and co-
construction of knowledge were used to reveal assertions about students’
engagement in argumentation process. Expositional comments were used when
participants proposed, clarified and justified their own ideas. Oppositional comments
were used when participants challenged others’ ideas. Information seeking is used
when there is no enough knowledge and participants asked further clarification. Co-
construction of knowledge was used when participants summarized, revised,

supported or added to the others’ ideas (Sampson & Clark, 2011).

Similarities and differences between two classes revealed eight assertions. Seven of
these assertions emerged from commonalities of two classes and one assertion was
derived from differences between two classes regarding students’ engagement in
argumentation process. Three of the seven assertions derived from commonalities are
about nature of the activities used in this study. Accordingly, assertions about nature
of activity showed that “Students engage in argumentation at most when evidence
cards are provided to them.”, “Students engage in argumentation less in a following
week when they do similar activities.”, and “Use of ideal conditions might inhibit
students’ engagement in argumentation.”. On the other hand, four of the assertions
derived from commonalities are related with the components about students’
engagement in argumentation process. These four assertions showed that “When
students engaged in argumentation, they mostly use expositional comment.”, “If
evidence cards are provided to students and students have prior knowledge about the
topic, they mostly tended to use oppositional comments in argumentation process.”,
“Students use information seeking component more in the weeks they conduct
experiment comparing with the weeks they do not conduct experiment. Moreover,
use of information seeking becomes top level when students conduct experiment at
the beginning of the units.”, and “Students usually do not use co-construction of
knowledge in argumentation.” Finally, one assertion about students’ engagement in

argumentation process emerged from the differences between two classes and this
302



assertion claimed that “While more active class tend to engage in argumentation
process more in the weeks when they conduct experiments, less active class tend to
engage in argumentation process more in the weeks that students use evidence cards

to construct arguments.”

In this part, firstly, assertions about nature of activities are discussed. Secondly,
assertions about the components related with students’ engagement in argumentation
process are discussed. Then, assertion derived from differences of two classes is

discussed.

In this study, first assertion about nature of activity is “Students engage in
argumentation at most when evidence cards are provided to them.” Previous research
also showed that students use already available data, and they rarely use their own
data (Kolsto & Ratcliffe, 2007; Walsh & McGowan, 2017). The possible reason for
this situation regarding why students tend to use evidence cards rather than their own
data can be related with the distinction between data and evidence. Accordingly,
evidence is the transformed data that is directly used to construct argument. On the
other hand, raw data cannot be used directly to support a claim; it needs to be
transformed to evidence. Transforming raw data into evidence is more difficult than
using already available evidence cards, so students might usually prefer to use
evidence cards and so their engagement in argumentation was more in the weeks
when they used evidence cards (i.e. week 3, week 4). Moreover, Kolsto and Ratcliffe
(2007) claimed that people notice the expert authority more than data and this
situation become obvious when time, content knowledge and skills are limited. In
this study, whole class discussions lasted 40 minutes. If the discussion time was
more, students might have focused on their own data more because they would have
more time to think on their data, and so they might have used their own data more to
construct arguments. Likewise, lack of content knowledge might have resulted in
students’ reliance to evidence cards. This was especially case in week 3, thermal
insulating products. In this week, students had no prior knowledge and they had lack
of knowledge. Their arguments mostly depended on evidence cards in this week.
Likewise, Kim and Song (2006) claimed when students do not know the content,

they use authoritarian evidence to hide their ignorance. Similarly, argumentation was
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new for the participants of the study and the study lasted 6 weeks. It is possible that
this duration was not sufficient to increase students’ argumentation skills such as
connecting data and claim. In this study, the relation between evidence and claims
were obvious and it did not require so much cognitive demand. On the other hand,
students’ raw data were unclear and connecting them to claims required high
cognitive demand and developed argumentation skills. If students did not have
developed argumentation skills, they might tend to connect evidence to claims
instead of connecting raw data to claims because of their limited argumentation
skills. Other two reasons why students were more active when using evidence cards
can be related with reasoning and the social costs those students pay (Zemplen,
2011). According to Zemplen (2011), students do not make reasoning in class so
much and this lack of reasoning might inhibit their engagement in argumentation. It
is possible that if students did not make reasoning in class, they directly used already
available evidence cards to support their claims because using already available
evidence cards require less reasoning comparing with using raw data to support
claim. Likewise, Zemplen (2011) claimed that proposing own idea is riskier than
using expert authority. Class is a social environment and if students’ own ideas are
wrong, students might think that they will be blamed by peers and they will pay the
cost of their wrong ideas. In order to eliminate this possible risk, students might not

propose their ideas so much, and they preferred to use evidence cards.

Second assertion about nature of activity released in this study is “Students engage in
argumentation less in a following week when they do similar activities.” This study
showed that task similarity between different weeks decrease students’ engagement
in argumentation process. In this study, week 1 focused on heat conductivity and
week 2 focused on heat insulation and both topics were about heat transfer. In these
weeks, students might think they repeated the same activities and they might lose
their excitement. This situation can be explained by unsurprising stimulus effect
(Chin & Osbourne, 2010). Chin and Osbourne (2010) advocated that a stimulus is
given in argumentation at the beginning. This stimulus is a problem and source of
data. If this stimulus is not surprising as in the week 2 because it was similar to week

1 activity, people think that this stimulus is unnecessary, therefore, people do not ask
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questions about stimulus and they do not elaborate their arguments. On the other
hand, if stimulus is surprising, students experience cognitive conflict and they start to
think about problem (i.e. stimulus). There is a cognitive dissonance between existing
ideas and new situation. Student asks question to herself/himself and looks for the
answers. Then, student adjusts existing ideas consistent with the data emerged from
stimulus. This is the monological argumentation that student does herself/himself.
After that these monological arguments are shared with peers a dialogical
argumentation starts (Chin & Osbourne, 2010). However, surprising stimulus
sometimes does not trigger to argumentation, if students reject or ignore anomalous
data (i.e. surprising stimulus) (Chin & Osbourne, 2010). To sum up, task similarity
between week 1 and week 2 acted as unsurprising stimulus and this situation might
decrease students’ engagement in argumentation process. Therefore, selecting
different activities which were highly different from week 1 activity and surprising
for week 2 could have been better to engage students to argumentation more. For
example, students could have designed and prepared a thermos in week 2 which is
about heat insulation. If students had designed and prepared thermos in this week,
most probably making thermos would have been different from first week activity
and got students’ attention more as surprising stimulus. Therefore, students might

have engaged in argumentation more if they had designed a thermos.

Third assertion about nature of activities found in this study is “Use of ideal
conditions might inhibit students’ engagement in argumentation”. Laboratory
experiment was replaced with simulation activity in last week because experiment
results were faulty in pilot study. Students reached correct results by using
simulation activity; however, they did not engage argumentation so much because
conditions became idealized in simulation which means there was no error. ldealized
conditions caused similar results, and students’ explanations were similar too. Hence,
students did not discuss further in this week. According to Jimenez-Aleixandre
(2008), curricular programs should include activities including dilemmas, and
students should reach different results in tasks and this situation should be explained
by different ideas. However, use of simulation activity eliminated dilemmas,

different results and different interpretations in this study.
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Moreover, what researcher sees as outcome in this study might cause participants’
less engagement in argumentation in last week of main study. In pilot study,
researcher thought outcome of the study is reaching correct content knowledge for
the students. Students could not reach correct knowledge in pilot study, but they
actively engaged in argumentation. Therefore, researcher decided to replace
experiment with simulation activity to get students to reach correct knowledge in
main study. As it was planned, students reached correct knowledge in main study;
however, students did not engage in argumentation so much because simulation
activity did not lend itself any error, mistake and diverging ideas. The outcome of
main study was students’ engagement in argumentation and this outcome failed in
some extent when simulation activity was replaced with experiment for the last week
of the study. In this point, Sampson and Clark (2011) claimed that what researchers
perceive as outcome is highly related with students’ engagement in argumentation.
For example, use of oppositional comments is the characteristic of scientific
explanation if researcher’s outcome is to make students produce high quality of
arguments. On the other hand, if researchers see scientific inquiry that students do in
argumentation as outcome, results can be different regarding students’ engagement

in argumentation (Sampson & Clark, 2011).

This study suggested that nature of activity (e.g. use of evidence cards, unsurprising
stimulus, and idealized conditions) is one important factor affecting students’
engagement in argumentation process: Because of nature of activity, a trend
regarding students’ engagement in argumentation process might not be observed. For
example, unsurprising stimulus decreased students’ engagement in argumentation
and this was the second week; hence an improvement in the students’ engagement
was not observed in this week for both classes. Likewise, evidence cards were used
in week 3 and week 4. Students’ engagement became top in these weeks when they
used already available evidence and so their engagement in argumentation did not
further improved in last two weeks (i.e. week 5 and week 6). Similarly, students met
with idealized conditions when they used simulation program in last week of the
study, and idealized conditions decreased their engagement in argumentation

process. On the other hand, it was expected that students should have engaged in
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argumentation most in the last week because students had six weeks of experience
regarding argumentation in this week. To sum up, nature of activity affected the
change of students’ engagement in argumentation process throughout the study. This
situation interfered with determining whether students’ engagement in argumentation
develop over time in this study. On the other hand, previous ABI studies examining
students’ engagement in argumentation process revealed that participants engaged in
argumentation more over time (Chen et al., 2016; Walker & Sampson, 2013). For
example, Chen et al. (2016) reported that fifth grade students used more aspects of
social negotiation over time. While students used information seeking and
elaboration at the beginning of the study, they started to use challenge, reject,
support, and defend aspects in the following weeks. While students focused on
constructing arguments in first weeks, they focused on both construction and
criticizing arguments in their engagement to argumentation (Chen et al., 2016). In
their study, researchers’ study lasted eight weeks for each unit which were living
things and their environments and human body systems. Researchers did not report
any problem decreasing students’ engagement in argumentation process unlike
current study. First activity was about the factors affecting germination of seeds and
the activity lasted six weeks. Students asked their own research questions and
followed their investigation to answer research question. Second activity lasted two
weeks was about living organisms’ effect on their environment. Students made
ecological system map and discussed, then they examined ecological balance
considering a deer activity. Third activity was about working mechanism of digestive
system lasting four weeks. Students’ digestive system activity includes
demonstration of how digestive system works. Last activity was about working
mechanism of respiratory system and lasted four weeks. Students built a model to
understand how respiratory system works. Some differences between Chen et al.’s
(2016) study and current research might cause the different results in terms of
students’ engagement in argumentation. Firstly, Chen et al.’s (2016) study lasted 16
weeks, but current study lasted 6 weeks. Chen et al.’s (2016) study’s participants got
more experience to ABI and therefore it is expected that these students’ engagement
in argumentation increased over 16 weeks. On the other hand, participants of the
current study had six weeks of experience that is less experience relatively and so
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their engagement to argumentation process may not improve extensively. Moreover,
while idealized conditions and unsurprising stimulus interfered students’ engagement
in argumentation process in this study, such problems were not reported in Chen et
al.’s (2016) study. However, comparison of two studies showed one major difference
that is independence of researcher. Two contexts were highly different from each
other. In Chen et al.’s (2016) study curriculum had no pressure on researchers. For
example, curricular objectives were not reported in Chen et al.’s (2016) study. On the
other hand, implementing teacher formed big ideas to cover in Chen et al.’s (2016)
study. On the other hand, curricular objectives had to be taught in current study.
Lesson plans were prepared based on these objectives which might decrease the
efficacy of ABI treatment. Likewise, students were completely free in their
investigation as long as their investigation is about big idea in Chen et al.’s (2016)
study. On the other hand, students of the current study were not totally free because
their research questions were needed to be related with curricular objectives. The
research questions not matching with objectives were replaced with new questions
and these obligations might decrease students’ enthusiasm to engage in
argumentation process in current study. Walker and Sampson (2013) reached similar
findings with Chen et al. (2016) regarding students’ engagement in argumentation.
Walker and Sampson (2013) claimed that students focused on generating arguments
in first weeks, but they started to evaluate arguments in following weeks.
Researchers explained this observation based on students’ adaptation to
argumentation. Accordingly, students could not adapt to argumentation and they
could not criticize arguments in initial weeks (Walker & Sampson, 2013). To sum
up, while previous studies showed students’ engagement in argumentation developed
over time in ABI research, this study did not suggest development regarding
students’ engagement in argumentation process and it is possible that nature of

activities caused this situation.

Similar to assertions about nature of activities, this study has four assertions about
the components of students’ engagement in argumentation process derived from

commonalities of two observed classes. These assertions are discussed in this part.
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First assertion about engagement components is about expositional comment. The
assertion about expositional comment is “When students engaged in argumentation,
they mostly use expositional comment”. This assertion showed that students mainly
preferred to use proposing, justifying, and clarifying ideas. Likewise, Cavagnetto et
al. (2010) reported that fifth grade students spent more time to constructing
arguments and less time to evaluating them and students rarely used rebuttals in their
arguments. Similarly, Garcia-Mila and Anderson (2007) claimed that students focus
on their own ideas and they do not consider others’ ideas and alternative perspectives

so much.

Regarding the place of expositional comments in argumentation process,
expositional comments can be seen as starting point of argumentation. For example,
groups proposed their group arguments at the beginning of whole class discussions
proposing their ideas using expositional comments. By referring these expositional
comments, other students used expositional comment, oppositional comment,
information seeking, and co-construction of knowledge. Similar to this finding, Kim
and Song (2006) reported that after focusing on their ideas, middle school students
start argumentation by exchanging their ideas as reporters provide information about
their research. However, current research provides more information about the status
of expositional comments in argumentation process. Characteristics of the activities
used in this study and their relationship with expositional comments provide further
information regarding nature of expositional comments in current study.
Accordingly, students did not use expositional comments when they lost their
excitement (i.e. use of unsurprising stimulus) (see Figure 5.1). On the other hand,
students used expositional comments most when they had no prior knowledge and
evidence cards were provided to them. However, students did not use other three
engagement components when they had no prior knowledge and evidence cards are
given them. They just focused on constructing their arguments by using expositional
comments (see Figure 5.2). These explanations about expositional comments are two
instances that students do not engage in argumentation efficiently, and their

engagement does not go beyond expositional comments.
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Unexciting Activity )( 3> Expositional Comment

Figure 5. 1 Non-working argumentation process 1

Exciting Actrvity Expositional Comment
N Expositional Comment ) { 3 Oppositional Comment
No Prior Knowledge with Information Seeking
Evidence Cards Co-Construction

Figure 5. 2 Non-working argumentation process 2

Second assertion derived from similarities of two classes regarding engagement
components is related with oppositional comments. Use of oppositional comments
was seen as characteristics of scientific argumentation in previous research.
Accordingly, Sampson and Clark (2011) advocated that critics revealed by use of
oppositional comments maintain and deepen discussion. Sampson and Clark (2011)
also added that some researchers thought that scientific knowledge is constructed by
elimination of some ideas and these ideas are eliminated through critics. Therefore,
using oppositional comments can be way of reaching knowledge in middle school
level. Current study provides some information regarding when students use
oppositional comments frequently. Accordingly, second assertion about students’
engagement claimed that “If evidence cards are provided to students and students
have prior knowledge about the topic, they mostly tend to use oppositional
comments in argumentation process.” Both classes used oppositional comments most
in week 4 that is about type of energy sources. Students were highly active in pre-
discussions in week 4 and this is evidence that students had prior knowledge about

content. Moreover, evidence cards were provided in this week and combination of
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students’ prior knowledge and use of evidence cards supported their use of
oppositional comments. While students mostly focused on oppositional comments in
this week, other aspects of their engagement in argumentation (e.g. information
seeking) were used less frequently. Figure 5.3 summarizes when students of current
study used oppositional comments most. According to figure 5.3, exciting activity,
topics that students have prior knowledge and use of evidence cards form a baseline
for students to engage in argumentation. However, oppositional comments does not
reveal directly. Before occurrence of oppositional comments, students propose their
ideas using expositional comments as starting point and after that oppositional
comments are mostly observed during argumentation process. Naylor, Keogh and
Downing’s (2007) explanations about how students view argumentation also support
this assertion. Accordingly, there are two conditions determining students’
perception towards argumentation. These conditions are “not knowing the content”
and “knowing the content”. If students do not know the content, argumentation
becomes a tool for them and the aim is reaching knowledge, so students use co-
construction of knowledge to reach knowledge. On the other hand, if students know
the content, argumentation becomes aim for students, and confrontations dominate
the class, therefore students frequently use oppositional comments (Naylor et al.,
2007).

Exciting Activity
> Expositional Comment — Oppositional Comment

Prior Knowledge with
Evidence Cards

Figure 5. 3 Schema for when students use oppositional comments most

Third assertion derived from similarities of two classes is about information seeking.
This assertion claim that “Students use information seeking component more in the

weeks when they conduct experiment compared with weeks when they do not
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conduct experiment. Moreover, use of information seeking becomes top level when
students conduct experiment at the beginning of the unit.” Accordingly, information
seeking was generally used at the beginning of unit and when students conducted
experiment; however, it was rarely used when evidence cards were given. This
finding suggested that information seeking is generally used when students did not
know so much about topic (e.g. heat and matter) because the units were new for them
at the beginning. In order to know further about topics, students frequently asked
questions. For example, students asked theoretical questions about the results of
experiments. By this way they aimed to improve their understandings. Likewise,
information seeking was used to eliminate uncertainties. For example, different
groups reached different results when they conducted the same experiments.
Therefore, they asked questions about the reasons of why groups reached different
results. Such questions were asked after presenter group reported their experiment
results as expositional comments. After other groups asked questions by using
information seeking, presenter group made explanation again as expositional
comment and argumentation continued with uses of engagement components (see
figure 5.4). In a similar line, Chin and Osbourne (2010) claimed that driving forces
for people to ask question are their deficiencies and conflict. These conflicts cause
asking questions, thinking process starts and people propose their arguments as
response to questions. These ongoing questions that disputers ask each other
consolidate their arguments (Chin & Osbourne, 2010). Students’ limited use of
information seeking when they use evidence cards also supported the idea that
students use information seeking when there are uncertainties and they do not know
so much. Accordingly, evidence cards both provided knowledge to students and
eliminated uncertainties in this study. Therefore, students did not need to use
information seeking so much when evidence cards were provided them (see figure
5.5). Similarly, Chin and Osbourne (2010) claimed that if people think there is no

problem, people do not ask question and make explanation.
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Exciting Actrvity Expositional Comment

> Expositional ]ﬂf‘m?ﬁon Expasitond N Oppositional Comment
Conducting Experiment Comment a Seclang Comment Information Secking
(Especially, at the Co-Construction

beginning of unit)

Figure 5. 4 Schema for when students use information seeking frequently

Exciting Activity

N Expositional Comment ;é 3 Information Seeking

Evidence Cards

Figure 5. 5 Schema for when students do not use information seeking

Last assertion about students’ engagement in argumentation process is related with
co-construction of knowledge and this assertion claimed that “Students usually do
not use co-construction of knowledge in argumentation.” Although co-construction
of knowledge was not used frequently in this study, there were some instances that
students used co-construction of knowledge. Accordingly, participants used co-
construction of knowledge in three ways. First, co-construction was used when
presenting groups had difficulty. For example, one group had difficulty in designing
experiment, and other groups assisted them. By this way, groups could design
experiments. Second, co-construction of knowledge was used when groups reached
similar results. In these instances, groups supported each other by claiming they
reached the same results. By this way, groups increased the reliability of their results.
Third, co-construction of knowledge was used when students did not have enough
knowledge to explain observed phenomena. For example, paper cup did not conduct
electricity and students asked the reason for why paper cup did not conduct
electricity. Students did not know the core idea that is resistance, but they tried to

understand why paper cup did not conduct electricity during argumentation. By
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adding their ideas, students linked heat conduction to the electrical conduction and
they reached the explanation that the space between particles caused paper cup not to
conduct electricity. In this example, students used co-construction, but did not reach
correct core idea (i.e. resistance). Therefore, it can be said that use of co-construction
of knowledge does not guarantee to reach scientific explanation. Further information
regarding the use of co-construction was given in previous research. Accordingly,
Naylor et al. (2007) claimed that co-construction of knowledge is as important as
confrontation in science. When students do not have enough information, they try to
reach knowledge through co-construction (Naylor et al., 2007) as in the case that
students tried to explain why paper cup did not conduct electricity. On the other
hand; if students know the content, they compete and eliminate ideas by use of
oppositional comments (Naylor et al., 2007). This study showed that middle school
students tend to use oppositional comments more than co-construction of knowledge.
Previous research findings about use of oppositional comments and co-construction
of knowledge are similar to current study. For example, Sampson and Clark (2011)
reported that students producing higher quality arguments challenge each other by
using oppositional comments, but students producing low quality arguments use co-

construction of knowledge more.

As assertions derived from similarities of two classes formed, one more assertion
was proposed based on the differences between two classes. In this study, class 2
engaged in argumentation more than class 1. Assertion derived from differences of
classes shows that “While more active class tend to engage in argumentation more in
the weeks when they conducted experiments, less active class tend to engage in
argumentation process more in the weeks when students use evidence cards to
construct arguments.” Accordingly, more active class frequently used expositional
comment, oppositional comment and information seeking in the weeks when they
conducted experiment. On the other hand, less active class frequently used
expositional comment, oppositional comment and information seeking in the weeks
when they did not conduct experiment (Less active class was active in the weeks
they used evidence cards). In this study, four of six weeks included conducting

experiments and two of weeks did not include experiments. Therefore, this study’s
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focus on conducting experiment might make class 2 (i.e. the class which was active
in experiment weeks) more active class and make class 1 (i.e. the class which was
not active in the weeks that experiment was conducted) less active class. According
to this result, class 2 (i.e. more active class) focused on first hand data which they
produced in experiments, but they less emphasized the second hand data given in
evidence cards. Wallace (2004) categorized such students who focus on only first-
hand data as first-hand observers. These students have positivist epistemology and
they think that scientific knowledge is only obtained from hand on activity data. First
hand observers could not integrate class explanation and textbook explanation. Their
explanations are limited with first-hand data and not supported by theories (Wallace,
2004). On the other hand, class 1 (i.e. less active class) focused on second hand data
which was obtained from evidence cards, but they did not use first hand data coming
from experiments. Such kind of students focusing on second hand data, but ignoring
first hand data can be categorized as reader (Wallace, 2004). These students focus on
facts, concepts, principle and explanations, but they ignore hands on activities. They
think that first hand data does not include theoretical explanation. These students
oversimplify role of evidence and observation in science. These students also think
that laboratory work is done to verify knowledge and correct knowledge exists in
second hand data (Wallace, 2004). As it is seen, readers’ (less active class)
epistemology is close to positivist epistemology too. In conclusion, this assertion
suggests that although classes differed in terms of their engagement to argumentation
process, none of the class focused on using both first hand data and second hand data
and their epistemology are close to positivist epistemology which is not

sophisticated.

Overall, as three important aspect of science education which are scientific literacy,
argumentation schemes, and engagement in argumentation process are thought
together; findings might become more meaningful. First of all, this study aimed to
increase students’ scientific literacy. However, only content knowledge improved
among three aspects of scientific literacy. On the other hand, epistemological beliefs
and science process skills did not change. Students’ engagement in argumentation

process can be related with improvement of content knowledge. Accordingly, when
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students knew the content, they used oppositional comments. Using oppositional
comments, students persuaded each other and so persuaded ones might have
improved their content knowledge. On the other hand, when students did not know
the content, they used co-construction of knowledge. Use of co-construction of
knowledge sometimes did not let students to reach scientific knowledge. For
example, students assisted each other to understand the concepts, events and theories,
but they reached some wrong ideas and explanation through co-operation. When
such events occurred, teacher added some scientific explanations and tried to
persuade students regarding elimination of wrong ideas. Similarly, use of
expositional comments might have caused exhibition of wrong ideas. In some cases,
students proposed their ideas as expositional comments starting argumentation
process. However, these initial ideas revealed as expositional comments including
wrong knowledge were sometimes not examined by others. On the other hand, when
these expositional comments were criticized by others, owners of expositional
comments changed their initial ideas and they reached scientific knowledge through

persuasion. By this way, their content knowledge might have improved.

Regarding argumentation schemes and content knowledge, it can not be claimed that
specific use of one argumentation schemes leads scientific knowledge. At least, no
clue for this claim was found in this study. For example, students frequently used
argument from sign during argumentation. Some uses of argument from sign
included scientific knowledge, but some others did not. Therefore, it can not be
claimed that argument from sign leads to correct knowledge. Furthermore,
argumentation schemes are presumptive which means that they have lack of
evidence and they can change when new evidence emerges. When they have lack of
evidence, it is not meaningful to claim that some specific argumentation schemes
directly address scientific knowledge. Although specific use of argumentation
schemes is not directly related with scientific knowledge, continuous use of different
or the same argumentation schemes might cause reaching scientific knowledge. For
example, one argument from sign might include some missing or wrong ideas
because it does not include enough evidence to reach scientific knowledge. On the

other hand, additional schemes regardless of their types can increase the probability
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of reaching scientific knowledge because each new scheme will bring some new
evidence. Wrong ideas will replace with correct ones thanks to new evidence when
new argumentation schemes emerge. At the end, it is expected that all wrong ideas
asserted by argumentation schemes are eliminated and students reach scientific
knowledge by adding all evidence each other through reasoning.

Although participants’ content knowledge increased, their epistemological beliefs
did not change. Participants’ epistemological beliefs can also be related with
argumentation schemes and students’ engagement in argumentation process. More
specifically, this study showed that students tended to use either argument from
expert opinion when they got second hand data or argument from evidence to
hypothesis when they used first hand data. However, they did not integrate these two
different data sources and they did not use argument from evidence to hypothesis and
argument from expert opinion together. Their ignorance of one type of data when
they focused on another data source shows that students did not act like scientists.
For example; scientists conduct their investigations to produce first hand data. After
that scientists feed their findings with theories and laws found in second hand data.
However, students did not feed their first hand data with second hand data suggesting
that they did not have sophisticated epistemological beliefs although quantitative
findings suggested students had sophisticated beliefs. Students’ less sophisticated
epistemological beliefs might cause them not to engage in argumentation so much
and not engaging argumentation might cause no change on students’ epistemological
beliefs as feedback loop. Regarding the link between epistemological beliefs and
students’ engagement in argumentation process, students’ engagement in
argumentation process also supported the idea that participants held less
sophisticated epistemological beliefs. For example, students mostly used expositional
comments in this study. When students only used expositional comments and do not
engage in argumentation, and not criticize the ideas, students might think that the
knowledge they proposed is certain and does not change. These ideas about certainty
and no change of scientific knowledge is indicator of having less sophisticated
epistemological beliefs. Likewise, in this study, one of the observed classes actively

engaged in argumentation when experiments were conducted and other class actively
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engaged in argumentation when evidence cards were provided them. The class which
was active during experiment weeks focused on first hand data, but this class ignored
the theories, laws and concepts found in second hand data. These students might
have thought that scientific knowledge is only obtained from first hand data
reflecting less sophisticated beliefs (Wallace, 2004). Simlarly, students who were
active when evidence cards were given them might have thought that scientific
knowledge found in second hand sources are certain and they mignt have ignored the
role of observation and experiment in science. They might have thought that
laboratory work is done to verify knowledge found in second hand sources. Such
ideas like ‘Scientific knowledge is certain’ and ‘Experiment is done to verify

knowledge’ are also indicator of having less sophisticated epistemological beliefs.

