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ABSTRACT

CONCEPTUAL, STRUCTURAL AND EPISTEMIC ASPECTS OF SCIENCE
TEACHERS’ ARGUMENTATION PRACTICES IN THE CONTEXT OF
EVOLUTIONARY THEORY

Yesilyurt, Ezgi
M.S., Department of Elementary Science and Mathematics Education
Supervisor  : Prof. Dr. Jale Cakiroglu

Co-Supervisor : Prof. Dr. Ceren Oztekin

September 2014, 299 pages

The purpose of this study was to examine conceptual, structural and epistemic
aspects of science teachers’ argumentation practices and how they used conceptual
knowledge to articulate their arguments at different epistemic levels in the context of
evolutionary theory.

This study was conducted with qualitative multiple case study research. In this
respect, data were collected from four separate cases. In particular, four science
teachers who taught middle school science from 5" to 8" grade were selected as cases
for this study. Science teachers were interviewed based on four evolutionary scenarios.
Data was analyzed through using six different pre-established frameworks.

The results of this study illustrated that science teachers frequently used
scientifically appropriate criteria to distinguish alternative explanations from each
other. Among of these, science teachers with high conceptual knowledge appealed to
theoretical criteria while others with low conceptual knowledge appealed to empirical
criteria. Another result of this study was that some of them appealed to Lamarck’s
inheritance of acquired traits and use and disuse theories, and adaptation as cause of
evolutionary change. In addition, teleological reasoning was prominence among
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teachers. Specifically, they perceived evolutionary process as a goal-driven process.
The results also indicated that all supported their arguments with multiple
justifications; however, they scarcely constructed counter-arguments, from which was
concluded that they had confirmation bias. They also constructed more theoretical
propositions than data propositions. This finding pointed to unfamiliarity with the use
of data. Lastly, evolutionary concepts along with misconceptions and cognitive biases

about evolution were articulated in their theoretical justifications.

Keywords: Argumentation, science teachers, evolutionary theory, conceptual

understanding, epistemic level
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EVRIM TEORISi BAGLAMINDA FEN BiLIMLERI OGRETMENLERININ
ARGUMANTASYON UYGULAMALARININ KAVRAMSAL, YAPISAL VE
EPISTEMIK BOYUTLARI

Yesilyurt, Ezgi
Yiiksek Lisans., {lkdgretim Fen ve Matematik Alanlar1 Egitimi Boliimii
Tez Yoneticisi : Prof. Dr. Jale Cakiroglu
Ortak Tez Yoneticisi: Prof. Dr. Ceren Oztekin

Eyliil 2014, 299 sayfa

Bu c¢alismanin amaci fen bilimleri 6gretmenlerinin arglimantasyon
uygulamalarinin kavramsal, yapisal ve epistemik boyutlarda incelenmesi ve kavramsal
bilgilerini  kullanarak  arglimanlarin1  farkli  epistemik  diizeylerde nasil
olusturduklarinin arastirilmasidir.

Arastirma nitel bir ¢alisma olan ¢oklu-durum ¢alismasi ile gerceklestirilmistir.
Veriler 4 farkli uygulama ile toplanmistir. Uygulamalar ilkdgretim 5-8.siniflarda fen
bilimleri o6gretmenligi yapan 4 oOgretmen ile gergeklestirilmistir. Fen bilimleri
Ogretmenleri ile evrim teorisi senaryolar1 kullanarak gériismeler yapilmistir. Analizler
6 farkli degerlendirme araci kullanilmistir.

Calismanin sonuglar1 fen bilimleri 0gretmenlerinin alternatif agiklamalari
degerlendirmek icin genellikle bilimsel olarak gecerli kriterler kullandiklarini
gostermistir. Bu kriterler arasinda, kavramsal anlamalar1 yiiksek olan 6gretmenlerin
genellikle teorik kriterler kullanmasi ve kavramsal anlamalart diisiik olan
ogretmenlerin agirlikli olarak ampirik kriterler kullanmasi 6rnek olarak verilebilir.
Kavram yanilgilar1 konusunda, bazi 6gretmenlerin Lamarck’in sonradan kazanilan
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ozelliklerin kalitimi ve kullanilan organlarin gelistigi, kullanilmayanlarin koreldigi
teorilerini argiimanlarinda kullandiklar1 ve adaptasyonu evrimsel degisimin bir nedeni
olarak algiladiklar1 ortaya ¢ikmstir. Bilissel 6nyargilar incelendiginde, 6gretmenlerin
bircogunun evrimsel olaylar1 agiklarken teolojik aciklamalar kullandigi ortaya
c¢ikmistir. Yani, Ogretmenlerin evrimsel siireci amag¢ yonlii olarak algiladiklar
bulunmustur. Bu c¢alismanin bir baska sonucu 0Ogretmenlerin ¢ogunlukla bir¢ok
gerekce kullanarak iddialari savunduklar1 fakat alternatif diistinceleri géz oniinde
bulundurarak ¢ok fazla karsi argiimanlar olusturmadiklari ortaya ¢ikmistir. Bu sonug
fen bilimleri &gretmenlerinin onayli Onyargi yoluyla sadece kendi iddialarini
desteklemeye egilimli olduklarinin gostergesidir. Bununla birlikte, 6gretmenlerin
agirlikl olarak teorik dnermeler sunarken verilere dayali 6nermeleri cogunlukla thmal
ettikleri ortaya ¢ikmistir. Bu sonu¢ Ogretmenlerin iddialarim1 savunurken veri
kullanimina yeterince asina olmadiklarinin bir gostergesi de olabilir. Son olarak, fen
bilimleri 6gretmenlerinin argiiman kurarken evrimsel kavramlarin yaninda kavram

yanilgilar1 ve bilissel 6nyargilar kullandiklar1 bulunan sonuglar arasindadir.

Anahtar Kelimeler: Argiimantasyon uygulamalari, fen bilimleri 6gretmenleri, evrim

teorisi, kavramsal anlama, epistemik diizeylendirme
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CHAPTER 1

INTRODUCTION

Argumentation is core of discourse practices that are fundamental of human
thinking. It is not restricted to a particular discipline, studying in various disciplines
such as philosophy, education, law, political science, discourse analysis. Many
scholars attempted to define it in a unified way from different perspectives and
approaches. However, two meanings of it come into prominence in the related
literature, namely individual and social meanings (Jiménez-Aleixandre & Erduran,
2008). Individual meaning refers to argument as justification and evaluation of claims
based on evidences and reasoning. However, individual meaning alone was restricted
argumentation merely to justifying their claims. The development of argumentation
skills, on the other hand, depends on practice of engaging in debate of opposing claims
(Driver, Newton, & Osborne, 2000). Therefore, social meaning of argument gains
value. Social meaning refers to argument as process of evaluation of alternative
positions and convincing others. Van Eemeren and Grootendorst (2004) adopted only
social meaning of argumentation in that they defined argumentation as “a verbal and
social activity of reason aimed at increasing (or decreasing) the acceptability of a
controversial standpoint for the listener by putting forward a constellation of
propositions intended to justify (or refute) the standpoint before a rational judge” (p.
5). Kuhn (1993) suggested that individual and social aspects were linked together such
that social argument is a kind of way to reflect internal thinking processes in
argumentation practices. In this regard, Jiménez-Aleixandre and Erduran (2008)
recommended that both meanings was associated if argument was considered as
product which involves reasons proposed to justify a claim and argumentation is
considered as a social process in which opposing claims are critiqued by an individual
or a group as Kuhn and Udell (2003) proposed. Hence, the argumentation practices
include generating argument through justification and discussion based on theoretical
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or empirical evidences, evaluation and critiquing the alternative theories, persuading
others about the validity of claims.

In the field of argumentation theory, various theoretical contributions have
been made throughout the centuries. The fundamentals of argumentation theory were
established by Aristotle with his treatises on Analytical, Dialectical and Rhetoric.
These three arguments differ in the purpose and in turn, application to different fields.
The analytical argument is based on absolute truth and reality, dialectical argument
deals with exchange of ideas by means of dialogue and rhetoric of argument deals with
convincing opponents. However, Aristotle’s arguments were subjected to criticisms in
that his theory did not take into account of the influence of personal views and
experiences (Puvirajah, 2007). In this regard, Crawshay-Williams (1957) stressed the
subjectivity approach for argumentation in addition to objectivity approach. In the
following, Toulmin (1958) made the great contribution to theory of argumentation
through proposing a framework that provides argument structure developed in natural
settings. Even though Toulmin’s layout was used in wide range of contexts such as
legal settings and science education, critiques of this framework have been voiced such
that it was difficult to distinguish between components of arguments. In same year,
Perelman and Olbrechts-Tyteca (1958) analyzed argumentation based on socially
constructed truths and developed new rhetoric. Based on the new rhetoric, the focus of
argumentation is on influencing the audience. On the other hand, neither Toulmin nor
Perelman and Olbrechts-Tyteca considered contextual and situational aspects of
argumentation (Van Eemeren, 2002). In this sense, informal logic movement was
developed for addressing the problems that are associated with Toulmin’s and
Perelman and Olbrechts-Tyteca’s approaches to argumentation. In this strand, Johnson
and Blair (1994) focused on the relationship between premise and conclusion of
arguments and Walton (1996) developed argumentation schema based on presumptive
reasoning through analysis of fallacious arguments. Both frameworks were developed
in order to analyze argumentation practices in the context of everyday language.

In the discipline of science, argumentation with regard to the interpretation of
evidences and coordinating data with theoretical claims in the light of alternative
theories is considered as a core element of science and scientists’ discourses. As a
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striking example of this, Charles Darwin (1859, p. 459) presented On the Origin of
Species as “one long argument”. This statement emphasizes the value of
argumentation in scientific practices. In his book, Darwin proposed the theory of
evolution by natural selection through justifying his assertions by constructing
multiple lines of reasoning based on theoretical and empirical evidences to persuasive
scientific community and general public. He did not only justify his theory but also
attempted to rebut alternative theories. For instance, he opposed Lamarck’s theories
through presenting evidences. Besides, he took into consideration of circumstances
under which theory is not valid in “Difficulties on Theory” section. For instance, he
argued as “If it could be demonstrated that any complex organ existed, which could
not possibly have been formed by numerous, successive, slight modifications, my
theory would absolutely break down. But I can find out no such case.” (p. 189). After
the publication of Darwin’s book, the great debate among scientific community began
and still continues among public and creationist. These practices are all considered
essential components of generating scientific arguments (e.g., Erduran, Simon &
Osborne, 2004; Kuhn, 1993; Toulmin, 1958). As Mayr (1991) stated, science itself can
be described as one long argument. From this perspective, scientific argumentation is
at the heart of science and central to the discourse of scientists (Kelly, Drucker, &
Chen, 1998).

Researchers and reformers in science education have increasingly emphasized
the importance of scientific argumentation in learning science and understanding of
nature of scientific practices in terms of conceptual, epistemic and social aspects
during the last several decades (Duschl, 2008; Erduran et al; 2004; Jiménez-
Aleixandre, & Erduran, 2008; Kuhn, 2005; Sandoval & Millwood, 2005). Put it
differently, engaging in argumentation enable students to comprehend science as a
way of knowing where evidences are fundamental to the basis of beliefs. Besides, it
provides an insight into epistemology of science; scientific practices and methods, and
its nature as a social practice through persuading others about the validity of scientific
claims (Duschl, 2008).

A growing body of research on argumentation in science education has
analyzed students and teachers’ argumentation practices in terms of their structure,
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content and justification (Erduran, 2008; Sampson & Clark, 2008). Researchers
focused mostly on structural aspects of argumentation (e.g., Erduran et al., 2004;
Schwarz, Neuman, Gil, & Ilya, 2003; Toulmin, 1958). In this strand, Toulmin’s (1958)
argumentation pattern (TAP) has been widely used among science education
researchers as a methodological tool (e.g., Bell & Linn, 2000; Erduran et al., 2004;
Jiménez-Aleixandre, Rodriguez, & Duschl, 2000). Toulmin’s framework enables
researcher to evaluate components of argumentation and the nature of justification.
However, several researchers encountered methodological difficulty in distinguishing
components of arguments. In order to handle this difficulty, several researchers
developed framework by either collapsing components of reason into justification
category or distinguishing justification and rebuttal (Erduran et al., 2004; Zohar &
Nemet, 2002). Another framework was developed by Schwarz et al. (2003) to focus
on structure of argument and acceptability of justification. Based on these frameworks,
research on analysis of students’ arguments indicated that students tended to construct
one-sided arguments and their arguments were not sophisticated in terms of
justifications.

On the other hand, above mentioned frameworks do not provide information
about content of the argument. In this sense, several researchers attempted to analyze
conceptual aspect of arguments. Zohar and Nemet (2002) and Lawson (2003)
developed framework to examine how students used scientific ideas to construct
arguments. Analysis with these frameworks, researchers found that students rarely
applied relevant scientific knowledge in their arguments. Although these frameworks
enable researchers to analyze accuracy of justifications, they did not assess the use of
evidence in arguments. In order to address this issue, several researchers turned their
attention to epistemic aspect of argumentation (e.g., Kelly & Takao, 2002; Maloney,
2007; Sandoval, 2003). In this strand, Kelly and Takao (2002) developed analytical
framework to analyze relative epistemic status of students’ propositions. Regarding
this aspect of argumentation, researchers found that students did not sufficiently
support theoretical claims by data statements. In another study, Tavares, Jiménez-

Aleixandre and Mortimer (2010) adapted Kelly and Takao’s framework for



evolutionary theory context and they reached the similar findings with Kelly and
Takao.

In another strand of the research, several researchers attempted to provide
additional insight into argumentation practices through integrating structural,
epistemic and conceptual aspects of argumentation (e.g., Clark & Sampson, 2007;
Sandoval, 2003). On the one hand, Jiménez-Aleixandre et al. (2000) and Clark and
Sampson (2007) examined students’ argumentation in terms of structural and
epistemic aspects. These studies indicated that students did not mostly attempted to
generate counter-arguments and their arguments were limited in terms of epistemic
operations. In addition, Sandoval (2003) developed a framework to provide insight
into conceptual and epistemic aspect of argument. Findings showed that although
students used scientifically accurate knowledge in their arguments, they struggled to
coordinate data with claim. On the other hand, researchers attempted to use three
aspects for their analysis of argumentation practices, namely conceptual, structural and
epistemic aspects (Clark & Sampson, 2008; Sampson, Grooms & Walker, 2011). In
these studies, while Clark and Sampson’s (2008) findings indicated students appealed
to accurate and relevant conceptual knowledge, Sampson et al.’s (2011) findings
illustrated that students tended to use everyday explanations rather than scientific one.
Another difference between findings of these studies was the use of evidence in
arguments. In particular, Clark and Sampson’s results illustrated that students
attempted to justify their claims by using single piece of evidences rather than multiple
evidences. However, Sampson et al.’s results indicated that students’ epistemic
qualities were high. In both studies, students attempted to justify their claims, however,
they did not provide strong rebuttals. These researchers analyzed structural, epistemic
and conceptual aspects of argumentation separately. However, Tavares et al. (2010)
attempted to develop a coding schema to integrate structure of argument with
epistemic status and also analyze how students apply conceptual knowledge in their
arguments. Therefore, this schema not only provides information about integration of
structural and epistemic aspects of argument but also enables researchers to make
judgment about articulation of conceptual knowledge. In the present study, based on
literature, Erduran et al.’s (2004) framework was employed to analyze science
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teachers’ structural aspect of argumentation and Tavares et al. adapted version of
framework was used to analyze science teachers’ epistemic aspects of argumentation
practices. In addition, this study investigated how science teachers articulated
conceptual knowledge to construct argument at different epistemic levels.

In related literature, another factor to be considered was the criteria used to
evaluate validity of alternative explanations or arguments. In this sense, Hogan and
Maglienti (2001) stressed the importance of epistemological criteria such that they
have an impact on one’s reasoning structure. In their study, the difference between
reasoning skills of students and scientists was found. More specifically, while
scientists took into consideration of coherence between conclusion and the range of
evidence, students appealed to their personal views and experiences. Similar results
were reached by Sampson et al. (2011). They found that students mostly tended to
used informal criteria (e.g., plausibility, appeals to analogies) that are not accordance
with scientific standards. Sampson and Blanchard (2012) studying with teachers found
that teachers’ criteria used to distinguish between alternative theories were limited to
previous knowledge and coherence between the claim and evidence. In the present
study, science teachers were provided alternative explanations related to phenomena
to analyze their criteria when evaluating acceptability of explanations.

Above mentioned research on argumentation in science education indicated
that most of the studies focused mostly on students’ argumentation practices.
However, there are several studies on teachers’ argumentation practices. After some
researchers revealed that teachers who have inadequate knowledge about nature of
argumentation did not provide any opportunity to their students to generate arguments
(Newton, 1999; Yalc¢inoglu, 2007) and teachers who have adequate knowledge enable
students to take part in construction of arguments (e.g., Simon, Erduran & Osborne,
2006; Zembal-Saul, Munford, Crawford, Friedrichsen, & Land, 2002), several
researchers turned their attention to nature of teachers’ argumentation practices. These
studies indicated that teachers struggled to sufficiently justify their arguments through
coordinating claims with data. In addition, they generated their arguments based
mostly on their previous knowledge and experiences rather than data statements (e.qg.,
Sampson & Blanchard, 2012; Zembal-Saul et al., 2002) Therefore, in reference to

6



existing literature, science teachers’ argumentation practices from different
perspectives were analyzed in the present study.

Evolutionary theory was chosen as a theme of the present study. Although
science education reform efforts have acknowledged the importance of evolutionary
theory by stressing the need for students and teachers to develop comprehensive
understanding of evolution (National Academy of Science [NAS], 1998), studies
indicated that students’ and even teachers’ conceptual knowledge about evolutionary
theory did not correspond with the evolutionary biologists’ knowledge. They
explained the mechanism of evolution via Lamarck’s theory of use and disuse and
inheritance of acquired traits (e.g., Bishop & Anderson, 1990; Jensen & Finley, 1996),
they perceived fitness as a mean of strongest or healthiest (Bishop & Anderson, 1990;
Gregory, 2009), they considered nature as a selective agent (Gregory, 2009). In
addition, they also had inadequate knowledge regarding genetics. Put more
specifically, they struggled to integrate genetics and natural selection (Bishop &
Anderson, 1990; Gregory, 2009). In this strand, several researchers underlined the
cognitive bias or cognitive constraints as a reason for difficulty in understanding of
evolutionary theory and as a source of misconceptions (Moore et al., 2002; Sinatra,
Brem & Evans, 2008). Cognitive biases affect individual’s reasoning about evolution
(Opfer, Nehm & Ha, 2012). These cognitive biases encompass essentialism, teleology
and intentionality. Research on alternative conceptions regarding evolutionary theory
revealed that both teachers and students perceived evolutionary process as a goal- or
need-driven process (teleology) (e.g., Jensen & Finley, 1996; Southerland, Abrams,
Cummins, & Anzelmo, 2001), they tended to consider that species have an essential
that allows for them to be classified into “natural” categories (essentialism) (e.g.,
Sinatra et al., 2008; Shtulman, 2006) and they perceived the process of evolution as a
phenomena directed by mental agent (intentionality) (Gregory, 2009). In another
strand of the research, several researchers attempted to make analysis of argumentation
practices in the context of evolutionary theory. While findings of some studies
revealed that students and teachers used the evolutionary concepts regarding natural
selection, speciation, and adaptation in order to justify their claims (e.g., Sandoval,
2003; Tavares et al., 2010; Yal¢inoglu, 2007), the results of others studies indicated
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that their arguments included misconceptions such as Lamarck’s theory of use disuse
and ancestral relationship between current species (Tavares et al., 2010; Zembal-Saul
et al., 2002). In addition, while Tavares et al. (2010) found that students rejected to
some cognitive biases such as intentionality and teleology, Zembal-Saul et al. (2002)
found that teachers utilized teleological reasoning for their arguments. In the present
study, science teachers’ conceptual aspects of argumentation in the context of
evolutionary theory were analyzed since as some researchers revealed, science
teachers continue to hold misconceptions about evolution (Alters & Nelson; Rutledge
& Warden, 2000) and they who hold misunderstanding about evolutionary theory have
potential to influence students’ learning of evolution negatively (Smith, 2010). Hence,
they have significant role in teaching and learning evolutionary theory. For that

reason, this study focused on science teachers’ conceptual understanding.

1.1. The Purpose of Study

The present study was situated in the intersection between studies on
conceptual understanding of evolutionary theory and argumentation practices in
science education. Therefore, the purpose of this study was to examine science
teachers’ structural, epistemic and conceptual aspects of argumentation practices in
the context of evolutionary theory and how they use evolutionary conceptions to

articulate argumentation at different epistemic levels.

1.2. Research Questions

The present study seeks to explore the following questions;

RQ1. What are the criteria science teachers used to evaluate the validity or
acceptability of alternative explanations for evolutionary phenomenon?

This question focused on whether science teachers use scientifically
appropriate criteria or not to distinguish alternative explanations from each other. For
this research question, Sampson et al.’s (2011) framework that underlines rigorous and
informal criteria was used. Investigation of this research question provides a better

understanding of science teachers’ reasoning structure.
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RQ2. What are levels of science teachers’ conceptual understanding regarding
evolutionary theory?

This question examined the conceptual aspects of science teachers’
argumentation practices. In particular, science teachers’ conceptual knowledge in their
arguments was explored by using Nehm et al.’s (2010) framework. By using Abraham,
Grzybowski, Renner and Marek’s (1992) schema, levels of science teachers’
conceptual understanding with regard to evolutionary theory were further analyzed.
This research question underlined two important points. First, this question could
enable to reveal science teachers’ evolutionary and alternative conceptions. It could
provide valuable information because related literature indicated that science teachers
have an impact on students’ perceptions and understanding about evolutionary theory
(e.g., Rutledge & Warden, 2000; Smith, 2010). Second, it has potential in providing
comprehensive understanding of the use of conceptual knowledge in their arguments.
It is also essential since previous studies indicated that argumentation practices and
conceptual knowledge are related (Sampson & Clark, 2008; Tavares et al., 2010).

RQ3. What are the quality levels of science teachers’ argumentations regarding
each evolutionary theory scenarios?

This question investigated structural aspects of science teachers’
argumentation practices. More specifically, this research question seeks to explore
components of argumentation practices such as data, warrant or rebuttals. Although
integration of argumentation into science lessons required some knowledge and skills,
there is limited research focusing on science teachers’ argumentation practices to
inform educators and program developers (e.g., Sampson & Blanchard, 2012; Simon
et al., 2006). Therefore, in this study, structural aspects of science teachers’
argumentation practices were analyzed by using Erduran et al.’s (2004) framework.

RQA4. What are the science teachers’ epistemic levels relevant to evolutionary
theory?

This question explored the epistemic aspects of science teachers’
argumentation practices. The use of evidence is considered as a one of the scientific
competencies (OECD, 2006). Therefore, it is essential to provide information about
the use of evidence at different epistemic levels. In this study, science teachers’ relative
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epistemic status of knowledge claims were examined by using Tavares et al.’s (2010)
framework.

RQ5. What is the wvariation of science teachers’ criteria, conceptual
understanding, argumentation and epistemic levels across four evolutionary scenarios?

This question investigated variation among criteria that science teachers’ use
when evaluating validity of alternative explanations. Related literature indicated that
criteria and argumentation practices vary across the different contexts (Hogan &
Maglienti, 2001). In scenarios related evolutionary theory, alternative explanations
were crafted purposefully so that their content and structure would vary across the
scenarios. Therefore, the present study explored whether science teachers’ criteria
vary across the four scenarios. In addition, related literature also illustrated that
individuals’ explanations regarding evolutionary problems did not show coherence
across the contexts (Kampourakis & Zogza, 2009). This coherence across the contexts
is important since this can be act as an indicator of sound understanding (Tavares et
al., 2010). In the present study, scenarios were related to four different evolutionary
phenomena. Therefore, in the present study, how science teachers’ conceptual
understanding varies across the scenarios was analyzed. Further, epistemic and
structural aspects of argumentation were expected to vary because those aspects are
closely related to conceptual aspect (Sampson & Clark, 2008). Hence, this research
question has potential in enabling to explore the context effect, if any.

RQ6. How do science teachers use conceptual knowledge with respect to
evolutionary theory to articulate their arguments at different epistemic levels?

This question examined the integration of three aspects of argumentation
practices, namely conceptual, structural and epistemic aspects. This investigation
could extend the understanding of justification process (Tavares et al., 2010). In
addition, this research question has potential in providing information about how these
three aspects of argumentation practices were linked together. For that reason, in the
present study, the articulation of conceptual knowledge regarding evolutionary theory
and argumentation practices at different epistemic levels was analyzed by using

Tavares et al.’s (2010) rubric.

10



1.3. Definitions of Important Terms

1.3.1. Argumentation

In the present study, argumentation was defined as generating argument
through using the connection between data and claim, evaluation the alternative
theories based on evidences, critiquing the scientific argument and persuading others
about the validity of claim (Jiménez-Aleixandre & Erduran, 2008). In the present
study, conceptual, structural and epistemic aspects of argumentation practices were

examined.

1.3.2. Evolution Theory

Evolutionary theory asserts that all species including humans have been
evolved (and continues to evolve) from a common ancestor by the mechanism of
natural selection that have taken place over a long periods of time. In the present study,
argumentation practices were analyzed in the context of evolutionary theory.
Specifically, science teachers engage in argumentation practices on the basis of four

scenarios related to evolutionary theory.

1.3.3. Conceptual Understanding

Conceptual understanding is defined as the individual’s ability to apply the
scientific concepts to scientific phenomenon in everyday life contexts. In the present
study, science teachers’ conceptual understandings with respect to evolutionary theory

were analyzed.

1.3.4. Misconception

Misconception refers to beliefs or ideas about concept or phenomena which are
not consistent with current scientific knowledge. In this study, science teachers’

misconceptions regarding evolutionary theory were sought to explore.
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1.3.5. Cognitive Bias

Cognitive bias was described as rules of thumbs that influence human thinking
(Sinatra et al., 2008). Three cognitive biases were identified in biological reasoning,
namely teleological, essentialist and intentionality biases: (1) teleological bias refers
to the tendency to perceive evolutionary process as a goal- or need- driven process; (2)
essentialist bias refers to tendency to believe that things have an essential nature; (3)
intentionality bias refers to tendency to perceive that evolutionary change was directed
by mental agent. In the present study, science teachers’ cognitive biases were

examined through using four evolution problems.

1.3.6. Epistemic Status

Epistemic status refers to degree of abstractness or generalizability of
knowledge claims. Kelly and Chen (1999) sorted epistemic status of claims into
multiple epistemic levels. Epistemic levels make distinction between lower level of
data statements and epistemologically higher levels of theoretical statements. In the
present study, science teachers’ propositions in their arguments were analyzed based

on relative epistemic status of them.

1.4. Significance of the Study

Available literature indicated that engaging in scientific argumentation is
considered as an essential component for science education since argumentation
practices enable students to develop meaningful science concepts and understand the
process by which scientists construct knowledge about natural phenomena (Driver et
al., 2000). For this reason, the analysis of argumentation practices in science education
has received growing attention among scholars (Sampson & Clark, 2008). Many of
the researchers analyzed argumentation practices in terms of structural aspect. This
aspect enables researcher to reveal students’ components of argumentation and the
lines of justifications (Simon, 2008). However, analysis based merely on structure of

arguments leads to miss some parts of the big picture and therefore, limits our
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understanding about the nature of scientific argumentation. In this sense, Simon (2008)
voiced this limitation such that focusing only on process of argumentation limits
understanding of the content of argument and the use of evidence. In particular, the
related literature has highlighted the need for epistemological focus in the analysis of
argumentation practices in order to develop the understanding how knowledge claims
are justified and what counts as evidence as well as how theoretical knowledge claims
and evidence are connected (Kelly & Takao, 2002). However, the available literature
indicated that there have been insufficient studies investigating how participants
construct their justifications (Kelly, 2005). Therefore, the present study adopted
epistemological approach to argumentation to analyze epistemic aspect of science
teachers’ argumentation practices.

In addition to epistemic aspect, conceptual knowledge should be taken into
consideration for the ability to generate justification (Kelly, Druker, & Chen, 1998).
In this sense, the analysis of conceptual aspect of argumentation was one of the
concerns of this study. On the other hand, perspective of this study was different from
previous works (e.g., Sadler & Donnelly, 2006; von Aufschnaiter, Erduran, Osborne,
& Simon, 2008) in that rather than examining the effects of conceptual knowledge on
argumentation practices, this study investigated how individuals use conceptual
knowledge to articulate their arguments. In this sense, the theme of scientific
argumentation determined to focus on is evolutionary theory. Evolutionary theory is
considered to lie at the heart of science education since it is a major unifying concept
in science. It explains three fundamental features of the natural world: the similarities
among species, the diversity of life and physical features of the world. For that reason,
it underlines all the life sciences. This means that it integrates concepts from biology,
geology, chemistry, ecology, genetics and archeology (NAS, 1998). In addition to
importance of this theory in science education, Tavares et al. (2010) stressed that to
examine the articulation of conceptual knowledge with argumentation skills in detail,
evolutionary theory was adequate theme in that applying evolutionary theory in
arguments at different epistemic levels requires the integration of different scientific
principles which in turn, needs to master essential skills. Specifically, it requires
critically examining the range of evidences, criticizing and rejecting alternative
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explanations that do not fit the facts and evidences and connected evidences to
scientific theories related biology, geology, ecology and genetics. Therefore, in the
present study, analysis of science teachers’ scientific argumentation practices and the
articulation was employed in the context of evolutionary theory. Hence, to provide
broad range of approaches for argumentation practices, science teachers’
argumentation practices were analyzed in terms of structural, epistemic and conceptual
aspects in the present study. In addition, to enlarge our view and deepen our
understanding about justification process, how science teachers’ conceptual
knowledge with respect to evolutionary theory and argumentation practices were
articulated at different epistemic levels were identified in this study. These detailed
investigations about argumentation could provide information about desired
knowledge and skills for argumentation practices and in turn, this information could
be used to develop curricular materials and instructional approaches to foster more
effective scientific argumentation in science lessons.