In this study, students’ science process skills also did not improve. One reason why
participants SPS did not improve can be the number activities. In this study, students
conducted one main activity for each week so students conducted six main activities
in total, and four of these activities included experiments. It is possible that four
experiment activity in total did not enough to detect a statistically significant
improvement in students’ science process skills. On the other hand, when the
qualitative data were examined it was realized that students actively exhibit their
process skills through argumentation schemes and their engagement in
argumentation process to some extent. The argumentation schemes that students used
their science process skills were argument from sign, argument from evidence to
hypothesis, and argument from comparison in this study. Accordingly, students used
their observation and inference skills when they used argument from sign. This
scheme was frequently used in the study, hence, it can be claimed that students were
good at these two basic skills. Likewise, students used argument from evidence to
hypothesis. Argument from evidence to hypothesis was mainly used when students
falsify or verify their hypothesis via experiments. Use of this scheme might show
that students reached some level in formulating hypothesis, designing experiment
and identifying variables skills. Similarly, students frequently used argument from
comparison. This schema was used when students explained their experiment and

control group. In other word, students exhibit their controlling and identifying
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variable skills using argument from comparison. Although students actively used
these three schemes showing their science process skills, there were some other
schemes related with science process skills; however, these schemes were rarely used
in current study. For example, argument from verbal classification is used when
people define something with their boundaries. This scheme can be used when
students operationally define their variables. However, this scheme was used only
once in this study. Hence, this finding may suggest that students had difficulty in
defining operationally skills. Likewise, argument from corelation to cause is another
scheme which is related with identifying variables. When students relate two
variables each other, they use argument from corelation to cause. However, students
in this study did not use argument from corelation to cause frequently. Due to fact
that students did not frequently use argument from corelation to cause, it is possible
that students did not reinforce their identifying variable skills and so their identifying
skills might not have improved. In conclusion, if students had used argument from
verbal classification and argument from corelation to cause more in this study, this

might have contributed to their science process skills.

Likewise, there were some traces between students’ engagement in argumentation
process and science process skills. Firstly, this study showed that students mainly
used information seeking component when students conduct experiment. Therefore,
this component can be related with science process skills. For example, groups asked
the details of experimental designs to presenting group and presenting group
explained their experimental designs showing their designing experiment skills.
Similarly, oppositional comments were used when presenting group’s hypothesis and
results conflicted. When students discussed falsification of hypothesis, they
mentioned formulating hypothesis skill. Besides, presenting group’s design of the
experiment was faulty in some cases. When such cases were detected, other groups
used oppositional comments to show presenting group’s experiment design was
inconvenient. Hence, students’ use of oppositional comments might have fed their
designing experiment skills. Similarly, co-construction of knowledge might have
supported students’ communication skill because students cooperatively reached

knowledge when they used co-construction of knowledge. Lastly, students used
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expositional comments by proposing their ideas. Some of these ideas revealed clues
regarding students’ science process skills. In this expositional comments; students
explained their hypothesis, variables, and experiment designs. Hence, students
showed their formulating hypothesis, identifying variables, controlling variables,
designing experiment skills by the use of expositional comments. Their expositional
comments were correct in general. However, small group discussions were not
analyzed in this study. Therefore, we do not know which group member contributed
to the preparation of expositional comments. Such expositional comments can be
product of all group members’ effort or only one or two members’ effort. It is
possible that some group members did not contribute on preparation of expositional
comments and so their science process skills might not improve in this study, but this
is only speculation in this point because small group discussions were not analyzed

in this study as explained above.

Although argumentation schemes and students’ engagement in argumentation
process are related with scientific literacy components including content knowledge,
epistemological beliefs, and science process skills; no clear pattern was observed
between argumentation schemes (e.g., argument from sign) and students’
engagement in argumentation process components (e.g. expositional comments)
except the consistency between information seeking component of engagement and
argument from position to know scheme. Both information seeking component and
argument from position to know emerged as questions when students needed
additional knowledge. Hence, the link between only these two themes was
established.

To sum up, results of current study were discussed comparing the results of previous
studies. Implications of the current study regarding ABI effect on scientific literacy
components (e.g. content knowledge), argumentation schemes and students’

engagement in argumentation process are presented in next part.
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5.4. Implications

Current study provides some implications. Most of the implication addresses ABI
research and so these implications are for researchers. Besides, the study has some

implications for curriculum developers and science teachers.

First three implications of the study are about epistemological beliefs. In this study,
epistemological beliefs were measured by quantitative scale. However, the study
showed that quantitative findings about epistemological beliefs conflicted with
qualitative data. While quantitative data suggested that students had constructivist
epistemology, qualitative data showed that students had positivist epistemology.
Therefore, ABI research focusing on epistemological beliefs should triangulate
qualitative and quantitative data in future research. Next, participants’
epistemological beliefs did not improve in this study. Explicit epistemology
instruction might be helpful to improve participants’ epistemological beliefs in ABI
research. For example, students might discuss epistemology components specifically
when they engage in activities in argumentation. When they discuss epistemology
components in argumentation, they might be aware of their epistemological status
and they can link epistemology and argumentation. Similarly, students actively used
evidence cards in this study, but they did not criticize evidence cards. This is
evidence that students did not have sophisticated epistemological beliefs. Therefore,

students should be informed that evidence cards can also be critically evaluated.

This study also showed that there was no significant change in students’ science
process skills in ABI treatment. Therefore, explicit science process skill instruction
can be added to following ABI studies to improve participants’ SPS. In this SPS
instruction, students can be alerted about their science process skills when they

conduct investigation and they can improve SPS through practice in ABI research.

In this study, there are also implications about argumentation schemes students used
in ABI treatment. Findings of the study showed that total frequency of argumentation
schemes did not change over time. On the other hand, total type of argumentation

schemes increased throughout the study. Researchers studying on reasoning can

321



focus on participants’ use of total type of argumentation schemes instead of total
number of frequency of argumentation schemes. Increase of total type of
argumentation schemes can be indicator of development of participants’ reasoning in
ABI treatment because appealing to different schemes means thinking from different
perspectives which require in depth reasoning. On the other hand, focusing on
frequency of total number of argumentation schemes might mislead researchers in
terms of participants’ reasoning. For example, participants may increase frequency of
total number of argumentation schemes, but they can use limited type of

argumentation schemes showing limited reasoning.

This study also showed that middle school students mainly use five argumentation
schemes which are argument from expert opinion, argument from sign, argument
from position to know, argument from comparison, and argument from evidence to
hypothesis although there are 25 argumentation schemes in total. While researchers
prepare argumentation activities, they can consider these five argumentation schemes
that students mostly use. By this way, students can better and faster adapt to
argumentation process. On the other hand, if activities are not linked with these most
used schemes, students may have difficulty in getting familiarity to argumentation
and this cause the decline of efficiency of ABI treatment. Furthermore, researchers
and teachers can design other activities supporting students’ use of other
argumentation schemes which were used less frequently in this study (e.g. argument
from corelation to cause). For example, teachers may ask students the relationship
between different variables. When students focus on the potential relationships, they
probably will use argument from corelation to cause and argument from cause to
effect more frequently. Moreover, teachers and researchers may provide more than
one solution to a problem and students are expected to select one of the solutions.
When students comparing possible solutions, they can decide which solution is good
or bad. By this way, students can frequently use argument from consequences which

was not used so much in this study.

The study also showed that participants’ use of argumentation schemes changes
depending on the data sources. Accordingly, students tend to use argument from

evidence to hypothesis when first hand data are provided, but they use argument
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from expert opinion when second hand data are provided. However, they ignored use
of argument from expert opinion when second hand data were not given them
explicitly. Likewise, students ignored use of argument from evidence to hypothesis
when they did not conduct investigation in which first hand data is obtained from.
Therefore, researchers can provide students both first hand data and second hand
data and students should be explicitly informed that they are expected to use both
data sources and integrate them. By this way, students can integrate their
observations obtained from first hand data (e.g. experiments) and theoretical
knowledge obtained from second hand data (e.g. evidence cards, textbooks, and
teacher), so they can learn better.

Similarly, the study has implications for students’ engagement in argumentation
process. Findings of the study showed that students do not tend to engage in
argumentation process when the activities are unexciting and similar. Therefore,
researchers should select surprising activities which motivate students to engage in
argumentation. Using exciting activities seems to be first condition for effective
engagement in argumentation. Likewise, researchers should not create idealized
conditions which eliminate the error and alternative results and alternative ideas. For
example, science experiment was replaced with simulation activity in the last week
of this study. By this way, problematic real life conditions replaced with idealized
conditions provided by simulation. Removing problematic conditions and adding
idealized conditions caused converging ideas of students and students did not engage
in argumentation frequently in this week. Therefore, it is suggested that faulty
experiments can be good for argumentation and researchers should follow the faulty
experiments, their problems, different ideas explaining the problem and alternative
ideas to solve the problem instead of removing faulty experiments and using
simulations providing idealized conditions which do not require any discussion.
Although faulty experiments results in more engagement in argumentation process,
students may not reach correct content knowledge. For example, students could not
observe inverse relationship between wire resistance and length of wire in pilot study
and therefore, they could not reach the content knowledge including the inverse

relationship between wire length and wire resistance. After students engage in whole
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class discussion and do not reach correct knowledge, teachers can provide second
hand data like textbook as evidence cards explaining reverse relationship between
wire resistance and wire length. By this way, students’ content knowledge can
increase. Likewise, simulation programs can be shown to students as additional
activity after students conduct their faulty experiments. Students can be asked to
compare their faulty experiment results and simulation results and this comparison
can increase their content knowledge. Similarly, teachers can use analogies and
visual representation that concrete abstract relations (e.g. wire resistance and wire
length relation) after whole class discussion ends. Teachers’ guidance and additional
explanations about content after discussion can assist students to understand

curricular objectives including content knowledge.

Likewise, researchers should determine their major outcome prior to the study and
they should act based on this outcome, and researchers should not change their
outcome throughout the study. The major outcome for the researcher can be defined
as the outcomes researchers expect from participants as a result of participants’
engagement in argumentation process. These outcomes can be reaching correct
content knowledge, increasing skills (e.g. argumentation skills), producing high
quality argument, examining students’ engagement in argumentation process. For
example, major outcome of this study is examining students’ engagement in
argumentation process in this study (i.e., main study). However, reaching correct
knowledge was another outcome of the study (i.e., pilot study). While adjustments
were done in pilot study, reaching correct knowledge was considered instead of
major outcome (i.e. engaging in argumentation process). This situation caused
problems in main study regarding students’ engagement in argumentation.
Accordingly, experiment was removed from the main study and simulation activity
was added for the last week of main study considering correct knowledge as outcome
when students could not reach the correct knowledge through experiment in pilot
study. However, when simulation activity was added to main study instead of
experiment, students did not engage in argumentation which is the main outcome in

last week of main study. Therefore, researchers are advised to make adjustments in
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their studies considering their major outcome. Otherwise, their adjustments done in

pilot study may not be efficient for the outcomes of main study.

Next, this study showed that students’ engagement in argumentation process did not
improve throughout the study. One of the possible reasons can be nature of activities.
For example, unexciting activities, idealized conditions, and use of different data
sources probably affected students’ engagement in argumentation, so no increasing
or decreasing trend was observed throughout the study regarding students’
engagement in argumentation process. Therefore, researchers are advised not to use
unexciting activities and activities including idealized conditions in argumentation
studies. If such activities which decrease students’ engagement in argumentation
process are not used in argumentation studies, it is possible that students engage in
argumentation more because surprising activities will increase their interest to
engage in argumentation. When students get familiarity to the argumentation process
over time, it is possible that there will be an increasing trend regarding students’

engagement in argumentation process.

Current study also has some implications regarding the components of students’
engagement in argumentation. Previous research showed that oppositional comment
is a characteristic of argumentation and it is observed more than others when
students engaged in argumentation (Sampson & Clark, 2011). However, expositional
comment was used more than others in this study. On the other hand, previous
research (e.g. Sampson & Clark, 2011) did not focus on using expositional comment
in argumentation. Therefore, limited knowledge has been known about expositional
comment. Previous research emphasized on oppositional comments and co-
construction of knowledge because these two components assist students to reach
content knowledge. On the other hand, current study showed that using expositional
comments are also important during argumentation because students propose their
ideas using expositional comments and these expositional comments starts
argumentation. Other engagement components like oppositional comments and co-
construction of knowledge are constructed based on the ideas proposed as
expositional comments. In other word, expositional comments provide data and ideas

for other engagement components. The more expositional comments are used as
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source for discussion, the deeper argumentation can students engage in. Therefore,
researchers studying on students’ engagement in argumentation can focus
expositional comments as data source for argumentation and increase our

understanding about this oversimplified, but the most common component.

Likewise, this study showed that when evidence cards are given to students in topic
that students did not have prior knowledge, students mostly use expositional
comments by proposing their ideas using evidence cards as expert opinion, but
students did not use other three engagement components. This situation might
decrease the quality of argumentation because questions are not asked, different
ideas are not discussed and knowledge is not constructed in cooperation. Therefore,
it can be better if researchers do not provide evidence cards to students when they do
not know the content. Other activities which are discrepant, surprising, mystical and
design based feeding their knowledge can be better for their engagement in

argumentation.

Findings about oppositional comments can also be used in ABI research. This study
showed that students use oppositional comments most when students have prior
knowledge about topic and evidence cards are given them. Previous research showed
that getting familiar to the argumentation research is difficult task and short period of
argumentation studies cause students not to benefit from argumentation studies. This
finding about oppositional comment might be helpful for students to get familiar to
argumentation in a short time. Accordingly, some classes cannot engage in
argumentation in initial weeks because of lack of familiarity as in the case of Class 1
in this study. However, if researchers choose a topic that students are knowledgeable
and provide students evidence cards supporting their knowledge, students might
frequently use oppositional comments even at the beginning of argumentation study
and they may easier and earlier adapt to argumentation. This suggestion especially

can be better for argumentation studies including limited time.

As little is known about expositional comments in argumentation process, there is
little known about information seeking component of students’ engagement in

argumentation. Information seeking was not seen as important component for
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engagement in argumentation; however, current study showed that information
seeking is important especially for revealing divergent points in argumentation.
Therefore, frequent use of information seeking can be sign of deep discussion, and
studying on information seeking can be helpful to develop our understandings about
students’ engagement in argumentation process. Similarly, science teachers are
suggested to motivate students to ask questions to their peers throughout the
argumentation process because asking questions to others (i.e. information seeking)

can trigger and deepen discussion.

This study showed that students can easily use expositional comments because
proposing their own ideas is easier than considering others’ views. The study also
showed that middle school students can frequently use oppositional comments.
However, students cannot use co-construction of knowledge frequently. Even though
they rarely use co-construction of knowledge, they may not reach to scientifically
correct knowledge. This study showed that participants use co-construction of
knowledge in three different conditions. Co-construction of knowledge was used
when groups need assistance, groups reach same conclusion, and there is a lack of
knowledge to explain observed phenomena. Therefore, researchers can set research
design considering these three conditions. If researchers set such designs,
participants most probably use co-construction of knowledge much more. Moreover,
the study showed that students’ use of co-construction of knowledge sometimes
resulted in wrong content knowledge. In such situations, teachers and researchers can
provide students evidence cards and learning activities assisting students to eliminate

wrong content knowledge.

The study has also three implications for curriculum makers. In this study, students
designed, prepared and conducted their own investigations in four of six weeks.
However, students were asked to modify their research questions when research
questions did not match with curricular objectives because teachers have to teach
specific curricular objectives in Turkey. These curricular obligations might decrease
students’ motivations to participate in experiments because students might feel that
they could not conduct their own experiments when they change the research

question. In this point, curriculum makers are suggested not to focus on teaching
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specific objectives and teachers should have autonomy in teaching. For example,
curriculum makers can determine important core ideas like heat and electricity
without emphasizing specific objectives. Then, teachers can be free when teaching
core ideas. If these two suggestions are done, students can follow their own research
questions freely when they conduct investigations and they can learn the core ideas.
Another implication for curriculum makers is about materials. In this study,
laboratory materials and simple materials were used to conduct experiments.
Curriculum makers can provide more and contemporary grade specific (i.e. middle
school) materials because students’ creativity and imagination have no limit. In this
study, students produced interesting ideas and research questions throughout the
study. If students’ imaginations are supported by additional material, it is possible
that students can think, make reasoning, argue and learn more. Next, this study was
conducted in science units which included objectives about experiments and
discussions. Therefore, it can be said that ABI research aligns with objectives having
experiments and discussions. In this point, curriculum developers can add
experiment and discussion objectives to other science topics found in middle school
curriculum. If this is done, researchers can conduct ABI research on other science
topics because researchers have to follow curricular objectives in Turkey in their
research. Conducting ABI research on different science topics in middle school level

can further increase our understanding about ABI research.

The study provides further recommendations derived from limitations of this study.
Firstly, qualitative part of the study focused on whole class discussion for students’
engagement in argumentation process, but pre-activity discussions and small group
discussions were not used for analysing students’ engagement in argumentation
process. Future studies can focus both pre-activity, small group and whole class
discussions to better understand nature of middle school students’ engagement in
argumentation. Secondly, short period of ABI treatment is another issue for this
study. Previous studies claimed that if duration of treatment increases, participants
benefit from ABI more. This study lasted six weeks and future studies can last longer
than this period to increase treatment efficiency.
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APPENDICES

A .SWH LABORATORY REPORT

Deneyin Adt: Adi1 Soyadi:

Deney Masast: Tarih:

1. Baslangic diisiinceleri... Soru ya da sorularim nelerdir?

(Yani, bu konu/deney ile ilgili neleri merak ediyorum?)

2. Test... Sorularima cevap bulmak i¢in ne yaptim?

(Yani, merak ettiklerime ulagmak i¢in ne yaptim?)
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3. Gozlemler ve bulgular... Yaptiklarim sonucunda neler buldum?

(Yani, merak ettiklerime ulasmaya c¢alisirken bulduklarim ve gozlediklerim

nelerdir?)

4. iddialar... Bulduklarim ve gdzlediklerim sonunda ne iddia ediyorum?

(Yani, merak edip arastirdiklarim ile ilgili bu deney sonunda vardigim genel

kanaatim kisa ve 0z olarak...)

5. Deliller (Kanitlar)...Bulduklarim ve goézlediklerim sonunda yukaridaki iddiami
yaptim ciinkii delillerim sunlardir: (Yani, bulduklarim ve gozlemlerimden ortaya

cikardigim iddiami destekleyen deliller...)
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6. Okuma ve karsilagtirmalar... Diislincelerimin bagkalari ile karsilastirilmast...
(Yani, diistincemi arkadaglarimin diistinceleri ile ve kitaptan okuduklarimla

karsilastirdim ve vardigim sonug...)

7. Yansimalar... Diislincelerim siire¢ i¢cinde nasil degisti?

(Yani, konu ile 1ilgili deneyin basindaki diisiincelerimle deneyin sonundaki

diisiincelerimi karsilagtirarak degisimim ile ilgili vardigim sonug...)
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B. TEACHER TEMPLATE
1. Ogrencilerin 6n bilgilerinin ortaya cikarilmasi

Giinliik hayat ile ilgili baglantilar yapilarak 6grencilerin 6n bilgileri agiga ¢ikartilir.
Bu asamada 6gretmen sorular sorarak siirekli 6grenciler ile iletisim halindedir.

Ogrenci 6n bilgileri ortaya konduktan sonra laboratuvar dncesi etkinliklere gegilir.
2. Laboratuvar oncesi etkinlikler

Ogrencilere konu ve imkanlar dahilinde neyi arastirmak istedikleri sorulur. Bu
asamada Ogrencilerden arastirma sorularini yazmalar1 istenir. Arastirma sorulari
arastirilabilirlik agisindan biitin simf tarafindan elestirilir. Ogrenciler arastirma
sorulart siif iiyeleri tarafindan uygun bulunursa hipotez, bagimli degisken, bagimsiz
degisken, sabit degisken, deney malzemeleri ve veri toplama siireclerini rapor ederek

deneylerine baslarlar.
3. Laboratuvar etkinligine katilma

Bu asamada 6grenciler gruplar halinde bir 6nceki asamada belirlemis olduklar1 deney
siirecini takip ederek arastirma sorularmna cevap ararlar. Ogretmen 6grencilerden

bireysel olarak her tiirlii bulguyu raporlarina kayit etmelerini ister.
4. Miizakere Fazi-1

Ogrenciler deneylerini tamamlayip verilerini topladiktan sonra bireysel olarak iddia
ve kanitlarmi olustururlar. Bu iddia ve kanitlar arglimanlarini olusturur ve bu
arglimanlar baslangicta sormus olduklar1 arastirma sorularina cevap niteligindedir.
Bu asamada 6gretmen 6grenciler ile etkilesime girerek onlara sorular sorabilir ve

motive edebilir.
5. Miizakere Fazi1-2

Ogrenciler bireysel olarak argiimanlarmi olusturduktan sonra grup iiyeleri ile grup ici
tartismasina girerek ortak bir grup argiimami olustururlar. Ogrenciler tartismaya

girmedikleri zaman &gretmen grup ile etkilesime girerek deney ile ilgili veya teorik
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sorular sorabilir. Benzer sekilde 6gretmen grup tiyelerinin farkli bakis agilarina sahip
olmasi i¢in onlara rehberlik edebilir. Bu sekilde grup igi tartismalar daha fazla

yapilabilir.
6. Miizakere Faz1-3

Gruplar arglimanlarini olusturduktan sonra, bu asamada gruplar sira ile arastirma
sorularini, deney siire¢lerini, grup argiimanlarim1 sinifin geri kalanina sunarlar. Bu
asamada grup argiimani biitlin sinif tarafindan tartigilir ve tiim sinif argliimantasyon
siirecine dahil olur. Ogretmen bu asamada tartismanin verimli bir sekilde ilerlemesi
icin sorular sorar, Onerilerde bulunur fakat kendisini dersin merkezinde

konumlandirmaz. Siire¢ boyunca 6grenciler aktif ve 6zgiir bir sekilde hareket ederler.
7. Miizakere Fazi-4

Siif tartigmasi tamamlandiktan sonra Ogrenciler bu derste neler 6grendiklerini
Ogrenci raporunun yansitmalar kismina rapor eder. Bu sekilde 6grenci kendi

O0grenmesinin farkina varir.
8. Degerlendirme

Degerlendirme siire¢ boyunca yapilabilir. Ornegin dersin basinda 6grencilerin 6n
bilgisi aciga cikartilir. Tartismalar siiresince 6grencilerin ne konularda eksikleri
oldugu ortaya konur ve buna bagli olarak 6gretmen siirece dahil olabilir. Ayrica
Ogrencilerin silireg boyunca yazdiklar1 SWH o6grenci raporu, Ogrencilerin
degerlendirilmesi acisindan  Snemli  bir veri kaynagidir. Ogrenme siireci
tamamlandiktan sonra 6grenciler alternatif yaklasimlarla degerlendirilmeye devam
edebilirler. Ornegin; Ogrenciler bir alt sinifta bulunan o6grencilere bu hafta

ogrendikleri konu ile ilgili mektup yazabilirler.
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C. SAMPLE LESSON PLAN ABOUT CORE IDEAS INCLUDING
EXPERIMENT

Konu Kazanimi: Is1 iletimi ile ilgili deneyler yapip tartisarak maddeleri 1s1

iletkenligine gore siniflandirir.
1. Ogrencilerin 6n bilgilerinin ortaya ¢ikarilmasi

Ogretmen derse girer ve dersten dnce hazirladig1 sunuyu agar. Sunuda: Hafta sonu
Kizilcahamam’a kampa gidecegini fakat gotiirdiigi yemegi kamp atesinde nasil
pisirmesi gerektigini bilmedigini sdyler ve dgrencilerden bu konuda yardim ister.
Yemegin hizli pismesi i¢in ¢elik kap mi1 yoksa toprak kap mi1 kullanilmasi gerektigi
Ogrencilere sorulur. Benzer sekilde yemegin karigtirilmasi sirasinda elimizin
yanmamasi i¢in kullanilacak olan catalin demir mi, tahta m1 yoksa plastik mi olmasi
bilgileri ortaya cikartilir. Ogrencilerden beklenen cevap yemegin hizli pismesi igin
demir kap kullanilmasi ve elimizin yanmamasi igin tahta veya plastik catal
kullanilmasidir. Ogrenci 6nbilgisi alindiktan sonra laboratuvar dncesi etkinliklere

gegilir.
2. Laboratuvar oncesi etkinlikler

Ogrenciler maddelerin 1s1 iletimi ile ilgili arastirmak istedikleri soruyu grup olarak
tartisirlar ve her grup arastirma sorusunu tahtaya yazar. Ogretmen arastirma sorusunu
acik hale getirmek igin Ogrencilere neyi nasil arastirmak istediklerini sorar. Bu
durum uygulanacak olan deneyin grup tarafindan anlagilmasina yardimci olur.
Ogrenciler yapacaklar1 deneyde bagimli ve bagimsiz degiskenlere karar verirler.
Neleri sabit tutacaklarini rapor ederek bu degiskenlerin kontrol degiskeni oldugunu

ifade ederler.

Fakat dersin kazanimi ile ilgili olmayan arastirma sorular1 ders kapsamindan

cikartilir ve 6grencilerin programdan uzaklagmasi engellenir.

Benzer sekilde sinifta yapilan deneyle cevap verilemeyecek sorular aragtirma sorusu

olarak kullanilmaz. Ornegin bu konu ile ilgili “Neden demir kasik tahta kasiktan
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daha iyi bir iletkendir?” sorusu aragtirma sorusu olarak kullanilamaz. Ciinki
Ogrenciler deney yaparak demir atomlarmin tahtay1 olusturan atomlardan daha sik
oldugunu goézlemleyemez. Ancak verilere bakarak bdyle bir ¢ikarim yapabilirler.
Dolayisi ile ilgili arastirma sorusu: “Tahta kasik m1 yoksa demir kasik m1 daha iyi
iletkendir?” seklinde yada “Maddelerin cinsi ile 1s1 iletkenlikleri arasinda iligki var

midir?” sorusu ile degistirilebilir.
3. Laboratuvar etkinlig¢ine katilma

Arastirma sorusunu belirleyen ve degiskenlerine karar veren grup deneyi nasil
yapacagina karar vererek deneye baslar. Isinin iletimi ile ilgili 6rnek olarak

tasarlanan deney su sekildedir:
Arastirma sorusu: Farkli maddeler 1s1y1 farkli sekillerde mi iletir?

Arastirma sorusu, hipotez ve degiskenler SWH raporunun baglangi¢ diisiinceleri

kismina yazilir.

Hipotez: Maddenin tiiriine bagli olarak 1s1 iletkenligi degisir.
Bagimsiz degisken: (Is1y1 ileten) madde cinsi

Bagimli degisken: (Farkli maddelerin) 1s1 iletim hiz1

Sabit (Kontrol) degiskeni: Madde {lizerine konan yagin miktari, boncugun biiytkligii,
boncuklarin yerden yiiksekligi

Deney malzemeleri:

Metal kagik y 1 ] e
Tahta kasik .‘
w.:} 1)
Cam gubuk £ w
Plastik ¢ubuk =
Beherglas ~ e

Sicak su

N o g b~ wDd e

Termometre
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8. Kati yag
0. Boncuk

Ogrenciler deney prosediiriinii kendileri belirler. Bu siiregte kendilerinden beklenen
beherglasin igini sicak su ile doldurmalart ve metal, tahta, cam ve plastikten yapilan
maddeleri beherin i¢ine koymalaridir (Burada 6gretmen yardimci olabilir ayrica suyu
dokmemeleri konusunda 6grenciler uyarilir. Sicak su tehlikeli oldugu igin 6gretmen
bir termos getirip icindeki sicak suyu behere koyabilir, O6grenci bu siirece
katilmayabilir.). Daha sonra her bir maddenin ucuna kat1 yag konur ve 1sinin etkisi
ile yagin sivilagsmasmin gozlemlenmesinin kolay olmasi i¢in yaglarin iizerine
boncuklar konur. (Kat1 yag ve boncuk kullanimi grubun kendi istegi ile olacaktir.
Grup iiyeleri neden boncuk ve yag kullanacaklarmi tartisabilirler.) Ogrenciler
prosediir kisminda bu durumu akillarina getiremeyebilecekleri i¢in bir dnceki fazda
Ogretmen deneyin nasil tasarlanacagi konusunda Ogrencilere yardim edebilir (kati
yag kullanimi, boncuk kullanimi1 ve bu maddelerin kullanim amaci gibi). Beher
glasin i¢ine termometre konarak suyun sicakligi olgiiliir. Is1 kaybini 6nlemek igin
beher glass aliiminyum folyo ile kapatilir. Ogrenciler deneyi yaparken izledikleri

prosediirii SWH raporunun test kismina yazarlar.
4. Miizakere Fazi-1

Ogrenciler deneyi yaparken gozlemlerini SWH 6grenci raporuna kayit ederler. SWH
0grenci raporunun gozlemler ve bulgular (neleri buldum ve gézlemledim?) boliimii
bireysel olarak cevaplanabilir. Ornek olarak verilen deneyde gozlemler siiresince
ogrenciler 6nce demirin {izerindeki kat1 yagin eridigini ve bu maddenin tizerindeki
boncugun yere diistiigiinii gézlemler ve bunu rapor ederler. Bu gézlemden hareketle
ogrenciler bir iddiada bulunur ve bunu raporlarina kayit ederler. iddia gozlemlere
bagl olarak ortaya atilir ve su sekilde bir iddiada bulunulabilir (Deney sonunda
ulagilan sonug): Demir kagik digerlerine gore 1s1y1 daha iyi iletir ya da maddeler 1s1y1
iletkenliklerine gdre siniflandirilabilir. Clinkii gézlemlere gore sicak suda 1s1 en hizli
demir kasikta iletilmis ve bunun neticesinde demir kasigin tizerinde bulunan kat1 yag
en hizli erimis ve burada yer alan boncuk ilk diismiistiir. Diger kasiklar ile ilgili

iddialar da benzer sekilde gozlemlere bagl olarak verilebilir. Gézlem sonucu elde
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edilen bu veriler iddiaya kanit olusturmada kullanilabilir ve SWH 6grenci raporunun
5. boliimii olan kanitlar kismi bu sekilde doldurulur. Miizakere fazi-1 6grenciler

tarafindan bireysel olarak yapilir.
5. Miizakere Fazi-2

Daha sonra her grup kendi igerisinde gozlemlerini birbiri ile paylasir ve grubun
tamaminin ortak goriisii olan bir iddia ortaya konur. Ornegin; grup iddias1 her madde
1s1y1 ayni sekilde iletmez olabilir, buna kanit olarakta sicaklik degisimine bagl
olarak yagin farkli maddeler {izerinde farkli hizlarda erimesi gosterilebilir. Benzer
sekilde maddelerin 1s1 iletkenligi birbirleri ile karsilastirilabilir (demir en hizli iletti,

plastik en yavas iletti gibi).
6. Miizakere Faz1-3

Gruplar sunumlar yaparak neyi nasil arastirdiklarini ve ne sonuca vardiklarini diger
gruplara anlatir ve diger gruplarn ikna etmeye calisir. Diger gruplar ve Ogretmen
sorduklar1 sorular ile sunum yapan grubu sinar ve gruplar arasi tartisma ortami
olusur. Bu asamada Ornegin sunum yapan gruba neden demirdeki yagin en hizli
eridigi O6gretmen tarafindan sorulabilir. Demirin 1s1y1 neden digerlerinden daha iyi
ilettigi sorusu da sinifta tartigilabilir. Ogretmen ydnlendirme yaparak ogrencilerin
atomlar iizerinde diislinmesini saglayabilir ve bu durumda demir atomlarinin
taneciklerinin daha diizenli ve sik oldugu sonucuna varilabilir. Buradan hareketle
maddeler 1s1y1 ¢ok ileten ve 1s1y1 az ileten maddeler olarak siniflandirilir ve konu
kazanimina ulasilmis olur. Ogretmen burada 6grencilere atomlar1 sik ve diizenli
oldugu i¢in 1s1y1 daha fazla ileten demir kasik gibi maddelere 1s1y1 ileten madde,
tahta kagik gibi atomlar1 diizensiz ve sik olmadigi i¢in 1s1y1 daha az ileten maddelere
de 1s1y1 yalitan madde dendigini sOyleyebilir. Konunun somut hale getirilmesi i¢in
ogretmen asagidaki gorseli kullanabilir. Ogrenciler SWH raporunda yer alan
karsilastirmalar kismina diger arkadaslarinin farkli diigiincelerini ve 6gretmenin

verdigi bilgileri yazarlar.
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Tahta kasigi Metal kagigr
olusturan olusturan
tanecikler tanecikler

7. Miizakere Fazi-4

Bu asamada konu ile ilgili olarak 6grenciler ders kitabindan taneciklerin ¢arpismasi
ile 1sinin iletilmesi konusunu okuyarak konu ile ilgili daha fazla bilgi sahibi
olabilirler (Ornegin; iletim yoluyla 1simn iletimi sadece kati cisimlerde gériiliir)
Benzer sekilde Ogrenciler Ogretmenin onerdigi EBA
(http://www.eba.gov.tr/gorsel?icerikid=276694421e5ab23ad4ce69cc28d3bf09138a6

cfbbe002) gibi kaynaklar1 kullanarak konu hakkinda daha fazla bilgi sahibi olabilir.
Okumalar ve videodan 6grenilenler de SWH raporunun karsilastirmalar ve okumalar

kismina yazilabilir.

Okumalardan daha sonra 6grencinin kendi 6grenmesine yonelik yansimalart SWH
raporuna yazmasi beklenir. Burada o6grenci diislincelerim nasil degisti sorusuna
cevap arar. Yansimalar kismimin basarili olmast i¢in O0gretmen dersin basinda
gosterdigi ppt sunusunu tekrar acar ve kampta yemegi hizli 1sitmak i¢in hangi kabi
kullanmas1 gerektigini ve yemek piserken elinin yanmamasi i¢in hangi c¢atalin
kullanilmas1 gerektigini nedenleri ile birlikte tekrar sorar. Ogrencilerin dersin
basinda bu soruya verdikleri cevap ile dersin sonunda bu soruya verdikleri cevabi ve
aradaki farklar1 rapor etmeleri 6grencinin yansima yaptigimi gosterir. Ogrenci ayrica
stire¢ boyunca SWH raporu iizerinde yaptig1 degisiklikleri ve neden bu degisiklikleri
yaptigmi da yansimalar kismina rapor edebilir. Ornegin; bireysel diisiince ile ortaya
atilan iddia grup ici tartisma sonucu SWH raporunda degismisse 6grenci bu degisimi

ve bu degisimin nedenini yansimalar kismina rapor edebilir.
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8. Degerlendirme

Degerlendirme hem siire¢ i¢inde hemde siire¢ sonunda yapilir. Dersin basinda
kullanilan ppt 6grencinin ilgili kazanima iliskin 6n bilgisini yoklar. Dersin sonunda
kullanilan ppt ise konu kazaniminin silire¢ sonunda ogrenilip 6grenilmedigini
degerlendirir. Siire¢ igerisinde ayrica 0gretmenin arastirma sorusu ve deney tasarimi
ile 1ilgili sorular sormasi siire¢ i¢i degerlendirmeye Ornektir. Benzer sekilde
miizakere-4’te sorulan neden demir kasik 1s1y1 daha iyi iletir sorusu konu kazanimini
6l¢meye yoneliktir. Son olarak 6grencilerin doldurduklar1 SWH raporu ders sonunda

toplanir bu raporlar siire¢ sonunda yapilan degerlendirmeye 6rnek olabilir.
Kaynak:

Hand, B., Wallace, C. W., & Yang, Eun-Mi. (2004). Using a science writing
heuristic to enhance learning outcomes from laboratory activities in seventh grade
science: Quantitative and qualitative aspects. International Journal of Science
Education, 26(2), 131-149.

MEB. (2013). Ilkdgretim Fen ve Teknoloji Dersi (6, 7, 8. Smiflar) Ogretim
Programi. MEB, Ankara.
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D. SAMPLE LESSON PLAN ABOUT CORE IDEAS NOT INCLUDING
EXPERIMENT

Kazanim: Yakitlan, kati, sivi ve gaz yakitlar olarak smiflandirip yaygin sekilde

kullanilan yakitlara 6rnekler verir.

Fosil yakitlarin sinirli oldugu ve yenilenemez enerji kaynaklarindan biri oldugu

belirtilir ve yenilenebilir enerji kaynaklarinin 6nemi 6rnekler verilerek vurgulanir.

Farkli enerji kaynaklarint olumlu ve olumsuz 6zelliklerine gore tartisarak birbiri ile

kiyaslar.
1. Ogrencilerin 6n bilgilerinin ortaya ¢ikartilmasi

Ogretmen derse girer ve dgrencilere yolda giden bir araba, yanan bir lamba ve kosan

bir insan resmi gdsterir.

Yolda giden arag Yanan bir lamba Kosan insan

Ogretmen bu 3 resmin ortak &zelligini 6grencilere sorar. Ogrenciler tahminlerini
yapar ve burada bir hareket oldugu veya is yapildig1 gibi ¢ikarimlarda bulunurlar.
Ogretmen o6grencilere bu eylemlerin gerceklesmesi icin neye ihtiyag oldugunu
ogrencilere sorar. Ogrencilerin enerjiye ihtiyag oldugunu sdylemeleri beklenir. Daha
sonra ilgili resimlerde kullanilan enerjinin kaynagi ne olabilir seklinde bir baska soru
ogrencilere sorulur. Ogrenciler cevaplarini verdikten sonra farkli enerji kaynaklari
ogrencilerle paylasilir. Bu enerji kaynaklari: Tas komiirii, petrol, dogalgaz, giines,
rliizgar, yer alt1 1sis1 (jeotermal kaynaklar), biyoyakit (yasayan veya yeni Olmiis

bitkiler) ve odundur.
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Daha sonra 6gretmen sunusunu agarak Ogrencilere bugiinkii derste ‘Hangi enerji
kaynagini kullanmaliy1z?’ ve ‘Hangi enerji kaynagini kullanmamaliy1z?” konularini

tartisacaklarini soyler.
2. Etkinlik oncesi yapilanlar

Ogrenciler hangi kaynag kullanmamiz gerektigi ile ilgili baslangi¢ diisiincelerini
SWH 6grenci raporunun baslangi¢ diistinceleri kismina nedenleri ile birlikte yazar.
Arastirma sorusu da ‘Hangi enerji kaynagini kullanmaliy1z?” seklinde baslangic

diisiinceleri kismina yazilir.
3. Etkinlige katilma

Daha sonra 6gretmen 6grencilere konu hakkinda bilgi sahibi olmalart ve kendilerine
sunulan verileri kanit olarak kullanmalar1 ve analiz etmeleri i¢in 6grencilere daha
once hazirladig1 enerji kaynagt veri kagidimi verir. Bu kagitta ilgili enerji
kaynaklarmin tanimlari, avantajlar1 ve dezavantajlar1 yer almaktadir. Enerji kaynagi

veri kagidi asagida verilmistir:

Enerji Tanim Avantajlari Dezavantajlar:
Kaynag
Odun Yakit olarak Cok ekonomiktir Cabuk soner

kullanilan odun
agaclardan elde edilir. | Kolay elde edilir. Elde edilen 1s1
enerjisinin %75
1 kullanilmadan
duman ve kiile
doniisiir.

Havay kirletir.

Kiiresel
1sinmaya sebep
olur

Asit
yagmurlarina
sebep olur
Komiir Tas komiirii yerin Ekonomiktir Havayi kirletir
altindan ¢ikartilir.

Kolay elde edilir. Kiiresel
Fosil yakitlardir yani 1sinmaya sebep
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giiniimiizden ¢ok olur
once yasamis bitki ve
hayvanlarin yer Asit
kabugunun yagmurlarina
derinliklerinde sebep olur
curtytp
farklilagmasiyla Tasimnmasi ve
olusmustur. dagitilmasi
masraflidir.
Benzin/ Petrol, karalardan ve | Dagitim sistemi Tasinmasi ve
Petrol denizlerden sondaj geligmistir. dagitilmasi
makineleri ile ¢ekilen pahalidir.
sivi fosil yakitlardir. | Kolay elde edilir
Havay kirletir.
Benzin, gaz yagi,
mazot ve yag yakitlar Kiiresel
petroliin ayristirilmast 1sinmaya sebep
ile ortaya ¢ikan enerji olur.
kaynaklaridir.
Talebe bagli
olarak fiyatlar1
cok yiiksek
olabilir.
Dogalgaz Petrol gibi yer Dagitim sistemi Taginmasi ve
kabugunun kayaclar1 | gelismistir. dagitilmast
altinda bulunur fakat pahalidir.
gaz halindedir. Kolay elde edilir
Havay1 az
Yakildiginda Kirletir.
petrol, odun ve
komiire gore daha | Talebe bagl
az karbondioksit olarak fiyatlar1
uretir cok ytiksek
olabilir.
Giines Glines enerjisi giines | Glines oldugu Giines her
panelleri sayesinde slirece bedavadir. zaman
kullanilabilir hale bulunmayabilir.
gelir. Evleri 1sitir
Evlerde bulunan Giines almayan
Giines panelleri gelen | sicak su ihtiyacin1 | bdlgeler bu
enerjiyi sogurarak karsilar. kaynaktan
diger enerji faydalanamaz.
cesitlerine g¢evirir. Giines firin1 olarak
gidalart 1sitir.
Riizgar Riizgar enerjisi riizgar | Eger hava Riizgar her
tiirbini sayesinde rlizgarliysa zaman
kullanilabilir hale bedavadir. bulunmayabilir.
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gelir.

Kiiresel 1sinmaya

Deniz kenarmna

ve asit yagmuruna | veya yliksek
Riizgar tiirbinleri neden olmaz. yerlere
rlizgarin sahip oldugu kuruldugu icin
hareket enerjisini her yere
elektrik enerjisine kurulamaz.
cevirebilir.
Cok fazla alan
gerekir.
Bakimi ve
onarimi
pahalidir.
Ruzgar ve
firtinalar
tiirbinlere zarar
verebilir.
Cevrede
yasayan
kuslarin
Oliimiine sebep
olabilir.
Yeralti 1s1s1 Yerkiirenin Isletme masraflar1 | Enerji tesisi
(Jeotermal derinliklerinde diistiktiir kurmak
enerji bulunan 1s1y1 ylizeye masraflidir.
kaynagi) ¢ikartip ondan Evleri 1sitmak i¢in
faydalanmamizi kullanilabilir.
saglar.
Jeotermal enerji
kaynagi olan 1s1
eger yuzeye
yakinsa bu
enerjiden elektrik
iiretilebilir.
Biyoyakit Bitkisel ve hayvansal | Diisiik maliyetlidir. | Kiiresel
(yasayan veya | atiklarin yakilmasiyla 1sinmaya neden
yeni 0lmiis enerji lretmemizi Kirsal ve uzak olur.
bitkiler) saglar. alanlarda
kullanilabilir. Yandiginda
sagliga zararl
Atik igletim kursun gibi
sistemleri ile zararli | maddeler
maddeleri ve havaya karisir.

¢opleri aritmamiza
yardimci olur.
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Isinma amach
kullanilabilir.

SWH raporu 2. sorusu olan test, veri kaynaklar1 olarak degistigi i¢cin 6grenciler bu
soruya hangi enerji kaynagimni kullanmamiz gerektigi sorusuna cevap bulmak igin
nasil bir yol izlediklerini yazarlar. Ornegin; &grenciler veri kagidinda yer alan
avantajlar1 ve dezavantajlar1 kriter olarak kabul edip, bu kriterlere uygun olarak

veriyi analiz edeceklerini SWH raporunun test kismina yazabilirler.
4. Miizakere Fazi-1

Ogrenciler bireysel olarak veri kagidindan hangi enerji kaynaginin digerlerine gére
daha fazla avantaji oldugu ile ilgili verileri rapor eder. Bunu SWH 6grenci raporunun
gozlemler ve bulgular kismina yazar. Daha sonra, en iyi enerji kaynagi bence budur
diyerek bir iddiada bulunur, bu iddialarin1 ve gerekg¢elerini SWH 6grenci raporunun
iddia ve kanitlar kismina yazar. Ornegin; dgrenci en iyi enerji kaynaginin dogalgaz
oldugunu iddia eder ¢ilinkii dogalgazin dagitim sistemi gelismistir, kolay elde edilir

ve diger yakitlara gore yakildiginda havayi daha az kirletir.
5. Miizakere Fazi1-2

Ogrenciler bireysel iddialarin1 dile getirdikten sonra grup olarak hangi enerji
kaynaginin kullanilmas: ile ilgili tartismaya girerler. Ornegin; dogalgaz kullanilmali
diyen Ogrenciye karsi argliman olarak grup igerisinde bir baska 6grenci biyoyakitin
kullanilmasimin daha iyi1 oldugunu dile getirebilir ve gerekgesini ise su sekilde
aciklar: “Biyoyakit dogalgazdan daha ucuzdur ve devletin enerji kaynagini
gotliremedigi yerlerde bile biyoyakit kullanilabilir. Her yerde dogalgaza erigim
yoktur. Ayrica atiklarin temizlenmesinde de biyoyakitlar ise yarar.” Bu diisiinceyi
cliritmek i¢in ise dogalgaz1 savunan Ogrenci biyoyakitlarin ¢evreye zarar verdigini
ve bu yakitlarin hem kiiresel 1sinmaya neden oldugunu hemde insan sagligina zarar
verdigini sdyler. Tartigma sonunda biitlin grubu temsil eden bir sonuca ulasilir.
Ogrenciler kendilerinden farkli diisiinen arkadaslarinin diisiincelerini SWH &grenci
raporunun karsilastirmalar kismina yazar.
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6. Miizakere Faz1-3

Daha sonra 6gretmen gruplar arasi tartismayi1 baslatir. Her grup kendi diislincesinin
dogrulugunu nedenleri ile birlikte aciklamaya calisir. Ogretmen herhangi bir
yonlendirmede bulunmaz. Tartismaya katilmayan gruplart siirece dahil etmeye
calisir. Tartismanin durdugu yerlerde konuya farkli agilardan yaklasir. Ornegin;
glines panelinin olumsuz yanlarinin tartisilmadigini  goriirse giines almayan
bolgelerde bu enerjinin yeteri kadar kullanilamadigin1 sdyler ve bu durumla ilgili

Ogrencilerin fikirlerini sorar.

Tartisma tamamlandiktan sonra Ogretmen ders kitabinda yer alan yakitlar ve
yenilenebilir enerji kaynaklar1 konusunu 6grencilerin okumasini ister. Ogretmen
ogrencilere: “Ders kitabindaki okumalarda isledigimiz bilgilerden farkli olarak bir
ifadeyle karsilastiniz m1?” diye sorar. Ogretmenin buradaki amaci 6grencilerin enerji

kaynaklarini yenilenebilir ve yenilenemez enerji kaynaklari olarak siniflandirmasidir.

Bu siniflandirmadan sonra ise ders kitabinda verildigi sekli ile 6grencilerin yakitlar
kat1, stv1 ve gaz yakitlar diye siniflandirmasi beklenir. Bu yakitlara 6rnekler verilir.
Ornegin; komiir kati, benzin sivi, dogalgaz ise gaz yakittir. Bu bilgiler ders kazanimi
oldugu i¢in 6gretmen kendisi ppt sunusunu tekrar agar ve 6grencilere yenilenebilir ve
yenilenemez enerji kaynaklarini gosterir. Yenilenemez enerji kaynaklarinin fosil
yakitlar oldugu vurgusunu yapar ve fosil yakitlarin nasil olustugunu &grencilere
anlatir. Ayrica, yakitlart smmiflandirir. Ogrenciler dgretmenden 6grendikleri yeni
bilgileri ve kitaptan edindikleri bilgileri SWH raporunun okumalar kismina rapor

eder.
7. Miizakere Fazi-4

Ogrenciler bu dersin basinda neleri biliyorlardi ve dersin sonunda neleri 6grendiler,
bu bilgileri SWH yansimalar kismina yazarlar. Bu bilgileri yaparken baslangi¢
diisiincelerindeki tahminleri ve gerekgeleri ile dersin sonundaki diislinceleri

arasindaki fark yansimalar kismina dahil edilebilir.
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8. Degerlendirme

Dersin basinda gosterilen resimler ogrencilerin giinliik hayatta yapilan etkinlikleri
enerji konusu ile baglayip baglayamadiklarini 6grenmek amaciyla yapilacaktir. Bu
gorseller ayrica konuyu enerji kaynaklar ile iligkilendirebilmek i¢in kullanilacaktir.
Ogrencilerin grup igerisinde ve gruplar aras1 yaptiklari tartismalar dgretmeni siireg
boyunca &grencilerin ne diisiindiigii ile ilgili bilgilendirir. Ogretmen tartismadan
sonra ders kitabinin ilgili boliimlerini okutarak 6grencilerin bugiiniin kazanimi olan
“Yakatlar1, kati, sivi ve gaz yakitlar olarak smiflandirip yaygin sekilde kullanilan

(13

yakitlara ornekler verir. “ ifadesi ile ilgili ¢ikarim yapmalarimi bekler ve bununla

ilgili sorular sorar. Ogretmen, ders sonunda dgrencilerin hazirlamis oldugu SWH

raporlarini toplayarak siire¢ boyunca 6grencilerin neler 6grendiklerini degerlendirir.

Kaynakga:

Hand, B., Wallace, C. W., & Yang, Eun-Mi. (2004). Using a science writing
heuristic to enhance learning outcomes from laboratory activities in seventh
grade science: Quantitative and qualitative aspects. International Journal of
Science Education, 26(2), 131-149.

MEB. (2013). ilkogretim Fen ve Teknoloji Dersi (6, 7, 8. Smiflar) Ogretim
Programi. MEB, Ankara.
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E. MATTER AND HEAT CONTENT KNOWLEDGE TEST (MHCKT)

1. Eger metal bir kagik ile tahta bir kasig1 kaynamis su dolu bir kaba bosaltirsak birisi
digerinden daha fazla 1sinir. Bu durumun sebebi nedir?

A) Metal 1s1y1 tahtadan daha iyi iletir.

B) Tahta 1s1y1 metalden daha iyi iletir.

C) Is1 metal tarafindan ¢ekildigi i¢cin metaller 1sinir.

D) Tahta metal kadar giiclii degildir.

2. Ocagin lizerinde kaynatilmakta olan bir cezvenin hangi maddelerden yapilmis
olmasini beklersiniz?

A) Cezvenin tabani ve elle tutulan kismu1 1s1y1 iyi ileten maddelerle kaplanmalidir.

B) Cezvenin tabani ve elle tutulan kismi 1s1y1 iletmeyen seramik gibi yalitkanlarla
kaplanmalidir.

C) Cezvenin tabani 1s1y1 ileten maddelerle, elle tutulan kismi ise 1siy1 iletmeyen
maddelerle kaplanmaluir.

D) Cezvenin tabani 1s1y1 iletmeyen maddelerle, elle tutulan kismi ise 1s1y1 iyi ileten
maddelerle kaplanmalidir.

3. Bir 0grenci ayn1 uzunlukta ve sekilde mermer ve bakir pargasinin uglarindan
tutarak bu iki maddenin diger uglarin1 6zdes (birebir ayni) isiticilar yardimi ile
isitmaktadir. Bu 6grenci asagidaki arastirma sorularindan hangisine cevap ariyor
olabilir? (SPS-Research Question)

A) Isi1 iletimi kullanilan maddenin uzunluguna gore degisir mi?

B) Is1 iletimi kullanilan maddenin sekline gore degisir mi?

C) Ist iletimi tizerinden 1s1 gegen maddenin tiiriine gore degisir mi?

D) Is1 iletimi kullanilan 1s1 kaynaginin tiiriine gore degisir mi?
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4. Asagidaki tabloda bazi 1sitma kaplar1 ve bu kaplarin 6zellikleri verilmistir:
Isitma Isitma Kabinin Ozellikleri
Kabinin
Tiirii
Toprak Kap | Isiy1 agir agir yayarak yemekleri uzun siirede pisirir. Topragin yapisinda
bulunan zararli kimyasal maddeler pisirme sirasinda yemeklere
karisabilir. Topragin 1s1 iletkenligi havanin 25 katidir.

Cam Cam pisirme kaplar saglik agisindan sorun yaratmaz. Camin 1s1
Kaplar iletkenligi havanin 42 katidir.

Celik Celigin pisirme siiresi uzundur. Celik tencereler asmnirsa, tencere
Tencere isinirken ¢eligin yiizeyinde bulunan metaller yemege karisip saglik

sorununa sebep olabilir. Celigin 1s1 iletkenligi havanin 534 katidir.
Aliiminyum | Yapilan aragtirmalar aliiminyumun kansere ve bazi sinir hastaliklarina
tencere neden oldugunu gostermektedir. Aliiminyumun 1s1 iletkenligi havanin
8300 katidir.

Yukaridaki bilgiler gdz oniine alindiginda yemeginin yavas pismesini isteyen ve
yemegin saglifina zarar vermesini istemeyen bir kisi hangi 1sitma kabini tercih
etmelidir?

A) Toprak kab1 segmelidir ¢iinkii toprak kap 1s1y1 ¢ok fazla iletmez ve sagliga zarar
Vvermez.

B) Cam kap secilmelidir ¢linkii cam kap 1s1y1 ¢ok fazla iletmez ve sagliga zarar
Vermez.

C) Celik tencere kullanilmalidir ¢iinkii ¢elik tencere 1s1y1 ¢ok fazla iletmez ve sagliga
Zarar vermez.

D) Aliiminyum tencere kullanilmahdir ¢iinkii aliiminyum tencere 1siy1 ¢ok fazla
iletmez ve sagliga zarar vermez.

5. Binalarda 1s1 yalitimi1 yapilirken bazi 6lgiitlere dikkat edilir. Is1 yalitimi yapilirken
asagida yer alan 6l¢iitlerden hangisine dikkat edilmez?