Further, the analysis of conceptual aspects of argumentation practices could
have potential to enable to analyze conceptual understanding since argument
generation process requires the application of knowledge and understanding to
contexts. In this respect, science teachers’ conceptual understanding regarding
evolutionary theory was also examined in the present study. Although teachers should
have comprehensive understanding of evolutionary theory to teach it effectively
(Smith, 2010; Tekkaya, Cakiroglu & Ozkan 2004), available literature showed that
understanding evolutionary theory is very problematic among them and varying
conceptions that teachers brought to context are inconsistent with evolutionary
biologists’ understandings (e.g., Nehm & Schonfeld, 2007; Taskin, 2011).
Specifically, teachers hold misconceptions and cognitive biases that make
understanding about evolutionary theory very challenging. Still, there has been limited
research on this area in Turkey. Therefore, it is essential to reveal science teachers’
conceptual understanding regarding evolutionary theory and to examine how they
apply their conceptual knowledge to their arguments. This investigation could provide

valuable information for researchers and science teacher educators.
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In the available literature, it was apparently realized that studies on
argumentation practices gave scant attention to teachers’ knowledge about scientific
argumentation. On the other hand, there are relatively few studies focusing on science
teachers’ scientific argumentation patterns showed that science teachers have
struggled to generate sophisticated arguments (e.g., Sampson & Blanchard, 2012;
Zembal-Saul et al., 2002). However, teacher is the key person that orchestrates the
argumentation practices in order to identify different lines of thought and encourage
students to construct arguments. In this sense, new Turkish science curriculum gave
emphasis for argumentation based science learning as “scientific inquiry process
includes not only exploring and making experiments but also explaining and
generating arguments” and in parallel of this approach, to enable students to engage in
scientific argumentation practices, curriculum stressed the role of teachers in
argumentation practices such that “teachers should provide students opportunity to
engage in discourses in which they reflect their thoughts, justify their claims with
multiple reasons and generate counter-arguments to oppose others’ claims.” and
during those discourse activities, “teachers should serve as a guide and mediator
(Ministry of National Education [MNE], 2013, p. I1I). Although the importance of
argumentation was highlighted in science curriculum, teachers’ lack of knowledge and
skills to support students engage in argumentation practices was identified as a major
barrier to integrate argumentation in science classrooms (Zeidler, 1997). Therefore, as
Zohar (2007) stressed, teachers need to have required knowledge about nature of
argumentation in order to carry out argumentative activities in science classrooms. On
the other hand, we have limited understanding on teachers’ knowledge about how they
constructed scientific argumentation (Sampson & Blanchard, 2012; Zembal-Saul et
al., 2002).

Regarding above mentioned issue, it is important to inform researchers and
science educators about the knowledge and skills of science teachers who are expected
to integrate argumentation into teaching and learning science. Hence, the findings of
this study could provide science educators an insight into science teachers’ strengths
and weaknesses in skills about scientific argumentation practices to take action on this
issue. Besides, as Sampson and Blanchard (2012) emphasized, engaging teachers in
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argumentation activities can be one way to help them learn more about the scientific
argumentation. Hence, the present study also tried to provide science teachers to
opportunity to have practice on argumentation which in turn, contributes to

development of their knowledge about scientific argumentation.
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CHAPTER 2

LITERATURE REVIEW

This chapter comprises an analysis of the related literature on the
argumentation theory, argumentation in science education and evolution education. In
the first part, literature on argumentation theory, four main argumentation theory were
described, namely Aristotle’s argumentation theory, Toulmin’s (1958) argumentation
patterns, Johnson and Blair’s (1994) non-formal argumentation and Walton’s (1996)
presumptive reasoning. In the second part, literature on argumentation in science
education was examined under three main titles which are research on the analyses of
argumentation in science education, science teachers’ argumentation practices and the
relation of aspects of argumentation. In the last part, literature on evolution education
were reviewed under two main headings, namely research on analyzing alternative
conceptions about evolution and research on argumentation in the context of

evolutionary theory in science education.

2.1. Argumentation Theory

Argumentation theory from Aristotle to today has been developed.
Argumentation can be associated with rationalism and interpretivism paradigm. In
rationalistic argumentation, there is a single path to reach knowledge and arguments
are based on facts and universal rules. On the other hand, in interpretivist
argumentation, there are multiple realities shaped by individual perceptions and

experiences (Puvirajah, 2007).

2.1.1. Aristotle’s Argumentation Theory

Avristotle identified three forms of argument based on his treatises; namely,

analytical, dialectical and rhetoric.
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The analytical argument is related rationalistic paradigm and associated with
the notion of absolute truth or reality. That’s why; this type of argument encompasses
absolutely objective rather than subjective interpretations. Based on the application of
this approach, well-trained individual will find same conclusions for given problem.
Mathematical proofs are, for instance, placed in this type of arguments (Van Eemeren
etal., 1996)

The dialectical argument is related to exchange and evaluating opposing ideas
through dialogue. This type of argument is based on the works of Hegel on triadic
approach including thesis, antithesis and synthesis. According to this approach, two
opposing parties put forward their claims (thesis & antithesis) and then, they arrive at
a common ground through negotiation (synthesis of new thesis) (Puvirajah, 2007).

Avristotle made distinction between analytical and dialectical reasoning such
that former one is related to truth and the latter related to justifiable opinions. Then, he
further proposed rhetoric to dialectic. The rhetorical argument is concerned with
persuasion of opponents to agree with the validity of the assertion. In this type of
argumentation, it is important that the speaker use evidences and be trustworthy to
convince others. Rhetorical arguments mostly used in judicial and parliamentary
debates (Van Eemeren et al., 1996).

Aristotle’s treatises provided different kinds of arguments applying in multiple
fields in preceding centuries. However, his arguments were criticized in terms of
objectivity and absolute truth. Crawshay-Williams (1957) voiced controversial and
unsolved problem of Aristotle’s arguments. According to Crawshay-Williams, this
problem arose because the criteria used when evaluating validity of argument based
on individual views and experiences, that is, intersubjectivitiy. Therefore, author
introduced the subjectivity approach other than objectivity to argumentation (Van
Eemeren & Grootendorst, 2004). Hence, author emphasized the both subjective and
objective approach for argumentation. On the other hand, the nature of argumentation

was still limited to formal logic.
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2.1.2. Toulmin’s Argumentation Pattern

In his book titled The Use of Argument, Toulmin (1958) proposed a model to
make distinction between formal argument as used in mathematics and logic and
informal argument as used in natural settings. Toulmin criticized the deductivist view
and emphasized that rationality of justifying claims depends on the specific context
rather than on universal principles. Toulmin’s model describes the constitutive
components of argument and functional relationships between these components of
argument (Driver et al., 2000). Put more specifically, Toulmin’s argumentation pattern
identifies four major components, namely claim, data, warrant and backing. Based on
this model, claim is conclusion or point of argument put forward for general
acceptance; data refers to facts or evidences which provides a support for given claim;
warrant includes reasons (rules, principles, etc.) which provide justification of link
between data and claim; and backing refers to generalizations which provide
justification for the particular warrants. According to this model, claim is the purpose
of an argument. Soundness of argument based on degree to which the claim is justified
through data, warrants and backings. Besides, Toulmin proposed two more
components for more complex arguments, namely qualifiers and rebuttals. Qualifiers
are phrases that specify conditions under which claim can be taken as reliable and
rebuttal refers to extraordinary or exceptional circumstances that undermine or refute
the supporting claim (Figure 2.1).

Toulmin suggested that procedural form of argumentation, no matter what the
subject is, same for all fields. However, types of justification of argument vary field to
field. Hence, the evaluation of quality of arguments is field-dependent. Although many
studies of science educators were inspired by the Toulmin’s works, critics have been
raised against Toulmin’s layout. In practice, some components of argument are hard
to distinguish (Van Eemeren, 2002). According to Van Eemeren (2002), Toulmin’s
layout is not an alternative to formal logic since it is field-independent and that’s why
pragmatic, situational and contextual factors are not taken into account.

In the same year, Perelman and Olbrechts-Tyteca’s (1958) theory of new

rhetoric contributed to development of argumentation theory.
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Figure 2.1 Toulmin’s Argumentation Pattern (1958). Adapted from “Using

Toulmin’s Argument Pattern in the evaluation of argumentation in school science by
S. Simon, 2008, International journal of Research & Method in Education, 31(3), 277-
289, p. 279.

2.1.3. Perelman and Olbrechts-Tyteca's Theory

Perelman and Olbrechts-Tyteca (1958) identified theory of New Rhetoric in
their book, The new rhetoric: A treatise on argumentation. The new rhetoric deals with
“the study of the discursive techniques allowing us to induce or increase the mind’s
adherence to the theses presented for its assent” (cited in Van Eemeren &
Grootendorst, 1995, p. 122). Based on the new rhetoric, the good argument should
provide more evidence consistent with claim that is justified among audience.
Therefore, the soundness of arguments is assessed based on its effects on the target
audiences (Van Eemeren, 2002). Perelman and Olbrechts-Tyteca approach to
argumentation, like Toulmin’s (1958), was not based on application of formal rules.
In particular, they avoided from absolutes philosophy which states that in order to
persuade audiences to accept particular standpoint, arguments should be based on

absolute and universal truths. Rather than this approach, they adopted such an
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approach that arguments should be based on socially constructed truths (Puvirajah,
2007). Therefore, new rhetoric is different from classic rhetoric of Aristotle, in that the
new one emphasized the social dimension of argumentation. According to theory, all
arguments should be started in common ground between audience and arguer and
arguments should be based on claims which audiences agree upon. Only if common
ground is provided, then argumentation proceeds to debate and it is called point of
departure. Arguer should provide the credibility of arguments to persuade audiences
and according to authors, this credibility was provided in two ways. These techniques
are that argument should be logically valid and be based on reality.

Van Eemeren (2002) argued that Perelman and Olbrechts-Tyteca's (1958)
approach, like Toulmin’s (1958), does not offer an alternative to formal logic because
it does not also consider the contextual factors. Besides, this approach also does not
take into account of functional form of language of argumentation.

In response to aforementioned critiques of Perelman and Olbrechts-Tyteca’s
(1958) theory and Toulmin (1958)’s argumentation theory, the studies on informal
logic were initiated in 1970s. Informal logic is an attempt to develop criteria of analysis
of argumentation within ordinary language (Johnson & Blair, 2002). Studies of
informal logical underlined the reasoning and argumentation and argumentation
practices in the context of everyday language. In line with this, two frameworks were
developed based on informal logic, namely Johnson and Blair’s (1994) non-formal

argumentation and Walton’s (1996) presumptive reasoning.

2.1.4. Johnson and Blair’s Non-formal Argumentation

Johnson and Blair (1994) emphasized the relationship between premise and
conclusion of arguments. In this respect, authors proposed three analysis methods for
premises (propositions or claims) of the argument, namely relevance, sufficiency and
acceptability. Relevance criterion deals with the appropriate relationship between
premise and conclusion of arguments. Sufficiency criterion is related to sufficient
evidence provided for conclusion. Acceptability criterion deals with truthiness of

premise, that is, inaccurate premises of argument are not acceptable.
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2.1.5. Walton’s Presumptive Reasoning

According to Walton (1996), argumentation takes place in goal-directed and
interactive dialogue in which two or more people are reasoning together. Quality of
argument, good or fallacious, is based on whether it supports or hinders the goal of
dialogue. Based on this analysis, each argumentation constitutes discrete
argumentation schemes which enable it to “function as a way of shifting a burden
proof” in dialogues (Walton, 1996, p. 1).

Informal logicians considered arguments which are neither deductive nor
inductive as invalid arguments or fallacious arguments. However, when Walton (1996)
analyzed these fallacious arguments, he realized that some of them were actually
reasonable rather than fallacious and he considered these types of arguments as
presumptive arguments (Puvirajah, 2007). Therefore, Walton’s presumptive
arguments consist of various forms of everyday talk which are neither deductive nor
inductive. Walton, in his book Argumentation Schemas for Presumptive Reasoning,
proposed 25 argumentation schemes. Some of schemes are basic and others are
composites generated from basic ones. Each argumentation scheme is associated with
set of critical questions provided. The presumptions can be shifted back and forth
within dialogue based on whether critical questions could be properly asked and
sufficiently replied to. Walton called this sequence of questions and answers as
argumentation theme.

In short, research on formal and informal logic provided frameworks and
various theoretical approaches for argumentation which in turn, enable researchers to
analyze argumentation in various fields. Hence, in the following section,

argumentation in science education was analyzed.

2.2. Argumentation Research in Science Education

The main goal of the science education is to enhance student’s ability to think
scientifically. As Sagan (1996, p. 28) stated, “Science is a way of thinking much more
than it is a body of knowledge.” In this perspective, argumentation practices offer a

way to enable students to comprehend science as a way of knowing (Driver et al.,
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2000). Scientists use arguments to build the explanations, theories and models about
the natural world and they accept or reject theories according to criteria, So one can
say that science itself is based on argument. For that reason, argumentation is the
integral part of the learning about science. In line with this, during the last several
decades, science education researchers and international science standards have
increasingly stressed the importance of argumentation in science education (American
Association for the Advancement of Science [AAAS], 1993; National Research
Council [NRC], 1996; Driver et al., 2000; Duschl, 2008; Jiménez-Aleixandre, &
Erduran, 2008; Kuhn, 2005; MNE, 2013). In Turkey, science curriculum
recommended integration of argumentation into teaching and learning science. In
particular, science curriculum emphasized that teachers should enable students to take
part in argumentation practices in which they propose their claims, justify them
through using various warrants and data and generate counter-arguments in order to
rebut opposing views (MNE, 2013).

In the following part, literature related to argumentation in science education
was examined into three sections. In the first section, research on assessment of
argumentation practices in science education was discussed. In the next section, the
studies on science teachers’ argumentation practices were examined. In the last
section, research on the relation among conceptual, epistemic and structural aspects of

argumentation was reviewed.

2.2.1. Research on Analysis of Argumentation in Science Education

Recent works on the use of methodologies in argumentation have focused
heavily on qualitative analyses of argumentation in science education. In this regard,
several analytical frameworks used and developed by science educators to analyze the
students’ argumentation practices regarding their structure, content and justification
(Erduran, 2008; Sampson & Clark, 2008).

Several researchers attempted to analyze students’ argumentation in terms of
its structure (e.g., Bell & Linn; Kelly et al., 1998; Tavares et al., 2010). In this regard,

for a significant body of studies on argumentation in science education, Toulmin’s
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(1958) framework has been a major analysis method to assess structural quality of
arguments (e.g., Erduran et al., 2004; Jiménez-Aleixandre et al., 2000; Kelly, Drucker,
& Chen, 1998; Osborne, Erduran, & Simon, 2004). Toulmin’s layout is domain-
general framework which can be applied to analyze quality of arguments within or
outside of scientific context. As noted earlier, this framework includes six constitutive
elements of argumentation which are data, claims, warrants, backings, rebuttals, and
qualifiers. According to this framework, a scientific argument is generated by using
data, warrants and backings to convince the others about the validity of asserted claim.
In addition to these elements, more complex arguments include rebuttals and qualifiers
as well. From this perspective, the soundness of argument is assessed depend on the
absence or presence of these different structural elements. Bell and Linn (2000), for
instance, used Toulmin’s argumentation pattern to assess middle school students’
arguments in the science context. In their study, students were asked to generate
arguments about the topic of light through using computer-based program called Sense
Maker. It was found that students mostly utilized data to justify their claims. On the
other hand, students rarely provided warrant and backings for their argument. Besides,
they did not attempt to evaluate and criticize other alternative theories in spite of two
alternative explanations given. More fundamentally, they did not challenge the other
alternative hypothesis and they solely aligned with the one alternative. These findings
led them to conclude that students were unable to appreciate the counter-arguments.
Authors also interested in the source of backings and reported that students constructed
distinctive backings based on their personal experiences.

In another study, Kelly et al. (1998) examined high school students’ arguments
through analysis of their discourse while studying on hands-on performance task with
respect to electricity. In this study, students’ argument structure varied in terms of the
use of warrants. In some cases, claims generated based on scientific knowledge were
not justified. In another cases, claims were justified with faulty warrants and in others,
numerous warrants were provided with poorly structured claims. Besides, Kelly et al.
voiced methodological difficulty encountered when identifying data, claim and
warrant based on Toulmin’s framework. They stated that some statements that are
generally classified in claim serve as warrants. Therefore, authors had to make careful
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analysis through taking into account of contextual factors in order to distinguish
components of argument.

Methodological difficulties of Toulmin’s (1958) layout was also acknowledged
by Sampson and Clark (2008) arguing that analysis of argument structure is influenced
by researchers’ personal experiences that leads to low inter-rater reliability and that’s
why researchers questioned the applicability of Toulmin’s framework. In this regard,
in order to minimize above mentioned methodological difficulty with Toulmin’s
argumentation patterns, several researchers modified this framework. For example,
Erduran et al. (2004) attempted to extend the applicability of this framework by
developing five levels argumentation framework. In their study, qualitative and
quantitative analyses were employed. For qualitative analysis, the distribution and
clusters of the components of Toulmin’s argument pattern (TAP) was examined. For
instance, they classified arguments as CD indicating argument consists of claim and
data or CDWBR indicating argument includes claim, data, warrant, backing and
rebuttal. Through using this categorization, authors sought to the effectiveness of
materials and strategies for developing 8" grade students’ argumentation practices.
They reported that at the beginning of the study, students’ arguments frequently
consisted of two or more components such as CD (claim-data) and CDW (claim-data-
warrant) but after the intervention, students’ arguments developed and comprised four
or five components such as CDWB (claim-data-warrant-backing) and CDWBR
(claim-data-warrant- backing-rebuttal). For qualitative part, authors developed a five
levels scale in order to analyze the quality of arguments. The structure of framework
was mainly based on competing theories strategy in which students discussed
alternative theories using appropriate evidences. They analyzed argument quality
based on presence or absence of reasons (data, warrants and backings) and rebuttals.
Authors argued that presence of reasons in arguments provide a strong support for a
claim and the presence of rebuttals are considered as better quality arguments since
offering reasons for claim alone is not sufficient for convincing others, which in turn,
does not change others’ opinions. Based on the five levels framework, they found that
students’ argument quality positively developed after intervention. Hence, this
modified model of argumentation provided useful information about students’
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reasoning and quality of argumentation practices and opportunity to compare group
performances (Erduran et al., 2004).

In another study, in order to examine structural aspect of argumentation,
Schwarz, Neumann, Gil and llya (2003) developed domain general framework to
analyze arguments students provided in structured interview or essays in the context
of science in terms of their structures and acceptability of justification. The quality of
argument was assessed based on five criteria: (1) argument type, (2) soundness of
arguments, (3) overall number of reasons, (4) number of reasons supporting counter-
arguments, (5) quality of reasons. According to this framework, arguments are
hierarchically ranged from simple assertions to compound arguments. Authors
classified students’ assertions into four argumentation structure. In particular, simple
assertions include merely conclusions are not supported by any reason. One-sided
arguments consist of one conclusion supported by one or more reasons. Two-sided
arguments consist of more than one reason to both support and oppose the conclusion.
On the other hand, this does not mean that this type of argument includes explicit
analysis of pros and cons (Schwarz et al., 2003) and compound arguments consist of
this explicit analysis for both claim and counter-claim. Although this framework does
not analyze conceptual quality as Toulmin’s framework, it provides additional aspect
to analysis of arguments with respect to evaluation of acceptability and coherence
among justifications. The findings of Schwarz et al.’s findings indicated that students
mostly generated one-sided arguments including an assertion that justified with weak
justification. On the other hand, following to intervention regarding argumentation
practices, students tended to construct more compound arguments that include
acceptable and relevant reasons for both their claims and counter-claims. However,
authors emphasized that students who have inadequate conceptual knowledge did not
utilized their previous scientific knowledge to support their claim. This finding
indicated that conceptual knowledge and argumentation practices are linked together.

The methodological difficulty with Toulmin’s layout and Schwarz et al.’s
(2003) framework was also stated by Sampson and Clark (2008) stating that the
Toulmin’s and Schwarz et al.’s frameworks focused solely on structure of an

argument, not the content. More fundamentally, these frameworks do not enable to
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make judgments about whether warrants and backings are valid and appropriate to
support the claim since their framework are based on a general structure that is field-
invariant. In this regard, Lawson (2003) suggested that researchers help students learn
how to construct scientifically valid arguments rather than focusing on general
structure of arguments. In this respect, Lawson identified the aim of developing an
argument as “to determine which of two or more proposed alternative explanations
(claims) for a puzzling observation is correct and which of the alternatives are
incorrect” (p. 1389). Lawson called this type of argument as hypothetico-predictive
argument. According to Lawson, persuasive arguments should consist of evaluation of
alternative hypothesis other than justifying claims by means of hypothetico-deductive
reasoning. Based on this type of argument, students start with observations that bring
about causal questions, which in turn, lead to construct tentative hypothesis. These
hypotheses must be tested so as to provide their validity. The “If/and/Then” words are
used to connect the explanations and predictions regarding results of test. After
conducting experiment, test results should be compared with the hypothesis to assess
validity of hypothesis. It has to be noted that quality of argument is assessed through
deductive validity rather than presence or absence of constitute elements of argument.
Sampson and Clark argued that this type of assessment is appropriate for specific
scientific issues rather than general scientific concepts. However, this framework
enables students to learn criteria used by scientists to assess the quality of argument
within specific scientific concepts. Besides, Lawson argued that ability to hypothetico-
predictive arguments brings about the development of conceptual knowledge.

In a similar vein, Zohar and Nemet (2002) developed a domain-specific
framework to address the issue of content of arguments and also other methodological
issue associated with Toulmin’s framework, that is, the issue of distinguishing the
components of arguments. In order to overcome these issues, authors examine both
content and structure of argumentation patterns through two separate coding schemes
based on Toulmin’s framework. They modified Toulmin’s argumentation pattern in
such a way that they combined Toulmin’s data, warrants and backings within a
justification category in order to handle methodological difficulties of Toulmin’s
arguments as Erduran et al. (2004) did. According to model, stronger argument
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consists of more than one justification that should be scientifically correct. Weak
arguments include scientifically inaccurate and non-relevant justifications. Therefore,
they classified justifications into four categories: (1) no consideration of scientific
knowledge, (b) inaccurate scientific knowledge, (c) non-specific scientific knowledge
and (d) correct scientific knowledge. On the one hand, this framework provides insight
into how students appealed to conceptual knowledge in justifications. On the other
hand, it does not attempt to assess the accuracy of claims. Therefore, their study found
that most of students did not generate sophisticated arguments. In particular, their
arguments included merely a claim and weak justification and few brought to bear
accurate biological knowledge for their arguments. After students were explicitly
taught about both biological knowledge and argumentation structure, authors
identified development in both argument quality and their justifications. Sampson and
Clark (2008) emphasized that arguments should be generated on the basis of accurate
claims. In this regard, this framework is more appropriate for socio-scientific issues
rather than scientific concepts since in the context of socio-scientific issues, valid
counter-claims can be generated from many different perspectives while in the context
of scientific issues, it is necessary that claim be valid and backed up by multiple
scientific evidences. Inaddition, Sampson and Clark showed another constraint of this
framework in that this framework does not assess the use of all available data to
support the claim. Authors argued that the use of all available data and coordinating
them to claims is significant for strong justifications.

In this regard, research on scientific argumentation has drawn attention to
importance of the evaluation of knowledge claims to justify argument (Jiménez-
Aleixandre, 2008). The process of knowledge evaluation including presenting and
transforming data and connecting data to theoretical knowledge is considered as
epistemic practices (Jiménez-Aleixandre & Reigosa, 2006). In addition, the use of
evidence for either justifying claim or challenging opponents’ views has been taken
into account by Programme for International Student Assessment (PISA) as an
essential part of scientific literacy (OECD, 2006). Besides, Jiménez-Aleixandre (2008)
argued that the evaluation of evidence should consist of assessing how theoretical
knowledge is coordinated with data. In addition, Kelly, Chen and Prothero (2000) also
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stressed epistemological aspects of arguments such that arguments comprise
justification processes depend on articulation of discipline specific knowledge and
epistemologically grounded terms. Takao and Kelly (2003) also stressed that the
process of constructing evidence-based arguments enable students to comprehend
scientific concepts more deeply rather than rote memorization of science concepts. In
this sense, Kelly and Takao (2002) developed a domain-specific model to analyze how
students justify their theoretical assertions through multiple data statements. This
framework focused on the analysis of relative epistemic status of propositions and how
these propositions are connected to generate convincing argument. Authors argued that
Toulmin’s framework does not enable to make judgments about epistemic status of
propositions. In this regard, Kelly and Takao developed six epistemic levels model
based on the works of Latour’s (1987) and Kelly and Chen (1999). Put it differently,
Kelly and Chen constructed set of epistemic levels specific to physic concept in order
to extend Toulmin’s framework. Kelly and Chen developed these levels based on
Latour’s study. According to Latour, “scientists typically argue from the particular
contingencies of their actual experiments and try to construct facts at a more
generalized level. In this way, they stack the facts, moving from low induction facts
using the pictures, figures, and numbers to progressively higher induction, more
abstract facts.” (as cited in Kelly and Chen, 1999, p. 902). Therefore, Kelly and Takao
sorted students’ propositions from the most specific assertions (epistemic level I) to
progressively more general theoretical assertions (epistemic level VI). They identified
three criteria to analyze quality of arguments: The first one is integration of claims
across the epistemic levels. Authors pointed out that the epistemic levels do not
represent a hierarchy. Instead, a strong argument should consist of evidences from
different epistemic levels. The second one is the ratio of data statements to theoretical
assertions. Authors argued that strong arguments should consist of theoretical claims
sufficiently supported by data statements. The last one is related to distribution of
observation/interpretation statements across the levels. They stated that strong
arguments should include more interpretation statements than those of observations
since they assessed the degree of inference made by students. Their framework is
highly specific with the particular domain regarding geology. In this sense, they argued
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that scientific arguments need consideration of relevant scientific knowledge. Kelly
and Takao also reported the major limitations of their own analysis. Several
discrepancies between raters’ analysis of arguments were found. More specifically,
they did not sufficiently take into consideration of appropriateness of links between
propositions. Sampson and Clark (2008) added that the reason of discrepancy between
rater might be that authors did not assess the accuracy of propositions. Although this
framework has some methodological difficulties, it enables to make judgments about
the types of justification in terms of epistemic status. Based on this framework, Kelly
and Takao found that students mostly appealed to theoretical claims in their
justifications without coordinate with data.

In parallel with the findings of Kelly and Takao (2002), several studies
examining the use of evidence in students’ argumentation indicated the difficulties in
coordinating data with claim. For instance, Maloney (2007) studied with group of
children in order to analyze the use of evidences in their arguments. The results showed
that students generated many arguments but many of them were not supported by
evidences. Therefore, author concluded that the use of more evidence brings about
different viewpoints but the use of same evidence causes repeating arguments. In
another example, Jiménez-Aleixandre and Bravo (2009) also investigated articulation
of conceptual knowledge regarding ecological model of energy flow and the use of
evidence at different epistemic levels. In their study, they studied with 12" grade
students in Spain. Students were provided a task regarding trophic levels and four
questions. Based on students’ explanations, authors developed six epistemic level
models specific to ecology concept based on Kelly and Takao’s framework. In
particular, model includes lower level of descriptions of data (provided and retrieved
data), relationships specific for the task context, and higher level of theoretical
conclusions (specific theoretical claims in terms of concrete and abstract concepts and
general theoretical claims). It was found that students most frequently generated
propositions regarding theoretical claims in terms of abstract ecological concepts and
rules and principles with respect to energy flow and less frequently utilized provided
and retrieved data. Authors also analyzed the quality of arguments through
investigating how many different epistemic levels are combined in a single
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explanation. The result of this analysis confirmed their first analysis in that students
mostly combined theoretical claims and they scarcely combined theoretical claims
with data statements in a single explanation. Authors explained the possible reason of
this ratio such that students were not familiar with the coordination of evidence and
theoretical assertions.

In another strand of the research, several researchers assessed in interaction of
epistemic and argumentation practices to deepen understanding of justification
process. Jiménez-Aleixandre et al. (2000), for instance, argued that analysis based
merely on Toulmin’s argumentation pattern does not enable to interpret some
exchanges and in order to capture these exchanges. In this sense, they also took into
consideration of epistemic aspect in addition to structural aspect. Authors investigated
structural and epistemic analysis of high school biology students’ arguments on the
topic of genetics. Researchers distinguished engagement in scientific dialogue or
argumentation from engagement in specified class tasks. Authors analyzed students’
discourses in terms of two aspects: argumentative and epistemic operations.
Argumentative operations including components of students’ arguments were
analyzed by revised Toulmin’s (1958) model. Epistemic operations were defined as
students’ construction of different kinds of knowledge. Epistemic operations were
classified as induction, deduction, causal relations, definition, classification,
consistency, and plausibility. The findings of this study showed that students generated
naive arguments and did not use data or backings to justify for their claims. Put more
specifically, most of the students’ arguments were restricted in that their argumentative
operations consisted of only claims and no rebuttals were presented. Besides, students’
epistemic operations were also limited and they mostly focused on causality and appeal
to analogies. Researchers also reported that when analyzing arguments, the difficulties
with Toulmin’s framework they faced were related to distinguishing explanation, data
and warrant. In another study, Clark and Sampson (2007) also offered a framework in
order to examine 8" grade students’ nature of the argumentation within personally-
seeded discussions in terms of structural and epistemic aspects. This schema includes
three codes from Erduran et al.’s (2004) framework, namely claim, ground and rebuttal
and authors added four more codes in order to characterize students’ epistemic
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operations, namely support, query, emotive appeal and off-task comments. These
operations focused on the epistemic moves when students generated arguments. The
quality of arguments was assessed by using these codes based on Erduran et al.’s five
levels framework. Based on this framework, authors found that most of the students
did not attempt to provide counter-arguments and the arguments without oppositions
were not supported by grounds. The arguments including oppositions were mostly
placed in level 4 and level 5. In particular, students’ arguments with oppositions
include one or more strong rebuttals. In addition, in terms of epistemic aspect, off-task
behavior, emotive appeals were appeared in students’ argumentation practices.
Therefore, this framework enables to focus on the structure of arguments and epistemic
aspect of argumentation. However, it provides less information regarding content of
the arguments. In particular, author reported that students provided sophisticated
arguments within personally seeded discussions based on this schema but high quality
arguments were not always constructed with accurate scientific concepts in this study.