A) Kullanilan madde yiiksek sicakliklarda 6zelligini kaybetmemeli

B) Kullanilan madde dis etkenlere kars1 saglam olmali

C) Kullanilan madde 1s1 akigin1 yavaglatmali

D) Kullanilan madde ekonomik olarak pahali olmali

6. “Kisin evlerinin soguk olmasini istemeyen apartman sakinleri bir araya gelerek
binalarimin yalnizca dis cephesine 1s1 yalitimi yaptirmak istemekte ve evlerinin kapa,
zemin gibi diger boliimlerine 1s1 yalittimi yaptirmamaktadir. Is1 yalitimi yapan
ustalara ev sahipleri ustalarin hangi yalittm malzemesini kullanacagini sorar. Ustalar
dig yalitim icin kopiik kullanacaklarini, eger zemini de yaliim malzemesi ile
kaplatmak isterlerse zemin i¢in tas yiinii malzemesini kullanabileceklerini sdylerler.”
Yukaridaki durumdan hareketle asagidaki sonuglardan hangisine ulasilamaz?

A) Evin zemininde de evin diger yerleri gibi 1s1 akis1 gergeklesmektedir.

B) Is1 yalitimi1 yapilan evlerde kislar1 evlerin soguk olmasi engellenir.

C) Is1 yalitimi yaparken kullanilacak malzemenin kolayca yanmamas1 gerekir.

D) Is1 yaliimi yaparken kullanilacak malzemeler yalittm yapilacak yere gore
farklilik gosterir.
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7. Bir 6grenci soguk kis giinlerinde ictigi sicak ¢ayin sogumamasi icin bir termos
yapmak istemektedir. Ayni Ogrenci 1sik 1smlarinin  parlak yiizeylerden geri
yansidigini ve parlak olmayan koyu renkli yiizeylerin 11k 1sinlarini1 emerek yiizeyi
1sittigini bilmektedir. Ayrica 6grenci iki madde arasinda bulunan diger maddenin de
1s1 akisina neden oldugunu bilmektedir. Bu bilgilerin yanisira dgrencinin yapmis
oldugu termosun 6zellikleri su sekildedir:

e Termos i¢ ice gegmis 2 adet cam bardaktan olusmaktadir.

e Disaridaki cam bardak parlak aliiminyum folyo ile kaplhdir.
e Icerideki cam bardak parlak aliiminyum folyo ile kaplidir.

Ogrenci sicak ¢ay1 soguk bir giinde i¢ kisimda kalan bardaga koyar. Cay1 koyduktan
sonra termosun lizeri kagit ile kapatilir. Bu 6grencinin ¢aymi daha uzun siire sicak
tutabilmesi i¢in ne yapmasi gerekmektedir?

A) Bardaklarin arasinda kalan boslugu soguk su ile doldurmalidir.

B) Bardaklarin arasinda kalan boslugu kagit pargalari ile doldurmalidir.

C) Disaridaki bardagi kaplayan aliminyum folyo siyah kartonla degistirilmelidir.

D) Iceride yer alan cam bardak metal bardak ile yer degistirmeli.

8. Cantasinda yer alan bir kutu kolay1 soguk tutmak isteyen bir 6grenci kutu kolay1
hangi madde ile kaplamalidir, neden?

A) Aliiminyum folyo ile kola kaplanmalidir ¢iinkii metaller 1s1y1 iyi iletirler.

B) Kutu kola kagit havlu ile kaplanmalidir ¢ilinkii kagit nemi ¢eker.

C) Kutu kola balmumu kagid: ile kaplanmalidir ¢iinkii balmumu nemi emer.

D) Kutu kola yiin kazak ile kaplanmalidir ¢linkii yiin havay1 hapseder.

9. Bir o6gretmen Ogrencilerinden yaz aylarinda kullanilmak {izere bir ayakkabi
tasarlamalarini istemistir. Amag yazin sicak havada ayagimizi tasarlanan ayakkabi
yardimiyla serin tutmaktir. Bir 6grenci grubunun tasarlayacaklar1 ayakkabilarla ilgili
diisiinceleri asagidaki gibidir:

1. 6grenci: Malzeme olarak ayakkabinin alt kismu plastikten yapilabilir.

2. 6grenci: Kullanacagimiz malzemenin igerisinde bosluklar olmalidir.

3. 6grenci: Kullanacagimiz malzeme koyu renkli olmalidir.

4. 6grenci: Kullanilacak ayakkabi siyah asfalt zeminde kullanilmalidir.

Yukarida diisiinceleri verilen ogrenciler ile ilgili asagidaki ifadelerden hangisi
dogrudur?

A) 1. 6grenci yanlis diistinmektedir ¢iinkii yazin 1sinan zemin plastik tabandan ayaga
151 transferi ederek ayagi rahatsiz eder.

B) 2. 6grenci dogru diisinmektedir ¢linkii malzemenin igerisindeki boslukta hava
birikir ve ayakkabinin disindan iceri dogru 1s1 transferi hava ortaminda fazla olmaz.
C) 3. 6grenci dogru diisiinmektedir ¢iinkii glines 1sinlar1 koyu renkli maddelerden
yanstyarak geri doner ve bu durum ayakkabinin 1sinmasini engeller.

D) 4. 6grenci dogru diisiinmektedir ¢linkii giines 1sinlar1 siyah asfalttan yansiyarak
asfaltin sogumasina neden olur ve bu durumda ayakkabi 1sinmaz.
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10. Ayni ozellikteki iki binanin dis cephelerine 1s1 yalittimi yapilacaktir. Binalarda
kullanilacak 1s1 yalitm malzemelerinin havaya gore 1s1 iletkenlik katsayilari ve
malzeme kalinlig1 asagidaki tabloda verilmistir:

Binalar Dis Cephe malzemesi Malzemenin havaya gore 1s1 Binada
iletme katsayisi Kullanilan
Malzeme
kalinligt
1. Bina Cam yiinii 40 kat1 1cm.
2. Bina Polistren kopiik 10 kat1 4 cm.

Kullanilan dig cephe malzemeleri ve malzeme kalinligi géz oniine alindiginda
asagidaki ¢ikarimlardan hangisi yapilamaz?

A) Cam yiinii polistren kdpiikten daha iyi bir 1s1 yaliticisidir.

B) D1s cephe mazlemesi olarak farkli maddeler kullanilabilir.

C) Binalara yapilan dis cephe yalitimi farkli kalinlikta olabilir.

D) Cam yiinii polistren kopiige gore 1s1y1 daha iyi iletir.

11. Asagidaki tabloda Tiirkiye’de 3 farkli bolgede bulunan binalarla ilgili yalitiml
bina orani, yalitimli binalarin kalinlig1 ve o bolgede gergekte olmasi gereken yalitim
kalinlig1 verilmistir.

Bolge Yalitimli Bina Binalarin Yaliim Olmasi gereken
Orant Kalinlhig: yalitim Kalinligi
Marmara %60 5cm 10cm
I¢c Anadolu %70 6 cm 12 cm
Akdeniz %15 4 cm 8cm

Bu bilgiler goz Onilinde bulunduruldugunda asagidaki sonuglardan hangisine
ulasilamaz?

A) Tirkiye’de yalitimli bina oran1 bolgeden bolgeye farklilik gostermektedir.

B) Akdeniz bolgesi diger bolgelerden daha sicak oldugu icin yalitimli bina oram
daha azdur.

C) Tiirkiye’de yalitimli binalarin yalitim kalinlig1 olmasi gerekenden daha incedir.

D) Olmasi gereken bina yalittim kalinligi lilkemizde bolgeden bolgeye farklilik
gostermektedir.

12. Asagidaki ifadelerden hangisi 1s1 yalitiminin iilke ekonomisi ve kaynaklarin etkili
kullanimu ile ilgili dogru bir ifade degildir?

A) Is1 yalitimi yapilan yerlerde kalin malzeme kullanmak 1s1 akisim1 kesecegi icin
ince yaliim malzemesi kullanilmamalidir.

B) Is1 yalittiminin yapilmasi ile fosil yakit kaynaklar1 daha az kullanilacag: i¢in hava
kirliligi azalacaktir.

C) Is1 yalitimi yapilan yerlerde daha az yakit yakilacagi i¢in 1s1 yalitimi ekonomik
masraflart azaltacaktir.

D) Sicak bolgelerde 1s1 yalitimi yaptirmaya gerek yoktur bu bolgelerde yapilan 1s1
yalitimi gereksiz ekonomik masraf getirecektir.
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13. Asagidaki bilgilerden yanlis olan se¢enegi isaretleyiniz.

A) Fosil yakitlar sinirsiz enerji kaynaklaridir.

B) Odun, komiir ve dogalgaz fosil yakitlara 6rnek verilebilir.

C) Fosil yakitlar yakildiginda bir enerji tiirli baska bir enerji tiiriine doniigebilir.
D) Fosil yakitlar kati, sivi ve gaz yakitlar olmak {izere tice ayrilir.

14. Enerji kaynaklarini siniflandirmak isteyen bir 6grenci enerji kaynaklarini 2 sinifa
aywrarak asagidaki tabloyu olusturmustur:

1. Simf 2. Smf
Komiir Riizgar
Benzin Jeotermal
Dogal gaz Giines

Yapilan bu smiflandirma gbéz oOniinde bulunduruldugunda asagidaki sonuglardan
hangisine ulasilabilir?

A) Enerji kaynaklari yer alt1 ve yer iistii enerji kaynaklart olarak siniflandirilabilir.

B) Enerji kaynaklar1 yenilenebilir ve yenilenemez enerji kaynaklari olarak
siiflandirilabilir.

C) Enerji kaynaklar kati, sivi ve gaz enerji kaynaklari olarak siniflandirilabilir.

D) Enerji kaynaklar1 denizden ve karadan elde edilen enerji kaynaklar1 olarak
siniflandirilabilir.

15. Asagidaki tabloda farkli enerji kaynaklarmin g¢evreye verdikleri zarar ve bu
kaynaklarin kullanimi i¢in gerekli ekonomik masraflar verilmistir.

Enerji Kaynagi Enerji Kaynaginin ¢evreye | Ekonomik Masrafi
verdigi zarar

Glines Paneli Zararsiz Cok az

Riizgar Giili Cok az Orta

Petrol Cok fazla Fazla

Dogalgaz Orta Fazla

Yukaridaki bilgiler g6z Oniine alindiginda asagidaki sonuglardan hangisi
cikartilamaz?

A) Yenilenebilir enerji kaynaklarimin maliyetleri ve cevreye verdikleri zarar
benzerdir.

B) Cevreye en az zarar veren ve en ucuz enerji kaynagi giines panelidir.

C) Yenilenemez enerji kaynaklart yenilenebilir enerji kaynaklarindan daha fazla
gevreye zarar verir.

D) Yenilenemez enerji kaynaklart yenilenebilir enerji kaynaklarindan daha pahalidir.
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16. Fosil yakitlarin yanisira birde biyoyakit adi verilen bir yakit ¢esidi vardir. Buna
gore milyonlarca yil Once Olmiis bitki ve hayvan kalintilart fosil yakitlar
olustururken, yasayan veya yeni Olmiis bitkiler biyoyakitlar1 olusturmaktadir.
Cevreye olan etkileri géz oniine alindiginda biyoyakit ve fosil yakitlardan hangisinin
kullanilmas1 gerekmektedir?

A) Her ikisi de kullanilmalidir ¢iinkii bu yakitlar ihtiyacimiz olan enerjiyi karsilar.

B) Hig birisi kullanilmamalidir ¢iinkii bu yakitlar havayi kirletmektedir.
C)Biyoyakitlar kullanilmalidir ¢linkii biyoyakitlar gevreyi kirletmeden 6nce havayi
temizlemektedir.

D) Fosil yakitlar kullanilmahidir ¢iinkii fosil yakitlar havayr biyoyakitlar kadar
Kirletmez.

17. Fosil yakitlarin 1s1 amaclh kullaniminin insan ve c¢evreye karsi zararlari vardir.
Asagidakilerden hangisi fosil yakitlarin insan ve c¢evreye verdigi zararlardan
degildir?

A) Fosil yakitlarin yakilmasiyla ortaya ¢ikan gazlar kiiresel 1sinmaya sebep olur.

B) Fosil yakitlarin yakilmasiyla iilkelerin ihtiyaci olan enerji karsilanmais olur.

C) Fosil yakitlarin yakilmasiyla havadaki zararli gazlarin orani artar, bu gazlarin
yagmurlarla yeryiiziine inmesi ile asit yagmurlar1 olusur.

D) Fosil yakitlarin yakilmasi ile hava kirliligi olusur ve bu kirlilik solunum yolu
hastaliklarina sebep olabilir.

18. Son yillarda Ankara’da komiir kullaniminin artmasindan dolay1 sehrimizde hava
kirliligi olmas1 gereken sinirin lizerine ¢cikmistir. Asagidaki ifadelerden hangisi hava
kirliligini azaltmaya yonelik dnlemlerden birisi degildir?

A) Komiir kullanim1 yerine ¢evreyi daha az kirleten yakat tiiketimi tesvik edilmelidir.
B) Kalitesiz kdmiir kullaniminin 6niine geg¢ilmelidir.

C) Binalara 1s1 yalitim1 yapilarak evlerden 1s1 akisinin 6niine gecilmelidir.

D) Insanlar toplu ulasim yerine bireysel ulasimu tercih etmelidir.
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19. Asagidaki tablo komiir madeninin yer altindan yer yiiziine ¢ikartilmasina kadar
gecen siirede verdigi zararlar1 gostermektedir.
Cevreye verilen zarar Insanlara verilen zarar
Komiir yer yliziine c¢ikartilirken yiizeyde | Komiir ¢evredeki su  kaynaklarim
bulunan ve yerin altinda bulunan su | kirleterek igme suyumuza zarar verir ve
kaynaklari kirlenir. bu durum insanlarin sagligini tehdit eder.
Terk edilen madenlerde ¢ikan maden | Komiir ¢ikartan maden isgileri birgok
yanginlar1 ¢evreye ve orada yasayan bitki ve | solunum yolu hastaligina yakalanir ¢iinkii
hayvanlara zarar verir. komiir tozlar1 isgilerin akcigerlerinde
birikir.

Yukaridaki bilgiler g6z Oniine alindiginda asagidaki sonuglardan hangisi

cikartilamaz?

A) Kémiir madeninin ¢ikartilmasi sirasinda hem ¢evre hemde insanlar zarar goriir.

B) Su kirliligi ve yangin tehlikesi komiir ¢ikartilirken ¢evreye verilen zararlara 6rnek

olabilir.

C) Komiir madeninin ¢ikartilmasi insanlarin hastalanmasina neden olmaktadir.

D) Komiir madeni ¢ikartilirken ¢evreye verilen zarar insana verilen zararla ilgili

degildir.

20. Asagida yer alan ifadelerde komiir ve dogalgaz ile ilgili bazi bilgiler yer

almaktadir:

e KoOmiiriin ve dogalgazin cikartilmasi, tasinmasi ve dagitilmasi sirasinda para
harcanir.

o KoOmiir yakildig1 zaman dogalgaza gbre havayi daha fazla Kirletir.

e Komiir iilkemizde bol miktarda bulunuyorken, dogalgaz iilkemizde cok az
bulunmaktadir. Thtiyacimiz olan dogalgaz ise diger iilkelerden satin
alimmaktadir.

Bu bilgilere gore iilkemizin ekonomisi g6z dniinde bulunduruldugunda hangi yakitin
kullanilmasi gerektigi ile ilgili olarak asagidaki onerilerden hangisi dogrudur?

A) Komiir kullanilmalidir ¢iinkii komiir iilkemizde bol miktarda bulunmaktadir.

B) Dogalgaz kullanilmalidir ¢linkii dogalgazi kullanmak i¢in iireten tilkelerden satin
almamiz yeterlidir.

C) Komiir kullanilmalidir ¢linkii komiiriin ¢ikartilmasi ve dagitilmasi sirasinda para
harcanmaz.

D) Dogalgaz kullanilmalidir ¢iinkii dogalgaz havay1 ¢ok fazla kirletmez.
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F. ELECTRICITY CONTENT KNOWLEDGE TEST (ECKT)

1. Bir elektrik devresinde yanmakta olan ampul vardir. Devreye iletken bir madde
baglandiginda ampuliin parlaklig: ile ilgili nasil bir gézlem yapariz? (Devreye
baglanan iletkenin direncini ihmal ediniz.)

A) Degismez

B) Artar

C) Azalir

D) Ampul séner

2. Bir elektrik devresinde yanmakta olan bir ampul vardir. Devreye yalitkan bir
madde baglandiginda ampuliin parlaklig: ile ilgili nasil bir gézlem yapariz?

A) Degismez

B) Artar

C) Azalir

D) Ampul séner

3. Demir gibi metal cisimler elektrik akimini iletirken, silgi gibi maddeler elektrik
akimini iletmezler. Fakat karbon gibi bazi maddeler de elektrik akiminit kismen
ilettikleri i¢in yar iletken ismini alirlar. Bu ifadelerden asagidaki yargilardan hangisi
cikartilamaz?

A) Bazi maddeler elektrik akimin1 baz1 maddelerden daha iyi iletir.

B) Bazi maddeler elektrik akimini iletmezler.

C) Maddeler elektrik akimini iletenler ve iletmeyenler olarak 2’ye ayrilirlar.

D) Elektrik akimini iletme 6zelligi maddeden maddeye degisebilir.

4. Bir 6grenci odasinin kapisinin demirden yapilmis kolunu her agtiginda kendisini
elektrik garptigmi gdzlemlemektedir ve bu durum canmi acitmaktadir. Ogrenci bu
soruna bir ¢oziim getirmek istemektedir. Asagidaki onerilerden hangisi bu sorunun
¢ozlimi olamaz?

A) Ogrenci kapmin demir kolunu plastik kap1 kolu ile degistirmelidir.

B) Ogrenci metal bir tutacak ile kapiy1 agmalidir.

C) Ogrenci kapinin demir kolunu bant ile kaplamalidir.

D) Ogrenci plastik bir eldiven giyerek kapiy1 agmalidir.

5. Bir 6grencinin telefonunun sarj aleti bozulmustur. Sorunu ¢6zmek i¢in 6grenci sarj
aletinin kablosunun {izerindeki plastik kaplamay1 soymus ve sarj aletinin i¢inde yer
alan metal telin kopuk oldugunu fark etmistir. Ogrenci kopan teli bagladiktan sonra
sarj aletinin ¢alistigin1 gézlemlemistir.

Bu bilgilere gore asagidaki oOnerilerden hangisi sarj aletinde yasanan problemi
¢Oozmek i¢in ortaya atilabilecek bir diger 6neridir?

A) Kopan metal teller yeni bir metal tel ile degistirilebilir.

B) Sarj aletinin iizerindeki plastik kaplama yenisi ile degistirilebilir.

C) Sarj aletinin fisi yenisi ile degistirilebilir.

D) Sarj aletinin telefona baglanan ucu yenisi ile degistirilebilir.
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6. Bir 0grenci asagidaki gibi kurulmus olan bir elektrik devresinin bosta kalan
kablolarina sirasi ile plastik atas, aliiminyum folyo, ¢ivi ve cam baglamistir. Devrede
bulunan ampul aliiminyum folyo ve ¢ivi baglandiginda yanmis; plastik atag ve cam
baglandiginda ise yanmamistir.

Bu bilgilere asagidaki siniflamalardan hangisi dogrudur? (SPS Classify)

fletken Yalitkan
A) Aliiminyum Folyo Civi
B) Cam Aliiminyum folyo
C) Civi Plastik Atas
D) Plastik Alas Cam

7. Bir 0grenci giic kaynagi, ampul ve elektrik devresi kablosu kullanarak bir deney
hazirlamaktadir. Bu malzemeleri birbirine bagladi§i zaman 06grenci ampuliin
yandigin1 gézlemlemistir. Daha sonra, ayni 6grenci kablolar1 birbirinden ayirmis ve
kablolar1 farkli sivilarin i¢ine sokarak ampuliin yanip yanmadigin1 gézlemlemistir.
Buna gore kablolar tuzlu su ve sirkenin i¢ine kondugunda ampul yanmis, sekerli su
ve saf suyun i¢ine kondugunda ampul yanmamistir. Bu deneyi yapan o6grenci
asagidaki arastirma sorularindan hangisine cevap ariyor olabilir? (SPS Research
question)

A) Elektrik iletiminde gii¢ kaynaginin gorevi nedir?

B) Elektrigin iletimi i¢in hangi devre elemanlar1 gereklidir?

C) Elektrigin iletimi sivilarda gergeklesir mi?

D) Elektrigin iletimi stvinin cinsine baglt midir?

8. Bir 6grenci iki farkli deney hazirlamaktadir. Her iki deneyde de ortak olarak ayni
ozellik ve sayida giic kaynagi, ampul, elektrik devresi kablosu kullanilmistir. 1.
Deneyde devreye ¢ivi baglanmis ve ampuliin yandigin1 gézlemlenmis, 2. Deneyde
devreye plastik atag baglanmis ve ampuliin yanmadig1 gézlemlenmistir. Ogrencinin
yapmis oldugu bu 2 deneye gore asagidakilerden hangisi kontrol degiskeni
sayilamaz? (SPS Identifying variables)

A) Gii¢ kaynaginin sayisi

B) Ampuliin ¢esidi

C) Elektrik kablosunun tiirii

D) Birinci devreye baglanan ¢ivi
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9. Bir 6grenci 2 ayr1 deney yapmaktadir. Her iki deneyde de ortak olarak gii¢
kaynagi, bir adet ampul ve elektrik devresi kablosu bulunmaktadir. Birinci deneyde
baglant1 kablolarinin arasina ek olarak metal ¢ivi baglayan O6grenci ampuliin
yandigim1 gozlemlemistir. Ikinci deneyde ise ogrenci elektrik devresi kablolarini
birbirinden ayirmig ve kablolar1 tuzlu suya sokmustur. Bu deney sonucunda da
ogrenci ampuliin yandigin1 gozlemlemistir. Her iki deney birlikte diistiniildiigiinde
asagidaki sonuc¢lardan hangisine ulasilabilir?

A) Kati cisimler elektrigi sivilardan daha iyi iletir.

B) Hem sivilar hemde katilar elektrigi iletebilir.

C) Elektrik iletimi s1vi cismin tiiriine baghdir.

D) Metal ¢ivi iletken oldugu icin devredeki ampul yanmastir.

10. Metaller elektrigi ileten maddelerdir ve her bir maddenin elektrigi iletme
katsay1s1 mega-siemens/m formulii ile hesaplanir. Elektrik iletme katsayisi fazla olan
metaller elektrigi elektrik iletme katsayisi diisiik olan metallere gore daha fazla
iletirler. Asagidaki tablo farkli metallerin elektrik iletkenlik katsayilarini
gostermektedir.

Metal Elektrik Iletme katsayisi
(mega-siemens/m)
Glimiis 63
Aliiminyum 36
Cinko 16
Demir 9
Celik 1

Yukaridaki bilgiler birlikte diisiiniildiigiinde asagidaki genellemelerden hangisine
ulasilabilir?

A) Elektrigi en iyi ileten metal glimiistiir.

B) Aliiminyum iy1 bir iletkendir.

C) Metallerin iletkenlikleri metalin cinsine gore degisir.

D)Demirin elektrik iletkenligi ¢elikten daha iyidir.
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11. Bir 0Ogrenci maddeleri iletkenliklerine gore iletken ve yalitkan olarak
siniflandirmak istemektedir. Bu diisiincesini gerceklestirmek icinse bir deney
tasarlamaktadir. Bu deneyde 6grenci bir giic kaynaginin iki ucuna elektrik devresi
kablosu baglayip, kablolarin arasina da ampul baglamistir ve devre tamamlandiginda
(bu {i¢ devre elemani birbirine baglandiginda) ampul yanmaktadir. Ogrenci ilk olarak
deney diizenegine aliiminyum folyo eklemis ve ampuliin yandigini gézlemlemistir.
Ikinci durumda ise deney diizeneginden aliiminyum folyoyu ¢ikartip diizenege demir
anahtar eklemis ve tekrar ampuliin yandigimi gozlemlemistir. Bu iki durum goz
Oniine alindiginda 6grencinin yapmis oldugu deneyin amacina ulasip ulasmadigi
konusunda ne sdylenebilir? (SPS Designing Experiment)

A) Deney basariya ulagmamuistir ¢linkii her iki durumda da ampuliin yanmasi deneyin
sadece iletkenlerle yapildigin1 géstermektedir.

B) Deney basartya ulasmamistir ¢iinkii kullanilan maddelerin iletken mi yoksa
yalitkan m1 olduklarina dair elimizde bilgi yoktur.

C) Deney basariya ulagsmistir ¢iinkii deneye baglanan devre elemanlar1 her iki
durumda da ampuliin yanmasini saglamistir.

D) Deney basariya ulasmistir ¢iinkii deneyde farkli devre elemanlart kullanilmistir.

12. Asagidaki durumlardan hangisi yapildiginda devrede bulunan ampuliin parlakligi
degismez?

A) Devrede bulunan gii¢ kaynagi devreye ters baglandiginda ampuliin parlakligi
degismez.

B) Devrede bulunan gii¢ kaynaginin ucuna bir baska giic kaynagi eklendiginde
ampuliin parlaklig1 degismez.

C) Devrede bulunan elektrik kablosunun boyu uzatildiginda ampuliin parlaklig:
degismez.

D) Devrede bulunan ampuliin yanina bir ampul daha eklendiginde ampuliin
parlaklig1 degismez.

13. Tiim elektrik devre elemanlar: elektrik enerjisinin devrede iletilmesine kars1 belli
miktarda diren¢ uygularlar. Yani gii¢ kaynaginin, elektrik devresi kablosunun,
ampuliin de bir direnci vardir. Bazi devre elemanlarinin direnci fazlayken bazi devre
elemanlarmin direnci ¢ok azdir ve ¢ok az diren¢ uygulayan devre elemanlarinin
direnci elektrik ile ilgili sorularda bazen ihmal edilir.

Yukaridaki bilgilere gore; asagidaki ifadelerden hangisi dogrudur?

A) Elektrik devresi kablosu elektrik iletimine kars1 direng gostermez.

B) Elektrik devre elemanlari elektrik iletimine karsi ayni direnci gosterirler.

C) Devrede yer alan gii¢ kaynaginin da bir direnci vardir.

D)Elektrik devresinde elektrik enerjisinin iletimine kars1 en biiyiik direnci ampul
gosterir.

369



Ll

14. Yukaridaki sekil bir su 1siticin1 gostermektedir. Buna gore su isiticisinin figinde
yer alan tellerde kii¢iik direng, su isiticisinin zemininde yer alan tellerde ise biiyiik
direng vardir. Eger su isiticisinin fisinin tellerinde biiyiik direng, zemininde yer alan
tellerde kiigiik direnc olsaydi asagidaki durumlardan hangisi olusmazdi?

A) Fisin i¢indeki tel daha fazla 1sinirdi.

B) Su 1siticisinin zeminindeki tel daha fazla 1sinirdi.

C) Fisin igerisinde tasinan elektrik enerjisi daha fazla zorlukla karsilasirdi.

D) Isiticinin zemininde taginan elektrik enerjisi daha az zorlukla karsilagirdi.

15. Bir 6grenci yapmis oldugu bir deneyde oncelikle 1adet elektrik devresi kablosu,
1 adet giic kaynag1 ve 1 adet ampul kullanmaktadir. Ogrenci devreyi kurdugunda
ampuliin yandigin1 goézlemlemektedir. Daha sonra ayni O6grenci devreye 2 adet
elektrik devresi kablosu daha ekler ve ampuliin daha az parlak yandigimi gézlemler.
Bu deneyi yapan 6grencinin bagimsiz degiskeni asagidakilerden hangisidir? (Sps
identify variables)

A) Ampuliin sayist

B) Elektrik devresi kablosunun uzunlugu

C) Gii¢ kaynaginin sayist

D) Ampuliin parlaklig:

16. Bir O6grenci ampuliin parlakligin1 etkileyen etmenleri arastirdigi bir deneyde
oncelikle 1 adet ampul, 1 adet giic kaynag1 ve 1 adet ince elektrik teli kullanmustir.
Bu durumda ampul yanmistir. Daha sonra 6grenci deneyinde yer alan ince elektrik
telini ¢ikartip onun yerine ayni cinste fakat daha kalin elektrik teli kullanmistir ve bu
durumda ampuliin daha parlak yandigin1 gézlemlemistir. Bu deneyi yapan 6grencinin
bagimli degiskeni asagidakilerden hangisi olabilir? (sps identify variables)

A) Elektrik telinin kalinlig

B) Elektrik telinin cinsi

C) Giig¢ kaynaginin sayisi

D) Ampuliin parlaklig:
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17. Bir ogrenci elektrik devresinde ampuliin parlakligini etkileyen etmenleri
arastirmaktadir. Bunun i¢in glic kaynagi, ampul ve elektrik devresi ile kurmus
oldugu devreye ilk once giimiis tel eklemis ve ampuliin yanmaya devam ettigini
gormistiir. Ayn1 O0grenci daha sonra devreden giimiis teli ¢ikartip devreye ayni
uzunluk ve kalinlikta demir tel eklemis ve ampuliin daha az parlak yandigim
gozlemlemistir. Bu deneyi yapan Ogrencinin deney yapmadan Onceki hipotezi
asagidakilerden hangisi olabilir? (sps formulating hypothesis)

A) Devreye baglanan telin cinsi ampuliin parlakligin etkiler.

B) Devreye baglanan telin uzunlugu ampuliin parlakligini etkiler.

C) Devreye baglanan telin kalinligi ampuliin parlakligini etkiler.

D) Devreye baglanan ampul sayisindaki degisim ampuliin parlakligini etkiler.

18. Bir elektrik devresinde ampuliin parlaklig ile devreye baglanan telin kesit alani
arasindaki iligkiyi arastiran bir Ogrencinin asagidaki diizeneklerden hangisini
kullanmas1 dogru olur? (sps designing experiment)

Kontrol Grubu Deney grubu

A) |1 adet gii¢ kaynagi, 1 adet ampul, | 1 adet giic kaynagi, 1 adet ampul,
elektrik devresi kablosu, 1 adet ince | elektrik devresi kablosu, 1 adet ince
bakir tel demir tel

B) |1 adet giic kaynagi, 1 adet ampul, | 2 adet giic kaynagi, 1 adet ampul,
elektrik devresi kablosu, 1 adet ince | elektrik devresi kablosu, 1 adet ince
bakir tel bakir tel

C) |1 adet gii¢ kaynagi, 1 adet ampul, | 1 adet giic kaynagi, 1 adet ampul,
elektrik devresi kablosu, 1 adet ince | elektrik devresi kablosu, 1 adet kalin
demir tel demir tel

D) |1 adet gii¢ kaynagi, 1 adet ampul, | 1 adet giic kaynagi, 1 adet ampul,
elektrik devresi kablosu, 1 adet kisa | elektrik devresi kablosu, 1 adet uzun
demir tel demir tel

19. Bir 6grenci ampul parlakligina etki eden faktorleri incelemek i¢in kontrol grubu
ve deney grubunu olusturmak istemektedir.

Kontrol Grubu

Deney Grubu

1 adet gii¢ kaynagi

1 adet gii¢c kaynagi

1 adet ampul

1 adet ampul

tel

1 adet 20 cm boyunda ve 1 cm eninde demir

1 adet 20 cm boyunda ve 2 cm eninde

demir tel

Bu 0Ogrenci deneyinde devreye baglanan telin kesit alani arttikga ampuliin
parlakliginin azalacagim diisiinmektedir. Deneyi yaptiktan sonra ise telin kesit alan
arttikca ampuliin parlakliginin arttigini gézlemlemistir. Bu bilgilere gore dgrencinin
hipotezinin dogrulugu hakkinda asagidaki ifadelerden hangisini sdylenebilir? (SPS
Formulting hypothesis)

A) Hipotez yanlislanmistir ¢iinkii kesit alan1 arttikca ampuliin parlakligi artmstir.

B) Hipotez dogrulanmistir ¢linkii kesit alan1 arttikca ampuliin parlakligi azalmistir.
C) Hipotez yanhslanmistir ¢ilinkii deney gruplarinda farkli kalinlikta teller
kullanilmistir.

D) Hipotez dogrulanmstir ¢linkii deneyler elektrigi ileten maddeler ile yapilmistir.
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20. Bir elektrik devresi olan ampuliin cami kirilip igindeki yapi (filaman)
incelendiginde iki ug¢ arasinda ince bir tel goriliir ve bu tel kivrimlar halindedir.
Asagidaki ifadelerden hangisi filaman ile ilgili dogru bir bilgi degildir?

A) Filaman1 olusturan telin kivrimli olmasmin sebebi ampule uzun bir tel
yerlestirmektir.

B) Filamani olusturan telin ince olmas1 ampuliin direncini artirir.

C) Filaman1 olusturan telin kivrimli olmasi teli daha kalin hale getirir.

D) Filamanin bagli oldugu iki u¢ da elektrik enerjisini iletir.
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G. EPISTEMOLOGICAL BELIEF QUESTIONNAIRE (TURKISH FORM)

23| 5| F| 563
s 2 =3 - S g 2
sz 5| 5| 582
2 =| 3| 8B
8 =
1. Tim insanlar, bilim insanlarimn | 10 20 30 |40 |50
soylediklerine inanmak zorundadir. (S)
2. Bilimsel deneylerdeki fikirler, olaylarin nasil | 14 20 |30 |40 |54
meydana geldigini merak edip diislinerek ortaya
cikar. (J)
3. Gliniimiizde baz1 bilimsel diisiinceler, bilim | 11 2 |30 |40 (504
insanlarinin  daha 6nce  diisiindiiklerinden
farklidir. (D)
4. Bir deneye baslamadan once, deneyle ilgili | 14 20 |30 |40 |54
bir fikrinizin olmasinda yarar vardir. (J)
5. Bilimsel Kkitaplarda yazanlara inanmak | 104 20 |30 |40 |54
zorundasiniz. (S)
6. Bilimsel kitaplardaki bilgiler bazen degisir. | 14 20 |30 |40 |54
(D)
7. Bilimsel ¢alismalarda diisiincelerin test | 11 20 |30 |40 (504
edilebilmesi i¢in birden fazla yol olabilir (J)
8. Fen Bilgisi dersinde, 6gretmenin soyledigi | 14 20 |30 |40 |54
hersey dogrudur (S)
9. Bilimdeki diisiinceler, konu ile ilgili kendi | 11 20 |30 |40 |50
kendinize sordugunuz sorulardan ve deneysel
calismalarinizdan ortaya ¢ikabilir. (J)
10. Bilim insanlar1 bilim hakkinda hemen | 114 20 |30 |40 |54
hemen her seyi bilir, yani bilinecek daha fazla
bir sey kalmamustir. (C)
11. Bilim insanlarinin bile yanitlayamayacagi | 10 20 |30 |40 |50
bazi sorular vardir (D)
12. Olaylarin nasil meydana geldigi hakkinda | 11 20 |30 |40 |54
yeni fikirler bulmak icin deneyler yapmak,
bilimsel ¢aligmanin 6nemli bir pargasidir (J)
13. Bilimsel kitaplardan okuduklarinizin dogru | 11 20 |30 |40 |54
oldugundan emin olabilirsiniz. (S)
14. Bilimsel bilgi her zaman dogrudur. (C) 10 20 |30 |40 |50
15. Bilimsel diisiinceler bazen degisir. (D) 10 20 |30 |40 |50
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16. Sonuglardan emin olmak igin, deneylerin | 10 20 (130 |40 (504
birden fazla tekrarlanmasinda fayda vardir (J)
17. Sadece bilim insanlar1 , bilimde neyin dogru | 11 20 |30 |40 |54
oldugunu kesin olarak bilirler. (S)
18. Bilim insaninin bir deneyden aldig1 sonug, o | 14 20 |30 |40 |54
deneyin tek yanitidir. (C)
19. Yeni buluslar, bilim insanlarinin dogru | 14 20 |30 |40 |54
olarak distindiiklerini degistirir. (D)
20. Bilimdeki, parlak fikirler sadece bilim | 104 20 |30 |40 |54
insanlarindan degil, herhangi birinden de
gelebilir (J)
21. Bilim insanlar1 bilimde neyin dogru oldugu | 14 20 |30 |40 |54
konusunda her zaman hemfikirdirler. (C)
22. lyi ¢ikarmmlar, birgok farkli deneyin | 10 20 |30 |40 |54
sonucundan elde edilen kanitlara dayanir. (J)
23. Bilim insanlari, bilimde neyin dogru oldugu | 114 20 |30 |40 |50
ile ilgili disiincelerini bazen degistirirler. (D)
24. Bir seyin dogru olup olmadigini anlamak | 11 20 |30 |40 |54
icin deney yapmak iyi bir yoldur. (J)
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H. TEST OF INTEGRATED PROCESS SKILLS 2 (TIPSII)

1) Arabalarin verimliligini inceleyen bir arastirma yapilmaktadir. Test edilen hipotez,
benzine katilan katki maddesinin arabalarin verimliligini arttirdig1 yolundadir. Aynm
tip bes arabaya, ayn1 miktarda benzin ve farkli miktarlarda katki maddesi konulur.
Arabalar benzinleri bitinceye kadar ayni yol boyunca giderler. Daha sonra her
arabanin aldig1 mesafe kaydedilir. Bu calismada arabalarin verimliligi sizce nasil
Olctliir?

a. Arabalarin benzinleri bitinceye kadar gecen stire ile.

b. Her arabanin gittigi mesafe ile.

c. Kullanilan benzin miktari ile.

d. Kullanilan katki maddesinin miktari ile.

2) Bir araba {ireticisi daha ekonomik arabalar yapmak istemektedir. Aragtirmacilar
arabanin  litre basina alabilecegi mesafeyi etkileyebilecek degiskenleri
arastirmaktadirlar. Sizce asagidaki degiskenlerden hangisi arabanin litre basina
alabilecegi mesafeyi etkileyebilir?

a. Arabanin agirhigi.

b. Motorun hacmi.

c. Arabanin rengi

d.aveb.

3) Bir polis sefi, arag kullanma hizinin azaltilmasi ile ugrasmaktadir. Arag kullanma
hizin1 etkileyebilecek bazi faktorler oldugunu diisiinmektedir. Siirticiilerin ne kadar
hizli araba kullandiklarini sizce asagidaki hipotezlerin hangisiyle test edilebilir?

a. Daha geng siiriiciilerin daha hizli araba kullanma olasilig1 yiiksektir.

b. Kaza yapan arabalar ne kadar biiylikse, i¢cindeki insanlarin yaralanma olasiligi o
kadar azdir.

c. Yollarda ne kadar ¢ok polis ekibi olursa, kaza sayisi o kadar az olur.

d. Arabalar eskidik¢e kaza yapma olasiliklar artar.

4) Bir fen dersinde, tekerlek genisliginin tekerlegin daha kolay yuvarlanmast {izerine
etkisi arastirllmaktadir. Bir oyuncak arabaya genis tekerlekler takilir, dnce bir
rampadan (egik diizlem) asag1 birakilir ve daha sonra diiz bir zemin iizerinde gitmesi
saglanir. Deney, ayni1 arabaya daha dar tekerlekler takilarak tekrarlanir. Hangi tip
tekerlegin daha kolay yuvarlandig: sizce nasil dl¢iiliir?

a. Her deneyde arabanin gittigi toplam mesafe ol¢iiliir.

b. Rampanin (egik diizlem) egim agis1 dl¢iiliir.

c. Her iki deneyde kullanilan tekerlek tiplerinin genislikleri 6l¢iiliir.

d. Her iki deneyin sonunda arabanin agirliklar l¢tliir.
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5) Ahmet basketbol topunun igindeki hava arttikga, topun daha yiiksege
sigrayacagini diistinmektedir. Bu hipotezi arastirmak i¢in, birka¢ basketbol topu alir
ve iglerine farkli miktarda hava pompalar. Sizce Ahmet hipotezini nasil test
etmelidir?

a. Toplar1 ayn1 ytlikseklikten fakat degisik hizlarla yere vurur.

b. Iglerinde farkli miktarlarda hava olan toplari, ayn: yiikseklikten yere birakir.

c. I¢lerinde ayn1 miktarlardaki hava olan toplari, zeminle farkli agilardan yere vurur.
d. I¢lerinde ayn1 miktarlarda hava olan toplari, farkli yiiksekliklerden yere birakir.

6) Bir tankerden benzin almak igin farkli genislikte 5 hortum kullanilmaktadir. Her
hortum i¢in ayni pompa kullanilir. Yapilan ¢alisma sonunda elde edilen bulgular
asagidaki grafikle gosterilmistir. Size gore asagidakilerden hangisi degiskenler
arasindaki iliskiyi agiklamaktadir?

A

[¥3]

Dakikada Pompalanan Benzin Miktari [Litre)

5 10 15 20 25 30 35
Hortumlarin Capi {[mm)

a. Hortum genisledik¢e dakikada pompalanan benzin miktar1 da artar.

b. Dakikada pompalanan benzin miktar: arttik¢a, daha fazla zaman gerekir.
c¢. Hortum daraldikca dakikada pompalanan benzin miktar1 da artar.

d. Pompalanan benzin miktar1 azaldik¢a, hortum genisler.
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7) Bir hedefe gesitli mesafelerden 25 er atis yapilir. Her mesafeden yapilan 25 atigtan
hedefe isabet edenler asagidaki tabloda gosterilmistir. Bu tabloya gore asagidaki

grafiklerden hangisi cizilmelidir?

Mesafe (m) Hedefe vuran atis sayisi
5 25
15 10
25 10
50 5
100 2
a. b = *
25 Hedefo olan 100 \'
Hedefi bulan uzakdik (m) 50
alig sayms: 20 A
25 e
15
15 \I
10 |
5
5 U
-
20 40 60 80 100 2 510 15 25
Hedefe olan uzakik Hodahi bulan
{m) ates saveel
d. F
C. & 25
100 I Hedefi bulan
Hedefe clan 80 shy seym 20
uzaklik (m) 15
60 X'\,,
e,
10
40 [ - ey
- . e 5 _‘_—.\_
29 .

20 40 G0 BO
5 10 15 20 25

Hodofi bulan
:‘II|$ SAWIS)

Hedele olan uzakhk

8., 9., 10. ve 11. sorulari asagrdaki bilgiye gore cevaplayiniz. Ayse, giinesin karalar
ve denizleri ayni derecede 1sitip sitmadigint merak etmektedir. Bir arastirma
vapmaya karar verir ve ayni biiyiikliikte iki kova alir. Bunlardan birini toprakla,
digerini de su ile doldurur ve ayni miktarda giines 15181 alacak sekilde bir yere koyar.
Giintin 8.00-18.00 saatleri arasinda, her saat basi sicakliklarini élger.

8) Sizce arasgtirmada asagidaki hipotezlerden hangisi test edilmistir?

a. Toprak ve su ne kadar ¢ok glines 15181 alirlarsa, o kadar 1sinirlar.

b. Toprak ve su giines altinda ne kadar fazla kalirlarsa, o kadar ¢ok isinirlar.
c. Giines farkli maddeleri farkli derecelerde 1sitir.

d. Giiniin farkl saatlerinde gilinesin yaydig1 1s1 da farkli olur.
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9) Sizce arastirmada asagidaki degiskenlerden hangisi sabit tutulmustur?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicaklig.

c. Kovalara koyulan maddenin tiirii.

d. Her bir kovanin giines altinda kalma siiresi.

10) Sizce aragtirmada Slgiilen degisken hangisidir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicaklig.

c. Kovalara koyulan maddenin tiirii.

d. Her bir kovanin giines altinda kalma siiresi.

11) Sizce aragtirmada degistirilen degisken hangisidir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicaklig.

c. Kovalara koyulan maddenin tiirii.

d. Her bir kovanin giines altinda kalma siiresi.

12., 13., 14. ve 15. sorulari asagidaki bilgiye gore cevaplayiniz. Murat, suyun
sicakligimin, su iginde ¢oziinebilecek seker miktarini etkileyip etkilemedigini
arastirmak ister. Birbirinin aym dért bardagin her birine 50 mililitre su koyar.

Bardaklardan birisine 0° C de, digerlerine de sirayla 50° C, 75° C ve 95° C sicaklikta
su koyar. Daha sonra her bir bardaga ¢éoziinebilecegi kadar seker koyar ve karistirir.

12) Bu arastirmada sizce test edilen hipotez hangisi olabilir?

a. Seker ne kadar ¢ok suya karistirilirsa o kadar ¢ok ¢oziiniir.

b. Ne kadar ¢ok seker ¢oziiniirse, su o kadar tatli olur.

c. Sicaklik ne kadar yiiksek olursa, ¢6ziinen sekerin miktari da o kadar fazla olur.
d. Kullanilan suyun miktar arttik¢a sicaklig da artar.

13) Bu arastirmada sizce sabit tutulan degisken hangisidir?
a. Her bardaktaki ¢6ziinen seker miktari.

b. Her bardaga konulan su miktarr.

c. Bardaklarin sayisi.

d. Suyun sicaklig.

14) Sizce aragtirmanin 6lgiilen degiskeni hangisidir?
a. Her bardaktaki ¢6ziinen seker miktari.

b. Her bardaga konulan su miktart.

c. Bardaklarin sayisi.

d. Suyun sicaklig.
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15) Sizce aragtirmadaki degistirilen degisken hangisidir?
a. Her bardaktaki ¢oziinen seker miktari.

b. Her bardaga konulan su miktart.

c. Bardaklarin sayisi.

d. Suyun sicaklig.

16) Bir bah¢ivan domateslerinin ¢abuk filizlenmesini istemektedir. Degisik birkag
alana domates tohumu eker. Hipotezi, tohumlar ne kadar ¢ok sulanirsa, o kadar
cabuk filizlenecegidir. Sizce bu hipotezi nasil test eder?

a. Farkli miktarlarda sulanan tohumlarin kag giinde filizlenecegine bakar.

b. Her sulamadan bir giin sonra domates bitkisinin boyunu 0lger.

c. Farkl alanlardaki bitkilere verilen su miktarini dlger.

d. Her alana ektigi tohum sayisina bakar.

17) Ahmet, buz pargaciklarinin erime siiresini etkileyen faktorleri merak etmektedir.
Buz pargalarinin biiylikliigii, odanin sicakligi ve buz parcalarinin sekli gibi
faktorlerin erime siiresini etkileyebilecegini diisiiniir. Daha sonra su hipotezi
sinamaya karar verir. Buz pargalarinin sekli erime siiresini etkiler. Sizce Ahmet bu
hipotezi sinamak i¢in asagidaki deney tasarimlarinin hangisini uygulamalidir?

a. Her biri farkl sekil ve agirlikta bes buz pargasi alinir. Bunlar ayni sicaklikta,
benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.

b. Her biri ayn1 sekilde fakat farkli agirlikta bes buz pargasi alinir. Bunlar ayni
sicaklikta benzer beg kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.

c. Her biri aymi agirlikta fakat farkl sekillerde bes buz pargasi alinir. Bunlar ayni1
sicaklikta benzer bes kabin igine ayr1 ayr1 konur ve erime siireleri izlenir.

d. Her biri ayn1 agirlikta fakat farkli sekillerde bes buz parcasi alinir. Bunlar farkl
sicaklikta benzer bes kabin igine ayr1 ayr1 konur ve erime siireleri izlenir.

18) Bir biyolog su hipotezi test etmek ister; Farelere ne kadar ¢ok vitamin verilirse o
kadar hizl1 biiyiirler. Biyolog farelerin biiylime hizin1 sizce nasil dlgebilir?

a. Farelerin hizin1 6lger.

b. Farelerin, giinliik uyumadan durabildikleri siireyi olger.

c. Her giin fareleri tartar.

d. Her giin farelerin yiyecegi vitaminleri tartar.

19) Opgrenciler, sekerin suda ¢oziinme siiresini etkileyebilecek degiskenleri
diistinmektedirler. Suyun sicakligini, sekerin ve suyun miktarlarini degisken olarak
saptarlar. Ogrenciler, sekerin suda ¢dziinme siiresini sizce asagidaki hipotezlerden
hangisiyle siayabilir?

a. Daha fazla sekeri ¢o6zmek i¢in daha fazla su gereklidir.

b. Su sogudukea, sekeri ¢ozebilmek i¢in daha fazla karistirmak gerekir.

c¢. Su ne kadar sicaksa, o kadar ¢ok seker ¢oziinecektir.

d. Su 1sindik¢a seker daha uzun siirede ¢oziiniir.
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20) Bir aragtirma grubu, degisik hacimli motorlari olan arabalarin verimliligini dlger.
Elde edilen sonuglarin grafigi asagidaki gibidir:

]
=

0
/
/

1 2 3 =] -]
Miolor hescrmil
(hitre:)

Litre Basina Alinan Mesafe (ki
3 8

Sizce agagidakilerden hangisi degiskenler arasindaki iliskiyi gosterir?

a. Motor ne kadar biiyiikse, bir litre benzinle gidilen mesafe de o kadar uzun olur.
b. Bir litre benzinle gidilen mesafe ne kadar az olursa, arabanin motoru o kadar
kiiciik demektir.

¢. Motor kiigtildiikge, arabanin bir litre benzinle gidebilecegi mesafe artar.

d. Bir litre benzinle gidilen mesafe ne kadar uzun olursa, arabanin motoru o kadar
biiylik demektir.

21., 22., 23. ve 24. sorular: asagidaki bilgiye gore cevaplayiniz. Topraga karistirilan
vapraklarin domates tiretimine etkisi arastirilmaktadir. Arastirmada dort biiyiik
saksiya ayni miktarda ve tipte toprak konulmustur. Fakat birinci saksidaki topraga
15 kg., ikinciye 10 kg., iigtinciiye ise 5 kg. ¢iiriimiis yaprak karistiridmigtir. Dordiincii
saksidaki topraga ise hi¢ ¢iiriimiis yaprak karistirdmamistir. Daha sonra bu
saksilara domates ekilmistir. Biitiin saksilar giinese konmus ve ayni miktarda
sulanmistir. Her saksidan elde edilen domates tartilmis ve kaydedilmistir.

21) Bu arastirmada sizce test edilen hipotez hangisidir?

a. Bitkiler giinesten ne kadar ¢ok 1s1k alirlarsa, o kadar fazla domates verirler.

b. Saksilar ne kadar biiyiik olursa, karistirilan yaprak miktar1 o kadar fazla olur.

c. Saksilar ne kadar ¢ok sulanirsa, i¢lerindeki yapraklar o kadar ¢abuk ¢iiriir.

d. Topraga ne kadar ¢ok ¢iirlik yaprak karistirilirsa, o kadar fazla domates elde edilir.

22) Sizce bu arastirmada sabit tutulan degisken hangisidir?
a. Her saksidan elde edilen domates miktari.

b. Saksilara karistirilan yaprak miktari.

c. Saksilardaki toprak miktari.

d. Ciirtimiis yaprak karistirilan saksi sayist.

23) Sizce arastirmada olgiilen degisken hangisidir?
a. Her saksidan elde edilen domates miktari.

b. Saksilara karistirilan yaprak miktari.

c. Saksilardaki toprak miktari.

d. Ciirlimiis yaprak karistirilan saksi sayist.
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24) Sizce arastirmada degistirilen degisken hangisidir?
a. Her saksidan elde edilen domates miktari.

b. Saksilara karistirilan yaprak miktari.

c. Saksilardaki toprak miktari.

d. Ciirlimiis yaprak karistirilan saksi sayisi.

25) Sibel, akvaryumdaki baliklarin bazen ¢ok hareketli bazen ise durgun olduklarini
gozler. Baliklarin hareketliligini etkileyen faktorleri merak eder. Sizce baliklarin
hareketliligini etkileyen faktorleri hangi hipotezle sinayabilir?

a. Baliklara ne kadar ¢cok yem verilirse, o kadar ¢ok yeme ihtiyaglar1 vardir.

b. Baliklar ne kadar hareketli olursa o kadar ¢ok yeme ihtiyaclar1 vardir.

c. Su da ne kadar ¢ok oksijen varsa, baliklar o kadar iri olur.

d. Akvaryum ne kadar ¢ok 151k alirsa, baliklar o kadar hareketli olur.

26) Murat Bey‘in evinde bir¢ok elektrikli alet vardir. Fazla gelen elektrik faturalar
dikkatini ¢eker. Kullanilan elektrik miktarini etkileyen faktorleri arastirmaya karar
verir. Sizce asagidaki degiskenlerden hangisi kullanilan elektrik enerjisi miktarin
etkileyebilir?

a. TV nin agik kaldigs siire.

b. Elektrik sayacinin yeri.

c¢. Camasir makinesinin kullanma siklig1.

d.a. vec.

Test bitmistir tesekkiir ederiz ©
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I. THIRD WEEK EVIDENCE CARDS

MaTza;::Zeri Yanma Ozelligi | Kullanildi§ Yerler Kullanim Omri
Plastik képuk Alev alir. Dis ve i¢ duvar Uzun émarladdr.
Ahsap Alev alir. Dis ve i¢ doseme Kisa dmarladdr.
Tas ylnu Yanmaz. T?jfsghl\?a\:e Uzun émarladdr.
Katran Alev alir. Tavan Kisa dmarladdr.
Tavan, ic ve dig
Cam yunu Zor alev alir. duvar, gines paneli, Uzun émarladdr.
tesisat borular
Silikon yind Zor alev alir. Dis cephe Uzun émarladdr.
Kullanilan madde Birim Fiyati
Plastik Kopiik 35TL
Ahsap 180 TL
Tas Yiinii 60 TL
Katran 20TL
Cam Ylinii 40 TL
Silikon Yiinii 20 TL

Is1 Yalitim Malzemeleri

Is1 katilarda en hizli, gazlarda ise en yavas yayilir. Bina yalittmindaki en
onemli nokta, 1s1nin yavas yayilmasini saglamaktir. Buna gore bina yalittiminda hava
bosluklari bulunan malzemeler kullanmak 6nemlidir. Havay1 olusturan tanecikler
arasindaki bosluk miktar1 ¢ok fazladir. Bunedenle havayi olusturan tanecikler
arasindaki 1s1 iletimi ¢ok yavas olur.

I¢inde tanecik bulunmayan yalitim malzemesi, 151 akisinin
gerceklesmesini engellemis olur. Bu sekilde ic¢indeki havasi bosaltilmis ortamlara
vakum denir. Binalarda yalitim yapilmasiyla %25-50 oraninda daha az yakit
kullanilarak ayni 1sinma saglanabilir.

1. Plastik Kopiik:

Plastik kopiigiin (strafor kopiik) yapisinda da hava bosluklari bulunur. Bu nedenle

plastik kopiik 1s1 yalitkani olarak kullanilir ve 1s1 yalitimi saglanir.
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2. Katran
Katran gilinlimiizde siklikla kullanilan agag, komiir gibi maddelerin &giitiilmesiyle

olusan yaga denir. Renk olarak koyu renkte ve keskin kokuludur.