In parallel of the above mentioned issue regarding conceptual aspect, Sandoval
(2003) and Sandoval and Millwood (2005) developed coding schema in order to
analyze conceptual and epistemic quality rather than the structural quality of
arguments based on field-independent components. Based on this framework, the first
dimension is conceptual quality that measures (a) the degree of articulation of the
causal claim within a specific theoretical framework (e.g., natural selection); (b) how
well the claims are warranted using available data. The second dimension is
epistemological quality which analyzes (a) how well sufficient data is cited; (b) writing
a coherent causal explanation for a given phenomenon; (c) whether appropriate
references is incorporated when referring to data. This analysis of students’ arguments
provides information about how well students generate arguments through using
relevant scientific theories and this analysis also helps to reveal students’ implicit
epistemic criteria used when constructing argument. In this study, authors analyzed
high school students’ argumentation practices. According to authors, students should
be coordinate data with scientific theory in order to convince opponents. As for
epistemic dimension, authors found that although students understood the importance
of linking evidence to claim, they mostly supported their claim through referencing
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single piece of data. In particular, they did not attempt to compare multiple data for
their claims. This means that students often failed to interpret the articulation of
specific data and particular claims. In addition, authors also reported that students
rarely interpreted data, that is, they represented data directly in their explanations (e.g.,
“it is shown on the graph”) rather than interpret how this data supported their claims.
Therefore, authors argued that students tended to perceive data as self-evident. In
particular, they might believe that evidence has only one possible meaning. As for
conceptual dimension, students brought to bear scientifically accurate conceptual
knowledge to their arguments. Sampson and Clark (2008) emphasized some
methodological boundaries of this framework such that this framework provides less
information about the structure of arguments.

In order to address above mentioned constraints of frameworks, several
researchers turned their effort to analyze argumentation in terms of structural,
epistemic and conceptual quality. Clark and Sampson (2008) emphasized the
importance of assessment of arguments in terms of scientific correctness. In line with
this, Clark and Sampson extended their framework developed in previous study (Clark
& Sampson, 2007) by adding an assessment of conceptual quality. Therefore, they
investigated students’ arguments in terms of structural, grounds, and conceptual
quality. As for conceptual quality, their schema included four levels: “(1) non-
normative comments (conceptual quality level 0); (2) transitional comments
(conceptual quality 1); (3) normative comments (conceptual quality 2) and (4) nuanced
comments or more than one normative comments (conceptual quality 3)” (p. 299-301).
Overall conceptual quality was based on the frequency of non-normative, transitional
and normative explanations in students’ arguments. In this study, researchers also
extended their coding schema by adding two categories for rebuttal, namely rebuttal
against grounds and rebuttal against thesis. In addition, authors also assessed the
ground quality of arguments by developing four levels schema: “(1) no grounds
(grounds quality 0); (2) explanation without evidence (grounds quality 1); (3) using
evidence as grounds (grounds quality 2) and (4) coordinating multiple pieces of
evidence as grounds (grounds quality 3)” (p. 298). Then, overall quality of arguments
was assessed based on five oppositional levels based on Erduran et al.’s (2004)
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framework model. Based on their framework, they illustrated that students mostly
provided rebuttal against the thesis rather than against the grounds. In terms of
conceptual quality, students’ arguments included non-normative, transitional and
normative comments but students scarcely used nuanced comments. In addition, they
found that students who have higher conceptual level including normative or nuanced
comments generally provided high quality of arguments including at least one rebuttal.
Regarding the use of evidence, they did not sufficiently support their claim with
evidences. This framework includes three aspects of argumentation that provides great
deal information.

In a similar vein, Sampson et al. (2011) focused on multiple aspects of
argumentation. Authors developed a framework in order to analyze the components of
written scientific arguments in terms of four aspects; (1) adequacy of the explanation;
(2) conceptual quality; (3) quality of evidence and (4) sufficiency of the reasoning.
According to this model, argumentation starts with a claim (prediction and accurate
explanation or conclusion), the claim should fit the evidence (observations that
indicate trends over time, explain appropriate relationships between variables and
differences between groups) and the evidence should be justified through using
reasoning (explains how the evidence support explanation and why the evidence
should count as evidence). In addition to this framework, authors also developed three
more coding schemes in order to investigate how students participate in argumentation
practices. First coding scheme was developed to examine how students react to ideas
and that’s why scheme consists of four categories of responses, namely accept, discuss,
reject and ignore. Second coding scheme was developed to analyze how students
question or challenge the alternative ideas, so this scheme includes four comments,
namely information seeking, expositional, oppositional, and supportive. The last one
was developed so as to investigate criteria students used when evaluating alternative
ideas. This scheme consists of two criteria, in particular rigorous and informal. They
examined nineteen 10" grade students’ argumentation practices and written arguments
within a scientific context based on these schemes. The results of this study illustrated
that after intervention including 15 ADI (Argument-Driven Inquiry) activities,
students tended to generate high quality arguments especially in terms of sufficiency

34



of reasoning and quality of evidence. However, students did not sufficiently refer to
relevant theories and laws and they mostly generated arguments based on their
everyday reasoning rather than scientific one. Besides, students mostly tended to
justify their claims rather than to rebut the other alternatives.

In another study, Tavares et al. (2010) focused on the articulation of conceptual
knowledge and argumentation practices in evidence claims. In particular, they
analyzed how students appeal their conceptual knowledge in their arguments and they
also attempted to integrate argumentation practices with epistemic status of
propositions. In their study, authors examined 12" grade Brazilian students’ oral
arguments generated in the context of scientific debates. In their study, results were
documented in the use of evidenced claims at different epistemic levels on the basis of
Kelly and Takao’s (2002) framework. Author adapted this framework to evolutionary
theory concept. Their framework consists of five epistemic levels moving from lower
level of data representations (provided and recalled from previous knowledge) and
higher level theoretical claims (specific theoretical claims either illustrated with data
or not and general theoretical claim). Results of this study illustrated that students
mostly generated specific theoretical claims specific to issue discussed. Besides,
students applied diverse conceptual knowledge to justify their claim and rebut the
alternatives. In addition, authors presented a coding schema indicating interaction
between components of Toulmin’s argumentation patterns and evidenced claims as:
“(a) claims: stating a claim (drawn from the problem); transforming one of the
alternative claims; offering a new claim; (b) data: appealing to data provided in the
problem; appealing to data recalled from previous knowledge; (c) justifications (or
warrants): supporting a claim in theoretical justifications; supporting a claim in
theoretical justifications illustrated with data; (d) rebuttals: challenging the evidence
of the opposing claim; (e) modal qualifiers: qualifying a claim through the use of
modal qualifiers” (p. 580). Hence, they could illustrate justification process in depth
through analyzing types of justifications across the levels.

Aforementioned studies on analysis of argumentation focused on or developed
framework from Toulmin’s (1958) layout (e.g., Erduran et al., 2004; Kelly et al.,
1998). However, Duschl, Ellenbogen and Erduran (1999) claimed that for
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argumentation discourses, Walton’s argumentation schemes based on presumptive
reasoning was more appropriate. Therefore, in their study, Duschl et al. investigated
middle school science students’ nature of argumentations through Walton’s
argumentation schemes for presumptive reasoning. Researchers examined
argumentation discourse through using dialog logic. Firstly, they attempted to analyze
arguments based on Toulmin’s argumentation pattern but they stated that analysis did
not provide useful information. Thereupon, researchers tried to use Walton’s (1996)
argumentations schema and they put forward that Walton’s schemes was more
appropriate for dialectical context and evidences and premises students constructed.
Therefore, eight of 25 schemes were used for this study. Researchers found that
students employed almost all argumentation schemes and they initially generated
arguments in the form of dialectical structure and then, developed in the forms of
analytical structure as scientists do. Besides, researchers argued that more arguments
were identified based on Walton’s scheme in comparison with other schemes.

Taken as a whole, each argumentation framework has been designed to
examine quality of argumentation based on the purposes of the study in terms of
examining structural, conceptual and epistemological quality in different contexts such
as domain-general or domain-specific. These distinct methodological perspectives
have provided great deal information regarding students’ argumentation practices. For
instance, studies examining structure of arguments in terms of justification indicated
that students often generated one-sided arguments (Schwarz et al., 2003), they did not
justify their claims with multiple reasons (Sandoval & Millwood, 2003; Zohar &
Nemet, 2002) and did not attempted to challenge other viewpoints (Bell & Linn, 2000;
Sampson et al., 2011). In addition, other studies investigating argumentation in terms
of content and epistemic aspects showed that students struggled to articulate their
relevant scientific knowledge (Clark & Sampson, 2008; Sampson et al., 2011; Zohar
& Nemet, 2002) and they tended to justify their claims based on single piece of
evidence (Kelly & Takao, 2002; Sandoval, 2003). Therefore, each analytical
framework has its own contributions and limitations regarding methodology.

As a result, among these frameworks discussed above, two analytical

frameworks are consistent with the purposes of the current study, namely modified
36



version of Toulmin’s argumentation framework (Erduran et al., 2004) and Tavares et
al.’s (2010) framework.

Structural analysis of arguments provides information about how individuals
assimilate the argumentation practices and the types of reasoning used when
generating arguments (Driver et al., 2000). In this sense, Toulmin’s (1958) framework
enables researchers to analyze quality of argumentation in terms of components and
complexity of arguments (Simon, 2008). However, as noted earlier, some
methodological difficulties were associated with this framework. In the present study,
in order to overcome these difficulties, structural analysis of science teachers’
argumentation was employed based on Erduran et al.’s (2004) schema. As mentioned
before, Erduran et al. modified the Toulmin’s framework to handle the difficulties
encountered when distinguishing claims, warrants, backings and rebuttals and to
assess students’ argumentation patterns in which competing theories were presented
in order to enable students to examine and evaluate the alternative or opposing
explanations and in the light of this, construct their arguments. That is, this framework
provides to seek rebuttals in arguments (see method section for details). Kuhn (1991)
stressed the use of rebuttal is “the most complex skill” and thus, students must
“‘integrate an original and alternative theory, arguing that the original theory is more
correct’” (p. 145). From this perspective, their assessment framework focused on the
presence and nature of rebuttals in arguments rather than presence or absence of all
components. Put more specifically, their framework distinguishes the three levels of
argument with rebuttals: arguments with weak or incomplete rebuttals; arguments with
clear rebuttals; and arguments with multiple rebuttals. Hence, this framework was
appropriate for the present study since teachers’ argumentation practices were
examined through scenarios including alternative explanations. Besides, it should be
noted that as Erduran et al. (2004) used, in the current study, I used rebuttal in Kuhn’s
sense of presenting counter-arguments that challenge the alternative views rather than
in Toulmin’s sense of presenting extraordinary or exceptional circumstances under
which the claim cannot be supported.

In addition to structural analysis of argumentation, research on argumentation
in science education put forward the need for analyzing arguments in terms of
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conceptual and epistemic aspects (Sampson & Clark, 2008). In this regard, in the
present study, to deepen understanding of justification process, science teachers’
argumentation practices were also analyzed in terms of conceptual and epistemic
aspect. In parallel with these purposes, Tavares et al.’s (2010) framework was used as
basis of analysis to classify science teachers’ propositions into different epistemic
status. As mentioned before, Tavares et al. adapted Kelly and Takao’s (2002)
framework into context of evolutionary theory (see method section for details). Kelly
and Takao developed their scheme in order to identify how evidence is used to support
a theory or model in terms of epistemic levels focusing on general distinctions between
lower level grounded claims about data and epistemically higher level appeals to
theory specific to the disciplinary context of the argument described. The examination
of epistemic levels of the various evidenced claims provides a way to characterize
types of evidenced claims use to support their conclusion and to describe how specific
scientific knowledge is articulated in epistemologically evidenced claims.

Besides, to examine how theoretical knowledge regarding evolutionary theory
connect with data statements at different epistemic levels, Tavares et al.’s (2010) rubric
was also employed. As mentioned before, this frame provided information with respect
to integration of argumentation patterns with epistemic status.

Taken as a whole, Toulmin’s argumentation model focuses on the structure of
argumentation that provides insight about components of arguments (e.g., data, claim,
warrant) but this model does not take into account of relative epistemic status relevant
to specific domain embedded in arguments which in turn, neglects the critical aspects
of arguments and interpretations of some exchanges (Jiménez-Aleixandre et al. 2000;
Sampson & Clark, 2008). That is why | also examined the epistemic status of science
teachers in terms of their ability to articulate knowledge and theories about evolution
in their evidenced claims.

Hence, in the current study, science teachers’ argumentation practices were
assessed in terms of structural aspect following Erduran et al.’s (2004) framework in
order to identify the components of argumentation they used and their epistemic
aspects of argumentation relevant to evolutionary theory were also investigated in
terms of relative epistemic levels on the basis of Tavares et al.’s (2010) framework in
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order to identify how science teachers appeal to evolution knowledge in their
justifications. Besides, another Tavares et al.’s rubric was also employed in order to
explore integration of epistemic, structural and conceptual aspects of argumentation
practices.

In argumentation studies, several researchers investigated students’ criteria
when evaluating alternative explanations in order to represent the holistic picture of
argumentation practices. For instance, Hogan and Maglienti (2001) examined the
criteria that middle school students, non-scientists adults, technicians and scientists
used to evaluate the validity or acceptability of alternative ideas provided by
hypothetical students. Authors analyzed criteria through using epistemological criteria
coding scheme. This scheme focused on to what extent explanation includes judgments
about strengths and weaknesses of conclusion. It was found that scientists and
technicians predominantly utilized the criterion of coherence between conclusion and
the range of evidence. Students and adult non-scientist also utilized this criterion but
they also used three more criterions, namely plausibility of conclusion based on
inferences drawn from evidence, plausibility of conclusion based on adherence with
evidence and previous knowledge, plausibility of conclusion based merely on previous
knowledge. Therefore, the difference between scientists and non-scientists is the
emphasis on coherence of empirical evidence versus plausibility of conclusion.
Authors reached a conclusion such that empirical criteria students used were limited
in terms of empirical support for causal claims. In philosophy of science, positivist
perspectives emphasized the interaction between theory and methodology. Therefore,
it is also expected students to coordinate evidence and theories. Researcher also
stressed that non-scientists generally think based on their theories and they do not
evaluate conclusions in the light of alternative explanations. Besides, they also stated
that epistemological criteria non-scientists used vary from context to context. In line
with this, Kuhn et al. (1995) claimed that the reason of inadequate of scientific
reasoning is that lay people generally tend to consider their beliefs and experiences as
hypothesis and they consider only with their hypothesis. Thus, they do not sufficiently
take into consideration of alternative theories. This is closely related to lack of skills

to generate arguments.
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In another study, Yal¢moglu (2007) examined teachers’ criteria when they
evaluate about alternative explanations. In this regard, teachers were provided three
hypothetical conclusions constructed by students for each scenario. Author analyzed
criteria based on Toulmin’s argumentation pattern. It was found that teachers mostly
used the criterion of the use of scientific evidence (data), reference to theory behind
the concept (backing), scientifically accurate knowledge (data), reference to topic
behind the scenario (warrant), addressing the question (claim) and reference to
evidence provided in the scenario (data). Based on the study’s findings, Yal¢inogu
concluded that teachers generally took into consideration of consistency between
evidence and conclusion that is similar to Hogan and Maglienti’s (2001) findings for
scientists. Besides, authors argued that when teachers were asked explicitly about the
validity of conclusion rather than personal agreement, they tended to use more
scientific criteria.

Sampson and Blanchard (2012) also attempted to analyze teachers’ criteria
when evaluating the validity or acceptability of provided explanations. Authors
provided three alternative explanations for each scenario. Alternative explanations
were purposefully crafted such that one includes sufficient and accurate explanation,
one consists of sufficient but inaccurate explanation and other includes insufficient but
accurate explanation. They identified an argumentation framework that includes
empirical, theoretical and analytical criteria to analyze both teachers’ criteria and
quality of arguments. Specifically, empirical criteria include criterion of how claim
fits with available evidence, of the adequacy of evidence and of relevance of evidence.
Theoretical criteria comprise judgments about sufficiency of the claim, its usefulness
and consistency of claim with theories and laws. Analytical criteria consist of
evaluation for line of reasoning, for logic underlying data analysis and adequacy of its
rationale. Based on this, several filters that teachers used to choose explanation were
emerged. In particular, teachers utilized three criterions, namely fit with their existing
understanding, examining explanation in the light of other explanations but this is
based on their existing understandings and fit with the provided data. Besides, teachers
also considered some aspects of explanation such as plausibility and sufficiency of
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them. Authors concluded that teachers utilized appropriate but limited criteria in
comparison with those that scientists used.

In addition, as noted earlier, Sampson et al.’s (2011) developed a coding
scheme in order to find out how often students used rigorous criteria valued in science
to justify or challenge an idea. Researchers used two categories of criteria, namely
rigorous and informal. While rigorous criteria are in accordance with scientific
standards, informal criteria deal mostly with everyday explanations that are
insufficient to justify or challenge ideas. Rigorous criteria include “fit with data,
sufficiency of data, coherence of an explanation, adequacy of an explanation and
consistency with scientific theories and laws”. Informal criteria consist of “appeals to
authority, discrediting speaker, plausibility, appeals to analogies, judgments about the
importance of an idea and consistency with personal” (p. 233). After intervention,
authors found that students tended to use rigorous data than those are used before
intervention.

In the light of available literature, scenarios include three or two alternative
explanations and these were purposefully constructed to include accurate and
inaccurate explanations. Hence, science teachers’ criteria when evaluating alternative
explanations were analyzed based on Sampson et al.’s (2011) framework in the present

study.

2.2.2. Research on Argumentation in Science Teacher Education

In the past decades, science education researchers have placed strong emphasis
on how students’ engagement in argumentation practices (e.g., Bell and Linn, 2002;
Clark & Sampson, 2007; Jiménez-Aleixandre et al., 2000; Osborne et al., 2004),
evaluate explanations (e.g., Clark & Sampson, 2008; Sandoval, 2003), and generate
arguments (e.g., Sandoval & Millwood, 2005). On the other hand, there have been
relatively few studies that investigated teachers’ knowledge and skills regarding
argumentation (e.g., Erduran et al., 2004; Yal¢ioglu, 2007). However, the available
literature illustrated that teachers’ knowledge have an impact on the integration of

argumentation into science classrooms which in turn affects students’ science learning.
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For instance, in their study, Newton et al. (1999) questioned whether science teachers
provide students opportunities to foster argumentation skills in science classes. Based
on classroom observations, authors found that science teaching and learning was
heavily based on teachers’ practices. In particular, activities were mostly based on
teacher-led questions and students’ answers. Teachers did not sufficiently support
student-centered practices such as knowledge construction and argumentation.
Although teachers perceived discussion as an important tool for students’ learning,
they voiced concerns regarding lack of pedagogical knowledge, covering curriculum
and difficulties with managing discussions. In a similar vein, Yalg¢inoglu (2007)
investigated high school biology teachers’ argumentation and attention to reasoning
and argumentation within their instructional practices. Author found that none of the
participant teachers craft well structure arguments. Besides, findings based on
classroom observations indicated that although some elements of argument were
identified throughout their instruction period, teachers did not explicitly integrate
argumentation into teaching science. That’s why, classroom activities were mostly
based on teachers’ talks. Therefore, students scarcely got opportunities to construct
arguments and that’s why their reasoning and argumentation skills were poor based on
the findings of students’ assessments.

Several researchers attempted to examine development of students’
argumentation practices following teacher training programs. Zohar and Nemet (2002)
examined the students’ argumentation skills in the context of dilemmas in genetics.
Teacher guided students who participated in argumentation activities. Before
instruction, students tended not to justify their opinions and take into consideration of
alternative points of views. However, after integration of explicit teaching
argumentation to activities, a dramatic change was observed in students’ practices. In
particular, after intervention, students started to generate more sophisticated arguments
including justifications of claims and counter-arguments. Hence, authors emphasized
the value of explicit teaching argumentation for students reasoning and argumentation
skills. Besides, McNeill and Krajcik (2008) illustrated that when teacher provided
explicit information about the importance of argumentation practices in science and
structural components of arguments, students’ argumentation skills improved. In line
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with this, Zohar (2007) suggested that in order to teach argumentation, teachers should
comprehend the argumentation itself and its strategies to integrate evidence based
argumentation practices into science teaching.

In another study, Erduran et al. (2004) examined the distribution of Toulmin’s
argumentation pattern (TAP) in classroom discussion among students and teachers
across two years. Throughout the school year, teachers were trained in workshop
including recommendations to promote students’ argumentation classrooms. Authors
analyzed teachers’ talk during argumentation phases. They reported that at the
beginning of the study, students’ arguments frequently consisted of two or more
components such as CD (claim-data) and CDW (claim-data-warrant) but after the
intervention, students’ arguments developed and comprised four or five components
such as CDWB (claim-data-warrant-backing) and CDWBR (claim-data-warrant-
backing-rebuttal). Based on the findings, authors argued that argumentation practices
in classrooms are probably teacher-dependent. Put more specifically, the reason of this
improvement of students’ argumentation practices was more likely related to
improvement in teachers’ argumentation skills since students were relatively most
frequently guided and encouraged to engage in practices. Likewise, Simon et al. (2006)
investigated pedagogical strategies that promote teachers’ practices and how these
strategies enhance students’ practices. Quality of argumentation in classroom was
assessed by TAP. The workshop series was conducted for training teachers across one
year. Authors observed the development in teachers’ practices which in turn, influence
students’ practices. These results led authors to conclude that science teachers need to
understand more about the nature of scientific argumentation and how to evaluate
scientific argumentation practices to promote students’ knowledge and skills. Besides,
authors revealed that teachers gave emphasis on different aspects of argumentation
(e.g., reasoning, generating counter-argument, the use of evidence) depend on their
views about argumentation and their goals for students’ science learning. Similarly,
Kelly and Chen (1999) recommended that teachers’ knowledge and strategies used
during students’ engagement in argumentation influence students’ argumentation
quality. In Turkey, Erduran, Ardac, and Yakmaci-Guzel (2006) conducted a case study
with two Turkish pre-service science teachers to investigate developments of teachers’
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instruction practices in secondary science classrooms after training. Workshops
included training with respect to how to structure and approach the teaching of
argument in science. Besides, training regarding “(1) how to introduce argument; (2)
how to manage small group discussions; (3) how to teach argument; (4) what resources
can be used to support argumentation by students; (5) how to evaluate arguments; and
(6) how to model them for pupils” was also included (p. 6). Subsequent to training,
teachers were required to implement their lessons based on argumentation. Results
showed that the coordination argumentation practices with curriculum objectives were
difficult for teachers. Authors reached some encouraging results such that
development in teachers’ knowledge and skills improved their instructional decisions
and practices.

As Zeidler (1997) discussed, if teachers do not have sophisticated
understanding of argumentation, it is not expected them to integrate argumentation in
their science lessons. Therefore, several researchers turned their attention to teachers’
knowledge and skills. Zembal-Saul et al. (2002), for instance, attempted to examine
pre-service science teachers’ knowledge about the scientific argumentation. In
particular, authors developed a rubric in order to analyze teachers’ argumentation
practices in terms of causal structure, evidence, data justifications and evaluating their
explanations. The researchers found that although teachers sufficiently coordinated
evidence and claims, their arguments were still limited in terms of the nature and the
use of evidence. More specifically, most of them ignored the alternative explanations
and did not provide any counter-arguments. Besides, they supported their claims by
utilizing single piece of evidence rather than multiple pieces of evidences; that is, they
referenced same data more than once in their arguments. In addition, authors found
that teachers scarcely provided justifications and the reason of this may be that they
thought the relationship between evidence and explanation to be evident.

More recently, Sampson and Blanchard (2012) analyzed how science teachers
evaluate the validity of alternative explanations, construct written argument to support
a particular explanation within different science contexts and also explored their views
about implementation of argumentation in science lessons. In their study, researchers
used cognitive appraisal interview during which science teachers were asked to

44



describe their strategies and reasoning used so as to complete the tasks. Each task
related to specific science concept and consists of three alternatives explanations
crafted by the researchers so that one provides sufficient and correct, other provides
insufficient but accurate and another provides sufficient but inaccurate answers. The
results of this study indicated that science teachers evaluated the validity of
explanations based on their previous knowledge and past experiences rather than data
presented in the context. Most of the teachers did not use reasoning and evidences to
justify particular explanation. Authors also noted that although teachers view
argumentation as a way to promote students’ scientific thinking and develop their
understanding of the concept, they discussed concerns about the implementation of
argumentation such as students’ capacity level, the amount of time and lack of
resources. These findings led them to conclude that teachers need to learn more about
the nature of scientific argumentation and develop strategies to integrate
argumentation in science lessons. In line with this, Sampson and Blanchard (2012)
recommended that one way to develop teachers’ argumentation knowledge is to
engage them in task activities as used in their studies since these experiences help them
to comprehend the aspects of argumentation.

Overall, available literature indicated that teachers’ instructional practices had
direct influence on students’ practices related to argumentation and instructional
practices were shaped by teachers’ knowledge and skills regarding scientific
argumentation. However, we have limited understanding on teachers’ knowledge and
practices about scientific argumentation. Therefore, there is a need to investigate
teachers’ existing knowledge as Simon et al. (2006) voiced “the focus of professional
development should be on teachers’ existing understanding of the importance of
evidence and argument in science’’ (p. 256). However, research on teachers’
argumentation practices has been apparently insufficient. From this point of view, the
focus of the present study was on science teachers’ scientific argumentation practices.
For this reason, evolutionary theory was chosen as a context of the current study since
as a unifying theme, theory of evolution is heart of the science. In particular, many

broad topics in science are held and threaded together by evolutionary theory.
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Therefore, this context provided valuable way to analyze science teachers’ scientific

argumentation practices.

2.2.3. Research on the Relation among Conceptual, Epistemic and Structural

Aspects of Argumentation

Several researchers attempted to examine effects of conceptual understanding
on argumentation practices. For example, von Aufschnaiter et al. (2008) investigated
junior high school students’ argumentation practices and cognitive development in the
context of science and socio-scientific issues. Authors examined small group and
classroom discussions in order to analyze students’ argumentation quality based on
Toulmin’s (1958) framework. The development of students’ scientific knowledge was
also analyzed through tracing the usage of scientific knowledge in their arguments.
Then, two analyses were utilized to explore their effect on each other. Authors worked
with 12 teachers who were given instruction about skills of developing argumentation
in science education. The findings of study indicated that students participated into
argumentation practices only when they had some basic understanding of particular
science concepts. Even if tasks included additional information, students did not
attempt to use this information for arguments. Instead, they generated arguments on
the basis of previous knowledge. Besides, high quality arguments consisted of
grounded scientific knowledge. These findings led them to conclude that familiarity
and understanding of the particular subject matter enable students to engage in and
generate more sophisticated arguments.

In another study, Acar (2008) studied with pre-service science teachers in order
to examine relationship between argumentation skills and conceptual knowledge. A
total of 125 pre-service science teachers attended in inquiry-based physics course. This
course covered two argumentation activities. Throughout the course, author analyzed
pre-service science teachers’ argumentation based on two criteria, namely whether or
not students use evidence in their arguments, counter-arguments and rebuttals, whether
or not students provide appropriate evidence and whether or not students generate

appropriate counter-arguments and rebuttals. Students’ conceptual understandings of
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balancing, sinking and floating concepts were evaluated through conceptual test. The
results of this study illustrated that following instruction, pre-service science teachers’
argumentation skills developed, that is, teachers provided justifications of their claims
and counter-argument and rebuttals for counter-claims more frequently. However,
there are also several contradictory findings in available literature. Means and Voss
(1996), for instance, examined how reasoning skills are related to knowledge levels.
For this study, they worked with 60 students whose ages ranged from 5 to 11 and 90
students whose ages ranged from 8 to 12 in the United States. Their results revealed
that although content knowledge provided for the development of some patterns of
argumentation such as constructing more claims, data and warrants, content
knowledge did not always related to higher reasoning skills. Specifically, basic
components of arguments were frequently generated; however, challenging alternative
points of views and generating rebuttals were less frequently. This means that most of
the argumentation patterns students constructed were limited to lower levels. They
found that reasoning skills were related to ability level. Likewise, Sadler and Donnelly
(2006) investigated the effects of content knowledge on quality of argumentation in
the context of socio-scientific issues. In particular, authors examined how genetics
content knowledge relates to argumentation quality in the context of genetic
engineering issues. In their study, eight grade students were interviewed through
asking questions based on scenarios. Authors analyzed students’ argumentation
quality in terms of three components, namely position and rationale, multiple
perspective-taking and rebuttal. The findings of this study showed that basic
understanding of the particular subject matter was needed to understand the task and
make interpretation about it. However, strong background scientific knowledge was
rarely associated with high quality arguments.

The effects of argumentation practices on conceptual understanding were
analyzed by several researchers. In this line, Asterhan and Schwarz (2007) investigated
the effects of monological and dialogical argumentation on conceptual understanding
in the context of evolutionary theory. For this purpose, they studied with 86 Israeli
undergraduate students. To analyze this effect, if any, they employed two experimental
designs. In the first experiment, experimental group worked in collaborative learning
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tasks in which they engaged in dialogical argumentation while control group worked
in ordinary collaborative tasks. In the second experiment, experimental group engaged
in monological argumentation while control group discussed their solutions. In
addition, conceptual understanding regarding evolutionary theory was evaluated by
two schemas. First schema focused on the classification of students’ evolutionary
explanations and the use of Darwinian principles. The results of this study illustrated
that conceptual understanding of students who engaged in both monological and
dialogical argumentation developed. However, author also found that increase in the
use of explanation related to evolutionary theory were not always accompanied by
increase in the use of correct Darwinian principles. Another study was employed by
Nussbaum and Sinatra (2003), who examined the effects of argumentation on
conceptual change. 41 undergraduate students were participated in this study. They
were asked to physic problem with respect to path of falling object and provided
alternative explanations. In experimental group, students were asked to generate
arguments for the correct explanations. Although control and experimental groups did
not differ in terms of the accuracy of explanations, they differed in the quality of
explanations. Therefore, author concluded that argumentation practices have potential
to improve concept learning and in turn, conceptual change.