3. Cam Yiinii
Sicaga ve rutubete maruz kalmasi halinde dahi, boyutlarinda bir degisme olmaz.
Zamanla bozulmaz, ¢iiriimez, bdcekler tarafindan tahrip edilmez. Eritilmis camdan

elde edilir, biikiilebilir, atese dayaniklidir.
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4. Silikon yiinii
I¢inde silisyum (Si) ve oksijen (O) atomlar1 bulunan maddelerin ortak adidir. Cesitli

malzemelerin su gegirgenligini azaltmakta kullanilir. Genis bir sicaklik araliginda

esnekligi korur.

5. Tas Yiinii
Tas yiinii, volkanik taslardan tedarik edilen minerallerin ¢ok yiiksek sicakliklarda
eritilmesi ile iretilir. Yangima kars1 ¢ok dayanikli ve su iticiligiyle iyi bir yalitim

malzemesidir.

6. Ahsap Yiinii

Uzun lifler haline getirilmis ahsap talasmnin yiiksek sicaklikta baskilanmasiyla
iretilen yalitim iirlinlidiir. Cok az kullanim alani bulan ahsap yiinii dogal yapisi
geregi cevre dostudur. Glinesin 1ginlarindan ¢ok etkilenmese de organik bir madde

oldugu icin bdcek ve organizmalardan zarar gorebilir.
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J. REFORMED TEACHING OBSERVATION PROTOCOL (RTOP)

No | Item

1. | The instructional strategies and activities
respected students’ prior knowledge and the
preconceptions inherent therein.

2. | The focus and the direction of the lesson were
often determined by ideas originating with
students.

3. | Students were actively engaged in thought-
provoking activity that often involved the
critical assessment of procedures.

4. | Students were reflective about their learning.

5. | Intellectual rigor, constructive criticism, and
the challenging of ideas were valued.

6. | Students were involved in the communication
of their ideas to others using a variety of
means and media.

7. | The teachers’ questions triggered divergent
modes of thinking.

8. | There was a high proportion of student talk
and a significant amount of it occurred
between and among students.

9. | Student questions and comments often
determined the focus and direction of
classroom discourse.

10. | Active  participation of students was
encouraged and valued.

11. | Students were encouraged to generate
conjectures, alternative solution strategies,
and/or different ways of interpreting evidence.

12. | The teacher acted as a resource person,
working to support and enhance student
investigations.

13. | The metaphor “teacher as listener” was very

characteristic of this classroom.
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L. MINISTRY OF NATIONAL EDUCATION ETHICAL COMMITTEE
APPROVAL

TG .
ANKARA VALILIGI
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hﬂgi: a) MEB Yenilik ve Egitim Teknolojileri Genel Mildtirliigiiniin 2017/25 nelu Genelgesi.
b) 27/06/2018 Tarihlive E.17 sayili yazimz.

Universiteniz {ikdgretim Anabilim Dali Doktora Progranmu 8@rencisi Mehmet SEN'in
"Argiméntasyon Tabash Bilim O@renme Yontemi Aracthinyla Ogrencilerin Fen
Okuryazarhin Gelisiritmesi” konulu uygulama talebi Midirligimizee uygun goriilmiis
ve uygulamanm yapilacag: Hee Milli Egitim Midirlagiine bilgi veritmistir. '

Goriisme formunun (37 sayfa) arastirmact tarafindan uygulama yapilacak sayida
¢ogalulmas: ve ¢ahigmanin bitiminde bir Smeginin (cd ortaminda) Mudtirligiimiiz Stratefi
Gelistirme (1)} Subesine gonderilmesini rica ederim.
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M. PARTICIPATION FORM

Bu calisma Argiimantasyon Tabanli Bilim Ogrenme (ATBO) yénteminin
ortaokul Ggrencilerinin fen okuyazarlik diizeyine olan etkisini incelemektedir.
Calismaya katilim goniilliiliikk esasina dayalidir. Bu ¢alisma kapsaminda herhangi bir
kimlik bilgisi istenmemektedir. Maddelere verdiginiz cevaplar ve video kayitlari
tamamen gizli tutulacak ve veriler arastirmaci tarafindan degerlendirilecektir. Elde
edilen veriler bilimsel amagla kullanilacaktir.

ATBO uygulamasinin katilimeilara herhangi bir zarari bulunmamaktadir.
Calismay1 yarida birakabilir veya arastirmaciya konu ile ilgili sorular sorabilir,
fikirlerinizi arastirmaci ile paylasabilirsiniz.

Calismaya katki sagladiginiz icin tesekkiir ederiz. Caligma hakkinda daha
fazla bilgi sahibi olmak agisindan Orta Dogu Teknik Universitesi Matematik ve Fen

Egitimi Ana Bilim Dali Arastirma Gorevlisi Mehmet Sen ile msen@metu.edu.tr

adresi lizerinden iletisime gegebilirsiniz.
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N. PARENT PREMISSION FORM

Sevgili Anne-Babalar;

Ben Orta Dogu Teknik Universitesi Matematik ve Fen Bilimleri Egitimi
Boliimii’nden arastirma gorevlisi Mehmet Sen. Doktora tez calismam kapsaminda
“Argiimantasyon Tabanli Bilim Ogrenme Yontemi Aracilifiyla Ogrencilerin Fen
Okuryazarhiginin Gelistirilmesi” isimli ¢alismay1 yapmay1 planlamaktayim.

Arastirmanin amaci Argiimantasyon Tabanli Bilim Ogrenme (ATBO)
Yaklasiminin 6grencilerin fen okuryazarlik bilesenleri iizerine etkisini 6l¢mektir.
ATBO yénteminde dgrenciler bireysel, grup halinde ve tiim simif olarak arastirma
sorular1 olusturacak, deney malzemeleri ile aragtirma sorularini test edecek, sonuglari
yorumlayacak ve sonuclar ilizerinden bilimsel argiimanlar ve tartigmalar ortaya
koyacaklardir. Ayrica, sozlii arglimanlarini yazili raporlarla destekleyeceklerdir.

Calismanin amacini gerceklestirebilmek igin ¢ocuklarinizin bazi anketleri
doldurmasma ve ders uygulamasmin video ile kayit altina alinmasma ihtiyag
duymaktayiz. Katilmasina izin verdiginiz takdirde ¢ocugunuz anketi okulda ders
saatinde dolduracaktir. Sizden ¢gocugunuzun katilimci olmasiyla ilgili izin istedigimiz
gibi, calismaya baslamadan ¢ocugunuzdan da sozlii olarak katilimiyla ilgili rizasi
mutlaka alinacaktir.

Cocugunuzun dolduracagi anketlerde cevaplar kesinlikle gizli tutulacak,
video kayitlar1 hickimse ile paylasilmayacak ve calismadan elde edilen sonuglar
sadece bilimsel arastirma amaciyla kullanilacaktir. Cocugunuzun ¢alismaya katilmast
sonucunda fen bilgisi dersinin genel kazanimi olan fen okuryazarligma iliskin
cocugunuzun calisma Oncesindeki ve sonucundaki icerik alan bilgisini (konu alan
bilgisi), bilimsel uygulama kapasitesini, argiimantasyon becerilerini, epistemolojik
inanglarini (bilgiye yonelik inanclar) ve bilimsel siire¢ becerilerini gorebilirsiniz.

Cocugunuzun c¢alismaya katilmasinin onun psikolojik gelisimine olumsuz
etkisi olmayacagindan emin olabilirsiniz. Yine de, bu formu imzaladiktan sonra
cocugunuz katilimciliktan ayrilma hakkina sahiptir. Herhangi bir uygulama ile ilgili
bir nedenden 6tiirli cocugunuz kendisini rahatsiz hissettigini belirtirse, ya da kendi

belirtmese de arastirmaci ¢cocugun rahatsiz oldugunu 6ngoriirse, ¢calismaya derhal son
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verilecektir. Arastirmayla ilgili sorularimizi asagidaki e-posta adresini kullanarak
bana yoneltebilirsiniz.
Saygilarimla,
Ars Gor. Mehmet Sen
Matematik ve Fen Bilimleri Egitimi Bolimii

Orta Dogu Teknik Universitesi, ANKARA
e-posta: msen@metu.edu.tr

Liitfen bu arastirmaya ¢ocugunuzun katilmasi konusundaki tercihinizi asagidaki
seceneklerden size en uygun gelenin altina imzanizi atarak belirtiniz ve bu formu
cocugunuzla okula geri gonderiniz.

A) Bu arastirmaya ¢oCUZUM ........ccceevevverireeveenerennneans ‘nin da katilimer olmasina izin
veriyorum. Calismay1 istedigi zaman yarida kesip birakabilecegini biliyorum ve
verdigi bilgilerin bilimsel amagh olarak kullanilmasini kabul ediyorum.

Baba Adi Soyadi.......ccccceeeviiiiiiiiiiiieieee, Anne Adi Soyadi........cceeveeciienieeiiennnn,
IMZa..oooiieeeeeeeeeeeee IMZA..oiieeeeeeeeeee e
B) Bu calismada g¢ocugum..........cccoooviviiiiinnnennee. ‘nin  katilimcir olmasimna izin
vermiyorum.

Baba Adi Soyadi......ccoevveeiiiiiiiiiiiiee Anne Adi Soyadi.......ccccoeevviniiiiniiiiinie.
IMZa....oeiiiiiceeeeeee e, IMZa...oiieieeeeee e,
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O. MATRIX SCATTERPLOTS FOR LINEARITY ASSUMPTION
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Q. TURKISH SUMMARY/ TURKCE OZET

GIRIS

Fen Ggretiminin temel amact bilimsel okuryazarligi gelismis bireyler yetistirmektir
(Roberts, 2007). Fen okuryazarligina iliskin farkli yaklasimlar olmasina karsin,
vizyon-1 yaklasimma gore bilim insanlarinin sahip oldugu o&zellikler bilimsel
okuryazarlik i¢in 6l¢iit olarak kabul edilmistir. Buna gore; bilimsel okuryazarligi
gelismis Ogrenciler gelecegin olast bilim insanlaridir. Vizyon-1 yaklagimi bilimin
hem siire¢ hemde {iriin (6r; alan bilgisi) 6zellikleri ile ilgilidir (Roberts, 2007). Bu
calismada vizyon-1 yaklagimi benimsenmistir. Vizyon-1 yaklagimi benimsendigi
icin, bilimle dogrudan iliskili olan degiskenler secilmis ve bu degiskenlerin bilimsel
okuryazarligr temsil ettigi disilinilmiistiir. Bilimle dogrudan iliskili oldugu
diisiiniilen ve bilimsel okuryazarlig1 temsil ettigi diisiiniilen degiskenler bu calismada
6. siif dgrencilerinin igerik alan bilgisi, epistemolojik inanglar1 ve bilimsel siire¢
becerileridir. Icerik alan bilgisi bilimsel ¢abanin iiriiniidiir ve bu ¢alismada icerik
alan bilgisi fizik, kimya, biyoloji gibi disiplinlerin akademik igerigini temsil
etmektedir (Carlson & Daehler, 2019).

Bilimsel okuryazarlik ayni zamanda bilimin isleyis siirecini de icerir, buna gore
bilimsel okuryazar bir birey bilimsel bir dilde konusur, yazar ve bilimsel etkinliklere
katilir. Bilimsel etkinliklere katildigi icin de bilimsel bilginin nasil tretildigi
konusunda ve bilimsel bilginin 6zellikleri konusunda bilgi sahibi olur (Jimenez-
Aleixandre, & Erduran, 2008). Bu durum kisinin epistemolojik inanglari ile iligkilidir
ve bu nedenle epistemolojik inanglar bilimsel okuryazarligin bir géstergesi olarak bu
calismada kabul edilmistir. Bu ¢aligmada epistemolojik inanglar bilimsel bilginin
kaynagi, kesinligi, gelisimi ve gerekcelendirmesini igeren inang sistemi olarak
tanimlanmistir (Conley, Pintrich, Vekiri, & Harrison, 2004). Bu calismada yer alan
bilimin isleyis siireci ile ilgili oldugu diisiiniilen bir baska bilimsel okuryazarlik
boyutu ise bilimsel silire¢ becerileridir. Cilinkii bilimsel bilgi {iretilirken kisilerin

bilimsel siire¢ becerilerini kullanmas1 gerekmektedir (Harlen, 1999). Bilimsel siire¢
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becerileri bilim insanlarmin  diisiinme sirasinda kullandiklar1  6zelliklerin
smiflandirilmasiyla ortaya konan bilim ile iliskili becerilerdir (Padilla, 1990;
Sanderson & Kratochvil, 1971) ve temel beceriler (6r; gézlem yapma) ile iist diizey
beceriler (0r; deney tasarlama) olmak iizere ikiye ayrilir. Ortaokul diizeyinde iist
diizey becerilerin 6gretilmesi tavsiye edildigi i¢in (Sanderson & Kratochvil, 1971) ve
bu c¢alisma 6. Sinif (11-12 yas grubu) 6grencileri ile yapildigi i¢in iist diizey bilimsel
siire¢ becerileri calisma kapsaminda bilimsel okuryazarligin bir pargasi olan bilimsel

siire¢ becerileri olarak diistiniilmiistiir.

Arglimantasyon yontemi bu noktada Ogrencilerin bilimsel okuryazarliklarim
gelistirmek i¢in kullanilabilir ¢linkii teorik olarak argiimantasyon ogrencilerin igerik
alan bilgisini (Jimenez-Aleixandre & Erduran, 2008), epistemolojik inanglarimni
(Sandoval & Millwood, 2008) ve bilimsel siire¢ becerilerini gelistirebilir. Bu noktada
bazi temel kavramlar One ¢ikmaktadir. Buna gore arglimantasyon, bireylerin
karsilikl1 olarak birbirlerini ikna etmeye calistigi, birlikte hareket ettigi ve ortak bir
noktada uzlasiya vardiklart bir siiregtir (Cavagnetto, 2010) ve bu siirecin sonunda
argiimantasyonun {riinii olan arglimanlar ortaya konur (Jimenez-Aleixandre &
Erduran, 2008). Argiimantasyonun yapildigi siniflarin belli bash bir takim 6zellikleri
vardir. Buna gore, dgrenciler kendi 6grenmelerinden sorumludur ve siire¢ boyunca
iddialarim kanitla desteklemeleri gerekir. Ogretmen ise smifta otorite olarak yer
almaz onun yerine siire¢ boyunca dgrencilere rehberlik eder. Ogretim programi ise
ogrencilerin birer bilim insan1 gibi ¢aligmasina olanak saglamali, ger¢ek hayattan
problemlere yonelik olmali ve uygulandigi zaman kisileri farkli sonuclara
yonlendirebilmelidir. Bu sekilde sinifta tartisma ortami gerceklesir. Olgme ydntemi
ile ilgili olarak ise 6grencilerin siirece katilimi ve olusturduklari argiimanlar ile ilgili
olarak tartisma dncesinde 6gretmenler 6grencilere ol¢iitler sunmali ve bu dl¢iitler goz

Oniine alinarak dgrenciler degerlendirilmelidir (Jimenez-Aleixandre, 2008).

Daha Once yapilan arglimantasyon c¢alismalar1 incelendiginde aragtirmacilarin
arglimantasyonun {iriinii olan argiiman kalitesine odaklandiklar1 ve siireci ihmal
ettikleri goriilebilir (Sampson, Enderle, & Walker, 2012). Bu durumda 6grencilerin
argiimantasyon silirecine girerken neler yaptiklari ve nasil tartistiklar1 ¢ok fazla

bilinmemektedir. Ornegin, dgrencilerin hangi durumda argiimantasyonda birlikte
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hareket ettikleri hangi durumda birbirlerinin iddialarmi ¢iirlitmeye ¢alistiklar:
bilinmemektedir (Sampson & Clark, 2011). Ayrica, arastirmacilar daha 6nceki
caligmalarda argiiman kalitesine odaklanmis olsalar bile Duschl (2007) daha 6nce
yapilan argiiman kalitesi ile ilgili ¢alismalarin sorunlu oldugunu iddia etmektedir.
Ciinkii s6z konusu c¢alismalar epistemik kriterleri karsilamamaktadir. Bu nedenle,
Duschl (2007) argiiman kalitesine odaklanmak isteyen arastirmacilarin epistemik
kriterleri karsilayan Walton’in  (1996) argiiman semalarin1  kullanmalarini
onermektedir. Buna gore 25 farkli argiiman semasi vardir ve bu semalar giinliik
hayatta kullanilan arglimanlar isaret etmektedir. Argiiman semalarinin kaynaginda

kesinlikle emin olamadigimiz varsayimsal akil yiiriitme becerileri vardir.

Bu c¢alismada temel felsefe olarak etkilesimli yapilandirmacilik anlayist
benimsenmistir. Etkilesimli yapilandirmacilik anlayisina goére dogada yer alan
kurallar birseyin dogru olup olmadig1r konusunda bilim insanlarina yardimci olur.
Insanlarin sosyal ortamda birbirleri ile yaptiklari tartismalar sonucunda iiretilen bilgi
doganin yasalarinin slizgecinden gecirilir ve bilgi kanitlara bagl olarak kabul veya

red edilir (Cavagnetto, Hand, & Norton-Meier, 2010).

Aragtirmacilarin arglimantasyona karsi gelistirdikleri yonelimler lice ayrilmaktadir
bunlar derinlemesine yonelimler, sosyobilimsel yonelimler ve yapisal yonelimlerdir
(Cavagnetto, 2010). Sosyobilimsel yonelimler ve yapisal yonelimler bilimsel siirecin
icinde bulundugu deney ve gozlemi ihmal edip bilimin iiriiniine odaklanirken,
derinlemesine yonelimler hem bilimsel siirece hemde iirline odaklanir (Cavagnetto,
2010), derinlemesine yonelimler bu bakimdan bilimsel okuryazarligin vizyon-1
anlayis1 ile uyumludur ¢linkii her iki kavram bilimin hem siire¢ hemde {iriin boyutlar1
ile ilgilidir. Bu nedenle bu ¢aligmada argiimantasyon yonelimi olarak derinlemesine

yonelimler tercih edilmistir.

Bu c¢alismada kavramsal ¢erceve olarak derinlemesine yonelimler ve etkilesimli
yapilandirmacilik felsefesi ile uyumlu olan Argiiman Tabanli Bilim Ogrenme
(ATBO) yaklasim tercih edilmistir. ATBO yaklasiminda 6gretmen ve 6grencilerin
yapmalar1 gerekenler temel hatlariyla belirlenmistir ve ATBO ¢alismasinin etkili bir

sekilde uygulanmasi i¢in 6gretmen ve Ogrencilerin bu beklentileri karsilamasi
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gerekmektedir. Buna gore; Ogretmen dersin basinda Ogrencilerin 6n bilgisini
ogrenmek icin 6grencilere birer kavram haritast hazirlatir. Daha sonra 6gretmen
dgrencilerin arastirilabilir bir arastirma sorusu bulmasii ister. Ogrenciler arastirma
sorusunu bulduktan sonra dgrencilerin arastirma sorularina nasil cevap arayacaklari
sorulur. Bunun devaminda Ogrenciler arastirma sorularina cevap vermek igin
calismalarini yaparlar. Ogrenciler c¢alismalarini  tamamladiktan sonra bireysel
argiimanlarini olustururlar, bu arglimanlar arastirma sorularina cevap niteligindedir.
Daha sonra 6grenciler grup lyeleri ile bireysel argiimanlar1 hakkinda tartisarak grup
arglimanini ortaya koyarlar. Grup argiimanlar1 olusturulduktan sonra bu arglimanlar
smifin geri kalanina sunulur ve sif tartismast yapilir. Bu tartismalar
tamamlandiktan sonra tartisma sonuclarin bilimsel bilgiler ile uyumlu olup olmadigi
tartisilir bu noktada ders kitaplari ve benzeri kaynaklar incelenir. Siirecin sonunda

ogrenciler ders boyunca neler 6grendiklerini raporlandirir (Hand & Keys, 1999).

Bu ¢aligmanin ilgili alanyazin i¢in 6nemli oldugu diisiiniilmektedir ¢ilinkii daha 6nce
yapilan ATBO g¢alismalart ATBO’niin alan bilgisine etkisine odaklanirken bu
calisma alan bilgisinin yanisira epistemolojik inan¢larin ve bilimsel siire¢
becerilerinin gelisimini incelemektedir. Ayrica, daha 6nce yapilan argiimantasyon
calismalarinin argiiman kalitesini 6grenmek i¢in kullandiklar1 yontemler epistemik
kriterleri karsilamamaktadir, Duschl (2007) bu noktada argiiman kalitesinin
arglimantasyon semalar1 (Walton, 1996) aracilig: ile analiz edilmesinin daha dogru
olacagim1 dislinmektedir. Buna uygun sekilde mevcut c¢alismada ortaokul
ogrencilerinin argiiman kalitelert Walton’n (1996) arglimantasyon semalar1 araciligt
ile analiz edilmistir. Ayrica ortaokul diizeyinde arglimantasyon semalarinin bir analiz
yontemi olarak kullanildigi bir ATBO calismasima rastlanilmamistir. Bu &zelligi
nedeni ile mevcut ¢alisma alanda ilk olma 6zelligi tasimaktadir. Calismanin 6nemli
oldugunu gosteren bir diger durum c¢alismanin argiimantasyon siirecine
odaklanmasidir. Kim ve Song (2006) daha oOnce yapilan argiimantasyon
caligmalarinin ¢ogunlukla arglimantasyonun sonucu olan argiimana odaklandigini
gostermektedir fakat argilimantasyon siirecine odaklanan ¢ok fazla c¢alisma
bulunmamaktadir. Bu nedenle argiimanlar ortaya konmadan Once olusan siirecler

hakkinda c¢ok fazla bilgi bulunmamaktadir. S6z konusu caligma argiimantasyon
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slirecini arastirarak, bu siire¢ hakkinda bilgi sunmaktadir. Bu ¢alisma ayrica i¢inde
yapilmis oldugu baglamin arglimantasyona ne derece uyumlu oldugu hakkinda bilgi
vermektedir. Alanyazindan elde edilen bulgulara bagli olarak Dogu kiiltiiriinde ve
okullarinda argiimantasyonin c¢ok fazla yapilmadigini fakat Bati kiiltiiriinde ve
okullarinda argiimantasyonun daha fazla yapildig1r sdylenebilir (Lin & Mintzes,
2010). Tiirkiye ise gerek cografya gerekse kiiltiir olarak bu iki kiiltiiriin etkisi
altindadir. Bu nedenle mevcut calisma bu iki kiiltiiriin arasinda kalan Tiirkiye
baglaminin argiimantasyona ne derece uyumlu oldugu konusunda bilgi vermektedir.
Ayrica bu c¢aligmada ATBO yaklasimmin &grencilerin fen okuryazarligini
gelistirecegi hipotezi ortaya atilmistir. Eger beklendigi gibi biitiin fen okuryazarligi
boyutlart ATBO’ye bagli olarak gelisirse, farkli 6rneklemlerle yapilacak galigmalar
ile ATBO’niin fen okuryazarligi iizerindeki etkisinin hangi kosullarda
genellenebilecegi ortaya konabilir. Benzer sekilde, eger bu calisma ile 6grencilerin
fen okuryazarlik boyut veya boyutlar1 gelismezse neden bu boyutlarin gelismedigi ile
ilgili olarak arastirmacilar yeni arastirmalar yapabilirler. Son olarak bu calismada
ogrencilerin en ¢ok kullandigi ve en az kullandigi arglimantasyon semalar1 ile
ogrencilerin en ¢ok kullandiklar1 ve en az kullandiklar1 arglimantasyon siirecine
katillm boyutlar1  6gretmenler1 hazirlayacaklar1 ders planlart  konusunda
bilgilendirebilir. Calismada gelistirilen ve kullanilan etkinlikler ayrica dgretmenler
tarafindan kullanilabilir ve calismada karsilasilan zorluklar gretmenlerin ATBO

yaklagimini uygularken nelere dikkat etmesi konusunda bilgi verebilir.

Arastirma Sorulari:

Bu ¢alisma bes soruya cevap aramaktadir, bu sorular:

1. ATBO yaklagimi ile 6grenim géren 6. simif dgrencilerinin uygulamadan 6nceki ve

uygulamadan sonraki igerik alan bilgileri arasinda anlamli bir fark var midir?

2. ATBO yaklagimi ile 8grenim géren 6. sinif dgrencilerinin uygulamadan dnceki ve

uygulamadan sonraki epistemolojik inanglar1 arasinda anlamli bir fark var midir?
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3. ATBO yaklasimi ile 8grenim goren 6. smif égrencilerinin uygulamadan énceki ve

uygulamadan sonraki bilimsel siire¢ becerileri arasinda anlamli bir fark var midir?

4. 6. Smf Ogrencilerinin argiimanlar1 argiiman semalar1 araciliglr ile analiz

edildiginde, bu 6grenci argiimanlarinin dogasi nedir?

5. ATBO yaklasimma katilan 6. sinif Ogrencilerinin argiimantasyon siirecine

katiliminin dogasi1 nedir?

YONTEM

Calisma Deseni

Bu calismada yer alan ilk ii¢ arastirma sorusu nicel yontemlerle son iki arastirma
sorusu ise nitel yontemlerle arastirilmistir. Dolayisi ile bu ¢alismanin ¢aligma deseni
hem nicel hem nitel arastirmayi igerir. Ancak, bu iki ¢alisma deseninden elde edilen
veriler birbirlerini desteklemek i¢in kullanilmamistir. Bu yilizden bu ¢alisma karma
calisma deseni olarak degil, nitel ve nicel arastirmanin birlikte kullanimi olarak
isimlendirilmistir (Creswell, 2006, p.83). Arastirmanin nicel kisminda tek grup 6n-
test son-test deseni kullanilmistir. Burada Ankara’da merkez bir ilgede yer alan bir
devlet okulunda &grenim géren dort adet 6. sinifa ATBO uygulamasi verilmistir ve
bu nedenle gruplarin tamami deney grubu olmustur. Caligmanin nitel kismi ise
durum c¢alismasidir. Buna gore nicel arastirmaya katilan dort siniftan iki tanesi nitel
arastirma icin secilmistir. Calismada yer alan ABI uygulamasi bu c¢alismadaki
durumu (6rnek olay) temsil etmektedir. Caligmaya katilan iki sinif ise bu durumun
alt birimlerini olusturmaktadir. Asagida yer alan sekil arastirma sorularini, ilgili

calisma desenlerini ve arastirma tiirlerini gostermektedir (Sekil 1).
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Arastirma sorusu 1: > Nicel S Tekgrup on-test son-
6. stmif dgrencilerinin ATBO test galisma deseni
uygulanmadan 6nceki icerik \l/
alan bilgileri ile ATBO
uygulandiktan sonraki icerik .
alan bilgileri arasinda bir Degiskenler
degisim var midir?
Bagimsiz: Bagimli:
ATBO Icerik alan
Uygulamast bilgisi
Arastlrr?zj sorusu 2 S Nicel S Tekgrup on-test son-
6. smif 6grencilerinin test calisma deseni
ATBO uygulanmadan \l/
onceki epistemolojik
inanclar1 ile ATBO ..
uygulandiktan sonraki Degiskenler
epistemolojik inanglar1
arasinda bir degisim var
midir? Bagimsiz: Bagimli:
ATBO Epistemolojik
Uygulamas: | Inanglar
Arastirma sorusu 3:' o 5 Nicel S Tekgrup on-test
6. smf  Sgrencilerinin son-test ¢aligma
ATBO uygulanmadan \L deseni
onceki  bilimsel  siireg
becerileri ile  ATBO .
uygulandiktan sonraki Degiskenler
bilimsel siire¢ becerileri
arasinda bir degisim var
mudir? Bagimsiz: Bagimli:
ATBO Bilimsel
Uygulamas1 | siire¢
becerileri
Arastirma sorusu 4:
6. Sinif 6grencilerinin : Durum
argiimanlari argliman semalar1 Nitel S Calismas
araciligi ile analiz edildiginde,
bu 6grenci argiimanlarinin
dogasi nedir?
Arastirma sorusu 5: Durum
ATBO yaklagimina katilan 6. i
sinif 6grencilerinin Nite! — Calismas
arglimantasyon siirecine
katiliminin do&asi nedir?

Sekil 1. Calisma Deseni ve Tiirleri
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Katilimcilar

Calismanin nicel kisminin ¢alisma evreni Ankara ilinde devlet okullarinda 6grenim
goren 6. simif 6grencileridir. Calismanin ulasilabilir evreni ise Cankaya il¢esinde
devlet okullarinda &grenim goren 6. sif 6grencileridir. Orneklem ¢esidi olarak
kolay ulasilabilir durum Orneklemesine gidilmis ve buna bagli olarak bir devlet
okulunda pilot ve ana ¢alisma yiiriitiilmiistiir. Ayn1 6gretmenin dgretim verdigi dort
smifta yer alan toplam 71 o&grenci (36 erkek-35 kiz) calismaya katilmustir.
Calismanin nitel kismi iginse ATBO egitiminin verildigi dort smiftan ikisi rastgele
secilmis ve segilen iki sinifta nitel ¢alisma yiiriitiilmiistiir. Calismanin nitel kismina
bir subeden 17, diger subeden 18 6grenci olmak tizere toplam 35 6grenci katilmigtir.
Arastirma okulun fen laboratuvarinda gergeklestirilmis ve 6grenciler gruplar halinde

dort ayr1 masada calismalarint yapmislardir. Her bir grup 4-5 6grenciden olugmustur.

Calisma Oncesi Yapilanlar

Calisma baslamadan 6nce ATBO yaklagimi ile uyumlu oldugu diisiiniilen Madde ve
Is1 tnitesi ile Elektrik tnitesi segilmistir ¢linkii bu iki iinitenin kazanimlart hem
deney hem tartigma ile ilgilidir ve bu durum ATBO uygulamasi i¢in uygundur. Daha
sonra arastirmact ATBO yaklasimmin dogru bir sekilde uygulanmas: igin ilgili
konularda ders planlari hazirlamistir. Her bir ders plani hazirlanirken ATBO
sathalar1 gbéz Onilinde bulundurulmustur (Hand & Keys, 1999), bu durumun
caligmanin gegerligini artirdig1r diisiinlilmektedir. Alan uzmanlarindan alinan
doniitlerle ders planlarinda diizenlemeler yapilmistir. Hazirlanan ders planlarinin ana
diisiinceleri 1s1 iletimi, 1s1 yalitimi, termal yaliim malzemeleri, yakat tiirleri, elektrik
iletimi ve ampiil parlakligin1 etkileyen etmenlerdir. Buna gdére hem pilot ¢alisma
hemde ana caligma 6 hafta siirmiis ve bu 6 haftanin ilk 4 haftasinda madde ve 1s1
{initesi islenirken son 2 haftasinda elektrik iinitesi islenmistir. Ogrenciler ¢alismanin
ilk 2 haftas1 ve son 2 haftasinda deneyler yaparak dogrudan veri toplamislar, buna
karsin katilimeilar ¢alismanin 3. ve 4. haftalarinda arastirmacinin hazirlamis oldugu

kanit kagitlarini kullanarak dolayli yoldan veri toplamislardir.
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Calisma baslamadan énce ODTU Sosyal Bilimler Enstitiisii Etik Kurulu ve il Milli
Egitim Miidirligi Etik Kurulu’ndan hem pilot hem ana c¢alisma i¢in etik izinleri ve
uygulama izinleri alinmistir. Daha sonra ¢aligmanin yapilacagi okuldan izinler alinip
calismay: yiiriitecek dgretmen ile tamsilmistir. ATBO egitiminin verimli bir sekilde
verilmesi i¢in ¢aligma Oncesinde ¢alismaya katilan 6gretmene 6 ayri oturumda bilim,
bilimsel siire¢ becerileri, bilimin dogasi, argiimantasyon, ATBO ve smifta
argiimantasyon dersinin degerlendirilmesi ile ilgili bilgiler verilmistir. Gerek pilot
calismada gerekse ana calismada arastirmaci ve uygulayici 6gretmen arasinda fikir

alisverisi yapilarak ATBO niin dogru bir sekilde uygulanmasina ¢alisilmustir.

Pilot ¢alisma 2017-2018 Bahar doneminde yapilmistir. Pilot ¢alismada her bir
uygulama sonunda arasgtirmact ATBO uygulamasimn gelistirilmesi igin notlar
almistir. Alman bu notlar ile bir sonraki sene yapilan ana ¢aligmanin daha verimli
yapilmas1 amaglanmistir. Ornegin, pilot calismanin son haftasinda dgrenciler telin
direncini etkileyen etmenleri incelerken telin boyu ve direnci arasindaki iliskiyi
gosteren deneyi yapamamislardir, bu nedenle ana ¢alismada s6z konusu deney ayni

iliskiyi gosteren bir simiilasyon ile degistirilmistir.

Veri Toplama Araclan

Bu calismada 4 farkli ara¢ kullanilarak veri toplanmistir. Katilimcilarin igerik alan
bilgilerini 6lgmek amaciyla arastirmaci tarafindan gelistirilen her biri 20 adet ¢oktan
segcmeli madde ve 1s1 testi ile elektrik testi kullanilmistir. Testlerin olusturulmasi
sirasinda gecerligin saglanmasi i¢in alan uzmanlarindan goriisler alinmistir. Pilot
calismada madde ve 1s1 testi 157 Ogrenciye, elektrik testi 195 Ogrenciye
uygulanmistir. Her bir madde i¢in madde zorluk endeksi ve madde ayiriciligi giicii
hesaplanmistir ve maddelerin tamaminin testlerde kalmasi uygun goriilmiistiir. KR-
20 degerleri kullanilarak test sonuc¢larmin i¢ tutarlilik giivenilirligi hesaplanmustir.
Buna gore madde ve 1s1 test sonucu giivenilirligi 6n-testte .64, son-testte .76, elektrik
test sonucu gilivenilirligi On-testte ve son-testte .76 olarak hesaplanmistir. Sonug
olarak gelistirilen igerik alan bilgisi testlerinin gilivenilir ve gecerli oldugu

sOylenebilir.
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Katilimceilarin epistemolojik inanglarin1 6lgmek i¢in Conley vd. (2004) tarafindan
gelistirilen epistemolojik inan¢ 6lcegi (EBQ) kullanilmistir. Olgek 26 maddedir ve
bilimsel bilginin kaynagi, kesinlgi, gerekecelendirilmes ile gelisimi boyutlarini
icermektedir. Bu olgek Ozkan (2008) tarafindan Tiirkge’ye cevrilmis ve adapte
edilmistir. Ozkan’in bulgularma uygun sekilde bilimsel bilginin kaynag1 ve kesinligi
boyutlar1 bu c¢alismada birlestirilerck tek faktor olarak ele alinmustir. Bilimsel
bilginin gerekcelendirilmesi ve gelisimi boyutlar1 ayr1 birer faktor olarak
korunmustur. Sonug olarak katilimcilarin epistemolojik inanglar1 3 ayr1 boyut olarak
arastirilmistir. Calismanin giivenilirligi ile ilgili olarak Cornbach alfa degeri ¢aligma

oncesinde 0.81, ¢alisma sonrasinda ise 0.91 olarak bulunmustur.

Burn vd. (1985) tarafindan gelistirilen bilimsel siire¢ becerileri testi (TIPSII)
katilimcilarin bilimsel siire¢ becerilerini 6lgmek i¢in kullanilmistir. Bu test ¢oktan
se¢cmeli 36 soruyu barindirmaktadir ve 6zel olarak herhangi bir fen konusu ile iligkili
degildir. Test Geban, Akar ve Ozkan (1992) tarafindan Tiirk¢e’ye uyarlanmistir. Can
(2008) ise ortaokul seviyesinde Olgegi uygulamis ve dlgekten ayirt ediciligi diisiik
olan 10 maddeyi c¢ikartmistir. 26 maddelik bu 06lgek mevcut calismada da
kullanilmistir. Bilimsel siire¢ becerileri alt boyutlar1 giivenilirlik degerleri ¢ok diisiik
oldugu icin oOlgek tek boyutlu yorumlanmistir. Bu ¢alismada olgegin KR-20

giivenilirlik degeri 6n-testte .83, son-testte .86 olarak hesaplanmastir.

Calismanin son iki sorusu olan nitel aragtirma sorularina cevap aramak i¢in sinif ici
gbozlemler yapilmistir. Bu gozlemler sirasinda video kaydi yapilmistir. Video
kayitlart aragtirmaci tarafindan izlenmis ve tim sinif argiimantasyonun yapildigi

boliimler her bir ders i¢in tanimlanarak transkript edilmistir.

Ana Calisma

Ana calisma 2018-2019 yil1 bahar doneminde yapilmistir. Calisma baslamadan 6nce
caligmaya katilan Ogrencilere egitim verilmistir. Bu egitimde bilimsel tartisma,
merak, farkli diisiincelerin 6nemi, bilim insani, bilim insan1 ve d6grenciler arasindaki
benzerlikler, bilim insaninin nasil ¢alisma yaptigi, bilimsel siire¢ becerileri, 6rnek

ATBO dersi ve ATBO uygulamasi éncesi uyulacak kurallar iizerinde durulmustur.
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Daha sonra 6rnek bir uygulama ile 6grencilerin argiimantasyona katilmasi tegvik
edilmis ve ders sonunda buna benzer etkinlikler yapilacagi bilgisi O6grencilerle
paylasilmistir. Pilot ¢alismadan alinan doniitler dogrultusunda ders planlarinda
diizenlemeye gidilmis ve diizenlenen ders planlarinin uygulanmas ile ana ¢aligma
yapilmgtir. Ornegin birinci haftada énbilgilerin yoklanmasi amaciyla birinci safhada
ogrencilerin piknige gittiklerinde yapacaklar1 yemegi hizli bir sekilde pisirmeleri i¢in
hangi kabi1 kullanmalar1 gerektigi sorulmustur. Sinif igerisinde yapilan bu 6n tartisma
ile 6grencilerin maddelerin 1s1 iletimi ile ilgili 6n bilgileri alinmistir. Daha sonra
ikinci sathada 6grencilerden 1s1 iletimi ile ilgili arastirma sorular1 yazmalari ve deney
tasarlamalar1 istenmistir. Yazilan arastirma sorular1 arastirilabilirlik ve konu ile ilgisi
bakimindan sif {iyeleri tarafindan tartisitlmistir. Daha sonra ilgili Olgiitleri
karsilayan arastirma sorular1 deneyler araciligi ile {igiincii asamada test edilmistir.
Ogrenciler gruplar halinde yaptiklar1 deney sonuglarini dérdiincii sathada bireysel
arglimanlarint olusturmak tizere kullanmiglardir. Besinci sathada o6grencilerden
bireysel argiimanlarini grup arkadaglan ile tartismalar: istenmis ve bu tartismalarin
sonucunda grubun ortak argiimani ortaya konmustur. Altinct asamada gruplar
deneylerini ve grup iddialarini siifin geri kalanina sunmuslardir. Bu asamada tiim
sinifin dahil oldugu argiimantasyon stireci baglamistir. Yapmis olduklar1 deneylerde
baz1 gruplar metal kasigin bazi gruplar ise plastik kasigin daha iyi 1s1 iletkeni
oldugunu bulmuslardir. Gruplar kanitlar1 ve veri toplama siireclerini inceledikten ve
tartistiktan sonra ortak noktalarda bulusmuslardir. Daha sonra gruplar neden bazi
maddelerin daha 1yi 1s1 iletkeni oldugu konusunda teorik sorular sormus ve bu
sorulara cevaplar aramislardir. Teorik sorularin cevaplanmasi i¢in &gretmende
tartisma siirecine dahil olmus ve bu tartismanin sonucunda bazi maddeleri olusturan
taneciklerin diger maddeleri olusturan taneciklere goére daha sik ve diizenli
olmasindan dolay1 sik ve diizenli taneciklere sahip maddelerin daha iyi iletken
oldugu bilgisine ulagilmistir. Daha sonra Ogrenciler maddeleri 1siy1 iyi ileten
maddeler ve 1siy1 yalitan maddeler olarak simiflandirmiglar ve ilgili dersin
kazanimina ulagsmislardir. Siirecin sonunda 6grenciler 6grenci raporlarina bu dersten
neler O0grendiklerini yazmislardir. Her bir haftanin etkinlgi toplam 4 ders saati
stirmiistiir. Birinci haftaya benzer sekilde diger haftalarin etkinliklerinin yapilmas ile

6 hafta sonunda ana calisma tamamlanmistir. Calisma boyunca ATBO’niin verimli
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bir sekilde yapilip yapilmadigini test etmek amaciyla arastirmaci Sawada, Piburn,
Falconer, Turley, Benford ve Bloom (2000) tarafindan gelistirilen Reform Edilmis
Ogretim Gozlem Protokolii (RTOP) u kullanmistir. Buna gore gdzlem protokoliinde
bulunan maddelerden ATBO ile dogrudan ilgili olan 13 maddenin kontrol listesi her
derste arastirmaci tarafindan doldurulmus ve ilgili doniitler uygulayici 6gretmenle

ders sonunda paylasilmistir.

Veri Analizi

Bu caligsmada ilk {i¢ arastirma sorusuna yanit aramak i¢in nicel veri analizi, son iki
arastirmasina yanit aramak icinse nitel veri analizi yapilmistir. Birinci arastirma
sorusu ATBO yénteminin igerik alan bilgisi iizerine etkisi ile ilgili oldugu igin grup
icerisinde tekrar eden ¢oklu varyans analizi uygulanmistir. Bu analizde bagimli
degiskenler 6grencilerin madde ve 1s1 konusundaki ve elektrik konusundaki igerik
alan bilgileridir. Zaman ise ATBO uygulamasim temsil eden bagimsiz degisken
olarak belirlenmistir. Benzer sekilde ikinci arastirma sorusunda ATBO yaklasimiin
ogrencilerin epistemolojik inanglarina etkisi tizerinde durulmustur. Bu soruya yanit
vermek i¢in bir onceki arastirma sorusunda oldugu gibi grup igerisinde tekrar eden
coklu varyans analizi kullanilmistir. Bu analizde zaman yine bagimsiz degisken
olarak kullanilirken, bagimli degiskenler epistemolojik inancin boyutlar1 olan
bilimsel bilginin gerekcelendirmesi, bilimsel bilginin gelisimi ve bilimsel bilginin
kaynag1 ile kesinligidir. Ugiincii arastirma sorusunda ATBO yaklagiminin
Ogrencilerin bilimsel siire¢ becerilerine etkisi sorulmustur. Bilimsel siire¢ becerileri
tek bir boyut olarak ele alinmis ve bagimli degisken olarak diislinlilmiistiir. Bagimsiz
degisken ise onceki iki analizde oldugu gibi zaman olarak belirlenmistir. Bu nedenle,
ATBO niin bilimsel siire¢ becerilerine etkisini analiz etmek i¢in bagimli érneklem t-

testi kullanilmustir.

Calismanin son iki arastrma sorusu ig¢in nitel analiz yontemlerinden siirekli
karsilastirmali analiz kullanilmistir. Dérdiincii aragtirma sorusuna cevap verebilmek
icin Walton’in (1996) arglimantasyon semalar1 (0r; isaret yoluyla olusturulan

argliman) kullanilarak tiimden gelimsel kodlama yapilmigtir. Argiimantasyon
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semalar1 ortaya konduktan sonra her bir sinif i¢in her hafta toplam argiimantasyon
semas1 ¢ikartilmig ve siitun grafigi ile sunulmustur. Argiiman semalarinin birbiri ile
kiyaslanmasi i¢inse her hafta i¢in yilizdelik dilimler olusturulmus ve daire grafigi ile
sunulmustur. Sonuncu arastirma sorusu Ogrencilerin arglimantasyona siirecine
katilimlarint ortaya koymay1 amacliyordu. Bu nedenle Sampson ve Clark’in (2011)
ortaya koydugu argiimantasyon katilim boyutlar1 kullanilarak (6r; bilgi arama)
analizlerde tiimden gelimsel kodlama yapilmistir. Arglimantasyona katilim boyutlar
olusturulduktan sonra her sinif i¢in haftalik toplam katilim siklig1 olusturulmus ve bu
toplam katilim sayilar1 siitun grafigi kullanilarak sunulmustur. Benzer sekilde
haftalik olarak ortaya konan argiimantasyona katilim boyutlar1 her hafta birbiri ile
kiyaslanarak yiizdelik dilimleri hesaplanmis ve bu yiizdelik dilimler daire grafigi ile
sunulmustur. Gerek dordiincii aragtirma sorusunun veri analizinde, gerekse sonuncu
sorunun veri analizinde ilgili grafikler sunulduktan sonra her iki smifin sonuglar
birbirleri ile karsilagtirilmistir. Smiflarin  sonuglar1 arasindaki benzerlikler ve
farkliliklara bagli olarak 6. smif 6grencilerinin ATBO dersinde ortaya koyduklart
arglimantasyon semalar1 ve 0grencilerin argiimantasyon siirecine katilimlari ile ilgili
iddialar ortaya atilmistir. Bu iddialar 6grencilerin arglimantasyon semalarinin ve

arglimantasyon siirecine katiliminin dogasini yansitmaktadir.

SONUCLAR ve TARTISMA

Bu ¢alismada ilk olarak ATBO uygulamasinin 6. smif dgrencilerinin icerik alan
bilgisi ilizerine etkisi incelenmistir. Grup i¢i tekrarlanan ¢oklu varyans analizi ile bu
soruya yanit aranmadan Once, bu analiz yonteminin sayiltilart kontrol edilmis ve
analizi yapmaya engel olacak bir durumla karsilasilmamistir. Grup ici tekrarlanan
coklu varyans analizi sonuglarma gore katilimcilarin igerik alan bilgisi ATBO
yontemine bagl olarak istatistiksel olarak anlamli 6l¢iide gelismistir, F(2,67)= 20.55,
p= 0.00; Wilks’ Lambda= 0.62. Coklu varyans analizinden sonra hangi {initede
katilimcilarin igerik alan bilgisinin gelistigini saptamak amaciyla bagimli 6rneklem t-
testi yapilmistir. Bagimli 6rneklem t-testi sonuglarina gore katilimcilarin madde ve
1s1 Unitesi igerik alan bilgileri on-testten (M=9.64, SD=3.37) son-teste (M=11.54,
SD=4.13) istatistiksel olarak anlamli bir sekilde artmistir, t(68)=4.48, p<0.025 (iki
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uclu test). Madde ve 1s1 konusu icin etki biyiikliigii 0.23 olarak hesaplanmuistir.
Benzer sekilde katilimcilarin elektrik {initesi i¢erik alan bilgisi degisimini anlamak
amaciyla bagimli 6rneklem t-testi yapilmis ve on-testten (M=9.52, SD=4.25) son-
teste (M=11.99, SD=4.28) istatistiksel olarak katilimcilarin elektrik tinitesi igerik
alan bilgisinde anlamli bir artis olmustur t (68) =5.47, p<0.025 (iki uglu test).
Elektrik konusu i¢in etki biiyiikliigii 0.31 olarak hesaplanmistir.

Bu calismada kontrol grubu kullanilmadigi icin ATBO uygulamasini icerik alan
bilgisini gelistirdigi kesin olarak iddia edilemez fakat bazi gostergeler ATBO
uygulamasinin igerik bilgisini gelistirdigi fikrini desteklemektedir. Ornegin; etki
biiyiikliigiiniin ikinci {initede birinci iiniteye gore daha yiiksek olmasi1 ATBO
yonteminin igerik alan bilgisini gelistirdigi diisiincesini destekler. ATBO’niin
biliminsel siirece vurgu yapmasi ve bu silirece katilan dgrencilerin de bilgilerini
gelistirmesi ATBO’niin icerik alan bilgisini destekledigini gosteren bir diger
unsurdur (Kingir vd., 2013). ATBO yaklasimmin ayrica kavramsal degisim
yaklagimi ile uyumlu olmasi, 6grencilerin 6n bilgilerindeki hatalarin farkina varmasi
ve dogru bilgiyi edinmeleri ATBO araciligi ile igerik alan bilgilerini gelistirmelerine
katkida bulunmus olabilir (Kingir vd., 2013). Ayrica dgrencilerin ATBO siireci
boyunca kullandiklar1 yazili raporlar 6grenmelerini kolaylastirmis olabilir ¢iinkii bu
yazili raporlar argliman {retilmesi ve fikirlerin paylasilmas1 gibi konularda
ogrencilerin diisiinmesini saglayan sorular icermektedir (Akkus vd., 2007; Chen vd.,
2016; Cronje vd., 2013; Hand vd., 2004). ATBO’niin igerik alan bilgisini artirmasini
saglayan bir diger etmen, ATBO aracili1 ile dgrencilerin on tartismalara, grup igi
tartismalara ve smif tartigmasina katilmasi olabilir. Bu sekilde 0Ogrenciler
birbirlerinden 6grenme ve birlikte O6grenme yoluna giderek igerik bilgilerini
gelistirmis olabilir (Hand vd., 2004; Heng vd., 2015; Shamuganathan &
Karpudewan, 2017). Benzer sekilde, bu ¢alismada ATBO’niin biitiin safhalarinin
dikkatlice uygulanmasi icerik bilgisini gelistirmis olabilir ¢linkii daha 6nce yapilan
baz1 calismalarda ATBO’niin biitin safhalarmin  kullanilmamas1 sonucunda
uygulamanin istendigi kadar verimli olmadigi raporlanmistir (Cronje vd., 2013;

Erkol vd., 2007).
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Ikinci arastirma sorusunda ATBO yaklasimmin &grencilerin  epistemolojik
inanglarina etkisi arastirilmis ve veri analizi i¢in grup i¢i tekrarlanan ¢oklu varyans
analizi kullanilmistir. Coklu varyans analizi yapilmadan Once sayiltilar1 test
edilmistir. Grup ici tekrarlanan coklu varyans analizi sonuglarma gore ATBO
yaklasiminin katilimcilarin epistemolojik inancglar1 {izerinde istatistiksel olarak

anlamli bir etkisi bulunmamistir F(3,62)= 2.24, p= 0.09; Wilks’ Lambda= 0.90.

Aragtirmada 6grencilerin epistemolojik inan¢g On-test sonuglar1 ortalamasi 5
tizerinden yaklasik olarak 4 seviyesindeydi. Bu nedenle halihazirda yiiksek olan
epistemolojik inanglar son-testte daha fazla gelismemis olabilir. Ayrica katilimcilara
dogrudan acik bir sekilde epistemolojik inang egitimi verilmedigi i¢in de
katilimeilarin epistemolojik inanglari gelismemis olabilir (McDonald & McRobbie,
2012; McDonald, 2010). Ayrica ¢alisma siiresinin gorece olarak kisa olmasi (6
hafta), ATBO’niin verimliligini azaltmis olabilir ve bu nedenle katilimcilarin
epistemolojik inanglari gelismemis olabilir. Ayrica nicel sonuglar 6grencilerin
calisma Oncesinde ve sonrasinda gelismis epistemolojik inanglara sahip oldugunu
gostersede gozlem sonuglart Ogrencilerin epistemolojik inanclarinin gelismemis
oldugunu isaret etmektedir. Ogrencilerin daha once almis olduklar1 geleneksel
egitimdeki igerik alan bilgisi vurgusu, kendilerine verilen kanit kagitlarina karsi
elestirel bir tutum sergilememeleri, katilimcilarin epistemolojik inang gelisimi igin
yeterli gelisimsel olgunlukta olmamalari, tartismaya daha az katilan smifin deney
yapilan haftalarda pasif kalmasi 6grencilerin gelismemis epistemolojik inanca sahip

oldugu diistincesini desteklemektedir.

Uciincii arastirma sorusunda ATBO’niin bilimsel siire¢ becerileri iizerine etkisi
arastirilmistir. Bilimsel siire¢ becerileri tek bir boyut olarak ele alindigi i¢in ¢oklu
varyans analizi yerine bagimli 6rneklem t-testi yapilmistir. Bagimli 6rneklem t-testi
sonuglarina goére katilimcilarin bilimsel siire¢ becerilerinde On-testten (M=14.70,
SD=5.48) son-teste (M=14.33, SD=5.98) istatistiksel olarak anlamli bir degisim
olmamistir t (62) = -0.59, p>0.05 (iki uglu test). Bu nedenle ATBO’niin
katilimcilarin  bilimsel siire¢ becerileri lizerinde anlamli bir etkisi olmadigi

sOylenebilir.
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Epistemolojik inangta oldugu gibi bilimsel siire¢ becerilerinin de gelismemesinin
oncelikli nedeni ¢alismanin gorece olarak kisa siireli olmasi olabilir. Benzer sekilde,
Yildirrm (2012) da kisa siireli olan rehberli arastirma-sorgulamaya dayali
O0grenmenin Ogrencilerin bilimsel siire¢ becerisini gelistirmede yetersiz oldugu
sonucuna varmistir. Yine benzer sekilde 6grencilere uygulama sirasinda dogrudan
bilimsel silire¢ becerileri egitimi verilmedigi icin ve O&grenciler katildiklar
etkinliklerde agik bir sekilde bilimsel siire¢ becerilerini ifade etmedikleri i¢in bu

caligmada Ogrencilerin bilimsel siire¢ becerileri gelismemis olabilir.

Dordiincii arastirma sorusunda 6. siif 6grencilerinin arglimantasyon semasina gore
incelendiginde ortaya koyduklari argiimanlarin dogasi arastirilmigtir. Buna gore her
iki smifin argiiman semalar1 Walton’in (1996) argiimantasyon semalarina gore analiz
edilmis ve smiflar aras1 benzerliklere ve farkliliklara dayanarak bes iddia ortaya

atilmistir. Siiflar arasi benzerliklere bagli olarak ortaya atilan iddialar su sekildedir:

Iddia 1. Calisma siiresince dgrencilerin kullanmis olduklar1 argiimantasyon semasi

¢esidi artmastir.

Birinci iddiada yer alan zamanla katilimcilarin daha fazla arglimantasyon semasi
kullanmas1 6grencilerin zamanla daha fazla akil yiiriittiigiinii ve muhakeme yaptigini
gostermektedir (Konstantinidou & Macagno, 2013). Duschl’un (2007) yapmis
oldugu ATBO’niin uygulanmadig1 bir baska ¢alismada ortaokul égrencileri yalnizca
9 farkhi argiimantasyon semasi kullannustir. Ancak bu calismada ATBO
uygulanmasi ile 6grencilerin kullanmis olduklar1 sema ¢esidi sayisinin artmis oldugu
ve toplamda 17 farkli sema kullandiklar1 gdzlemlenmistir. Bu nedenle ATBO
yaklasimi1 Ogrencilerin farkli argiimantasyon semalari kullanmasini tesvik ediyor

olabilir.