In another strand, Jiménez-Aleixandre and Bravo (2009) examined the
relationship between the quality of students' conceptual understanding and the quality
of their evidenced claims. Authors assessed students’ conceptual understanding about
ecology by developing a framework and assessed their quality of evidenced claims by
adapted version of Kelly and Takao’s (2002) framework. In particular, they examined
the quality of evidenced claims based on whether students combine evidenced claims
at different epistemic levels. The results of this study indicated that majority of
students applied their conceptual knowledge regarding energy flow to articulate in
evidenced claims. They also found that threshold conceptual knowledge was needed
to generate evidenced claims but comprehensive understanding did not contribute to
the use of evidenced claims at various epistemic levels. These results were consistent
with those of Sadler and Donnelly (2006). In the present study, the relationship
between conceptual knowledge and practices was not examined. Instead, the purpose
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of this study was to examine the process of articulation of conceptual knowledge and
argumentation practices in evidenced claims. The present study also attempted to
reveal science teachers’ misconceptions and cognitive biases other than evolutionary
notions in their arguments and evidenced claims.

A notable investigation was conducted by Sampson and Clark (2011)
comparing high and low achievers according to their conceptual understanding levels
in a particular knowledge domain to analyze the effect of content knowledge on
argumentation practices. Authors analyzed interactions among groups while they
engaged in collaborative scientific argumentation. 168 high school students’
argumentation generations were examined in terms of sufficiency of the explanation,
conceptual quality of explanation, evidence quality and adequacy of reasoning. It was
found that high performing students generally constructed sophisticated arguments
compared to low performing students. More specifically, low achieving groups did not
usually take into consideration of opposite view and discussed alternative explanations
compared to high achieving groups. Besides, low performing groups used fewer
supplied data to support their arguments than higher performing groups did. Low
achieving groups also appealed to rigorous criteria whereas, high achieving groups
used informal criteria. Therefore, content knowledge was required to construct high
quality arguments. In addition, these differences between high and low achieving
students led them to conclude that the use of evidence, reasoning and conceptual

understanding were interrelated.

2.3. Research on Evolutionary Theory in Science Education

Evolutionary theory is the unifying theme and cornerstone of biology and other
life sciences. Science education reform efforts have stressed its importance in biology
and science education. NAS (1998, p. 3) argues that “to teach biology without
explaining evolution deprives students of a powerful concept that brings great order
and coherence to our understanding of life.” The importance of understanding
evolution is also emphasized by the Benchmarks for Science Literacy that states, “The

educational goal should be for all children to understand the concept of evolution by
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natural selection, the evidence and arguments that support it, and its importance in
history” (as cited in NAS, p. 47).

In this section, studies on evolutionary theory in science education were
reviewed under two sections. In the first section, research on analyzing alternative
conceptions about evolutionary theory was examined. In the next section, research on
argumentation in the context of evolutionary theory in science education was

discussed.

2.3.1. Research on Analyzing Conceptions about Evolutionary Theory

Evolutionary theory was along before Charles Darwin. However, Darwin was
the first to generate scientific argument regarding evolution by means of natural
selection in 1859 in his book, On the Origin of Species. Later, Darwin’s theory was
combined with Mendel’s studies on inheritance which leads to emergence of theory of
modern evolutionary synthesis (Mayr, 1982). The modern evolutionary synthesis
encompasses series of concepts. In this sense, Mayr (1982) identified five facts and

three inferences (as cited in Anderson, Fisher, & Norman, 2002, p. 956).

Fact 1: All populations have the potential to grow at an exponential rate.

Fact 2: Most populations reach a certain size, then remain fairly stable over
time.

Fact 3: Natural resources are limited.

Inference 1: Not all offspring survive to reproductive age in part because of
competition for natural resources.

Fact 4: Individuals in a population are not identical, but vary in many
characteristics.

Fact 5: Many of the characteristics are inherited.

Inference 2: Survival is not random. Those individuals with characteristics that
provide them with some advantage over others in that particular environmental
situation will survive to reproduce, whereas others will die.

Inference 3: Populations change over time as the frequency of advantageous
alleles increase. These could accumulate over time to result in speciation.

Based on above mentioned conceptions, many studies attempted to investigate
whether students’ and teachers’ conceptual understanding regarding evolutionary

theory is compatible with scientists’ explanations. However, studies have underlined

the students’ and even teachers’ difficulties with understanding of evolution concepts
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and with transferring their evolution knowledge to other biology concepts (Tavares et
al., 2010). Southerland et al. (2001), for instance, studied with second-, fifth-, eight-
and twelfth-grade students from different regions of United States to investigate the
conceptual knowledge about evolutionary theory. Students were asked to explain
biological phenomena with respect to a bean plant growing toward a sunny window,
a ptarmigan in summer brown pelage and winter white pelage, a group of birds in a
flying V formation, and a cactus with very thick, dense, thorny leaves. Based on the
responses, students’ biological explanations were sorted into several reasoning
categories: (1) anthropomorphic: causal agent for change; (2) teleological: need-driven
process; (3) mechanistic proximate: actions at individual level rather than population
level; (4) mechanistic ultimate: actions at entire population of organisms; (5)
predetermined: process driven by god, nature or an agent. Based on those categories,
authors reported that teleological reasoning was commonly used by fourth grade
students and less frequently by twelfth grade students. For example, one student
attempted to explain the reason of color change in feathers as “it needs to be
camouflaged”. Mechanistic ultimate explanations were prominently applied by twelfth
grade students. For example, a twelfth grade student said “over the years developed
that and part of the like their genes would know to do that” as the reason of leaning of
plant toward light. Therefore, authors concluded that as grade levels increased,
students’ scientific reasoning abilities developed.

In a similar vein, students’ preconceptions about evolution were examined by
Kampourakis and Zogza (2007) through using five problem solving based scenarios
regarding morphological similarities, the lengthening of the giraffe’s neck, prey-
predator relationship, color change, similarities in DNA. Authors studied with 100
lower secondary students in Greece. Prior to analyze students’ preconceptions, authors
stressed the difference between Lamarck’s evolutionary theory and other
misconceptions. Put more specifically, they defined Lamarck’s theory of evolution in
terms of his two central theories: theory of use and disuse and inheritance of acquired
traits. They also identified other misconceptions commonly used among students and
teachers as change due to a final cause (teleology) and change imposed by need in the
light of literature. Based on this categorization, they found that although students rarely
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appeal to Lamarck’s theories in their explanations, their explanations mostly involved
need-driven adaptive processes. For example, one of the students explained the reason
of lengthening of the giraffe’s neck as “the need to feed and satisfy its needs”. In
addition, students’ conceptions were different from Lamarck’s views in that Lamarck
explained evolution through physiological mechanism whereas students explained the
process via intentional view or supernatural force. Besides, students rarely utilized the
evolutionary notions, in particular differential survival. Authors also recommended the
researchers to focus on students’ conceptions with respect to teleology and the role of
chance.

After two years, Kampourakis and Zogza (2009) sought to change in secondary
students’ conceptions following instruction. Instruction included biological concepts,
levels of biological organization, mechanism of heredity and of the origin of genetic
variation as well. Subsequently, these concepts were utilized to explain microevolution
and macroevolution. Authors collected data from open-ended written questionnaire
and open-ended questionnaire based on evolutionary scenarios regarding the origin of
homologies and adaptations that was used in interviews. In order to analyze students’
conceptions about evolutionary theory, authors used three categories: evolutionary,
proximate and teleological explanations. Proximate explanations include naturalistic
explanations but those are insufficient to explain evolutionary process. The results of
this study indicated that specific evolution instruction brought about conceptual
conflict regarding unpredictability and chance. Besides, students applied more
evolutionary and proximate explanations after instruction regarding evolutionary
theory. For instance, one student stated “These animals were influenced by their
environment and the respective climate and thus they acquired these features” so as to
explain the coloration of the body. This was an example of proximate explanation since
it was based on individual level and deals with developmental and physiological traits.
In addition, there was no coherence among students’ explanation in different context
even regarding same phenomena.

In several studies, researchers have attempted to explore undergraduate
students’ conceptual understandings in the context of evolutionary theory (e.g., Bishop
& Anderson, 1990; Jensen & Finley, 1996). Bishop and Anderson (1990), for instance,
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studying with 176 undergraduate non-science majors in biology course examined the
conceptions with respect to natural selection and factors responsible for evolutionary
change. Authors collected data through Evolution Concept Test that encompasses
essay questions regarding cheetahs’ speed and blindness in cave salamander and
multiple choice tests. In their study, it was found that three major misconceptions
regarding evolutionary theory were prominent among students. The first one is that
students struggled to explain the mechanisms underlying origin and survival of new
traits in population. In particular, they hold inadequate understanding about random
changes in genetics and differential survival. Instead, they thought that environmental
pressure leads to change of traits. They explained the mechanism of this process with
need, adaptation and theory of use and disuse. For example, they utilized such phrase
as “cheetahs need to”, “species change due to use or fail to use organs or abilities”.
The next one is that students did not take into account of variation among population.
Instead they perceived evolutionary process as a change in whole species. The last one
deals with the evolution as the changing proportion of individual with different traits.
More specifically, they perceived evolution process as gradual change in the traits
themselves. In addition to those misconceptions, students also utilized two terms,
adaptation and fitness, in an unscientific manner. For instance, students considered
adaptation as a change in response to environmental influences. They also used fitness
to mean strong, health or strength rather than ability to produce fertile offspring.

In another study, in order to develop and increase undergraduates’ Darwinian
conceptions, Jensen and Finley (1996) assessed students’ learning of evolution by
natural selection through instructional materials and techniques. In their study, prior
to interventions, Darwinian conceptions such as survival of the fittest, variation within
population, inheritance or changing proportions of traits within population were
utilized by the students and also they held some misconceptions regarding teleology
and Lamarck’s theory of use and disuse and inheritance of acquired traits and
intentionality as well. For instance, they explained adaptation process through
intentional reasoning such that they used the phrase like “learns to adapt in a given
situation” or speed was taught”. Among them, students most frequently utilized
teleological explanations. For example, students utilized key phrases in their
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explanations such as “in order to balance nature” and ‘“have always needed”.
Following intervention covered instruction regarding students’ preconceptions,
traditional content and paired problem solving, the use of misconceptions substantially
decreased. However, authors found that although it was easy to improve students’
Darwinian conceptions except for inheritance, change in students’ misconceptions as
to Lamarckian conceptions was more difficult than change in teleological conceptions.
In addition, authors illustrated the benefits of problem solving approach in changing
and developing students’ conceptions related to evolutionary changes. In another
study, Shtulman (2006) studied with high school students and undergraduates in
United States in order to examine their understanding of six evolutionary phenomena,
namely variation, inheritance, adaptation domestication, speciation and extinction.
Based on these concepts, author developed a 30-question test. In this study, it was
found that majority of participants considered evolution as transformation of the
essence of species. In addition, students tended to explain evolutionary phenomena
through teleological reasoning rather than mechanistic one and utilized the phrase like
“in order to”, have to” or “need to”. Author concluded that the tendency to essentialize
species developed in early ages hinder them to understand differential survival.
Several researchers voiced the importance of cognitive bias or cognitive
constraints for students’ conceptions concerning evolutionary theory. For example,
Moore et al. (2002) studied with 126 undergraduate students who did not take any
course on evolution in South Africa in order to examine their conceptions about
evolutionary theory through using scenarios, namely About Peppered Moths, More
about Peppered Moths and Tuberculosis. Moore et al. (2002) argued that students tend
to ascribe agency when explaining an evolutionary phenomenon which in turn leads
to misconceptions. They utilized the term of agency as a category to identify students’
responses including purposive adaptation and change due to need. The result of the
study illustrated that students held unscientific notions regarding evolution through
goal-and conscious-driven that influence the use of language in their explanations, in
particular, students used language such as “in order to fit”, happened with a purpose”,
equip itself” and “learning”. Authors argued that agency concepts may prevent the
understanding of mechanism of natural selection in two ways: agency notions might
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lead to perceiving natural selection concepts hard to understand and learners who
struggle to understand this concept appeal to agency concepts to explain evolutionary
phenomena easily. In a similar vein, Sinatra et al. (2008) also voiced the cognitive
constraints, namely teleological, essentialist and intentionality constraints that
precluded understanding of evolutionary theory. Authors argued that students and even
adults have “rules of thumb” that influence thinking process and render evolutionary
theory difficult to learn since the mechanism of evolutionary theory is not compatible
with these rules. In line with this, Bloom and Weisberg (2007) tried to explain the
reason behind employing these constraints such that natural cognitive disposition
brings about developing teleological view since everything is operated by mental agent
and purpose in everyday life. Another study focused on aforementioned constraints or
biases conducted by Evans (2008). Author compared conceptions of children in
different ages and adults in United States. Based on the analysis of results, it was
concluded that both children and adults hold cognitive biases. There was difference in
the age groups in terms of essentialist explanations. Younger children tended more to
explain evolutionary phenomena through essentialist reasoning than older children and
adults did. As age level increases, appreciation of variation within population
developed and common descent developed. In addition, it has to note that regardless
of age, both children and adults explained the evolution of butterflies and frogs with
common descent but they did not for evolution of human and other mammals.

In another strand of research, several researchers turned their efforts to analyze
teachers’ conceptions about evolutionary theory. The major reason of these efforts was
that science teachers are considered as “missing link” between students’
misunderstanding of evolutionary theory and scientists’ understandings (Nehm &
Schonfeld, 2007). Nehm and Schonfeld attempted to examine 44 biology teachers’
conceptual knowledge regarding evolutionary theory in the United States. In this
study, Bishop and Anderson’s (1990) questionnaire was employed. The findings
indicated that teachers had diverse and abundant misconceptions and non-normative
ideas about evolution. In particular, theory of use and disuse, teleology and inheritance
of acquired traits were utilized in their explanations. In addition, several teachers
mentioned about the co-existence of human and dinosaurs, harmful mutations and lack
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of transitional forms. However, following intervention covered misconceptions
identified by pre-tests, although the usage of these misconceptions decreased, many
teachers continued to bring misconceptions to course. In addition, authors reported that
teachers applied more frequently to key concepts of natural selection following to
intervention. They appealed to competition, limited resources, variation, selective
survival and overproduction of offspring. Another study on Canadian pre-service
elementary school teachers’ conceptual understanding about biological evolution was
conducted by Asghar et al. (2007). The results of the study showed that teachers did
not have adequate understanding of mechanisms of evolutionary theory and their
understanding was limited to human evolution. In another study, Rutledge and Warden
(2000) studied with 989 biology teachers in Indiana’s public high schools to analyze
their understanding of evolutionary theory. They used evolution content knowledge
test consisting of items related to the concepts of natural selection, extinction
processes, homologous structures, coevolution, analogous structures, convergent
evolution, intermediate forms, adaptive radiation, speciation, evolutionary rates, the
fossil record, biogeography, environmental change, genetic variability, and
reproductive success. The results showed that biology teachers held low level of
understanding about environmental change, reproductive success, the process of
evolution and variation.

In Turkey, Taskin (2011) investigated pre-service science teachers’ conceptual
understanding through administering essay questions after intervention encompassing
the hands-on and minds-on activity called “A toilet paper timeline of evolution: 5 E
cycle on the concept of scale” regarding age of Earth and fossil record. Author found
that they had inadequate understating of evolution. In particular, they utilized the terms
of adaptation, population, speciation, mutation, common ancestor, transition form and
variation in an unscientific manner. The predominant misconception among teachers
is about the geological time scale. In particular, they did not know about the first
appearance and disappearance of any organisms. Apart from this, teachers explained
evolution at individual level rather than population, adaptation as a consequence of
environmental pressure and they did not mention about population genetics. Another
study conducted in Turkey by Tekkaya and Kili¢ (2012) also investigated the 7 Turkish
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biology teachers’ pedagogical content knowledge regarding evolution. Data were
collected through interview transcripts, lesson plans and concept maps. The findings
of this study showed that although they were aware of difference between Lamarck’s
and Darwin’s theories, they utilized Lamarck’s theory to explain the natural
phenomena regarding evolution of blind cave salamander and cheetahs’ running speed.
For instance, some of the teachers applied Lamarck’s theory to explain changes in
traits within a population. In addition, they also held inadequate understanding about
common ancestry. However, results also indicated that biology teacher used the
concept of differential survival as a reason of extinction of dinosaurs.

A comprehensive review about the conceptions regarding evolution was
conducted by Gregory (2009). In this review, author identified commonly used
misconceptions among students and teachers by examining previous studies. The first
misconception is teleology or function compunction. Author argued that as human
experiences include purposes and needs, it is expected to perceive evolution as a goal-
or need-driven process. Therefore, this bias could be appeared in especially the
concepts of ecological balance or species survival. The next common misconception
is anthropomorphism and intentionality. This conceptual bias deals with perception of
evolution through intentional action. Author stressed that intentional reasoning brings
about misconception regarding evolution at individual level since students who hold
this bias tend to ascribe conscious intent to single individual (e.g., it learns or tries).
The next two misconceptions are Lamarck’s theories, namely theory of use and disuse
and inheritance of acquired traits or soft inheritance. Author argued that students and
teachers appealed to Lamarck’s theory of use and disuse especially in explanations for
why useless organs or structures become vestigial. Author stated that misconception
about change due to inheritance of acquired traits is arisen especially in youth since
they have inadequate understanding about genetic. Another misconception is nature as
a selective agent. Individuals perceived the mechanism of natural selection as a driving
force that “choose” or “prefer” genetic variants. Hence, one can simply attribute that
natural selection has purpose or goals and it can be associated with teleology. Another
misconception is source versus sorting of variation. It deals with the dependence of
variation on natural selection. In particular, individuals considered that mutations arise
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due to environmental challenges and that’s why all mutations are beneficial rather than
neutral or harmful. The next one is related to typological, essentialist, and
transformationist thinking. Author described this cognitive bias such that individuals
tend to underestimate the variation between individuals within a population and thus,
consider species as sharing a common “essence”. This bias could be associated with
transformationist thinking, that is, populations transform as a whole. The last one
consists of misconception about events and absolutes versus processes and
probabilities. More specifically, individuals could consider natural selection as an
event rather than a process. Natural selection takes place continually and
simultaneously whereas events follow a particular order and it has a start and end point.
Besides, natural selection is also considered as being “all or nothing” rather than a
probabilistic process. Gregory (2009) also voiced that cognitive biases held by
individuals influence their perceptions of evolutionary theory and most of
misconceptions are derived from cognitive biases.

Based on the literature on misconceptions and cognitive biases regarding
evolutionary theory and the findings of survey with more than 10.000 students who
were administered to two evolutionary scenarios, Nehm et al. (2010) attempted to
develop a framework that includes not only misconceptions but also key concepts of
evolutionary theory. The scoring rubric was developed through sorting students’
conceptions into three major categories related to biological evolution as key concepts,
misconceptions and cognitive biases. More recently, Ha and Nehm (2014) assessed
explanations of naive and experts from USA and Korea for two problems regarding
trait gain and loss based on Nehm et al.’s (2010) rubric. It was found that students and
teachers had more difficulty in explaining process of trait loss with normative scientific
ideas than in explaining process of trait gain. Besides, findings indicated that
participants utilized three types of naive ideas, namely theory of use and disuse gradual
accumulation and purpose-driven (teleology) and they most commonly explained
evolutionary phenomena through teleological reasoning. Authors also reported that
biological thinking and reasoning is context-dependent, that is, students’ and teachers’
explanations varied biological phenomena to another. In another study, Opfer et al.
(2012) studied with 320 undergraduate biology students to examine their use of natural
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selection to explain evolutionary change by using Nehm et al.’s (2010) framework.
The results indicated majority of students used key concepts of evolution (normative
concepts) including variation, heritability of variation and differential survival;
however, they also used cognitive biases consisting of teleological and essentialist
biases as a cause of evolutionary change. They found that especially those who had
low achievement in biology course used both normative and non-normative concepts.
These results leaded authors to conclude that overcoming the use of cognitive bias and
appealing to key concept of evolutionary change are not independent events.

Overall, misconceptions and cognitive biases have been held by both teachers
and students. They have inadequate understanding of evolutionary theory. They still
appealed to pre-Darwinian concepts (e.g., Lamarck’s theory) (Gregory, 2009; Jensen
& Finley, 1996). In addition, even after intervention or education in biology, students’
and teachers’ misconceptions were robust to change (Ferrari & Chi, 1998; Jensen &
Finley, 1996; Nehm & Schonfeld, 2007). In this regard, several researchers
emphasized the importance of cognitive biases for understanding evolutionary theory
(Evans, 2008; Sinatra et al. 2008).

Taken as a whole, in the present study, science teachers’ conceptual
understanding with respect to evolutionary theory and what types of evolutionary
notions were used by teachers to articulate their arguments was analyzed. In this
regard, Nehm et al.’s (2010) rubric was used since this assessment tool provides
comprehensive assessment for conceptual knowledge in terms of key concepts,

misconceptions and cognitive biases.

2.3.2. Research on Argumentation in the Context of Evolutionary Theory in
Science Education

Several researchers have attempted to examine students’ epistemic and
argumentation practices in the context of evolutionary theory. As noted earlier,
Zembal-Saul et al. (2002) investigated teachers’ nature of scientific argumentation in
terms of four dimensions. Among these dimensions, authors examined the causal

structure of argumentations in terms of domain specific principles, in this case, natural

59



selection for evolution of Galapagos Finches. It was found that pre-service science
teachers’ knowledge about natural selection was limited. In particular, although data
regarding age, sex and mortality was provided in software program, teachers had
difficulty in using the concept of differential survival and variation to articulate their
arguments. In addition, teachers tended to explain the evolutionary process at
individual level rather than population level. Besides, they also utilized teleological
reasoning and Lamarckian conceptions in their arguments. In another study, Sandoval
(2003) developed a rubric in order to examine students’ conceptual and epistemic
quality. As for conceptual quality, authors developed a framework including four
causal elements of natural selection: environmental pressure; individual effect;
differential trait and selective advantage. Based on the framework, good explanation
includes articulation of four causal components and a good argument consists of
articulation of four causal components warranted by appropriate data. Author found
that students applied components of theory of natural selection to their arguments.
Author explained phenomena through generating claims regarding variation,
differential traits and selective advantage of these traits. Sandoval (2003) argued that
explicit guide prompts embedded in software program enabled students to focus on the
components of natural selection. However, author did not mention about students’
misconceptions or cognitive biases. In another study, Yal¢inoglu (2007) examined
teachers’ argumentation based on Toulmin’s framework within context of evolution.
Author used two scenarios regarding microevolution and macroevolution. Although
the analysis of teachers’ conceptions was not the scope of this study, conceptions used
to articulate their arguments were emerged throughout the study. Teachers mostly
applied evolutionary explanations for their arguments. In particular, author reported
that teachers most frequently used theory of evolution as backing. Justifications
included genetic mutation, environmental pressure, variation and natural selection. As
discussed earlier, Tavares et al. (2010) adapted Kelly and Takao’s (2002) framework
to evolution context in order to examine how 12" grade students articulate conceptual
knowledge and argumentation practices in evidence claims. Authors utilized three
scenarios regarding theory of evolution, namely feathered dinosaurs (exaptation), gaps
in the fossil record (Cambrian explosion) and Lake Nabugabo cichlids (speciation
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through geographic isolation). Authors sorted students’ explanations into three types
of justifications, namely empirical evidence, theoretical notions illustrated with
empirical evidence and theoretical backings. According to findings, students mostly
appealed to evolutionary notions of common ancestry, speciation, mutation,
adaptation, chance and pre-existing variation. The analysis of students’ non-normative
ideas was not the purpose of this study. However, authors also reported common
misconceptions used by students. A few provided proximate cause explanations on the
basis of individual-level events and of present developmental characteristics due to
immediate causes. It is also notable that students did not use any teleological
explanations based on the final causes or purposes. In fact, they rejected the intentional
and teleological explanations. Besides, it was found that conceptual knowledge about
evolution was critical for constructing a good argument and supporting claims with
evidences at different levels of epistemic levels.

Many science education researchers emphasized the articulation of conceptual
knowledge with argumentation practices. Tavares et al. (2010) stressed that arguments
should consist of the articulation of conceptual knowledge with argumentation
practices as claims coordinated with evidence. Jiménez-Aleixandre and Bravo (2009)
also stated that conceptual knowledge is required to use relevant evidence and generate
argument and use of evidence is also required to coordinate it with theory. Authors
also recommended that argumentation studies should investigate how conceptual
knowledge and the use of evidence articulate in arguments. From this perspective, one
of the purposes of the present study was to analyze the articulation of science teachers’
conceptual knowledge and argumentation practices in evidenced claims based on four
scenarios regarding evolutionary theory. For the present study, evolutionary theory
was chosen as a theme since this theory provides diverse epistemic and argumentation
practices. In particular, as Mayr (1988) underlined that from epistemological
perspective, evolutionary theory differs from other scientific fields in that this theory
is heavily based on construction of historical explanations and causal explanations for
how or why things occur through observations rather than empirical data. Therefore,
it was expected that science teachers applied diverse theoretical, historical and causal
explanations regarding evolutionary theory to articulate in their arguments.
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2.4. Summary of Review of Literature

Past studies related to argumentation in science education illustrated that
structural aspects of argumentation practices provided individual’s line of reasoning.
However, there have been several studies on additional aspects of argument generation
such as epistemic and structural aspects. That these aspects were closely linked
together has been established several studies (e.g. Bravo & Jiménez-Aleixandre, 2009;
Sampson & Clark, 2011; Sandoval, 2003). Sampson and Clark (2008) voiced, there is
need to analyze integration of these aspects of argumentation. Besides, among research
on argumentation, there are few studies focusing on teachers’ argumentation practices
although teachers’ argumentation skills are considered important determinants for
development of those of students (e.g., Erduran et al., 2004 & McNeill & Krajcik,
2008).

In addition, there has been scant attention to teachers’ conceptual
understanding regarding evolutionary theory especially in Turkey although past
research revealed that misconceptions were prevalent among teachers (e.g., Nehm &
Schonfeld, 2007; Taskin, 2011). Along with misconceptions, students’ cognitive
biases regarding evolutionary theory have gain attention among scholars since several
studies found that cognitive biases such as teleology, essentialist and internationalist
biases affected students’ biological reasoning which in turn, caused misunderstandings

about evolutionary change (e.g., Opfer et al., 2012; Sinatra et al., 2008).
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CHAPTER 3

METHOD

In this chapter, research design and procedures are discussed. Qualitative case
study approach guides the methodological framework of the current study. The overall
design of the study, participants of the study, procedure of data collection and data
analysis, trustworthiness of the qualitative study, and assumptions and limitations are

all presented in detail.

3.1. The Research Design of the Study

In the present study, structural, epistemic and conceptual aspects of science
teachers’ argumentation practices in the context of evolutionary theory as well as how
they use conceptual knowledge to articulate their arguments at different epistemic
levels were investigated. In line with this aim, the present study was designed based

on the qualitative research methodology.

3.1.1. Qualitative Research Methodology

Qualitative method, as described by Van Maanen (1979) (as cited in Merriam,
2009, p. 13) is “an umbrella term covering an array of interpretive techniques which
seek to describe, decode, translate, and otherwise come to terms with the meaning, not
the frequency, of certain more or less naturally occurring phenomena in the social
world.” The main focus of the current study is on the interpreting and describing
participants’ practices and coming to understand what meaning they attribute to their
experiences. In particular, analysis of data provided qualitative indication of the nature
of science teachers’ argumentation practices and conceptual understandings as well.

Several characteristics of qualitative research pertinent to the current study
have been described by Creswell (2007):
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Vi.

Focus on meaning and understanding: The main interest of the present
study was the science teachers’ meanings about argumentation, epistemic
and evolution by utilizing their self-generated data sets.

Researcher as primary instrument: For the present study researcher
gathered data by interviewing with science teachers and analyzed data by
examining transcribed documents.

Multiple sources of data: In the present study, researcher collected two
forms of data, namely interview transcripts and field notes.

Interpretive inquiry: researcher made interpretations about interactions
among data sets.

Theoretical lens: In the present study, argumentation and evolution theory
was used to understand how science teachers articulate their conceptual
knowledge and argumentation practices.

Holistic account: Researcher tried to sketch larger picture of nature of
science teachers’ argumentation practices and conceptual understandings
through analysis of each case independently and cross-case analysis in the

context of evolutionary theory.

Merriam (2009) proposed five types of qualitative research, namely basic
qualitative research, ethnography, phenomenology, grounded theory and case study.
In the present study, case study design was employed in order to gain a deep
understanding of the science teachers’ argumentation practices and conceptual

understanding and meaning for those involved.

3.1.2. Case Study

Case study research is different from other qualitative research types in that the
main focus of case study is on in-depth analysis through one or more cases within a
bounded system (Creswell, 2007).

Stake (1995) defined case or bounded system as “a specific, a complex,

functioning thing” (p. 2) and a case could be a teacher, a group of teacher, an institution
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and a program/ an innovation. Merriam (2009) stated that one particular program or
one particular people in a bounded context could be unit of analysis. In the present
study, the cases are science teachers who worked in two different private schools and
two distinct public schools in Ankara and each science teacher was considered as a
primary unit of analysis because data was gathered from each science teacher and then,
the findings were compared among them.

Yin (2003) described the case study as “an empirical inquiry that investigates
contemporary phenomenon within its real-life context, especially when the boundaries
between phenomenon and context are not clearly evident.” (p. 13). In line with this
statement, the case study guided the present study because evolutionary scenarios in
this study were considered as a context in which science teachers experienced
argumentation practices. Besides, evolutionary scenarios, science teachers and their
practices were taken as a whole.

Merriam (2009) identified three characteristics of case study research;
particularistic, descriptive and heuristic. Firstly, particularistic means that phenomena
studied by focusing on specific instances (cases). In this study, each case was
investigated in-depth so as to understand experiences of participants within the
context. Secondly, descriptive means that case study provides rich description of the
phenomena studied. In the present study, researcher described the each case, themes
of the cases and compared themes of cases in their totality and thus, drew holistic
picture of them. Lastly, heuristic means that case study research enables readers to
rethink about the particular phenomena through emerging relationships and meanings.
In the present study, researcher tried to reflect emerging interaction between patterns
and interpretation of them.

Stake (1995) proposed three types of case study research; intrinsic,
instrumental and collective study, also known as multiple case study. This study was
designed based on the multiple cases research. Multiple case study was used to
examine more than one case. Besides, multiple case study is a technique for increasing
trustworthiness rather than single case study (Merriam, 2009). Multiple case study can
be selected for the purpose of either predicting similar findings (a literal replication)
or contrasting findings (a theoretical replication) through handling different cases. In
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the present study, each case has common and distinct characteristics such as their
background which will be explained in detail in the participant section. Yin (2003)
stated that cross-case analysis is the most important part of the multiple case studies.
Hence, the present study was guided by multiple case design in which each case was
analyzed separately and then, cross-case analysis was employed.

Case studies are also distinguished based on the purpose; exploratory,
descriptive and explanatory studies (Yin, 2003). Among these studies, the purpose of
descriptive case study is to describe the phenomena according to pre-established
theories and the focus of this study is on describing science teachers’ argumentation
practices and conceptual understandings through utilizing already existing
argumentation and evolution theory. Hence, this study is the example of descriptive

multiple case study.

3.2. Selection of Cases

In qualitative research, sampling method is purposive in nature (Merriam,
2009) since the purpose of the qualitative research is to provide in-depth understanding
rather than to make generalizations. In this respect, Patton (1990) proposed several
techniques for purposefully selecting information-rich cases. Of these strategies,
convenience, criterion and maximum variation strategies were used based on the
purpose of the research. Convenience sampling was utilized in the present study since
the researcher could select the available sample (Fraenkel & Wallen, 2006). When ease
to access and time issues was taken into consideration, the participants of this study
selected graduated from the same university where the researcher studies at. Hence,
science teachers were examined according to their availability for data collection
procedure. They were also selected for their willingness and well communication with
the researcher.

Criterion sampling was described as selecting cases that fulfill the criteria.
Merriam also emphasized that the selection of case should be guided by some criteria
established first. Stake (1995) stressed that the first criterion for selection of cases is

choosing information-rich case in order to provide insight and in-depth understanding.
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In parallel with this approach, for the present study, the participants were selected
purposefully as specific cases by the researcher. First of all, to understand the meaning
of phenomena from their perspectives, science teachers who took evolution course
during undergraduate program were selected. Since context was related to
evolutionary theory, it was essential to have some basic understanding of evolution
concepts. Second, researcher talked with teachers about their demographic and
background knowledge. After explaining the purpose of the study and data collection
procedure, participants were asked how much they contribute to this study. Based on
the responses, the researcher determined four teachers who were able to provide rich
description of their thinking process.

Before conducting a multiple case study, each case should be selected
purposefully to acquire either similar or contrasting results (Yin, 2003). In line with
this purpose, maximum variation sampling was employed. Therefore, another reason
behind the selecting cases (teachers) who differ in teaching experiences and
achievement in evolution course was to provide variation. In particular, two of them
had teaching experience on evolutionary theory and the rest of them did not. Besides,
two of them had high achievement in evolution course in undergraduate program and
the other had low achievement. These differences among cases might lead to variation
in conceptual understandings and in turn, their practices that could enable researcher
to investigate common and distinctive patterns or themes through employing cross-
case analysis. In this sense, each case was analyzed both separately and as a whole.

When it comes to the issue of sample size, Creswell (2007) declared that the
purpose of the multiple case studies is not to make generalizability, so there is no rule
for number of cases. However, it is important that researcher studied a small number
of cases in order to investigate phenomena or people in-depth. Besides, Creswell
(2007) recommended selecting 3 to 5 cases for multiple case studies. Therefore, four
cases were selected purposefully for the current study and each case was covered in

detail in the following part.
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3.3. Participants

The science teachers were taken as case for this study. Participants in the
present study were four science teachers of grade 5 to 8 (Table 3.1). Even though
quotes presented in the result section are verbatim, teachers were referred throughout
this study with pseudonym names in order to ensure confidentiality. The participants'
pseudonym names are Burcu, Leyla, Selin and Beste. All participants interviewed were
female. Their ages ranged between 26 and 27. All of them graduated from Department
of Elementary Science Education, Middle East Technical University (METU). They
all took took biology courses; general biology | and Il, physiology and evolution
courses and science methods courses including instructional planning and principles
and methods of teaching science courses in which argumentation was introduced. All
worked in either public or private schools as an elementary science teachers. Their
achievements in Evolution course and teaching experiences were different from each
other in that Leyla and Burcu did not have any experience on teaching of evolutionary
theory and their achievements of evolution course were relatively low. On the other
hand, Selin and Beste had experiences on teaching of evolutionary theory and their
achievements of evolution course were relatively high.

Participants were not instructed about the argumentation and evolutionary
theory prior to the study, so the purpose of this study was to examine phenomena
without intervention. On the other hand, several question prompts were utilized in
order to implicitly facilitate argument generation process although there was no

explicit training on argumentation pattern.
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Table 3.1 Demographic characteristics of participant teachers
Teaching
Experiences
Burcu Public 2 years METU
B.S. Elementary Science Education
MS Human Resources Development
in Education

Participants School Types Graduation Level & Department

Leyla Private 1 year METU
B.S. Elementary Science Education
Hacettepe University
M.S. Elementary Science
Education

Selin Private 4 years METU
B.S. Elementary Science Education
M.S. Elementary Science and
Mathematics Education

Beste Public 2 years METU
B.S. Elementary Science Education
M.S. Elementary Science and
Mathematics Education

*All names are pseudonyms

3.4. Data Collection Procedure

Data collection procedures include process of the development of data sources,
pilot study and interview with science teachers. The time schedule for the present study
is shown in Table 3.2.

Table 3.2 Time schedule for the present study
Stage of Thesis Writing

Start Date End Date
Process
Pilot Study and Analyses April, 2013 June, 2013
Interviews November, 2013 January, 2014
Data Analysis February, 2014 April, 2014
Writing and Completing Thesis  May, 2014 September, 2014

Before conducting the current study, evolutionary scenarios were modified and

translated into Turkish by the researcher. The contents of the scenarios were confirmed
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by three experts in department of Biology in METU and the framework of them was
examined by two experts in department of Elementary Science Education in METU.
Prior to collecting data, pilot study of scenarios was also carried out with 5 pre-service
elementary science teachers who were in the senior year, 3 elementary science teachers
and 3 biology students who were in the senior year in order to examine whether
scenarios and interview questions were appropriate for the current study or not. Then,
several interview questions were reviewed and other questions were developed based
on the results of pilot study. Among six evolutionary scenarios, Feathered Dinosaurs
and Antibiotics were removed from the study. The reason behind of this was that
scenarios were not appropriate and useful for the argumentation practices, that is, they
did not lead to discussion. After that official permission from the Ministry of National
Education and Ethical Commission in Middle East Technical University was taken in
order to conduct research with human subjects. The data collection procedure of the
current study began in October. The main data for this study was collected by means
of cognitive appraisal interview. Interviews with four science teachers were conducted
in one-on-one settings and are audio-recorded. While collecting data, firstly, brief
information about topic, purpose, process and duration of the study was given. All
interviews operated in private office to last between 45 minutes and 1 hour and audio-

recorded.

3.5. Data Collection Instruments

In the present study, data were collected through interview protocols regarding
four evolutionary scenarios; namely, Venezuelan Guppies (Sampson & Blanchard,
2012), Whales (Yalcinoglu, 2007), Lactose Intolerance, and Cambrian Explosion
(Tavares et al., 2010). In the following parts, their contents and process of development

were described.

3.5.1. Evolutionary Scenarios

Firstly, relevant literature was reviewed in order to find out evolutionary

scenarios and then, these were analyzed according to the purpose of the study. After

70



evolutionary scenarios were decided to use for the present study, three scenarios
(Venezuelan Guppies, Whales and Cambrian Explosion) were modified and translated
into Turkish, and one scenario (Lactose Intolerance) was developed by the researcher
(Appendix A). Scenarios were designed based on problem solving approach. Each
scenario includes short paragraph of information about particular evolutionary
phenomena. The paragraphs are followed by a question asking participants to solve
the problem based on the information embedded in the paragraph and data set. Each
also includes two or three alternative explanations. Different strategies were used to
form alternative explanations in order to analyze how science teachers’ criteria for

assessing alternatives vary within different contexts.

Scenario I: Venezuelan Guppies

Venezuelan Guppies scenario deals with sexual selection/predator avoidance
(microevolution): It was modified from Sampson and Blanchard’s (2012) study. In this
scenario, there are three alternatives crafted purposefully so that the first alternative
explanation would provide an accurate and insufficient answer; the second one would
provide an accurate (evolutionary theory) and sufficient answer; and third one would
provide a sufficient but inaccurate answer which has commonly used misconceptions
such as Lamarck’s theory of evolution. Science teachers’ were required to evaluate
these alternatives to explain the reason of the observed variation in the coloration

within male guppies.

Scenario I1: Whales

This scenario is about macroevolution in whales, modified from Yalcinoglu’s
(2007) study. There are three alternatives crafted purposefully so that one would
provide an accurate (evolutionary theory) and sufficient answer; two would provide
inaccurate explanations: first one consists of commonly used misconception, in
particular Lamarck’s theory of evolution and the other one included cognitive bias

regarding evolution driven by need and purposes. Science teachers were asked to
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assess these alternatives to explain the possible relationships among an extinct land

mammal, an aquatic whale ancestor and modern whales.

Scenario I11: Lactose Intolerance

This scenario deals with gene-culture coevolution in humans (microevolution),
developed by the researcher of the present study. Burger, Kirchner, Bramanti, Haak,
and Thomas’s (2007) and Tishkoff et al.’s (2009) findings were used to developed this
scenario. There are three alternatives crafted purposefully so that the first alternative
explanation would provide an accurate (evolutionary theory) and sufficient answer;
the second one would provide hypothesis regarding existence of lactose tolerance
allele in humans, however, this theory collapsed after analyzing lactose tolerance allele
of early Europeans. The third one would provide a sufficient but inaccurate answer
which has commonly used misconceptions such as Lamarck’s theory of evolution
Therefore, science teachers were required to evaluate three alternatives to answer the
question how lactose tolerance developed in humans.

Scenario 1V: Cambrian Explosion

This scenario deals with debate about transition forms, modified from Tavares
etal.’s (2010) study. There are two alternative explanations which have been subjected
to debate among evolutionists; one alternative is related to gradualism and the other is
related to punctuated equilibrium theory. Science teachers were required to discuss

two alternative explanations to explain gaps in the fossil records.

3.5.2. Interview Protocol

The purpose of the development of interview protocol on the basis of evolution
scenarios was to investigate science teachers’ structural, epistemic and conceptual
aspects of argumentation practices.

The cognitive appraisal interview (CAl, Silverman, 2010) was used to examine
how science teachers engage in argumentation practices and how they articulate

conceptual knowledge and argumentation practices. CAIl enables participants an
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opportunity to reflect on and provide rationale what he or she just did. From this
perspective, CAIl provides more useful information about how participants think than
a test or a survey (Henderson, Podd, Smith, and Varela-Alvarez, 1995). Sampson and
Blanchard (2012) argued that CAI encourages participants to provide an appraisal of
their rationale after they complete the task. Interview was conducted with four science
teachers. Before conducting interview, it was pilot tested 5 pre-service elementary
science teachers, 3 elementary science teachers and 3 biology students to ensure that
questions posed were appropriate to collect meaningful data and answer the research
questions. Interview questions were presented in Appendix B.

For this study, interview was designed in three distinct stages. Details were
shown in Table 3.3.

First Stage: The focus of first stage was to examine how science teachers
evaluate the alternative explanations. In this stage, science teachers were provided time
to complete the tasks. After science teachers finished reading the scenario, they were
asked to decide which explanation was the most acceptable and then, asked to explain
the reason behind their choice.

Second Stage: The intent of this stage was to examine how science teachers
craft or construct argument. In this stage, science teachers were asked to generate an
argument. The available literature suggested that the use of argument prompts
encourage participants to craft well-reasoned arguments (McNeil, Lizotte, Krajcik, &
Marx, 2006; Osborne et al., 2004). From this perspective, in order to facilitate the
process of constructing an argument, question prompts were used during the interview.
Therefore, science teachers were asked to support their arguments with appropriate
evidence and reasons, explain why the other alternative explanations are not sufficient
to support their argument and create an argument for persuading other people who
have different opinions, respectively.

Third Stage: after constructing their arguments, science teachers were also
asked to explain what makes scientific arguments more persuasive than others and

asked to explain what evolutionary theory is and why it is valid.
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Table 3.3 The stages of the cognitive appraisal interview (CAl)

Stage Purpose Description of the Task

I Identify the criteria used by Science teachers were provided with
science teachers for evolutionary scenarios including
assessing alternatives evolution phenomena, a focus question

and two or three alternative
explanations and data

Science teachers were required to
determine which explanation is the
most acceptable and then, generate
reasons for their choice

I Determine argumentation Science teachers were asked to construct
practices an argument for explanation they chose
Science teachers were provided with

question prompts to guide the process
of argumentation: (1) what is your
reasons and data to support your
argument; (2) Why the other
alternatives is insufficient
(3) Create an argument to persuade
others who have different opinions

i Identify science teachers’ Science teachers were asked to reflect on
thoughts about the their thoughts about what makes an
contents of argument argument more persuasive
and perspectives of Science teachers were asked to reflect on
evolutionary theory their thoughts about what evolutionary

theory is and why it is valid

3.5.3. Field Notes

Yin (2003) stated that taking notes during data collection is useful to detail data
set. Researcher kept informal conversation about study during interview sessions. For
example, some of them gave examples and some of them declared that they forget
mentioning the some key concepts of evolution during off the record conversations.

These notes were used as supplement to the main data set.
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3.6. Data Analysis Procedure

Qualitative data analysis is the process of making meaning of data (Merriam,
2009). Analyzing data consists of transcription of all data, reading through data set in
order to make sense of them, reducing data through the process of coding in order to
establish themes or patterns as well as explaining and interpreting each through
presenting examples from data set, tables and figures. For multiple case studies, two
stages of analysis are conducted; within-case analysis and cross-case analysis
(Creswell, 2007). Within-case analysis involves analyzing each case separately and
four cases were then compared to each other through cross-case analysis in order to
build general explanations (Merriam, 2009).

The transcriptions of the interview comprised the main data source for the
current study. Firstly, audio-recorded interview data were transcribed in verbatim.
Transcriptions were read to get general meaning of them. After reading, codes and
themes were emerged and categorized based on pre-established frameworks. In order
to provide reliability, transcriptions were read for several times and also data were
analyzed by two experts.

Five analyses were performed relating to: science teachers’ (1) criteria to
evaluating alternative explanations; (2) conceptual aspects of argumentation practices;
(3) structural aspects of argumentation practices; (4) epistemic aspects of
argumentation practices; and (5) how science teachers used conceptual knowledge
regarding evolutionary theory to articulate their arguments at different epistemic
levels. Science teachers’ practices were analyzed through using constant comparative
method developed by Glaser and Strauss (1967).

Science teachers’ conceptual understanding with regard to evolution was
analyzed by the Nehm et al.’s (2010) rubric and Abraham et al.’s (1992) schema.
Science teachers’ structural, epistemic and conceptual aspects of argumentation were
analyzed based on pre-established frameworks: Erduran et al.’s (2004), Tavares et al.’s
(2010) and Nehm et al.’s (2010) analytical frameworks. Besides, criteria that science
teachers used when evaluating alternatives were analyzed and categorized based on

the content and themes in responses to interview questions. The descriptive statistics
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were also used in this study in order to describe the frequency counts of argumentation
and epistemic levels, and how conceptual, argumentation and epistemic levels, and
criteria for assessing alternatives vary by four different evolution scenarios.

Sampson et al.’s (2011) Rubric The criteria that science teachers utilized in
order to distinguish between alternative explanations were analyzed based on two
criteria namely, rigorous and informal criteria identified by Sampson et al. (2011).
Rigorous criteria consist of reasons that are used by scientists to examine what count
as scientific knowledge. These criteria include fit with data, sufficiency of data,
coherence of an explanation, adequacy of an explanation and consistency with
scientific theories or laws. Informal criteria deal mostly with everyday explanations
that are insufficient to justify or challenge ideas. These criteria consist of appeals to
analogies, plausibility, judgments about the importance of an idea and consistency
with personal inferences.

Nehm et al.’s (2010) Rubric and Abraham et al.’s (1992) Schema Science
teachers’ conceptual aspects of argumentation practices were analyzed by using Nehm
et al.’s (2010) rubric (see in Appendix C) and Abraham et al.’s (1992) schema. Nehm
et al. (2010, p. 15-35) proposed a detailed concept evaluation rubric. In this rubric,
seven key concepts, misconceptions and cognitive biases that were commonly held by
students listed below:

Key concepts:

(1) The presence and/or causes of variation among individuals;

(2) The heritability of variation

(3) Competition

(4) The overproduction of offspring

(5) Resource limitation

(6) Differential survival of individuals

(7) Generational changes in the distribution or frequency of variation

Misconceptions:

(1) Pressure - a compelling force causing changes of an organism

(2) Adapt - one adjusts or acclimates oneself to new or changed circumstances

(3) Need - an organism needs to change in order to survive

(4) Must - an organism must change in order to survive

(5) Use and disuse - an organism acquires or loses a certain trait depending on
how often a trait is used

(6) Energy - energy should be allocated in a trait that is helpful for survival

76



Cognitive Biases:

(1) Essentialism - tendency to consider that evolution consists of simultaneous
changes in all members of species

(2) Intentionality - tendency to believe that events are directed by a mental
agent

(3) Teleology - tendency believe that evolutionary changes are driven by
purposeful change and need

Based on this rubric, science teachers’ conceptions were categorized as key
concept, misconception and cognitive bias. After categorizing participants’
conceptions, their understanding levels were determined by Abraham et al.’s
framework. Abraham et al. developed a concept-evaluation framework in order to
evaluate understanding level. According to this framework, responses are classified
into levels from 1 to 6 (see Table 3.4). This classification was made based on whether

there are misconceptions, key concepts or cognitive biases in arguments.

Table 3.4 Scoring scheme for teachers’ understandings on the open-ended
evaluation on evolutionary theory
Degree of understanding Criteria for scoring
No Response Response left blank.
Response that states or indicates, “I
don’t know” or “I do not understand”

No understanding Response that repeats the question.
Irrelevant or unclear responses

Specific misunderstanding or alternative Response that includes illogical or

conception incorrect information

Partial understanding with specific Response that shows understanding of
misunderstanding or alternative the concept but also makes statements
conception that demonstrate a misunderstanding
Partial understanding Response that includes at least one of

the components of the validated
response, but not all the components

Sound understanding Response that includes all components
of the validated response
Note. Adapted from “Understandings and misunderstandings of eighth graders of five
chemistry concepts found in textbooks” by M.R. Abraham, E.B. Grzybowski, J. W.
Renner, and E. A. Marek, 1992, Journal of Research in Science Teaching, 29, 106.
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Erduran et al.’s (2004) Framework Science teachers’ structural aspects of
argumentation practices were analyzed in terms of levels of argumentation through
utilizing Erduran et al.’s (2004) framework shown in Table 3.5. Erduran et al.
developed a framework to minimize the methodological difficulties with
distinguishing Toulmin’s core elements of argumentation such as claims, warrants and
rebuttals. Put more specifically, Erduran et al. made two distinctions: (1) whether an
argument includes reason (i.e. data, warrant or backing) to support claim and (2)
whether an argument includes rebuttal. Rebuttal was defined as the central component
of argumentation practices since without any rebuttal, arguments might be less
persuasive. That is, arguments consisting of only justifications of his/her own claim
remain unchallenged that not enable to change the ideas or views. In this respect,
Erduran et al. proposed a five level argumentation analysis framework. Additionally,
Erduran et al. distinguished the weak and strong rebuttal according to whether rebuttal
is justified by evidence or not.

Table 3.5 Analytical framework used for assessing the quality of argumentation

practices

Level 1 Level 1 argumentation consists of arguments that are a simple claim
vs. a counter-claim or a claim vs. claim

Level 2 Level 2 argumentation has arguments consisting of claims with
either data, warrants or backings but do not contain any rebuttals

Level 3 Level 3 argumentation has arguments with a series of claims or
Counter-claims with either data, warrants or backings with the
occasional weak rebuttal

Level 4 Level 4 argumentation shows arguments with a claim with a clearly
identifiable rebuttal. Such an argument may have several claims and
counter-claims as well but this is not necessary

Level 5 Level 5 argumentation displays an extended argument with more
than one rebuttal.
Note: Adapted from “Tapping into argumentation: Developments in the application of
Toulmin’s argument pattern for studying science discourse”, by S. Erduran, S. Simon,
and J. Osborne, 2004, Science Education, 88, 915-933, p. 928.
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Tavares et al.’s (2010) Framework Science teachers’ epistemic aspects of
argumentation practices were assessed by analysis of epistemic status in terms of
relative epistemic levels based on the Tavares et al.’s (2010) framework. Researchers
adapted Kelly and Takao’s (2002) framework into biological evolution context to
examine how evolution knowledge articulate argumentation practices at different
epistemic status. This model consists of five epistemic levels from more specific
claims to more general, theoretical claims regarding evolutionary theory seen in Table
3.6. As Kelly and Takao (2002) pointed out, sophisticated argument consists of
evidences at variety of epistemic levels. Therefore, ordinal progression does not
provide judgments for evidence quality. Instead, epistemic aspects of argumentation
in terms of quality were analyzed based on two criteria, namely, integration of claims
across the levels and the ratio of data statements to theory statements. Hence, for this
study, science teachers’ relative epistemic statuses were assessed within the evolution
context.

Tavares et al.’s (2010) Coding Schema The articulation of conceptual
knowledge regarding evolutionary theory and argumentation practices at different
epistemic levels was analyzed by Tavares et al.’s (2010) coding schema to deepen
understanding of argumentation practices. Schema represented the integration
argumentation patterns with evidenced claims. (a) claims: stating a claim (drawn from
the problem); transforming one of the alternative claims; offering a new claim; (b)
data: appealing to data provided in the problem; appealing to data recalled from
previous knowledge; (c) justifications (or warrants): supporting a claim in theoretical
justifications; supporting a claim in theoretical justifications illustrated with data; (d)
rebuttals: challenging the evidence of the opposing claim; (e) modal qualifiers:
qualifying a claim through the use of model qualifiers. However, model qualifiers were
not analyzed in the present study since Erduran et al.’s (2004) framework did not

include model qualifiers.
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Table 3.6 Categories of evidenced claims by levels of abstraction about evolutionary theory

Epistemic Levels Definitions

Examples from science teachers

Level 5

Level 4

Level 3

Level 2

Level 1

General theoretical propositions describing
evolutionary processes, not specific to the issue
discussed

Propositions in the form of theoretical claims
specific to the evolutionary issue discussed

Propositions in the form of theoretical claims or
processes illustrated with data specific to the issue
discussed

Propositions using empirical data recalled from
experience or previous knowledge

Propositions making explicit reference to empirical
data from the tasks

Selin: It was mentioned genetic drift; Darwin’s evidences
that support evolution, it (genetic drift) leads to variation
because it (variation) occurred completely randomly.

Selin: Here, species which have small and weak legs suit to
their environment because they are common as a
consequence of natural selection.

Leyla: When the number of predators decreases, the number
of bright males increases since threat is gone.

Beste: like rat experiment, [ don’t think that habits of
drinking milk are directly related to genes.

Burcu: There is a map related to Europeans in 8000-9000
years ago and data from Africans, that is, dairy farming has
been done since at that time and people have been exposed to
consumption of milk.

Note: Adapted from “Articulation of conceptual knowledge and argumentation practices by high school students in evolution
problems” by M. L. Tavares, M. P. Jiménez-Aleixandre, and E. F. Mortimer, 2010, Science Education, 19, 573-598, p. 583.



3.7. Trustworthiness of the Study

Validity and reliability issues are considered from different perspectives for
quantitative and qualitative research because of distinctive characteristics of
qualitative research. Therefore, the term of trustworthiness is used for the qualitative
research as a substitute for validity and reliability. Lincoln and Guba (1985) identified
four strategies in order to prove the trustworthiness of the qualitative study; credibility,
transferability, dependability and conformability as counterparts of internal validity,
external validity, reliability and objectivity, respectively.

3.7.1. Credibility (Internal Validity)

Credibility refers to the congruence of the research results with reality
(Merriam, 2009). Creswell and Miller (2000) (as cited in Creswell 2007) proposed
eight validation strategies for qualitative studies; triangulation, peer review, a
prolonged engagement and persistent observation , negative case analysis, clarifying
researcher bias from the outset of the study, member checking, rich, thick description,
and external audits, and it is suggested that at least two strategies be considered to
provide credibility. The following four of them were presented in this part: (1)
triangulation; (2) member checking; (3) rich, thick description and (4) clarifying

researcher bias.

3.7.1.1. Triangulation

Four types of triangulation were proposed, namely multiple methods, multiple
sources of data, multiple investigators and multiple theories (Merriam, 2009). For the
present study, multiple investigators method was used. Two persons, researcher of the
present study and colleague analyzed same data set and compared their results
independently. Besides, interviews were triangulated with field notes in the present

study.
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3.7.1.2. Member Checking

Member checking strategy refers to discussion with participants provided data
about the findings and interpretation (Merriam, 2009). In the present study, after
completion of analyzing data, each participant’s views and feedbacks about the
interpretations, categories and results generated by the researcher were received in

order to assess the accuracy of findings.

3.7.1.3 Rich, Thick Description

Creswell (2007) suggested that researcher should provide rich and thick
description for the participants, context and findings in order to enable readers to
transfer findings to their own settings. In the current study, researcher provided
detailed information about inquiry process, settings and participants for transferability

issue.

3.7.1.4 Clarifying Researcher Bias

Researcher bias is a critical issue for validity since the researcher is the key
instrument in qualitative studies. Researcher’s expectations and values might affect
the selection of relevant data from interview and this leads to misinterpretations and
misunderstandings. In order to overcome this issue, interview transcripts were also
analyzed by colleague independently. Besides, as a researcher, | searched articles and
dissertations about argumentation and evolution theory in order to improve my
knowledge about them. In addition, as a researcher of this study, I also took evolution
and argumentation courses during undergraduate and master’s program. However,
question prompts used during interview and my attitude towards participants might

influence their efforts.

3.7.2 Dependability (Reliability)

The reliability of qualitative study refers to the stability of the findings of the
study confirmed by multiple coders (Creswell, 2007). Besides, validity can be used as
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a criterion for assessing reliability of the study (Fraenkel & Wallen, 2006). There are
several strategies to provide reliability (Creswell, 2007). One of them is the inter-rater
agreement.

After coding and analyzing data, argumentation and epistemic levels were
analyzed by two researchers who have experience on argumentation and qualitative
research. Besides, conceptual understanding regarding evolution theory was analyzed
by a researcher who has experience on evolution. After independently analyzing data,
the formula proposed by Miles and Huberman (1994) was used to calculate inter-rater

reliability;

Number of agreements

Reliability =
Total number of agreements + disgreements
The inter-rater reliability was established as 80% for argumentation levels,
85% for epistemic levels and 90% for evolution conceptions.

3.8. Researcher Role

Merriam (2009) described researcher role as a key instrument for data
collection and analyses in qualitative research. Therefore, there should include
information about researcher. I, as a researcher, am a Master’s student in Elementary
Science and Mathematics Education at Middle East Technical University (METU). |
received my undergraduate degree from the Elementary Science Education at the same
university. Throughout the study, | was the designer and interviewer. Before
conducting study, three different evolutionary scenarios were adapted and one scenario
was developed by the researcher. | conducted Interviews with four science teachers.
The participants were expected to analyze each scenario on their own but if needed, |
clarified some parts in scenarios. In addition, data obtained through interview were
analyzed by the researcher. | did not direct the participants and | also took field notes

including informal conversations during interview sessions.
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3.9. Ethics

Regarding ethics, several issues were taken into consideration in the present
study. Researcher got the permission from ethics committee so as to conduct this study.
Before beginning the study, teachers were informed the purposes, content and
procedure of this study. At the every stage of the data, the researcher was honest with
the participants and thus, deception was not used in this study. In addition, participants’
identity and privacy were kept confidential and pseudonyms were used for all
participants while presenting the results. It is also stated that this was a voluntary
participating study, that is, any one of them refusing or unwilling to participate into
the study could withdraw from participating at any time. Besides, the present study did

not include any danger or harm.

3.10. Assumptions of the Study

The study was based on the following assumptions:

e The data collection instruments developed and adapted for the present study
was qualified enough to serve the purpose of this study.

e Teachers were information rich cases.

e The sample of this study was selected through purposeful sampling since they
were familiar with the biological evolution concepts. Hence, it was assumed
that they were good representatives regarding understanding and evaluating

evolution scenarios.

e The characteristics of sample in pilot study and sample in actual study was

similar.

e The interviews with teachers were conducted in standard conditions.

3.11. Limitations of the Study

The limitations of the present study are followings:
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The analysis was limited to one type of data source; interview protocol
regarding evolution concept. There could include lesson plans regarding
evolution and observation sessions conducted for argumentation practices.