Iddia 2. Ogrenciler uzman goriisii yoluyla ortaya konan, isaret yoluyla ortaya konan,
eksik bilgi sonucu ortaya konan, benzerlik yoluyla ortaya konan ve hipotez yoluyla
ortaya konan arglimantasyon semalarini diger argiimantasyon semalarindan daha ¢ok

tercih etmektedir.
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Ogrencilerin daha fazla kullanmis olduklar1 bu bes farkli argiimantasyon semasi
ortaokul diizeyinde smif tartismasi sirasinda kullanilan bilimsel argiimantasyon
semalar1 olabilir. Ornegin; &grenciler kendilerine kamit kagidi verildiginde uzman
gorilisii yoluyla ortaya konan argiiman semasini kullanmaktadir. Benzer sekilde
gozlemledikleri bir durumu acgiklamak icin ¢ikarimlar yaparak sorularina cevap
aramakta bu nedenle Duschl’un (2007) da belirttigi gibi isaret yoluyla ortaya konan
argiimantasyon semasimi kullanmaktadirlar. Ogrenciler diger gruplarin bulgularinin
ve sonuglarinin tutarsiz oldugunu diisiiniirse yada diger gruplarin bilgilerinin eksik
oldugunu diisiiniirse eksik bilgi sonucu ortaya c¢ikan argiiman semasini
kullanmaktadir. Ayrica, 6grenciler yapmis olduklari deneyleri aciklarken deney ve
kontrol gruplarin1 karsilastirmak amaciyla siklikla benzerlik yoluyla ortaya konan
arglimantasyon semasin1 kullanmaktadir. Son olarak deney oOncesi yaptiklar
hipotezleri ve degiskenlerini agiklarken 6grenciler sik sik hipotez yoluyla ortaya

konan argiimantasyon semasini kullanmiglardir.

Iddia 3. Ogrencilerin kullanmis olduklar1 veri tiirii (6r; dogrudan, dolaylr)

ogrencilerin kullanmig olduklar1 arglimantasyon semasi tercihlerini etkileyebilir.

Bu calismada 6grencilerin deney yaparak kendi verilerini topladiklar: haftada hipotez
yoluyla ortaya konan argiimantasyon semasini, deney yapmadiklar1 haftalarda ise
uzman gorlisii araciligiyla ortaya konan argiimantasyon semasini kullanmayi tercih
etmislerdir. Bu nedenle Ogrencilerin dogrudan veya dolayli olarak elde ettikleri
veriler kullandiklar1 argiiman semasini etkilemistir. Benzer sekilde, Kind vd. (2011)
ogrencilerin belli bir yonelimleri olmadigini ve deney yapmalari gerektiginde deneyi
yapmaya odaklandiklarini, deney olmadigi zaman ise bilimin iirlinii olan icerik
bilgisine odaklandigim rapor etmislerdir. Yine ayni sekilde Ozdem vd. (2013)
ogrencilerin yapmalar1 gereken etkinlige bagl olarak iliski yoluyla ortaya konan
argiimantasyon semalarini veya isaret yoluyla ortaya konan argiimantasyon

semalarini kullandiklarini rapor etmislerdir.

Siniflar arasi farkliliklara bagli olarak argiimantasyon semalari ile ilgili ortaya atilan

iddialar ise su sekildedir:
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Iddia 1. Argiimantasyon siirecine daha fazla dahil olan simif diger sinifa gore daha

fazla argiimantasyon semasi1 kullanmaktadir.

Bu c¢alismada simiflardan birisi digerinden daha fazla argiimantasyon siirecine dahil
olmustur ve daha fazla siirece katilan sinifin daha fazla argiimantasyon semasi ¢esidi
kullandig1 gozlemlenmistir. Buna gore daha fazla argiimantasyon siirecine girmis
olan grup daha fazla konu {izerinde konusup, daha fazla fikir 6ne siirmiis olabilir
(Sampson & Clark, 2011). Konu lizerine daha fazla diisiiniilmesi de daha fazla
muhakeme yapildigini ve bunun sonucunda aktif olan smifin daha fazla

arglimantasyon semasi kullandigin1 gdsteriyor olabilir.

Iddia 2. Daha aktif olarak argiimantasyon siirecine katilan sinif eksik bilgi sonucu
ortaya konan argliman semasini en ¢ok kullanirken, daha az aktif olarak
arglimantasyon siirecine katilan simif uzman goriisii yoluyla ortaya konan argiiman

semasini en ¢ok kullanmaktadir.

Daha aktif grubun en ¢ok eksik bilgi nedeniyle arglimantasyon semasi kullanmasi ve
daha az aktif sinifin en ¢ok uzman goriisii yoluyla argiimantasyon semasi kullanmasi
bu iki smiftan neden birinin digerinden daha fazla argiimantasyon siirecine
katildigin1 agikliyor olabilir. Lederman ve Lederman (2012) bilimin soru sorarak
basladigini belirtmektedir ve aktif olan simif siirekli sorular sorarak bilimsel siireci
baglatmig ve siireg boyunca bilgiyi aramistir ve bu siiregte arglimantasyona
katilmiglardir. Bir diger ifade ile aktif olan simif Ogrencileri bilim insani gibi
calismislardir. Ote yandan daha az aktif olan sinif kendilerine kanit kagidi verildigi
zaman aktif olarak argiimantasyona katilmiglardir. Kanit kagidi verildigi zaman
ogrencilerin yalnizca bilimin iirlin asamasina odaklandigi ve bilimin siire¢ boyutunu
thmal ettikleri diislinilmektedir. Ciinkii kanit kagidinda yer alan bilgiler bilimin
irlinii olan igerik bilgisini temsil etmektedir. Bu nedenle sadece igerik bilgisine
odaklanan 6grenciler dogru olan bilgiye ulastiklarini diisiindiikleri zaman daha fazla
tartisma yapmaya gerek duymamis ve dolayisi ile argiimantasyon siirecine daha az

dahil olmus olabilirler (Kind vd., 2011).
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Son arastirma sorusunda 6. smif Ggrencilerinin argiimantasyon = siirecine
katitlimlarinin  dogas1 arastirilmistir.  Arastirma  silirecine katilimin  dogasinin
anlasilmasi i¢in Sampson ve Clark’in (2011) ortaya koydugu argiimantasyon analizi
boyutlar1 (6r; karsit goriis) kullanilmistir. Goézlemlenen siniflarin argiimantasyon
siirecine katilmi ile ilgili ortaya cikan benzerlikler ve farkliliklardan hareketle
toplam sekiz iddia ortaya konmustur. Bu iddialardan yedisi smiflar arasi
benzerliklerden hareketle olusturulmus, bir iddia ise siniflar arasi farkliliklardan yola
cikilarak ortaya konmustur. Benzerliklerden hareketle olusturulan iddialardan ii¢
tanesi uygulanan etkinlikler ile ilgilidir. Uygulanan etkinlikler ile ilgili iddialar su

sekildedir:

Iddia 1. Ogrenciler argiimantasyon siirecine en ¢ok kendilerine kanit kagid: verildigi

zaman katilmaktadir.

Bu iddia ile ilgili olarak daha 6nce yapilan calismalarda bu iddiaya benzer sekilde
ogrencilerin  kendi edindikleri verilerden ¢ok hazir wverileri kullandigini
gostermektedir (Kolsto & Ratcliffe, 2007; Walsh & McGovan, 2017). Bu durumun
nedeni hazir verinin direk kanit olarak kullanilabilmesi ancak Ogrencilerin kendi
urettikleri verinin heniiz kanita doniismemis olmasi olabilir. Bu sebepten 6tiirii
ogrenciler kendilerine kanit kagidi verildigi zaman arglimantasyon siirecine daha
fazla katilmis olabilirler. Ayrica insanlarin kendi yaptiklar: isten 6te uzmanlarin ne
dedigini Onemsemesi de Ogrencilerin kanit kagidindaki bilgileri aktif sekilde
kullanma sebebi olabilir (Kolsto & Ratcliffe, 2007). Benzer sekilde simif
tartismalarinin 40 dk ile smirli olmasi G6grencilerin kendi verileri yerine kanit
kagitlar1 iizerine odaklanmasina neden olmus olabilir. Ayrica, Kim ve Song (2006)
ogrencilerin eksik bilgilerini saklamak i¢in kendi diistincelerini degil kanit kagidim
kullandigin1 belirtmistir. Konu bilgisi eksik olan 6grenciler bu ¢alismada bu nedenle
kanit kagidi verildiginde etkin bir sekilde tartismaya katilarak bu haftalarda sinifta

daha fazla tartisma yapilmasina neden olmus olabilirler.

Iddia 2. Ogrenciler ilerleyen haftalarda benzer etkinlikler yaptiklart zaman

arglimantasyon slirecine daha az katilmaktadir.
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Ogrenciler karsilastiklar etkinlikleri ilgi cekici bulmazlarsa, bu etkinligi gereksiz
bulmakta ve bu etkinlikle ilgili soru sormamaktadir. Soru sorulmadiktan sonra da
Ogrenciler argiimanlarin1 derinlestirememektedir (Chin & Osbourne, 2010). Bu
caligmada 2. haftada yapilan 1s1 yalitimi etkinliginin 1. haftada yapilan 1s1 iletimi
olabilir ve bu yiizden 6grenciler argiimantasyon siirecine ¢ok fazla dahil olmamais
olabilir. Is1 yalittmi haftasinda benzer etkinlikler yapilmasindansa termos yapma
gibi ilgi cekici etkinlikler yapilsaydi 6grenciler bu haftada argiimantasyon siirecine

daha fazla dahil olabilirdi.

Iddia 3. Kosullar ideale yaklastikca dgrencilerin argiimantasyon siirecine katilimlar

azalmaktadir.

Pilot c¢alismada tel direnci ve telin Ozellikleri arasindaki iliski arastirilirken
Ogrencilerin deneyi dogru yapamadigi gozlemlenmistir. Bu nedenle, deney ana
caligmada ideal kosularin yer aldig1 bir simiilasyon programi ile degistirilmistir. Ana
calismada ideal kosullarin oldugu simiilasyon programini takip eden Ogrenciler
dogru igerik bilgisine wulagmalarina ragmen bu hafta c¢ok fazla tartisma
yapmamislardir. Simiilasyonda ideal kosullarin hata igermemesi 6grencilerin farkli
diisinmemesine neden olmus olabilir. Benzer adimlar: takip edip, benzer sonuclara
ulasan gruplar daha fazla tartisma yapma geregi hissetmemis olabilirler. Bu noktada,
Jimenez-Aleixandre (2008), Ogretim programlarinda kullanilacak etkinliklerin
ikilemler icermesi gerektigini belirtmektedir. Ayrica, Ogrenciler katildiklar
etkinliklerde farkli sonuglara ulasirsa daha fazla arglimantasyon siirecine

katilabilirler (Jimenez-Aleixandre, 2008).

Siniflar aras1 benzerlikler ayrica argiimantasyon siirecine katilim boyutlart ile ilgili

dort iddia ortaya konmasini saglamistir. Buna gore;

Iddia 1. Ogrenciler argiimantasyon siirecinde en ¢ok kendi fikirlerini agiklamaya

odaklanmaktadir.

Bu caligmada 6grencilerin baskalarmin fikirlerini dinleyip elestirmek, soru sormak,

birlikte bilgi iiretmek yerine keni fikirlerini ortaya koymak istedikleri
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goriilmiistiir. Benzer sekilde, Cavagnetto vd. (2010) 6grencilerin argliman {iretmeye
argiiman elestirmekten daha yatkin oldugunu rapor etmistir. Ogrencilerin kendi
fikirlerini ifade etmesi argiimantasyon siirecini baslatmasi a¢isindan onemli bir
Ozellik olabilir. Bu ¢alismada ayrica O0grencilerin ilgisini ¢ekmedigi taktirde ilgili
etkinliklerde fikir iiretmedikleri gozlemlenmistir. Ote yandan on bilgi sahibi
olmadiklar1 konularda ve kendilerine bu konularda kanmit kagidi verildiginde
ogrenciler kendi argiimanlarini olusturmaya odaklanmaktadir. Fakat bu durumda
argiimantasyona katilimin diger ii¢ boyutunu (6r; karsit fikir olusturma) 6grenciler

kullanmamaktadir.

Iddia 2. Ogrenciler konu hakkinda bilgi sahibi olduklarinda ve kendilerine kanit

kagid1 verildiginde karsit goriisleri elestirmeye odaklanmaktadir.

Karsit goriisleri elestirme daha onceki ¢aligmalarda argiimantasyonun temel 6zelligi
olarak belirtilmistir (Sampson & Clark, 2011). Bu ¢alismada da bu boyut 2. en sik
kullanilan boyut olarak bu fikri desteklemektedir. Ayrica bu calisma Ogrencilere
kanit kagidi verilirse ve konu hakkinda 6grencilerin 6n bilgisi varsa 6grencilerin
siklikla karsit fikirleri elestirdigini gostermektedir. Bu durum, Naylor vd. nin (2007)
aciklamalar1 ile de uyumludur. Buna gore Naylar vd. (2007) 6grencilerin konuyu
bildiklerinde daha fazla tartisma egiliminde oldugunu ortaya koymustur.

Iddia 3. Ogrenciler deney yaptiklar1 haftalarda deney yapmadiklar1 haftalara oranla
daha fazla soru sorarak bilgi aramaktadir. Ogrencilerin soru sorarak bilgi aramasi

eger deneyler linite baginda yapilirsa en yiiksek seviyeye ¢ikmaktadir.

Bu iddiaya gore 6grenciler kendileri i¢in yeni olan ve fazla bilgi sahibi olmadiklar
konularda soru sorarak bilgi aramaktadir. Soru sorulma sebepleri genelde
Ogrencilerin bilgilerini artirmak istemesi, tutarsizliklar ortaya koymak istemesi ve
gozlenen durumlarin teorik agiklamalarim1i 68renmek istemesidir. Benzer sekilde,
Chin ve Osbourne (2010) tutarsizlikla karsilasan kisilerin sorular sordugunu ve bu
sorularin da argiimanlar1 daha somut hale getirdigini ifade etmektedir. Kanit kagidi

varken Ogrencilerin soru sormamasit da belirsizlik ve bilgisizlik durumunda soru
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soruldugu diisiincesini desteklemektedir ¢linkii kanit kagitlarinda yer alan bilgiler

belirsizligi ve bilgisizligi ortadan kaldirmaktadir.

Iddia 4. Ogrenciler argiimantasyon siirecinde genellikle bilgiyi birlikte olusturma

yolunu tercih etmemektedir.

Bu ¢alismmada bilgiyi birlikte olusturma yolu ¢ok fazla kullanilmasa da bazi
durumlarda 6grencilerin bilgiyi beraber olusturmaya calistig1 gézlemlenmistir. Buna
gore bir grup zorluk c¢ektiginde diger gruplar o gruba fikir vererek yardimci
olmaktadir. Benzer sekilde, gruplar ortak sonuca ulastiginda birbirlerini desteklemek
icin beraber bilgi olusturma yoluna gitmektedir. Ayrica, gézlemlenen durumun teorik
aciklamasint yapmakta eksik kaldiklarinda yani Ogrencilerin bilgisi yetersiz
oldugunda ogrenciler birlikte bilgi olusturma yolunu tercih etmektedir. Bu durum,
Naylor vd. (2007) tarafindan ortaya konan argiimantasyon sadece zit fikirlerin
karsilagtirilmasiyla degil ayni zamanda benzer fikirlerin birlestirilmesiyle yapilir

tezini desteklemektedir.

Siniflarin arglimantasyon siirecine katilimlari ile ilgili ortaya ¢ikan farkliliklara bagh

olarak ise bir iddia ortaya atilmistir. Bu iddia su sekildedir:

Iddia. Genel olarak argiimantasyon siirecine daha ¢ok katilan smifta yer alan
ogrenciler deneylerin yapildig1 haftalarda arglimantasyon silirecine daha c¢ok
katilirken, genel olarak argiimantasyon siirecine daha az katilan smifta yer alan
ogrenciler deneylerin yapilmadigi haftalarda argiimantasyon siirecine daha ¢ok

katilmaktadir.

Bu calismada deney yapilan hafta sayisinin deney yapilmayan hafta sayisina gore
daha fazla olmasi deney yapildiginda siirece daha fazla katilan sinifin toplamda
stirece daha fazla katilmasin1 saglamis dolayisi ile bu sinif daha aktif siif olarak
isimlendirilmistir. Ote yandan, daha aktif olan smif dogrudan veri kaynaklari
kullanildiginda siirece katilmakta ve dolayli veri kaynagi kullanildiginda siirece daha
az katilmaktadir. Bu durumun tersi ise daha az aktif olan sinif i¢in gecerlidir. Sonug
olarak hi¢ bir smif hem dogrudan hemde dolayli olarak veri kaynaklarini
kullanmamistir. Wallace (2004) bu durumu kisilerin epistemolojik inanglarinin
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eksikligi olarak gormektedir. Wallace’a (2004) gore epistemolojik inanglan yiiksek
olan kisiler hem dogrudan kendi olusturduklar1 verileri hemde disaridan dolayh

olarak edindikleri verileri argliman olusumunda kullanirlar.

Oneriler;

Birinci olarak arastirmacilar epistemolojik inanci sadece nicel yollarla degil nitel
yollarla da arastirmalidir ¢iinkii nicel verilerde gelismis epistemolojik inanca sahip
oldugunu diisiindiigiimiiz 6grencilerin sinif i¢i gdzlemlerde arglimantasyon siirecinde
yaptiklar1 seyler onlarin gelismemis epistemolojik 1inanca sahip oldugunu
gostermektedir. Ikinci olarak, argiimantasyon egitimlerinde dogrudan agik bir sekilde
epistemolojik inan¢ egitimi verilmelidir. Bu sekilde ogrencilerin epistemolojik
inanglar1 gelisebilir. Ayrica bu c¢alismada Ogrenciler kendilerine verilen kanit
kagitlarinin =~ dogrulugunu  giivenilirliligini  sorgulamamistir.  Bu  nedenle
arglimantasyon calismalarinda ogrencilere hatali kanit kagitlar1 da verilerek

ogrencilerin bilginin dogrulugunu sorgulamasi istenebilir.

Argiimantasyon semas ile ilgili olarak bu calismada ATBO egitimi alan dgrencilerin
zamanla sayica daha fazla argiimantasyon semasi kullanmadig: fakat daha fazla cesit
arglimantasyon semast kullandigt ve akilli yiiriitme becerilerini artirdirg:
gozlemlenmistir. Bu nedenle akil yiirlitme becerilerinin gelisimine odaklanmak
isteyen arastirmacilar toplam kullanilan arglimantasyon semas1 sayisina degil
kullanilan arglimantasyon semasi ¢esidine onem verebilirler. Ayrica arastirmacilar ve
ogretmenler bu c¢aligmada 6grencilerin siklikla kullanmis olduklari argiimantasyon
semalarini goz Oniinde bulundurarak etkinlikler hazirlayabilirler. Benzer sekilde
hazirlanan etkinlikler 6grencilerin hi¢ kullanmadiklar1 argiimantasyon semalarini da
kullanmalarini saglamalidir. Ogrencilerin argiimantasyon semalar1 incelendiginde
uzman gorlisii yoluyla arglimantasyon semast kullandiklarinda hipotez yoluyla
arglimantasyon semasi kullanmadiklari, hipotez yoluyla argiimantasyon semasi
kullandiklarinda ise uzman goriisii yoluyla argiimantasyon semasi kullanmadiklar
goriilmiistiir. Bu nedenle arastirmacilarin ve Ogretmenlerin o6grencilere hem

dogrudan hemde dolayli yoldan veri kullanimin1 tesvik etmeleri istenebilir.
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Ogrenciler eger bunu yaparlarsa gdzlemleri ile teorik bilgiyi karsilastirarak daha iyi

O0grenme firsat1 yakalayabilirler.

Ogrencilerin argiimantasyon siirecine katilimi ile ilgili olarak bu calismada
Ogrencilerin ilgi ¢ekici olmayan etkinliklerde argiimantasyon siirecine katilmadiklari
tespit edilmistir. Bu yilizden 6greniclerin ilgisini ¢ekebilecek ve onlart sasirtarak
motive edebilecek etkinlikler segilirse 6grenciler arglimantasyon siirecine daha fazla
katilabilirler. Benzer sekilde, arastirmacilar ve 6gretmenler ideal kosullarin oldugu
ve hata payinin olmadigi etkinlikler kullanmamalidir. Bu tarz etkinlikler 6grencilerin
farkli sekilde veri toplamasini, farkli sekilde diisiinmesini ve farkli sonuglara
ulagsmasin1 engellemektedir. Buda Ogrencilerin argiimantasyon siirecine katilimin
olumsuz yonde etkilemektedir. Arastirmacilar ayrica g¢alisma i¢in neyi Onemli
goriiyorsa dnemli gordiikleri bu seyi ¢aligma boyunca sabit tutmalidir. Ornegin bu
calismada igerik Dbilgisi pilot c¢alismada O©nemli goriliirken, 0Ogrencilerin
arglimantasyon siirecine katilimi ana g¢alismada Onemli goriilmiistiir. Bu durum
baslangigta fark yaratmiyor gibi goriilsede durum Ogrencilerin argiimantasyon
siirecine katilimi acisindan fark yaratmaktadir. Buna gore; pilot ¢alismada son
haftada 6grenciler dogru igerik bilgisine ulasgamamis fakat argiimantasyona siklikla
katilmiglardir. Ancak temel amag burada igerik bilgisi oldugu i¢in deney, simiilasyon
programi ile degistirilmistir. Ana ¢alismada yer alan simiilasyon programi araciligi
ile Ogrenciler dogru icerik bilgisine ulagmis fakat bu seferde oOgrenciler
argiimantasyon siirecine ¢ok fazla katilmamistir yani ana ¢alismada 6dnemli goriilen
temel amag Ogrencilerin argiimantasyon siirecine katilimi bu durumdan olumsuz
etkilenmistir. Bu nedenle arastirmacilar argiimantasyon g¢alismasi yaptiklart zaman
calisma basinda tek bir temel amaca odaklanmali ve bu amaci ¢aligma boyunca
degistirmemelidir. Aksi taktirde bu calismanin son haftasinda oldugu gibi sikintilar
yasanabilir. Arglimantasyon siirecine katilim boyutlart ile ilgili olarak bu calismada
ogrencilerin en fazla kendi fikirlerini ortaya koyarak argiiman iiretme yolunu tercih
ettikleri goriilmiistiir ve bu argiimanlar argiimantasyon siirecini baslatmaktadir. Bu
nedenle daha sonra yapilacak olan ¢alismalarda argiimantasyon siirecini baglatan ve
en c¢ok kullanilan o6grencilerin kendi fikirleri ile argiiman iiretme boyutunu

derinlemesine incelemeleri 6nerilmektedir ¢linkii bu boyutla ilgili ¢ok ¢aligma yoktur
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ve bu boyut hakkinda bilgimiz sinirlidir. Ayrica, 6grenciler konuyu bilmediklerinde
ve kanmit kagidi kullandiklarinda sadece kendi fikirlerini One siirmekte ve
tartismamaktadir, bu durumu engellemek i¢in Ogrenciler konuyu bilmediklerinde
kanit kagidi vermek yerine ilgilerini ¢ekecek soru sormalarini saglayacak etkinlikler
Ogrencilere yaptirilabilir. Bu sekilde, 6grenciler arglimantasyon siirecine daha fazla
katilabilirler. Argiimantasyon siirecinde karsit fikir olusturma ile ilgili olarak
ogrenciler bildikleri konularda ve kendilerine kanit kagidi verildiginde
argiimantasyon siirecine siklikla girmekte ve zit fikirleri elestirebilmektedir. Bu bilgi
kisa siireli yapilacak argiimantasyon c¢alismalarinda kullanilabilir. Normalde
Ogrencilerin argiimantasyona karsi bir alisma siireci gegirmeleri gerekirken, kendi
bildikleri konular kanit kagitlari ile desteklenirse dgrenciler siirece daha kolay uyum
saglayabilirler. Bu durum arastirmacilar acisindan zaman ve emek israfini
engelleyebilir. Soru sorarak bilgi arama boyutu da bu g¢alismada farkli fikirlerin
ortaya c¢ikartilmast agisindan Onemli bir argiimantasyon siirecine katilim boyutu
olarak goriilmiistiir. Soru sorarak bilgi arama boyutu argiimantasyonu derinlestidigi
icin Ogretmenler 6grencileri siire¢ boyunca birbirlerine soru sormalari konusunda
tesvik edebilirler. Bu calismada ayrica O6grencilerin ihtiya¢ halinde, birbirlerini
desteklemek i¢in ve teorik bilgiyi bilmedikleri zaman birlikte bilgiyi olusturmaya
calistiklar1 gozlemlenmistir. Bu durumlar goéz Oniine alinarak arastirmacilar ve
ogretmenler etkinlikler hazirlarlarsa digerlerine gore daha az kullanilan birlikte bilgi
olusturma siireci Ogrenciler tarafindan daha sonraki calismalarda daha fazla
kullanilabilir. Bu calismada ayrica ogrencilerin konu kazanimlarina ulagmasi
amaglanmistir. Bu nedenle 6grencilerin baz1 arastirma sorulari kazanimlarla uyumlu
olmadig: icin degistirilmis ve bu durum 6grencilerin ¢aligmaya katilimini olumsuz
etkilemistir. Bu yiizden 6gretim programini yapan kisiler 6gretmenlere daha fazla
serbestlik verebilir ve konu bazinda belirli kazanimlara odaklanmaktansa konu ile
ilgili ana disiincelere odaklanabilirler. Bu sekilde 6grencilerde konu ile ilgili
istedikleri arastirma konusunu arastirabilirler. Ayrica, bu c¢alismada deney ve
tartisma igeren konularda ATBO yaklasimi uygulanmustir. Ogretim programinda
diger konularda da deney ve tartisma igeren kazanimlar eklenirse o konularda da
aragtirmacilar ATBO yaklasimini uygulayabilirler. Bir diger 6neri bu calismanin

nicel kismimin arastirma deseni ile ilgilidir. Bu ¢alismada kontrol grubu
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kullanilmamistir dolayis1 ile &grencilerin igerik bilgisinin gelisiminin tek nedeni
ATBO olmayabilir. Bu nedenle benzer arastirmay:1 yapacak olan arastirmacilarin
kontrol grubu kullanmasi onerilmektedir. Nitel kisim ile ilgili olarak Ogrencilerin
arglimantasyon silirecine katilimi incelenirken bu caligmada sadece smif igi
tartigmalara odaklanilmistir. Daha sonra yapilacak caligmalarin hem konu Oncesi
yapilan tartigmalara, hem grup i¢i tartismalara hemde siif i¢i tartismalara
odaklanmas1 onerilmektedir. Bu sekilde argiimantasyon siirecine katilimin dogasi
daha iyi aydinlatilabilir. Son olarak bu ¢alisma gorece olarak kisa stirmiistiir (6 hafta)
ve daha uzun soluklu siirecek ATBO calismalarinin ATBO ile ilgili daha detayli bilgi

verecegi diisliniilmektedir.
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