This study was limited to context and design of the study. In this study, four
evolutionary scenarios were used to examine science teachers’ structural,

epistemic and conceptual aspects of argumentation practices.
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CHAPTER 4

FINDINGS

This study was a qualitative multiple case study investigating conceptual,
structural and epistemic aspects of science teachers’ argumentation practices as well
as the articulation of conceptual knowledge and argumentation practices in the context
of evolutionary theory. In this sense, four case studies were conducted. The data were
gathered from each case (teacher) through individual interviews. In this chapter, the
findings obtained from each case in terms of their criteria for evaluating validity of
explanation, conceptual, structural and epistemic aspects of argumentation as well as
the articulation of conceptual knowledge and argumentation practices at different
epistemic levels were presented in detail. After that, cross-case analysis was provided
in order to uncover similarities and difference among cases. Representative excerpts
from the interview transcripts produced by teachers were used to support assertions
developed by the researcher.

4.1. Burcu’s Case

She was 26 years old and graduated from Department of Elementary Science
Education, METU in 2011. She took biology courses including general biology I and
I, physiology and evolution courses and also science methods courses including
instructional planning and principles and methods of teaching science courses in which
argumentation was introduced. She completed Evolution course with a grade of CC
(2/4). She was also doing her M.S. in Human Resources Development at METU. She
was working at public school. She was in the second year of teaching profession when
the data collection and she taught to 6™ and 71" grades. She did not have any experience

on teaching evolutionary theory.
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In the following sections, the results of Burcu were presented under the five
dimensions including criteria for evaluating validity of explanation, argumentation
practices in terms of conceptual, structural and epistemic aspects as well as the
articulation of conceptual knowledge regarding evolutionary theory and
argumentation practices at different epistemic levels. The results of these analyses

were represented for each scenario separately.

4.1.1. Scenario I: Venezuelan Guppies

Venezuelan Guppies scenario deals with natural and sexual selection
(microevolution) (see Appendix A). Burcu was provided with this scenario in which
she was asked to several questions about the reason of observed variation in the
coloration within male guppies. Following subsections described the results on each

phase.

4.1.1.1. Criteria for Evaluating Validity of Explanation for Venezuelan Guppies

Scenario

After reading scenario, Burcu was asked to determine which of three
alternative explanations was the most valid to explain the reason of coloration in

Venezuelan Guppies. The following dialogue took place after she decided:

Burcu: Explanation 2 and 3 are acceptable. (Explanation 2: Female guppies
prefer to mate with brightly colored males. As a result, bright males tend to
attract more mates and produce more offspring. When there are lots of
predators in a habitat, however, brightly colored males do not survive long
enough to reproduce. Explanation 3: The species of guppy try to appear very
flashy like many other types of fish. However, when individual migrate into
different pools, they need to adjust their coloration in order to avoid predators.
As a result, some become drab in order to better fit in with a new habitat. This
new trait is then passed down to their offspring because it is useful).

Researcher: Why did you say that?

Burcu: Because when examining the table (given in scenario), while the
number of predators increases, the number of bright males decreases. However,
we know that bright-colored males, this took place in other species, are
primarily preferred by females in nature. On the other hand, being bright
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colored is not good because it is noticeable and this leads to attract predator’s
attention. Therefore, being bright decreases chance of survival of bright males.

Burcu evaluated the acceptability of alternative explanations of Venezuelan
Guppies scenario based on both rigorous and informal criterion. She took into
consideration of how data fit with claim. Specifically, she generated a counter-claim
based on her previous knowledge by referencing data provided in scenario. This is in
line with rigorous criterion valued in science. In addition, she seemed to consider the
criterion of how well claims, in this case the second and third explanations, fit with
her existing understanding of scientific concepts regarding sexual selection and
prey/predator relationship. However, even though her previous knowledge
corresponded with scientific explanations to some degree, she did not explicitly
reference any scientific theory to explain her previous knowledge, so this seemed to
be more personal explanation and for that reason, this is in line with informal criterion.

In the following, Burcu was asked to construct argument for Venezuelan
Guppies scenario. Her argumentation practices were analyzed in terms of conceptual,

structural and epistemic aspects.

4.1.1. Conceptual Aspect of Argumentation Practices for Venezuelan Guppies

Scenario

For Venezuelan Guppies, Burcu chose the second and third explanations for
this scenario. While, former one includes evolutionary explanations, latter consists of
misconceptions regarding inheritance of acquired traits and cognitive biases with
respect to intentionality and teleology. However, she used mostly evolutionary
conceptions in her argument for both alternatives. Representative examples for her
evolutionary explanations were:

We know that bright-colored males, this took place in other species, are
primarily preferred by females in nature. Therefore, being bright colored was
considered by females as an indicator of ability to produce more fertile
offspring.

If a trait found in sex cells is favorable, it will be passed to next generation.
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According to Nehm et al.’s (2010) framework, in the first example, she
explained existing of bright-colored males in pools by differential survival, in
particular, sexual selection. In the second example, she explained the heritability of
genes. This notion is not consistent with the third explanation including inheritance of
acquired traits. She might not have understood the third explanation comprehensively.

However, she used intentional reasoning in her arguments: “they (bright males)
learn to adjust their colors in long periods of time”. She seemed to perceive the process
of coloration as a phenomena directed by mental agent.

Overall, although Burcu used mostly evolutionary notions concerning
differential survival, heritability of genes and resource limitation, in particular
prey/predator relationship in her arguments, she had a cognitive bias regarding
intentionality and teleology. Hence, her conceptual understanding level was classified
as partial understanding with specific misunderstanding (PU/MU) according to
Abraham et al.’s (1992) framework.

4.1.1.3. Structural Aspect of Argumentation Practices for Venezuelan Guppies

Scenario

She generated eight arguments at level 2 and level 4 so as to support and
criticize the alternative explanation.

For the Level 2, she constructed seven arguments for the second and third
explanations. One of the example quotations was presented in Table 4.1. In this
example, she offered a new claim regarding being bright. In order to support her claim,
she used data that is noticeable feature and linked data and claim through constructing
prey/predator relationship and she reached conclusion from data regarding
prey/predator relationship. However, she did not attempt to provide rebuttal.
Therefore, her argument was classified as level 2.

For the Level 4, she generated an argument for the first explanation. Example
quotation was illustrated in Table 4.1. In this example, explanation 1 was considered

as a claim and she offered a counter-claim. Then, she justified her counter-claim by
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presenting data and reason. This rebuttal was considered as a strong one since it

includes sufficient data and warrant and thus, placed in level 4.

Table 4.1 Burcu’s excerpts at argumentation levels in Venezuelan Guppies scenario

Argumentation Burcu’s excerpts
Level
Level 2 Being bright colored is not good because it is noticeable and

this leads to attract predator’s attention. Therefore, being
bright decreases chance of survival of bright males.

Level 4 The first explanation mentioned that they are created to either
be drab or bright. This explanation seems to state that bright
males should die and drab males should live, this does not
make sense. Because being bright or drab change depends on
condition and this trait is acquired not created in that way.

4.1.1.4. Epistemic Aspect of Argumentation Practices for Venezuelan Guppies

Scenario

Figure 4.1 illustrates Burcu’s propositions across the epistemic levels. In this
figure, each sentence was labeled with numbers and sentences served as a propositions.
Each of propositions was categorized by epistemic levels and mapped in order to
indicate ties across the epistemic levels. Lines connecting propositions represents
explicit links between propositions and dashed lines represents the propositions

including statements at two epistemic levels.
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Figure 4.1 Burcu’s argumentation structure by epistemic levels for Venezuelan
Guppies scenario
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Based on the five epistemic levels framework, she explicitly referenced
provided information and data in eight propositions (1, 6, 9, 10, 15, 16, 19 and 20)

placed in epistemic level I. A representative example for propositions 2 and 3 was:

(2) We know that bright-colored males, this took place in other species such as
birds, are primarily preferred by females in nature. (3) Therefore, being bright
colored was considered by females as an indicator of ability to produce more
fertile offspring.

In this example, for proposition 2, she referenced data from her previous
knowledge and linked this data to theoretical knowledge regarding differential
survival, in particular sexual selection. Since her proposition included statements at
two different epistemic levels, her proposition was classified as epistemic levels 11-V.
For proposition 3, she utilized theoretical statement in order to clarify sexual sexual
selection placed in epistemic level V. She used theoretical claims with identifying
provided data in two propositions (9 and 20) classified as epistemic level Ill. She
generated theoretical claim regarding heritability of genes and differential survival in
7 propositions (5, 7, 8, 11, 12, 13, and 14) placed in epistemic level IV. In 4, 17 and
18 propositions, she utilized general theoretical knowledge concerning prey/predator
relationships and heritability of genes classified as epistemic level V.

In terms of the criterion of integration of claims across the levels, Burcu
proposed evidenced claims at various levels. However, in terms of the criterion of the
ratio of data statements to theoretical statements, she used eight data references in
proportion to fourteen theoretical claims. In particular, theoretical claims were less
frequently supported by data. Hence, although her argument was extensive, the

epistemic quality of argument was relatively low.

4.1.1.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels for Venezuelan Guppies Scenario

Table 4.2 represented how Burcu justified her claims appealing to evolution
conceptions documented in the use of evidenced claims at different epistemic levels
for Venezuelan Guppies scenario. In the first example, she referenced data regarding
key concept of evolution, in particular prey/predator relationship placed in epistemic

91



level 1. Then, she constructed new theoretical claim through using intentional
reasoning and explained reason regarding prey/predator relation classified as epistemic
level 1V. Then, she appealed to theoretical statement with respect to the key concept
of evolution, in particular, heritability of genes in order to back up her claim classified
as epistemic level IV.

In the second example, she explicitly referenced data from the scenario. She
utilized a theoretical claim regarding relation with being bright and fertility but she
used teleological reasoning classified as epistemic level 1V. Then, she constructed
theoretical statement regarding sexual selection in order to back up the second

explanation placed in epistemic level 1V.
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Table 4. 2 Articulation of evolution conceptions and argumentation practices for Venezuelan Guppies scenario

Burcu’s Excerpts

Argumentation Practices

Epistemic Levels

(10) They (bright males) are hunted by predators in pools
including lots of predators. (11) Therefore, they (bright
males) learn to adjust their colors in long periods of time
because of protection. (12) They become drab in pools where
predators are abundant because this trait (being drab) found
in sex cells are passed to offspring.

(6) 1 observed that females are not bright in any
circumstances. (7) Therefore, it is related to males because
they (males) become bright colored in order to produce
offspring. (8) That is to say, male guppies should be bright;
despite of decrease chance of their survival, it is an indicator
of ability to produce fertile offspring for females.

Claim: Explanation 3
Data: prey/predator relationship

New claim: learning to adjust colors
Warrant: protection

Backing: heritability of genes

Claim: Explanation 2

Data: females not bright

New claim: related to males
Warrant: relation being bright
with fertility

Backing: sexual selection

(Not coded)
Epistemic Level |

Epistemic Level IV

Epistemic Level IV

(Not coded)
Epistemic Level |
(Not coded)
Epistemic Level IV

Epistemic Level IV




4.1.2. Scenario Il1: Whales

Whales scenario deals with transition form (macroevolution) (see Appendix
A). Burcu was provided with this scenario in which she was asked to several questions
about the possible relationships among an extinct land mammal, an aquatic whale
ancestor and modern whales. Following subsections described the results on each

phase.

4.1.2.1. Criteria for Evaluating Validity of Explanation for Whales Scenario

After reading scenario, Burcu was asked to determine which of three
alternative explanations was the most valid to explain the possible relationship among

species. The following dialogue took place after she decided:

Burcu: The third explanation is the most valid but I agree with the some parts
of the second explanation. (Explanation 3: Pakicetus were some sort of
mammal that can live both in land and in water. For this reason, it can be a
transitional form. The ancestors of whales were living in land once and they
had legs. As a result of changes of genes in the population, whales were born
with small or no legs and when their environment changed, these whales with
small or no legs became more advantageous and reproduced more. Explanation
2: Pakicetus is not related to whales. Pakicetus was some sort of wolf and
Basilosaurus was a sea mammal. Modern Whales have similar structures to
those of extinct species; Basilosaurus and Pakicetus. Basilosaurus had small
hind limb but it does not indicate that they were vestigial organs. They might
have had different function. Hence, they were totally different species.)

Researcher: Why did you say that?

Burcu: For the third explanation, when | looked at the figures, | observed that
forelimbs of Whales and Pakicetus are similar. Flood may have taken placed
and environment changed. Therefore, when the environment changed, living
thing has to change in order to suite environment or died and became extinct.
Hence, Pakicetus could be a transition form that can live in water.

For the second explanation, | agree with the some parts of the second
explanation. Pakicetus and Basilosaurus may have had a common ancestor and
they could be different species: Basilosaurus may have been sea mammal and
Pakicetus may have been transition form. Pakicetus, Basilosaurus and Whales
have common structure in skulls. That’s why Pakicetus was a transition form
and they come from common ancestor due to similarities. For example, human
and chimpanzee come from common ancestor because of their similarities, so
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they (Pakicetus and Basilosaurus) were different species but come from
common ancestor. Therefore, the second explanation could be true.

Burcu seemed to evaluate acceptability of alternative explanations of Whales
scenario based on rigorous criteria. In particular, she evaluated the third explanation
through considering how provided data fits with explanation and used existing
theoretical knowledge regarding adaptation. For the second alternative, she criticized
some parts of it but it was unclear. Then, she generated a new explanation through
using a previous theoretical knowledge regarding common ancestry. Therefore, she
took into consideration of how claims fit with scientific theories, in particular common
ancestry and adaptation.

In the following, Burcu was asked to construct argument for Whales scenario.
Her argumentation practices were analyzed in terms of conceptual, structural and

epistemic aspects.

4.1.2.2. Conceptual Aspect of Argumentation Practices for Whales Scenario

For Whales, Burcu chose the second and third explanation. The latter was
related to evolutionary theory. Although the former one included denial of evolution,
she did not reject evolution. Instead, she constructed a new claim regarding common
ancestry for this explanation. In addition, she rejected the inheritance of acquired traits
and most frequently used key concepts of evolution to explain whale evolution for her

arguments. Representative examples for these concepts were:

Firstly, genes change and then, these genes are passed to sex chromosomes.
After these genes become advantage, they are passed to next generation and
they (organisms) produce more offspring and this process last long time.

In this example, she used the key concepts of evolution, in particular
heritability of genes and overproduction of offspring. Besides, she used another key
concept of evolution regarding differential survival but she explained this notion
through using teleological reasoning as: “when the environment changed, living thing
had to change in order to suite environment or died and became extinct.” She seemed
to perceive selection as a goal-driven process. In addition, she held cognitive bias

concerning intentionality. A representative example for this bias was:
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Species like Modern Whales, Basilosaurus and Pakicetus adapted themselves
to environments according to conditions of those environments they live.

In this example, she explained adaptation process as a process driven by a
mental agent rather than a process by the species become more suited to environment
through change in a trait (Futuyma, 2009). Therefore, she had also misconception
regarding adaptation process.

Overall, although she mostly used the key concepts of evolution, she had a
misconception regarding adaptation and cognitive biases with respect to teleology and
intentionality based on Nehm et al.’s (2010) framework. For that reason, her
conceptual understanding level was placed in partial understanding with specific

misunderstanding (PU/MU) according to Abraham et al.’s (1992) framework.

4.1.2.3. Structural Aspect of Argumentation Practices for Whales Scenario

Burcu constructed six arguments in order to support her claim and rebut the
other alternatives.

For the Level 2, she generated four arguments for the second and third
explanations. One of the example quotations was given in Table 4.3. In this example,
explanation 2 was considered as a claim in this argument. She used example of human
and chimpanzee as a data and she justified common ancestry for Pakicetus and Whales.
Then, she backed up her claim with adaptation and heritability of genes. Since her
argument did not include any rebuttal, her argument was categorized as Level 2.

For the Level 4, she constructed two arguments. One of the example quotations
was given in Table 4.3. In this example, the second explanation was considered as a
claim. She generated a counter-claim for the second explanation and she strongly
rebutted the second explanation through using similarity as a data and common
ancestry and adaptation as a warrant. Since her argument consisted of only one rebuttal

rather than multiple rebuttals, it was classified as Level 4.
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Table 4.3 Burcu’s excerpts at argumentation levels in Whales scenario

Argumentation Burcu’s excerpts
Level
Level 2 Humans and chimpanzees have common ancestor. Likewise,

Pakicetus and Whales may have had common ancestor because
they were also different species since they must had suited to
different environments. That is to say, species like Modern
Whales, Basilosaurus and Pakicetus adapted themselves to
environments according to conditions of those environments
they live and changes were passed to offspring.

Level 4 The second explanation also stated that they were totally
different species. However, they were not totally different
because they had similarities and so, they came from common
ancestor and adapted to new environment

4.1.2.4. Epistemic Aspect of Argumentation Practices for Whales Scenario

Figure 4.2 represents the distribution of Burcu’s propositions across the

epistemic levels for Whales scenario.
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Figure 4.2 Burcu’s argumentation structure by epistemic levels for Whales scenario

Based on the five epistemic levels framework, Burcu explicitly cited data from
the task in three propositions (1, 6, and 14) classified as epistemic level I. She

referenced data regarding common ancestry and environmental changes recalled
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previous knowledge in five propositions (2, 8, 9, 12 and 13). A representative example

for propositions 12 and 13 was:

(12) I’'m confused because I remembered that life moved from water to land.
(13) However, there is transition from land to water in this scenario, so a natural
disaster may have taken place, for example, an earthquake or flood and then,
they have to live in seas.

In this example, she referenced a data regarding transition from water to land
recalled from existing knowledge in proposition 12 classified as epistemic level Il. For
proposition 13, she explained the process of transition from land to water through using
data from previous knowledge with respect to environmental changes. Since her
proposition included explanations for a process and explicitly referenced data, it was
classified as epistemic levels 1I-111.

In addition, she also used theoretical claims regarding adaptation, common
ancestry with identifying data in four propositions (4, 7, 10 and 18) placed in epistemic
level Ill. She mostly used theoretical claims with respect to overproduction of
offspring, heritability of genes and differential survival at level 1V in this scenario in
five propositions (3, 5, 11, 16 and 17). She also used general theoretical claims
regarding common ancestry and heritability of genes in three propositions (8, 14 and
15) placed in epistemic level V.

In terms of criterion of integration of claims across the levels, Burcu proposed
evidenced claims at various levels. On the other hand, in terms of the criterion of the
ratio of data statements to theoretical ones, she used eight data statements in proportion
to thirteen theoretical claims. In particular, data statements were insufficiently
associated with theory in her argument. Therefore, epistemic quality of argument was

relatively low.

4.1.2.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels for Whales Scenario

Table 4.4 represented how Burcu justified her claims appealing to evolution
conceptions at different epistemic levels for Whales scenario. In the first example, she
constructed new theoretical claim regarding common ancestry classified as epistemic
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level IV. Then, she used provided data with respect to similarities in structures placed
in epistemic level 1. She used this data to construct a theoretical statement regarding
common ancestor transition form. In addition, she backed up her claim through using
general theoretical claim with respect to common ancestry with identifying data
concerning similarity of chimpanzee and human recalled form previous knowledge
classified as epistemic levels 11-V

In the second example, she generated a counter-claim for the explanation 1.
She used provided data regarding rapid change in explanation 1 in order to reject the
misconception of inheritance of acquired traits placed in epistemic levels I-V. Finally,
she constructed a general theoretical knowledge including key concept of evolution,
in particular heritability of genes to back up her counter-claim classified as epistemic

level V.
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Table 4. 4 Articulation of evolution conceptions and argumentation practices for Whales scenario

Burcu’s Excerpts

Argumentation Practices

Epistemic Levels

(5) I agree with the some parts of the second explanation.
Pakicetus and Basilosaurus may have had a common
ancestor and they could be different species: Basilosaurus
may have been sea mammal and Pakicetus may have been
transition form. (6) Pakicetus, Basilosaurus and Whales
have common structure in skulls. (7) That’s why Pakicetus
was a transition form and they come from common ancestor
due to similarities. (8) For example, human and chimpanzee
come from common ancestor because of their similarities,
so they (Pakicetus and Basilosaurus) were different species
but come from common ancestor.

(14) Explanation 1 does not mention about the process of
change in hind limb (Not coded). That’s why, it seemed to
mean that Pakicetus passed their traits to offspring rapidly
and transformed to Basilosaurus but it is not correct
because traits are not passed rapidly. (15) That is,
organisms change as a result of producing fertile offspring
in long periods of time.

Claim: Explanation 2
New Claim: common ancestry
Data: similarities in skull
Warrant: transition form and common
ancestor due to similarity

Backing
Data: human and chimpanzee
Warrant: common ancestry due to
similarity

Claim: Explanation 1

Rebuttal
Counter-claim: not correct and not
sufficient
Data: rapid change
Warrant: rejection of acquired traits
Backing: overproduction of offspring

(Not Coded)
Epistemic Level IV
Epistemic Level |
Epistemic Level 11

Epistemic Levels I1-V

(Not Coded)

(Not Coded)

Epistemic Levels I-V

Epistemic Level V




4.1.3. Scenario I11: Lactose Intolerance

Lactose Intolerance scenario deals with gene-culture coevolution in humans
(microevolution) (see Appendix A). Burcu was provided with this scenario in which
she was asked to several questions about how lactose tolerance developed in humans.

Following subsections described the results on each phase.

4.1.3.1. Criteria for Evaluating Validity of Explanation for Lactose Intolerance

Scenario

After reading scenario, Burcu was asked to determine which of three
alternative explanations was the most valid to explain how lactose tolerance developed

in humans. The following dialogue took place after she decided:

Burcu: The second and third explanations (Explanation 2: people started to
consume milk and over time, in consequence of increasing the habit of drinking
milk, this situation affects genes and increases the frequency of allele that
causes lactase gene to be active in areas where milk is available. As a result,
people who have high consumption of milk started to digest lactose. This
development affects genes disparately at different population. Explanation 3:
variation of digestion of lactose between communities and within communities
is not related to consumption of milk. This is mostly based on whether
randomly carrying lactose tolerance allele or not before dairy farming started.
For instance, there are still people who do not digest milk in Europe where
dairy farming started. That’s why each person carries different lactose allele.)

Researcher: Why did you say that?

Burcu: For the third explanation, previously, people could digest lactose in
particular regions of Europe but then, allele developed and became common.
However, regarding variation of digestion of lactose within and between
communities, although it has been a long time since dairy farming started, if
there are still people who could not digest lactose in Europe, for instance in
Holland, I deduced that each person has different allele.

For the second explanation, | can give example from Africans; Africans started
to animal cultivation 9000 years ago and thus, milk became their primary
consumption source. Therefore, in this case, because they need to maintain
their vital activities, this condition leaded to increase their habits of drinking
milk and influenced their genes.
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Burcu evaluated validity of alternative explanations of Lactose Intolerance
scenario through using rigorous criteria. In particular, she took into consideration of
how well data fits with claim since she explained her choice through associating
provided data with claim. She did not attempt to use existing knowledge.

In the following, Burcu was asked to construct argument for Lactose
Intolerance scenario. Her argumentation practices were analyzed in terms of

conceptual, structural and epistemic aspects.

4.1.3.2. Conceptual Aspect of Argumentation Practices for Lactose Intolerance

Scenario

She chose the second and third explanations for Lactose Intolerance. The
former one includes misconception about Lamarckian evolution and the latter one is
related to rejection of evolution. In line with her choices, she mostly used
misconception and cognitive bias in her arguments. A representative example for her

misconception was:

The frequency of lactose tolerance allele increases and people who have habits
of drinking milk start to digest lactose because when people have been exposed
to consumption of milk for a long time, they carrying lactose allele adapt to
digest it and this leads this allele to becoming active.

In this example, she explained the development of lactose tolerance based on
Lamarck’s theory of use and disuse. In particular, she explained evolution of digestion
of lactose through habits of drinking milk. In addition, she had misconception about
adaptation because in this example, she seemed to perceive adaptation as a reason for
change in allele rather than a process by the species become more suited to
environment through change in an allele (Futuyma, 2009).

She appealed key concept of evolution, in particular differential survival
through using teleological reasoning. Put more specifically, she explained selection as
a need-driven process:

Therefore, in this case, because they need to maintain their vital activities, this
condition leaded to increase their habits of drinking milk and influenced their
genes. Because they either survive by consuming milk or die, so they have to
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benefit from the products of animals because plant cultivation was rare and
animal cultivation was only source of food.

Overall, she did not explained evolution of lactose tolerance through key
concepts of evolution. She used differential survival incorrectly. In addition, she also
had misconception of use and disuse based on Nehm et al.’s (2010) framework.
Therefore, her conceptual level was categorized as specific misunderstanding (MU)

according to Abraham et al.’s (1992) framework.

4.1.3.3. Structural Aspect of Argumentation Practices for Lactose Intolerance

Scenario

Burcu generated six arguments to justify her claims and rebut the other
alternatives for Lactose Intolerance scenario.

For the Level 2, she constructed four arguments for the second and third
explanations. One of the example quotations was given in Table 4.5. In this example,
she provided two data regarding variation among community from the task and then,
she explained the reason of this variation as whether there is allele or not in genes.
Since there was no attempt to rebut other alternatives, her argument was placed in
Level 2.

For the Level 5, she generated an argument for the second explanation. One of
the example quotations was given in Table 4.5. In this example, she supported the
second explanation through data. Then, she rebutted the second explanation by
justifying the third explanation through data and then, she created a new claim by
reaching a conclusion from data. In addition, she provided a second rebuttal for the
second explanation through using data from task and gave reason regarding
evolutionary process. She attempted to rebut the second explanation twice, so her
argument was classified as level 5. However, she did not attempt to provide rebuttal

for the explanation 1.
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Table 4.5 Burcu’s excerpts at argumentation levels in Lactose Intolerance scenario

Argumentation Burcu’s excerpts
Level
Level 2 Africans carry allele that is different from that of Europeans. In

addition, although it has been a long time since they have been
exposed to consume milk, there are 50% of people could not
digest lactose since it depends on whether there is allele or not
in genes.

Level 5 Previously, people could digest lactose in particular regions of
Europe but then, allele developed and became common.
However, regarding variation of digestion of lactose within and
between communities, although it has been a long time since
dairy farming started, if there are still people who could not
digest lactose in Europe, for instance in Holland, | deduced that
each person has different allele.
However, this may be specific case for Africans. Because there
are still people who cannot digest lactose and the reason of it is
that these people may not undergo evolutionary process.

4.1.3.4. Epistemic Aspect of Argumentation Practices for Lactose Intolerance

Scenario

Figure 4.3 represents the distribution of Burcu’s propositions the across the

epistemic levels for Lactose Intolerance scenario.
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Figure 4.3 Burcu’s argumentation structure by epistemic levels for Lactose
Intolerance scenario
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Based on the epistemic levels model, she cited figures from the task in six
propositions (1, 2, 4, 5, 9 and 11) classified as epistemic level I. She referenced data
regarding plant and animal cultivation based on her existing knowledge in only
proposition 6. She generated theoretical claims regarding theory of use and disuse or
explained the process of development of lactose tolerance in six propositions (1, 3, 5,
6, 7, and 10) placed in epistemic level IlI.

She also generated theoretical claims regarding differential survival specific
to issue discussed in three propositions 8 and 12 classified as epistemic level IV. A
representative example for the proposition 8 was:

(8) However, this may be specific case for Africans (not coded). Because there

are still people who cannot digest lactose and the reason of it is that these people

may not undergo evolutionary process.

In this example, she explained the reason of variation through using theoretical
knowledge concerning evolutionary process with identifying data from the task placed
in epistemic level IV.

In terms of the criterion of integration of claims across the levels, Burcu
proposed evidenced claims at various levels. However, she did not generate a general
theoretical claim for this scenario. Besides, in terms of the criterion of the ratio of data
statements to theoretical statements, she used seven data references in proportion to
eight theoretical claims. That is, theoretical claims were sufficiently supported by data.
Hence, epistemic quality of argument was relatively high.

4.1.3.5. Articulation of Argumentation Practices and Evolution Conceptions at
Different Epistemic Levels for Lactose Intolerance Scenario

Table 4.6 illustrated how Burcu justified her claims appealing to evolution
conceptions documented in the use of evidenced claims at different epistemic levels
for Lactose Intolerance. In the first example, she referenced provided data form the
task in order to support the second explanation placed in epistemic level 1. Then, she
reached a conclusion from data and proposed a new claim based on the misconception
regarding theory of use and disuse with identifying data from task classified as

epistemic levels I-11l. Then, she used data regarding plant and animal cultivation
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retrieved from previous knowledge and then, provided warrant through using
theoretical claim concerning a key concept of evolution, in particular differential
survival but she used teleological reasoning in order to explain this concept since this
proposition includes both theoretical claim and data recalled from existing knowledge,
it was placed in epistemic levels I1-111.

In the second example, she explicitly cited a map in the task in order to support
her claim placed in epistemic level I. Then, she constructed a new theoretical claim
regarding misconception with respect to theory of use and disuse based on data and
then, she provided a theoretical claim regarded as a warrant to explain process through

adaptation but she used this notion inaccurately placed in epistemic level IV.
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Table 4. 6 Articulation of evolution conceptions and argumentation practices for Lactose Intolerance scenario

Burcu’s Excerpts

Argumentation Practices

Epistemic Levels

(4) I can give example from Africans; Africans started to
animal cultivation 9000 years ago and thus, milk became their
primary consumption source. (5) Therefore, in this case,
because they need to maintain their vital activities, this
condition leaded to increase their habits of drinking milk and
influenced their genes. (6) Because they either survive by
consuming milk or die, so they have to benefit from the
products of animals because plant cultivation was rare and
animal cultivation was only source of food.

(11) There is a map related to Europeans in 8000-9000 years
ago and data from Africans, that is, dairy farming has been
done since at that time and people have been exposed to
consumption of milk. (12) Therefore, the frequency of lactose
tolerance allele increases and people who have habits of
drinking milk start to digest lactose because when people have
been exposed to consumption of milk for a long time, they
carrying lactose allele adapt to digest it and this leads this
allele to becoming active.

Claim: Explanation 2

Data: animal cultivation in
Africa

New claim: theory of use and
disuse

Data: animal cultivation is only
source

Warrant: differential survival

Claim: Explanation 2
Data: the map (provided in
scenario)

New claim: theory of use and
disuse
Warrant: adaptation

(Not coded)
Epistemic Level |

Epistemic Levels I-111

Epistemic Levels II-111

(Not coded)
Epistemic Level |

Epistemic Level IV




4.1.4. Scenario IV: Cambrian Explosion

Cambrian Explosion scenario deals with gaps in the fossil record
(macroevolution) (see Appendix A). Burcu was provided with this scenario in which
she was asked to several questions about gaps in the fossil record as a consequence of

gradual or rapid changes. Following subsections described the results on each phase.

4.1.4.1. Criteria for Evaluating Validity of Explanation for Cambrian Explosion

Scenario

After reading scenario, Burcu was asked to determine which of three alternative
explanations was the most valid to explain the reason of gaps in fossil records. The

following dialogue took place after she decided:

Burcu: Explanation 1 and 2 but explanation 2 is more correct. (Explanation 1:
The lack of intermediate fossils is due to the fact that very few fossils from
periods prior to 570 million years were formed or preserved. The evolution of
multicellular organisms was a slow process proceeding by little steps.
Explanation 2: The lack of intermediate fossils is due to the fact that these
forms never existed. Multicellular organisms appeared as a consequence of
abrupt changes.)

Researcher: Why did you say that?

Burcu: In the explanation 2, abrupt climatic changes took placed; Ice Age
Epoch began and thus, different habitats developed, so species changed
abruptly because these abrupt changes may have brought the necessity of
suiting to environment suddenly and survival. It is also said that no fossil
records were found. However, scientific knowledge is never absolute, it always
exposed to change. The reason of it is that they have not been observed yet but
it is not that they will not be observed. On the one hand, the hypothesis that
fossil records were not observed might support the second explanation. On the
other hand, this is because they might be preserved due to climatic changes.
Hence, | cannot say that the second explanation is 100% correct because the
first explanation is also correct since fossil records were not preserved.

Burcu evaluated acceptability of alternative explanations of Cambrian
Explosion scenario through using rigorous and informal criterion. In particular, Burcu
took into consideration of how well available data fits with claim. In particular, she

used provided data regarding climatic change in order to confirm her choice. This is
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in line with rigorous criterion. She also constructed a relation through using her
previous knowledge based on this data. This is in line with informal criteria since she
seemed to consider consistency of personal inference by stating “so species change
abruptly” without any attempt to reference theoretical knowledge. In addition, she
also utilized theoretical knowledge regarding knowledge about nature of science and
adaptation to evaluate validity of explanation which is line with rigorous criterion.
Besides, she evaluated the acceptability of explanation in the light of other explanation.
She used this filter when she did not distinguish between alternatives.

In the following, Burcu was asked to construct argument for Cambrian
Explosion scenario. Her argumentation practices were analyzed in terms of conceptual,

structural and epistemic aspects.

4.1.4.2. Conceptual Aspect of Argumentation Practices for Cambrian Explosion

Scenario

She chose both explanations for this scenario. She mostly used evolutionary
explanations such as differential survival, resource limitation and common ancestor in

her arguments. Representative examples for these concepts were:

For example, the Earth was in an Ice Age Epoch in that time but climate could
have been different in each region. Therefore, species like arthropods and
sponges could have adapted to different environments, that is to say, these
species came from a common ancestor and then, adapted and speciation
occurred.

There were a few species that could live in Ice Age Epoch, so predators hunted
them more intensively. Therefore, species protected from predators and also
cold by means of their shells.

In the first example, she used the notions of common ancestor and speciation.
In the second example, she applied the key concept of evolution regarding resource
limitation, in particular pre/predator relationship in her arguments. However, she used
teleological reasoning in several explanations. For instance, she explained the survival
and adaptation process through goal-driven process. A representative example for this

cognitive bias was:
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Sudden environmental changes may have brought the necessity of suiting to
environment suddenly and survival.

Overall, although she most frequently used evolutionary explanations, she had
cognitive bias regarding teleology based on Nehm et al.’s (2010) framework.
Therefore, her conceptual level was placed in partial understanding with
misunderstanding (PU/MU) according to Abraham et al.’s (1992) framework.

4.1.4.3. Structural Aspect of Argumentation Practice for Cambrian Explosion

Scenario

Burcu constructed five arguments in order to support her claim and rebut the
other alternatives.

For the Level 1, she constructed an argument for the second explanation. The
example quotation was given in Table 4.7. In this example, she generated a new claim
regarding evolution through reaching a conclusion from data. However, she used
“these examples” as the data but this is not clear. Therefore, her argument was placed
in Level 1.

For the Level 2, she generated three arguments. One of the example quotations
was presented in Table 4.7. In this example, she used climatic and environmental
changes as the data and explained the reason for sudden changes of species. Hence,
her argument was classified as Level 2.

For the Level 5, she constructed an argument including two rebuttals for the
explanation 2. The example quotation was given in Table 4.7. In this example,
explanation 2 was considered as a claim. She generated a counter-claim regarding
scientific knowledge and she explained reason of why there are no fossils. Then, she
also provided a strong rebuttal for the second explanation. She generated a counter-
claim and justified her claim through using warrant regarding preservation. Since she
generated two strong rebuttals for the explanation 2, her argument was classified as
Level 5. However, she did not attempt to rebut the notion of gradual process mentioned

in the explanation 1.
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Table 4.7 Burcu’s excerpts at argumentation levels in Cambrian Explosion scenario

Argumentation
Level

Burcu’s excerpts

Level 1

Level 2

Level 5

These examples showed that species like annelids, arthropods,
chinoderms, chordata or sponges all evolved to different species
that were able to suit to different habitats in Cambrian Period.

In the explanation 2, abrupt climatic changes took placed; Ice Age
Epoch began and thus, different habitats developed, so species
changed suddenly because these abrupt changes may have brought
the necessity of suiting to environment suddenly and survival.

It is said that no fossil records were found. However, scientific
knowledge is never absolute, it always exposed to change.
Therefore, the reason why there are no fossils is that they have not
been observed yet but it does not mean that they will not be
observed. On the one hand, the hypothesis that fossil records were
not observed might support the second explanation. On the other
hand, this is because fossil records are formed rarely since they
might be preserved due to climatic changes. Hence, | cannot say
that the second explanation is 100% correct because the first
explanation is also correct since fossil records were not preserved.

4.1.4.4. Epistemic Aspect of Argumentation Practices for Cambrian Explosion

Scenario

Figure 4.4 represents the distribution of Burcu’s propositions across the

epistemic levels for Cambrian Explosion scenario.
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Based on the five epistemic levels model, she explicitly referenced data
regarding climatic changes provided form task in two propositions (1 and 11) placed
in epistemic level 1. She also referenced data retrieved from her existing knowledge in
two propositions (3 and 4) classified as epistemic level II.

In proposition 3, she used theoretical claims regarding adaptation with
identifying data regarding shells retrieved from previous knowledge placed in
epistemic levels 11-111. A representative example for proposition 6 was:

(6) These examples showed that species like annelids, arthropods, chinoderms,

chordata or sponges all evolved to different species that were able to suit to

different habitats in Cambrian Period.

In this example, she used theoretical claim regarding speciation and adaptation
classified as epistemic level IV. Besides, she also utilized theoretical claims
concerning adaptation, resource limitation, scientific knowledge and common ancestor
at epistemic level 1V in four propositions (2, 5, 6, and 8). In propositions 4, 7 and 10,
she utilized general theoretical statements with respect to resource limitation, scientific
knowledge and differential survival classified as epistemic level V.

In terms of criterion of integration of claims across the levels, Burcu proposed
evidenced claims at various levels. Besides, in terms of the criterion of the ratio of data
statements to theoretical statements, she used four data references in proportion to ten
theoretical claims. That is, theoretical claims were insufficiently supported by data.

Hence, her epistemic quality of argument was relatively low.

4.1.4.5. Articulation of Argumentation Practices and Evolution Conceptions at
Different Epistemic Levels for Cambrian Explosion Scenario

Table 4.8 represented how Burcu justified her claims appealing to evolution
conceptions documented in the use of evidenced claims at epistemic levels for
Cambrian Explosion scenario. In the first explanation, she generated a new theoretical
claim regarding adaptation through using teleological reasoning with identifying data
retrieved from existing knowledge classified as epistemic epistemic levels 1I-111. Then,
she also referenced data retrieved from her previous knowledge and to support her

claim, she provided a general theoretical statement as a warrant regarding key concept
112



of evolution, in particular prey/predator relationship classified as epistemic levels 11-
V. In order to back up her claim, she utilized theoretical claim with respect to
prey/predator relation for this context placed in epistemic level 1V.

In the second example, she generated a new claim regarding adaptation and in
order to justify her claim, she provided general theoretical statement regarding key
concept of evolution, in particular differential survival as a warrant classified as
epistemic level V. Then, she provided backing through using data provided form task
and theoretical statement regarding speciation and common ancestry as a reason placed

in epistemic levels I-11I.
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Table 4. 8 Articulation of evolution conceptions and argumentation practices for Cambrian Explosion scenario

Burcu’s Excerpts

Argumentation Practices

Epistemic Levels

(3) They (species)’ shell may have hardened in order to
resist cold weather and suit to conditions because soft-
shell was vulnerable to damage.(4) This is so important
because there were a few species that could live in Ice
Age Epoch, so predators hunted them more intensively.
(5) Therefore, species protected from predators and also
cold weather by means of their shells.

(10) Abrupt changes should bring sudden adaptations
because while species that suited to environment
survive, others that do not suit to environment die and
extinct and thus, different habitats provide different
species. (11) For example, the Earth was in an Ice Age
Epoch in that time but climate could have been different
in each region. Therefore, species like arthropods and
sponges could have adapted to different environments,
that is to say, these species came from a common
ancestor and then, adapted and speciation occurred.

New claim: hard-shell to adapt
Data: vulnerability of soft-shell

Data: few species in Ice Age Epoch
Warrant: prey/predator relation

Backing: prey/predator relation

New claim: sudden adaptation due to

sudden changes

Warrant: Differential survival
Backing

Data: different climate in different

regions

Warrant: speciation and common

ancestor

Epistemic Levels 1I-111

Epistemic Levels I1-V

Epistemic Level IV

Epistemic Level V

Epistemic Levels I-111




4.1.5. Burcu’s Result across Scenarios

Profile of Burcu based on findings across the four scenarios in terms of criteria

for evaluating alternatives, conceptual, structural and epistemic aspects of

argumentation practices was presented in Table 4.9.

Table 4.9 Profile of Burcu

Evolutionary Criteria Conceptual Structural Epistemic
Scenarios Aspects Aspects Aspects
Venezuelan  Rigorous  Partial Level 2 Coordination of
Guppies and Understanding (Reason)-8 8 data
Informal  with specific Level 4 statements with
Criteria misunderstanding  (Rebuttal) -1 14 theoretical
statements
Whales Rigorous  Partial Level 2 Coordination of
Criteria Understanding (Reason)-4 8 data
with specific Level 4 statements with
misunderstanding  (Rebuttal)-2 13 theoretical
statements
Lactose Rigorous  Specific Level 2 Coordination of
Intolerance  Criteria Misunderstanding  (Reason)-4 7 data
Level 5 statements with
(Rebuttal)-1 8 theoretical
statements
Cambrian Rigorous  Partial Level 1 Coordination of
Explosion and Understanding (Reason)-1 4 data statements
Informal  with specific Level 2 with 10
Criteria misunderstanding  (Reason)-3 theoretical
Level 5 statements

(Rebuttal)-1

In the following five subsections, Burcu’s results across the four scenarios were

described in detail and discussed.

4.1.5.1. Criteria for Evaluating Validity of Explanation across Scenarios

Burcu utilized both rigorous and informal criteria during decision-making
phase across the four scenarios. However, she appealed mostly to rigorous criteria. In
particular, she seemed to take into consideration the how well available data fits with
explanation. She also voiced the importance of empirical criteria for persuasive
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argument as: “Arguments should be empirical, observable, consistent with other data,
measurable. Evidences should support hypothesis.” Besides, she also chose the
explanation based on her previous knowledge. Mostly she used the criterion of how
well claims fit with scientific theories based on her previous knowledge. However,
previous knowledge was not always supported by scientific theories, so these criteria
are in line with informal criteria. She also made personal inference from data provided
in the scenario. As a result, although she mostly used scientifically appropriate criteria,
she did not consider all criteria that scientists use such as coherence of explanations,

sufficiency of data and adequacy of explanations.

4.1.5.2 Conceptual Aspects of Argumentation Practices across Scenarios

Burcu explained the evolutionary theory as “is the process of gaining new traits
through inheritance of genes.” and she put forward the reasons of acceptance as a valid
theory:

There are intermediate forms and homolog organs, that is, organs dissimilar in
function but their structures are similar in origin. These are evidences that
prove evolutionary theory. I think that evolution occurs through adaptation and
as a result of characteristics of living process rather than as a result of random
occurrences.

On the other hand, random factors such as mutations and genetic drift play role
in evolution (Futuyma, 2009). In parallel of her explanations, she did not attempt to
mention about variation through random events across the scenarios. In particular, she
explained evolutionary phenomena through whole species change or evolve. This
means that she underestimated within species variation, that is, she tended to consider
species as sharing a common “essence”. Therefore, she held cognitive bias regarding
essentialism. Besides, Burcu mostly used key conceptions of evolutionary theory, in
particular differential survival, heritability of genes, resource limitation and
overproduction of offspring in her arguments. She applied the differential survival in
each scenario. However, although she used evolutionary notion of differential survival
accurately in two scenarios, she appealed this notion for Lactose Intolerance and
Whales scenario through using teleological reasoning. This scenario is related to

human evolution and that’s why she might have perceived evolution as a goal-driven
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process for human. In addition to key concepts of evolution, she also mentioned about
common ancestry and speciation in her arguments. Besides, she also held some
misconceptions regarding adaptation and theory of use and disuse. She most frequently
used the notion of adaptation but mostly inaccurately. She also had cognitive biases
with respect to teleology and intentionality. She used mostly teleological reasoning in
her arguments. In particular, she used this reasoning in all scenarios. This means that

she may perceive evolutionary change as a need for species. Examples of her

evolution conceptions were presented in Table 4.10.

Table 4.10 Burcu’s conceptions across the four scenarios

Conceptions

Examples

Key Concepts

Differential
Survival

Resource
Limitation

Overproduction
of offspring

Heritability
of genes

“We know that bright-colored males, this took
place in other species, are primarily preferred
by females in nature.”

“There were a few species that could live in
Ice Age Epoch, so predators hunted them
more intensively. Therefore, species protected
from predators and also cold by means of their
shells.”

“After these genes become advantage, they
are passed to next generation and they
(organisms) produce more offspring and this
process last long time.”

“If atrait found in sex cells is favorable, it will
be passed to next generation.”

Misconceptions

Adaptation

Use and Disuse

“Species like Modern Wahles, Basilosaurus
and Pakicetus adapted them to environments
according to conditions of those environments
they live”

“People who have habits of drinking milk
start to digest lactose because when people
have been exposed to consumption of milk for
a long time”

Cognitive
Biases

Teleology

Intentionality

Essentialism

“When the environment changed, living thing
has to change in order to suite environment or
died and became extinct”

“They (bright males) learn to adjust their
colors in long periods of time”

“Species changed abruptly because these
abrupt changes may have brought the
necessity of suiting to environment suddenly
and survival.”
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Based on these conceptions regarding evolutionary theory, Burcu’s conceptual
understandings were analyzed across the six conceptual levels (see in Figure 4.5). As
seen in the Figure 4.5, her conceptual levels were accumulated around mostly PU/MU
category. This means that she had some basic knowledge regarding evolutionary
theory. On the other hand, she also held some misconceptions and cognitive biases
with respect to evolutionary theory.

In Lactose Intolerance scenario, she did not attempt to appeal to evolutionary
concepts except for differential survival but she explained this notion through
purposeful change. Besides, her conceptual understandings did not differ between

microevolution and macroevolution.
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Figure 4.5 Burcu’s conceptual understanding levels across the scenarios

4.1.5.3. Structural Aspects of Argumentation Practices across Scenarios

Burcu’s argumentation levels were presented in Figure 4.6. As seen in the
figure, she constructed eighteen arguments at Level 2 which includes claim supported
by either data, warrant or backing. She utilized an argument at Level 1 which includes
claim vs claim. In addition, she constructed strong rebuttals at Level 4 for two

scenarios and for last two scenarios, she generated more than one strong rebuttal at
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Level 5. There was no argument placed in Level 3. This means that she always
supported her counter-claims through either data or warrant across the four scenarios.
Her arguments for Venezuelan Guppies and Whales included one rebuttal for each
alternative. The reason of this may be related to unfamiliarity of the alternative
explanations. It has to be noted that although her conceptual understanding level was
low in Lactose Intolerance scenario, her argumentation level was high based on
Erduran et al.’s (2004) analytical framework. The reason of this may be that this
analytical framework did not evaluate the quality of conceptual understanding, so her
justifications and rebuttals were strong even if they included misconceptions or
cognitive biases. Overall, she most frequently justified her chosen claims instead of

rebutting other alternatives.
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Figure 4.6 Burcu’s argumentation levels across the scenarios

4.1.5.4. Epistemic Aspects of Argumentation Practices across Scenarios

As seen in Table 4.11, most evidenced claim she utilized classified as epistemic
levels I, Il and IV. In particular, she mostly referenced data provided from the
scenario. She frequently used theoretical claims specific to issue discussed. This may
be related to her conceptual understandings. That is to say, she used several key
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concepts of evolution in a form of theoretical propositions. In addition, she less
frequently used propositions at epistemic level 11 which is related to retrieved data
from previous knowledge. This may be related that although she held some theoretical
knowledge regarding evolution, she had inadequate knowledge regarding empirical
data with respect to evolutionary theory. Overall, in terms of ratio of data and

theoretical claims, she referenced 28 data statements for 45 theoretical claims.

Table 4.11 The distribution of Burcu’s propositions across the epistemic levels

Epistemic Levels N Percent
Epistemic Level V- General Theoretical Claims 11 15.1%

Epistemic Level 1V-Theoretical Claims 18 24.7 %
Epistemic Level I11- Theoretical Claims with data 16 219 %

Epistemic Level 1I- Retrieved Data 9 12.3%

Epistemic Level I- Provided Data 19 26 %

Figure 4.7 represented the evidenced claims across the evolutionary scenarios
that Burcu constructed. As seen in the figure, she utilized evidence claims at different
epistemic levels across the scenarios. In first two scenarios, she constructed extended
arguments. In the first scenario, she mostly used data and specific and general
theoretical statements. However, she scarcely attempted to connect data to theory. In
the second scenario, she mostly used evidenced claims at level 1, Il and V. This may
be related to familiarity of this context. This means that she proposed theoretical claims
and data recalled from her previous knowledge. In the next scenario, she connected
data statements to specific theoretical arguments. This may be interpreted to mean that
she constructed relevance her previous theoretical knowledge with available
evidences. In the last scenario, she mostly used theoretical claims in Cambrian
Explosion scenario, perhaps due to content of scenario. In particular, this scenario
includes most general statements regarding gradualism and punctuated equilibrium.

Overall, she most frequently used theoretical assertions in proportion to data
statements. This may be related to unfamiliarity with the use of evidence to support

her claims.
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4.1.5.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels across Scenarios

She appealed to several key concepts of evolution in mostly theoretical
propositions for her arguments to provide warrants and backings for her claims. In
particular, she used general and specific theoretical claims regarding differential
survival, heritability of genes, overproduction of offspring and resource limitation. In
addition, she also appealed to common ancestry, adaptation and speciation concepts to
support or rebut the explanations. Besides, she provided warrant and backings in the
form of theoretical statements to generate a counter-argument for rejecting
misconception of inheritance of acquired traits. She also brought scientifically valid
examples recalled from existing knowledge such as ancestral relationship between
human and chimpanzee and sexual selection in birds. In addition to her evolutionary
concepts, she also appealed to misconceptions regarding adaptation and theory of use
and disuse and cognitive biases with respect to intentionality and teleology in her
theoretical statements in order to justify her claim and rebut the alternatives.
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4.2. Leyla’s Case

She was 27 years old and graduated from Department of Elementary Science
Education, METU in 2010. She took biology courses including general biology | and
I, physiology and evolution courses and science methods courses including
instructional planning and principles and methods of teaching science courses in which
argumentation was introduced. She completed Evolution course with a grade of DC
(1,5/4). She was doing her M.S. in Elementary Science Education at Hacettepe
University. She took the course including argumentation studies during her M.S. She
was working at private school. She was in the first year of teaching profession during
the data collection and she taught to 5" grade. She did not have any teaching
experience on evolutionary theory.

In the following sections, the results of Leyla were presented under the five
dimensions including criteria for evaluating validity of explanation, argumentation
practices in terms of conceptual, structural and epistemic aspects as well as the
articulation of conceptual knowledge regarding evolutionary theory and
argumentation practices at different epistemic levels. The results of these analyses

were discussed for each scenario separately.
4.2.1. Scenario I: Venezuelan Guppies

Venezuelan Guppies scenario deals with natural and sexual selection
(microevolution) (see Appendix A). Leyla was provided with this scenario in which
she was asked to several questions about the reason of observed variation in the
coloration within male guppies. Following subsections described the results on each

phase.

4.2.1.1. Criteria for Evaluating Validity of Explanation for Venezuelan Guppies

Scenario

After reading scenario, Leyla was asked to determine which of three alternative
explanations was the most valid or acceptable to explain the reason of coloration in

Venezuelan Guppies. The following dialogue took place after she decided:
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Leyla: I accept the third explanation. (The species of guppy try to appear very
flashy like many other types of fish. However, when individual migrate into
different pools, they need to adjust their coloration in order to avoid
predators. As a result, some become drab in order to better fit in with a new
habitat. This new trait is then passed down to their offspring because it is
useful.)

Researcher: Why did you say that?

Leyla: Because when | looked at the pools, | observed that the number of bright
(males) vary across the pools in the first place. Then, | realized that drab males
displaced. The number of drab males increases while those of bright males
decreases. Explanation 3 supports this. When they moved, they need to adjust
their colors. Probably, they changed their colors in that way.

Leyla evaluated validity of alternative explanations of Venezuelan Guppies
scenario based on both rigorous and informal criteria for this scenario. This means that
she evaluated alternative explanations based on the criterion of how well available data
fits with the claim, so this is in line with rigorous criterion including reasons that are
utilized in science context. On the other hand, she also reached a conclusion based on
the comparison of the number of bright and drab males by making personal inference
without any attempt to support her inference with scientific theories, so this is in line
with informal criterion consisting of reasons that are mostly utilized in everyday
context.

In the following, Leyla was asked to construct argument for Venezuelan
Guppies scenario. Her argumentation practices were analyzed in terms of conceptual,

structural and epistemic aspects.

4.2.1.2. Conceptual Aspect of Argumentation Practices for Venezuelan Guppies

Scenario

Leyla chose the third explanation which includes misconceptions about
intentionality and Lamarckian evolution (inheritance of acquired traits). She does not
apply any evolutionary explanations for her arguments. In addition, she used
teleological and intentional reasoning and explanations regarding adaptation

inaccurately in her argument. Representative examples were:
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When predators are abundant, bright males are few, that is, in order not to
attract attention and not to be hunted by predator, they (bright males) turn into
drab.

One of the reasons for undergoing adaptation of living things is protection, that
is to say, many species undergo adaptation on the purpose of protection.

This example illustrated that she had a cognitive bias regarding evolution since
she explained the reason for coloration with goal-directed process. In the second
example, she seemed to perceive adaptation as a goal-directed process rather than a
process by the species become more suited to environment through change in a trait
(Futuyma, 2009).

In addition, she held cognitive bias regarding intentionality which means that
a mental agent direct the events. The following example indicates this cognitive bias:
“They (species) adjust their colors depend on particular environment in order not to
be hunted by predators.” In this example, she explained the phenomena of coloration
through mental agent that rather than through natural and sexual selection.

Besides, she confused evolution of camouflage with the chameleons’ color
changing, she said “color change in chameleons depends on environment and also the
color of polar bears’ skin is white. These are all example of adaptation.” Color change
in polar bear is an example of evolution of camouflage but color change in chameleons
IS not.

Overall, she held misconceptions regarding adaptation, and cognitive bias with
respect to teleology and intentionality. Besides, she did not explain phenomena
through evolutionary conceptions based on Nehm et al.’s (2010) framework. Hence,
her conceptual level was placed in the level of specific misunderstanding (MU)

according to Abraham et al.’s (1992) framework.

4.2.1.3. Structural Aspect of Argumentation Practices for Venezuelan Guppies

Scenario

She generated six arguments at level 2 and level 3 so as to support and criticize

the alternative explanations.
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For the level 2, she generated four arguments for the third explanation. One of
the example quotations was illustrated in Table 4.12. In this example, explanation 3
was considered as a claim. She utilized comparison of changes in color of male guppies
and number of predators as a data. She explained the reasons for color changes with
the purpose of protection. Therefore, this argument was placed in level 2.

For the Level 3, she constructed two arguments to rebut the other alternatives.
The quotation regarding this level of argument was given in Table 4.12. She weakly
rebutted the other alternatives with warrant that is insufficiency of line of reasoning
and its inadequacy of data. However, she provided a weak data to justify her rebuttal
and she did not explain why the second explanation is insufficient.

Table 4.12 Leyla’s excerpts at argumentation levels in Venezuelan Guppies scenario

Argumentation Leyla’s excerpts
Level
Level 2 When the number of predators is abundant, the number of bright

males is few, that is, in order not to attract attention and not to
be hunted by predators, they (bright males) turn into drab. (...)
When the number of predators decreases, the number of bright
males increases since threat is gone.

Level 3 There are predators in the pool, so this (coloration) should be
related to predators. | predict that this relation is constructed
by the third explanation. That is to say, predators eat them (male
guppies). There is no explanation regarding predators in other
alternatives. In only explanation 2, there is an explanation
dealing with this relationship but this does not make sense.

4.2.1.4. Epistemic Aspects of Argumentation Practices for Venezuelan Guppies

Scenario

Figure 4.8 illustrates Leyla’s propositions across the epistemic levels. In this
figure, each sentence was labeled with numbers and sentences served as a propositions.
Each of propositions was categorized by epistemic levels and mapped in order to

indicate ties across the epistemic levels. Lines connecting propositions represents
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explicit links between propositions and dashed lines represents the propositions

including statements at two epistemic levels.
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Figure 4.8 Leyla’s argumentation structure by epistemic levels for Venezuelan
Guppies scenario

Based on the figure 4.8, she cited information from provided data in six
propositions (1, 2, 4, 6, 8 and 9) classified as epistemic level 1. In proposition 3, she
explained the process of coloration through supporting by propositions 1 and 2 and it
was placed in epistemic level I1l. A representative example for propositions 4 and 5

was:

(4) The third explanation stated that they (male guppies) change their color and
the percent of them is (bright males) 3 and then, the percent becomes 41 in the
table. It is related to males not females. (5) Thus, Being numerically few or
abundant bright and drab males may be related to their mating preferences.

In this example, proposition 4 explicitly referenced to percentages of bright
male guppies from provided table classified as epistemic level I. In proposition 5, she
explained changes in number of males with mating preferences placed in epistemic
level 111. In proposition 7, the process of prey/predator relationship explained by data
in proposition 6. In addition, she interpreted the process of changes in number of males

and predators by citing data in propositions 8 and 9. In propositions 10 and 14, she
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used general theoretical knowledge about adaptation was classified as V. In
propositions 11 and 12, she gave example recalled from previous knowledge. In
proposition 13, she appealed her previous knowledge to coloration of Venezuelan
guppies classified as epistemic level IV.

Overall, in terms of integration of claims across the levels, Leyla generated
claims at different epistemic levels. In addition, in terms of the criterion of the ratio of
data statements to theoretical statements, she used four data references in proportion
to ten theoretical claims. She used six data statements in proportion to eight theoretical

claims. Therefore, epistemic quality of her argument was relatively high.

4.2.1.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels for Venezuelan Guppies Scenario

Table 4.13 represented how Leyla justified her claims appealing to evolution
conceptions at different epistemic levels for Venezuelan Guppies scenario. In the first
example, Leyla justified her choice by prey/predator relationship with explicitly
referenced data from the task classified as epistemic levels I- Il but she used
teleological explanations for this.

In the second explanation, she generated a general theoretical claim regarding
adaptation but she used adaptation process inaccurately for this claim placed in
epistemic level V. She used examples from previous knowledge in order to support
her claim classified as epistemic level 1. However, she confused evolution of
camouflage with the chameleons’ color changing in this example. Then, she connected
the claim and data by explaining variation in colors of guppies classified as epistemic
level IV but she also used teleological explanation for her warrant. Lastly, she

generalized examples of adaptation for the other species placed in epistemic level V.
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Table 4. 13 Articulation of evolution conceptions and argumentation practices for Venezuelan Guppies scenario

Leyla’s Excerpts

Argumentation Practices

Epistemic Levels

(8) While number of predators increases, the number of
bright males decreases, that is, in order not to attract
attention and not to be hunted by predator. (9) When the
number of predators decreases, the number of bright males
increases since threat is gone.

(10) One of the reasons for undergoing adaptation of living
things is protection, that is to say, many species undergo
adaptation on the purpose of protection. (11) For instance,
color change in chameleons depends on environment and
(12) also the color of polar bears’ skin is white. (13)
Therefore, they (male guppies) turn to be drab in order not
to attract attention and then, they were protected. (14) These
are all example of adaptation since they (species) adjust
their colors depend on particular environment in order not
to be hunted by predators.

Claim: Explanation 3

Data: comparison of bright males and
predators

Warrant: prey/predator relationship

Data: comparison of bright males and
predators
Warrant: prey/predator relationship

Claim: Explanation 3

New claim: adaptation due to
protection

Data: polar bear and chameleons’
adaptation

Warrant: adjust color due to
protection

Backing: adaptation due to protection
from predator

(Not coded)

Epistemic Levels I - 111

Epistemic Levels I - 111

(Not coded)
Epistemic Level V

Epistemic Level Il
Epistemic Level IV

Epistemic Level V




4.2.2. Scenario Il1: Whales

Whales scenario deals with transition form (macroevolution) (see Appendix
A). Leyla was provided with this scenario in which she was asked to several questions
about the possible relationships among an extinct land mammal, an aquatic whale
ancestor and modern whales. Following subsections described the results on each

phase.

4.2.2.1. Criteria for Evaluating Validity of Explanation for Whales Scenario

After reading scenario, Leyla was asked to determine which of three alternative
explanations was the most valid to explain the possible relationship among species.

The following dialogue took place after she decided:

Leyla: The third explanation. Actually at first, I think the first and third
explanation but the third one is the most valid. (Pakicetus were some sort of
mammal that can live both in land and in water. For this reason, it can be a
transitional form. The ancestors of whales were living in land once and they
had legs. As a result of changes of genes in the population, whales were born
with small or no legs and when their environment changed, these whales with
small or no legs became more advantageous and reproduced more.)

Researcher: Why did you say that?

Leyla: Because similarities between them (Pakicetus, Basilosaurus and
Whales) were explicitly given. Transitional forms occur in other species. |
remembered example of frogs because frogs live in water at early ages and
then, they move to land, so this is similar process. In addition, in the first
explanation, there is a sudden migration, that is, primitive mammal that lived
in land migrated suddenly to water when environment changed. It is not easy
like this since here is a possibility to easily adapt to environment and pass genes
to new generation but it is very low possibility because evolution is gradual
process.

Leyla evaluated acceptability of alternative explanations of Whales scenario
through using both rigorous and informal criteria. That In particular, she evaluated
alternative explanations based on the criterion of how well available data fits with the
claim. In particular, she took into account of how provided data regarding similarities
of species and existing of small and weak legs consistent with the claim and these are
in line with the rigorous criteria. Besides, she also evaluated explanations based on
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coherence of an explanation in the light of other alternative. In particular, she used this
criterion with through using scientific theoretical knowledge regarding gradual process
and she denied the inheritance of acquired traits. This is also an example of rigorous
criterion. However, she appealed to analogy through giving frog example based on
previous knowledge, this is in line with informal criterion.

In the following, Leyla was asked to construct argument for Whales scenario.
Her argumentation practices were analyzed in terms of conceptual, structural and

epistemic aspects.

4.2.2.2. Conceptual Aspects of Argumentation Practices for Whales Scenario

Leyla chose the third explanation which includes evolutionary explanation
regarding transitional form. She utilized only one evolutionary explanation with
respect to heritability of genes in her argument. The following excerpt indicated this
explanation:

After that, it (genetic change) will show its effect on offspring and it showed; it
(whale) does not use them (hind limbs) but still they appear.

In addition, she denied the inheritance of acquired traits as “there is a possibility
to easily adapt to environment and pass genes to new generation but it is very low
possibility because evolution is gradual process.” However, she chose the explanation
regarding inheritance of acquired traits and generated explanations to support that for
previous scenario. Therefore, there was not any coherence in Leyla’s explanations
regarding this misconception in different context.

Although she chose the alternative regarding evolutionary theory, she had
misconceptions about adaptation and use and disuse. She explained adaptation process
as “change of genes occurs as a result of adaptation process” and she also stated “while
a living thing tries to adapt to environment, it actually undergo evolution.” However,
adaptation is a process in which species suited to environment through change in genes

(Futuyma, 2009). Besides, she appealed to Lamarckian evolution in her argument:

It weakens but still it shows its effect even if it’s small and weak. This is a
Lamarck’s theory.
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Besides, Leyla held cognitive biases regarding teleology and intentionality. For
instance, she said “when environment changed, in order to adapt themselves to new
environment and in order to survive, several changes in genes are required.” She
seemed to perceive process of adaptation and changes of genes as a goal-driven
process. In addition, she mentioned mental agent that direct the events. For example,
she said “while a living thing tries to adapt to environment, it actually undergo
evolution”.

In addition, she confused transitional form with metamorphosis of frogs; she
said “Transitional forms occur in other species. I remembered example of frogs
because frogs live in water at early ages and then, they move to land. ”

Overall, although she mentioned about heritability of genes, she had
misconceptions about use and disuse, and adaptation. She also held cognitive bias
regarding teleology and intentionality based on Nehm et al.’s (2010) framework.
Hence, her conceptual understanding was categorized as partial understanding with
specific misunderstanding (PU/MU) based on Abraham et al.’s (1992) framework.

4.2.2.3. Structural Aspect of Argumentation Practices for Whales Scenario

Leyla constructed seven arguments in order to support her claim and rebut the
other alternatives.

For the level 2, she constructed five arguments for the third explanation. One
of the example quotations was given in Table 4.14. In this example, explanation 3 was
regarded as a claim. She used small and weak legs as data to support the claim and she
constructed new claim regarding genetic change and explained the reason of appearing
legs by genetic change and she backed up her claim with adaptation process.
Therefore, her argument was classified as Level 2.

For the Level 4, she generated two arguments for the alternative explanations.
She rejected inheritance of acquired traits by explaining the reasons why rapid changes
does not occur. She backed up her rebuttal with evolution theory. This was a strong
rebuttal because she supported her rejection with data, warrant and backing. Hence,

her argument was placed in Level 4.
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Table 4.14 Leyla’s excerpts at argumentation levels in Whales scenario

Argumentation Leyla’s excerpts
Level
Level 2 In the third explanation, Basilosaurus was a transitional form

because there was a leg even if it was small and weak. This
occurs by genetic changes because when environment
changed, in order to adapt themselves to new environment and
in order to survive, several changes in genes are required.
After that, it (genetic change) will show its effect on offspring
and it showed because it (whale) does not use them (hind limbs)
but still they appear.

Level 4 In the first explanation, there is a sudden migration, that is,
primitive mammal that lived in land migrated suddenly to
water when environment changed. It is not easy like this since
there is a possibility to easily adapt to environment and pass
genes to new generation but it is very low possibility because
evolution is gradual process. According to evolution theory,
changes occur in cells and then, more small transitional forms
occur over time.

4.2.2.3. Epistemic Aspect of Argumentation Practices for Whales Scenario

Figure 4.9 represents the distribution of Leyla’s propositions across the

epistemic levels for Whales scenario.
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Figure 4.9 Leyla’s argumentation structure by epistemic levels for Whales scenario
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Based on the five epistemic levels model, she referenced information and figure
from the task in seven propositions (1, 4, 5, 7, 8, 13 and 18) classified as epistemic
level I. In proposition 2, she utilized general theoretical knowledge regarding
transitional forms and gave an example of transitional form recalled from previous
knowledge and connected the transition forms in proposition 3 classified as epistemic
levels 1I-111. In proposition 4, she used theoretical knowledge regarding inheritance of
acquired traits with identifying data with respect to sudden migration in the first
explanation placed in epistemic level I11. In addition to 4, theoretical knowledge about
genetic changes and adaptation with identifying data regarding hind limbs were
explained in propositions 7, 8 and 18. Theoretical knowledge regarding adaptation was
explained in propositions 6 and 10. While she used general theoretical knowledge in
adaptation and evolution process in propositions 9, 11, 15, 12 and 17, she applied this
general knowledge to Whales evolution in propositions 14 and 16. A representative
example for propositions 13, 14 and 15 was:

(13) The third explanation mentioned about transitional forms and genetic

changes. (14) All of these indicated that living thing is able to live both

circumstances. Then, when conditions changed, it (Pakicetus) moved to water
and it (hind limb) weakens after permanently disusing. It weakens but still it

shows its effect though it’s small and weak. (15) This is a Lamarck’s theory:
traits that are used constantly strengthen, traits that are disused weaken.

In this example, she referenced data from task in 13 and based on this data, she
explained process of migration of Pakicetus in proposition 14. Then, she generalized
this process to Lamarck’s use and disuse theory in proposition 15.

Based on criterion of integration of claims across the levels, Leyla proposed
evidenced claims at various levels. Besides, in terms of the criterion of the ratio of data
statements to theoretical statements, she used eight data references in proportion to
fifteen theoretical claims. That is, theoretical claims were not sufficiently supported
by data. Hence, epistemic quality of her argument was relatively low.
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4.2.2.5. Articulation of Argumentation practices and Evolution Conceptions in

Epistemic Levels for Whales Scenario

Table 4.15 illustrated how Leyla justified her claims appealing to evolution
conceptions documented in the use of evidenced claims at epistemic levels for Whales
scenario. In the first example, she proposed a new claim stating a general theoretical
knowledge about transitional forms classified as epistemic level IV. She gave example
of metamorphosis of frogs for this theoretical claim classified as epistemic levels 11-
I11 but she confused transitional forms with developmental stages of frogs since she
perceived that both are similar process.

In the second example, she used small and weak legs of Basilosaurus as a data
classified as epistemic level 1. In order to justify this data, she constructed general
theoretical knowledge about adaptation and genetic changes placed in epistemic level
V. However, she used teleological and intentionality reasoning in her justification.

Lastly, she backed up her claim with a key concept of evolution (heritability of traits).
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Table 4. 15 Articulation of evolution conceptions and argumentation practices for Whales scenario

Leyla’s Excerpts

Argumentation Practices

Epistemic Levels

(2)Transitional forms occur in other species. (3) |
remembered example of frogs because frogs live in water at
early ages and then, they move to land and this is similar
process.

(5) In the third explanation, Basilosaurus was a transitional
form because there was a leg even if it was small and weak.
(6) This occurs by genetic changes because when
environment changed, in order to adapt themselves to new
environment and in order to survive, several changes in
genes are required. (7) After that, it (genetic change) will
show its effect on offspring and it showed because it (whale)
does not use them (hind limbs) but still they appear.

Claim: Explanation 3

New claim: transitional forms in
other species

Data: metamorphism of frogs
Warrant: similarity of
metamorphosis and transitional
forms

Claim: Explanation 3

Data: small and weak leg

New claim: by genetic change
Warrant: relation of adaptation and
genetic changes

Backing: heritability of genes

(Not coded)
Epistemic Level V

Epistemic Levels 1I-111

(Not coded)
Epistemic Level |
(Not coded)
Epistemic Level IV

Epistemic Levels I-111




4.2.3. Scenario I11: Lactose Intolerance

Lactose Intolerance scenario deals with gene-culture coevolution in humans
(microevolution) (see Appendix A). Leyla was provided with this scenario in which
she was asked to several questions about how lactose tolerance developed in humans.

Following subsections described the results on each phase.

4.2.3.1. Criteria for Evaluating Validity of Explanation for Lactose Intolerance

Scenario

After reading scenario, Leyla was asked to determine which of three alternative
explanations was the most valid to explain how lactose tolerance developed in humans.

The following dialogue took place after she decided:

Leyla: | accepted the second explanation (People started to consume milk and
over time, in consequence of increasing the habit of drinking milk, this
situation affects genes and increases the frequency of allele that causes lactase
gene to be active in areas where milk is available. As a result, people who have
high consumption of milk started to digest lactose. This development affects
genes disparately at different population.)

Researcher: Why did you say that?

Leyla: Because provided information indicated that allele that causes lactase
gene to be active is related to consuming milk. It was observed that lactose
tolerance is very high in areas where dairy farming developed shown in map.
Therefore in there, they can digest lactose and then, it (lactose tolerance allele)
was moved to certain geographical areas because it is related to milk
consumption. That is, by means of consumption of milk, genes adapted, that is
to say, based on this map, I think that genes formed in that way. Hence, people
increase their habits of drinking milk which affect genes and they acquired trait
that provides to digest milk as explanation 2 mentioned.

Leyla evaluated validity of alternative explanations of Lactose Intolerance
scenario through using rigorous criteria. In particular, Leyla chose the second
explanation based on criterion of how well available data fits with the claim. More
specifically, she seemed to consider how provided data and information regarding

lactose tolerance in Europeans and Africans are consistent with the explanation.
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Besides, she seemed to take into consideration of how well scientific knowledge
regarding adaptation fits with the claim.

In the following, Leyla was asked to construct argument for Lactose
Intolerance scenario. Her argumentation practices were analyzed in terms of

conceptual, structural and epistemic aspects.

4.2.3.2. Conceptual Aspect of Argumentation Practices for Lactose Intolerance

Scenario

Leyla chose the second explanation which includes Lamarckian evolution. She
did not use any evolutionary explanations in her arguments. In addition, she had a
specific misconception with respect to use and disuse and held also cognitive bias
regarding teleology. A representative example for this misconception and teleological

reasoning was:

Something that can be eaten is able to change structure in body. For example,

ferocious animals’ teeth became sharp in order to eat meat, teeth must be sharp.

In this example, she used Lamarck’s theory of use and disuse explaining that
species evolve by use and disuse of body parts in their lifetime. She explained
modification through the use of an organ as a reason for development of lactose
tolerance. In the second sentence, she used teleological reasoning and explained
modification as goal-driven process.

Besides, she accepted evolution which consists of misconception regarding
change due to acquired traits for this scenario and she also used this misconception to
justify her claim. However, she rejected it for previous scenario. As | mentioned
before, there is lack of coherence for this misconception in her explanations.

Overall, she did not apply any evolutionary explanations and she had
misconception and cognitive bias in her arguments based on Nehm et al.’s (2010)
framework. Hence, her conceptual understanding was placed in specific

misunderstanding (MU) according to Abraham et al.’s (1992) framework.
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4.2.3.3. Structural Aspect of Argumentation Practices for Lactose Intolerance

Scenario

Leyla generated five arguments at Level 2, Level 3 and Level 4 to justify her
claims and rebut the other alternatives.

For the Level 2, she generated three arguments for the second explanation. One
of the example quotations was given in Table 4.16. In this example, she proposed a
new claim regarding modification through the use of organs. She gave examples of
modification of ferocious animals’ teeth and birds’ beaks as a data. Then, linked this
data with milk consumption regarded as warrant. Hence, her argument was placed in
Level 2.

For the Level 3, she generated one argument. Example quotation was presented
in Table 4.16. In this example, she weakly rebutted explanation 1 since she provided
weak warrant that is inadequacy of it. However, she did not attempt to explain why
this relation is important for argument. Hence, she did not justify her rebuttal
adequately.

For the Level 4, she constructed an argument in order to counter alternative
explanation. Example of quotation was given in Table 4.16. In this argument, she
rebutted the third explanation through the use of data and warrant that construct the

relationship. Hence, her argument included a strong rebuttal.

Table 4.16 Leyla’s excerpts at argumentation levels in Lactose Intolerance scenario

Argumentation Leyla’s excerpts
Level
Level 2 Something that can be eaten is able to change structure in

body. For example, ferocious animals’ teeth became sharp in
order to eat meat, teeth must be sharp. Besides, birds’ beaks
change depends on seeds that they eat. As a result, because
milk is a thing that can be consumed, it affects genes in our
body.

Level 3 In explanation 1, there is no reason regarding how change in
allele frequency is related to milk consumption.

Level 4 In explanation 3, it was said that there is no relationship
between digestion of lactose and lactase gene being active.
However, provided information and data illustrate that lactose
tolerance develops in areas where dairy farming is common.
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4.2.3.4. Epistemic Aspect of Argumentation Practices for Lactose Intolerance

Scenario

Figure 4.10 represents the distribution of Leyla’s propositions across the

epistemic levels for Lactose Intolerance scenario.
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Figure 4.10 Leyla’s argumentation structure by epistemic levels for Lactose
Intolerance scenario

Based on the five epistemic levels model, she explicitly referenced provided
information and data in four propositions (1, 2, 6 and 11) classified as epistemic level
I. She gave examples regarding other species’ modified structure in three propositions
(8, 9 and 13) classified as epistemic level Il. She constructed theoretical claim with
identifying provided data in five propositions (1, 3, 4, 6 and 11). In propositions 5, and
14, she generated theoretical claim regarding inheritance of acquired traits and genetic
change. In proposition 12, she stated general theoretical knowledge regarding relation
structure in body and diet classified as epistemic level V. A representative example for

propositions 7, 8, 9 and 10 was:

(7) Something that can be eaten is able to change structure in body. (8) For
example, ferocious animals’ teeth became sharp in order to eat meat, teeth must
be sharp. (9) Besides, birds’ beaks change depends on seeds that they eat. (10)
As a result, because milk is a thing that can be consumed, it affects genes in
our body.
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In this example, proposition 7 stated a general theoretical knowledge regarding
changes in structure due to diet placed in epistemic level IV. Then, examples for
different species other than human recalled from existing knowledge were given in
propositions 8 and 9 classified as epistemic level 1. In proposition 10, she generalized
these examples for this context.

In terms of criterion of integration of claims across the levels, Leyla proposed
evidenced claims at various levels. Besides, in terms of the criterion of the ratio of data
statements to theoretical statements, she used seven data references in proportion to
ten theoretical claims. This means that theoretical claims were frequently supported
by data. Hence, epistemic quality of her argument was relatively high.

4.2.3.4. Articulation of Argumentation practices and Evolution Conceptions at
Different Epistemic Levels for Lactose Intolerance Scenario

Table 4.17 represented how Leyla justified her claims appealing to evolution
conceptions at different epistemic levels for Lactose Intolerance scenario. In the first
example, she constructed relationship between milk consumption and increase in
lactose tolerance allele classified at epistemic level I1l. She backed up this relation
through using adaptation of genes with identifying provided data placed in epistemic
level 111. However, she justified her claim through using theoretical claim including
misconception regarding change due to acquired traits and theory of use and disuse
classified as epistemic level IV.

In the second example, she generated a new claim in the form of general
theoretical claim which consists of misconception regarding Lamarck’s theory of use
and disuse classified as epistemic level V. Besides, she justified her claim through
using data based on this theory classified as epistemic level Il. Lastly, she used
theoretical assertion through appealing to this misconception in this context placed in
epistemic level IV.
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Table 4. 17 Articulation of evolution conceptions and argumentation practices for Lactose Intolerance scenario

Leyla’s Excerpts

Argumentation Practices

Epistemic Levels

(2) It was observed that lactose tolerance is very high in
areas where dairy farming developed shown in map. (3)
Therefore in there, they can digest lactose and then, it
(lactose tolerance allele) was moved to certain
geographical areas because it is related to milk
consumption. (4) That is, by means of consumption of milk,
genes adapted, that is to say, based on this map, I think that
genes formed in that way. (5) People increase their habits
of drinking milk which affect genes and they acquired trait
that provides to digest milk.

(12) Species’ physical structure change depends on their
diet. (13) For instance, bees feed pollen, it becomes worker
bees and if bees feed milk, it becomes queen bees. (14)
Therefore, in this case, there is no physical changes in body
depend on consumption milk but there must be a genetic
change since milk consumption influenced it.

Claim: Explanation 2

Data: Geographic distribution of dairy
farming and allele frequency across
Europe and Turkey

Warrant: relationship between dairy
farming and digestion of lactose
Backing 1: Adaptation

Backing 2: Inheritance of acquired trait
and use and disuse

Claim: Explanation 2

New claim: change in structure related
with diet

Data: diets of bees

Warrant: relationship between milk
consumption and genetic change

(Not coded)
Epistemic Level |
Epistemic Level I11

Epistemic Level I11
Epistemic Level IV

(Not coded)
Epistemic Level V

Epistemic Level Il
Epistemic Level IV




4.2.4. Scenario IV: Cambrian Explosion

Cambrian Explosion scenario deals with gaps in the fossil record
(macroevolution) (see Appendix A). Leyla was provided with this scenario in which
she was asked to several questions about gaps in the fossil record as a consequence of

gradual or rapid changes. Following subsections described the results on each phase.

4.2.4.1. Criteria for Evaluating Validity of Explanation for Cambrian Explosion

Scenario

After reading scenario, Leyla was asked to determine which of three alternative
explanations was the most valid to explain the reason of gaps in fossil records. The

following dialogue took place after she decided:

Leyla: I accepted the second explanation (The lack of intermediate fossils is
due to the fact that these forms never existed. Multicellular organisms appeared
as a consequence of abrupt changes.)

Researcher: Why did you say that?

Leyla: 1 did not think that change between species did not occur rapidly in first
place because evolution is a change that starts in genes and over time, living
things developed. However, increasing oxygen level, decreasing temperature,
occurrence of ice age epoch on Earth was taken placed in this period.
Therefore, sudden changes in species occur because it’s a kind of response to
these sudden environmental changes, that is, they adapted rapidly. Actually,
sudden changes influenced my opinion.

Leyla evaluated validity of alternative explanations of Cambrian Explosion
scenario through using rigorous criterion. In particular, she evaluated the first
explanation based on the criterion of how her previous knowledge regarding scientific
theory fits with the claim. However, her thoughts about the rate of evolution were
influenced by data embedded in scenario. Therefore, she made her decision on the
basis of the criterion of how well the claim fits with available data.

In the following, Leyla was asked to construct argument for Cambrian
Explosion scenario. Her argumentation practices were analyzed in terms of conceptual,

structural and epistemic aspects.
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4.2.4.2. Conceptual Aspect of Argumentation Practices for Cambrian Explosion

Scenario

She chose the second explanation which was about punctuated equilibrium
suggesting that evolutionary changes occur in a short period of time (Eldredge &
Gould, 1977). She used theoretical knowledge regarding microevolution in her
argument. The following quotation illustrates this evolutionary notion: “Evolution is a
change that starts in genes and over time, living things developed”. Furthermore, based
on punctuated equilibrium theory, dramatic environmental changes lead to high rates
of selection which in turn, causes rapid evolution (Eldredge & Gould, 1977) as she
explained dramatic climate changes as a cause of rapid evolution.

However, she did not apply any key concepts regarding evolution in her
arguments. In addition, she did not have any misconception or cognitive bias for this
context based on Nehm et al.’s (2010) framework. For that reason, her conceptual level
was placed in No Understanding (NU) according to Abraham et al.’s (1992)

framework.

4.2.4.3 Structural Aspect of Argumentation Practices for Cambrian Explosion

Scenario

Leyla generated five arguments at Level 2 and Level 4 for this scenario to
justify and rebut explanations.

For the Level 2, she generated three arguments for the second explanation. One
of the example quotations was given in Table 4.18. In this example, the second
explanation was regarded as a claim. She used data regarding sudden transition among
species and she provided warrant that is relation climatic changes with sudden changes
in organisms.

For the Level 4, she constructed two arguments in order to counter alternative
explanation. One of the example quotations was given in Table 4.18. In this argument,
she firstly supported the first explanation with a justification. Then, she strongly
rebutted the first explanation through using provided data regarding sudden transition

and climatic change and she reached a conclusion from data.
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Table 4.18 Leyla’s excerpts at argumentation levels in Lactose Intolerance scenario

Argumentation Leyla’s excerpts
Level
Level 2 In the second explanation, at first, there were soft-shell

organisms and then, transition occurred from soft-shell to
hard-shell organisms. In this period, there was a sudden
transition to hard-shell organisms. Because climatic changes
could have caused these sudden changes in organisms.

Level 4 Explanation 1 is not insufficient because evolution is a slow
process proceeding by little steps. This is not wrong but there
are conditions here specific to case and these are not consistent
with explanation 1. Sudden transition from soft-shell to hard-
shell and dramatic climatic changes was mentioned in here.
Therefore, | think that rapid evolution is expected to occur when
these conditions were taken into consideration

4.2.4.4. Epistemic Aspect of Argumentation Practices for Cambrian Explosion

Scenario

Figure 4.11 represents the distribution of Leyla’s propositions across the

epistemic levels for Cambrian Explosion scenario.
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Figure 4.11 Leyla’s argumentation structure by epistemic levels for Cambrian
Explosion scenario
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Based on the five epistemic levels model, Leyla explicitly cited data from the
task in two propositions (2 and 4) classified as epistemic level I. Proposition 7 includes
data mentioned in proposition 4. In proposition 1, she utilized theoretical claim
regarding microevolution placed in epistemic level V. In proposition 3, she used
theoretical claim by identifying provided data regarding environmental changes placed

in epistemic level I11. The following quotation indicates propositions 4 and 5:

(4) In the second explanation, at first, there were soft-shell organisms and then,
transition occurred from soft-shell to hard-shell organisms. In this period, there
was a sudden transition to hard-shell organisms. (5) Because climatic changes
could have caused these sudden changes in organisms.

In this example, she referenced data regarding sudden transition from task in
proposition 4 classified as epistemic level I. Then, she constructed cause and effect
relation regarding the process of sudden changes based on this data in proposition 5
classified as epistemic level I11.

Besides, she utilized theoretical claims regarding gradual process and rapid
evolution in propositions 6 and 8 classified as epistemic level V.

Based on criterion of integration of claims across the levels, Leyla proposed
evidenced claims at various levels. In addition, in terms of the criterion of the ratio of
data statements to theoretical statements, she used three data statements in proportion
to five theoretical claims. However, data statements were not sufficiently associated
with theory in her argument. Therefore, epistemic quality of her argument was

relatively low.

4.2.4.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels for Cambrian Explosion Scenario

Table 4.19 represented how Leyla justified her claims appealing to evolution
conceptions documented in the use of evidenced claims at different epistemic levels
for Cambrian Explosion scenario. In the first example, she did not rebut the first
explanation in the general sense but she did when considering specific conditions. She

explained reason for rejection through using general theoretical claim regarding
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microevolution placed in epistemic level V. In order to justify her counter-claim, she
used provided data regarding environmental changes placed in epistemic level | and
constructed relation with regard to adaptation placed in epistemic level I1I.

In the second example, she accepted the first alternative as a valid explanation
in general but she rejected it for this specific case. She used theoretical claim
explaining evolution as a gradual process placed in epistemic level IV. Then, she
constructed counter-argument which included provided data classified as epistemic

level I and theoretical claim regarding rapid evolution placed in epistemic level IV.
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Table 4. 19 Articulation of evolution conceptions and argumentation practices for Cambrian Explosion scenario

Leyla’s Excerpts

Argumentation Practices

Epistemic Levels

(1) 1did not think that change between species did not occur rapidly
in the first place because evolution is a change that starts in cells
and over time, living things developed. (2) However, increasing
oxygen level, decreasing temperature, occurrence of ice age epoch
on Earth was taken placed in this period. (3)Therefore, sudden
changes in species occur because it’s a kind of response to these
sudden environmental changes, that is, they adapted rapidly.

(6) Explanation 1 is not insufficient because evolution is a slow
process proceeding by little steps. (7) This is not wrong but there
are conditions here specific to case and these are not consistent with
explanation 1 (not coded). Sudden transition from soft-shell to
hard-shell was mentioned in here. (8) Therefore, | think that rapid
evolution process is expected to occur when these conditions were
taken into consideration.

Claim: not rapid evolution
Warrant: Microevolution
Rebuttal
Counter-claim: Explanation 2
Data: climatic changes
Warrant: adapted rapidly

Claim: not sufficient
Warrant: gradual process

Rebuttal
Counter-claim: true but not
specific to issue discussed
Data: sudden transition and
New claim: rapid evolution by
dramatic changes

(Not Coded)
Epistemic Level V

(Not Coded)
Epistemic Level |
Epistemic Level 11l

(Not Coded)
Epistemic Level IV

(Not coded)

Epistemic Level |
Epistemic Level IV




4.2.5. Leyla’s Result across Scenarios

Profile of Leyla based on findings across the four scenarios in terms of criteria
for evaluating alternatives, conceptual, structural and epistemic aspects of

argumentation practices was presented in Table 4.20.

Table 4.20 Profile of Leyla Teacher

Evolutionary Criteria Conceptual Structural Epistemic
Scenarios Aspects Aspects Aspects
Venezuelan Rigorous  Specific Level 2 Coordination
Guppies and misunderstanding (Reason)-4  of 6 data
Informal Level 3 statements
Criteria (Rebuttal)-2  with 8
theoretical
statements
Whales Rigorous  Partial Level 2 Coordination
and Understanding (Reason)-5  of 8 data
Informal with specific Level 4 statements
Criteria misunderstanding (Rebuttal)-2  with 15
theoretical
statements
Lactose Rigorous  Specific Level 2 Coordination
Intolerance Criteria misunderstanding (Reason)-3 of 7 data
Level 3 statements
(Rebuttal)-1  with 10
Level 4 theoretical
(Rebuttal) -1 statements
Cambrian Rigorous  No Level 2 Coordination of
Explosion Criteria Understanding (Reason)-3 3 data
Level 4 statements with
(Rebuttal)-2 5 theoretical
statements

In the following five subsections, Leyla’s results across the four scenarios were

described in detail and discussed.
4.2.5.1. Criteria for Evaluating Validity of Explanation across Scenarios

Leyla used several filters based on rigorous and informal criteria during
decision-making phase. On the other hand, she mostly appealed to rigorous criteria,
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especially to how well available data fits with the claim across the four scenarios.
Besides, she declared the emphasis of evidence for persuasive argument and she said
“The more you have evidences, the more your argument is persuasive.” In addition to
this criterion, she scarcely used the other rigorous criteria, in particular how well
claims fits with scientific theories and consistency with coherence of an explanation.
She used these two criteria based on her previous knowledge. However, she used
informal criteria such as the criterion of consistency with personal inference and
appeled to analogy even if she scarcely used them across the four scenarios. As a result,
although she used scientifically appropriate criteria, she did not consider all criteria
that scientists use such as sufficiency of data and adequacy of explanation.

4.2.5.2. Conceptual Aspects of Argumentation Practices across Scenarios

She explained evolutionary theory as “is the process of transformation of
species to another species through undergoing different physical and genetic changes.”
and she declared the reasons for acceptance as a valid theory:

Evidences are abundant. There are similarities between species. For example,
it was observed that our, gorillas and chimpanzees’ gene maps are similar.
Besides, we and rats share similar structures and functions and that’s why, rats
are used for test subject. Hence, it is possible that species transform into each
other.

Transformation of species is the Lamarck’s theory and a misconception about
evolutionary theory (Kampourakis & Zogza, 2007). In line with her explanations,
Leyla had misconceptions regarding adaptation, inheritance of acquired traits, use and
disuse and cognitive biases with respect to teleology and intentionality. She most
frequently used teleological explanations and Lamarck’s theory of use and disuse in
her arguments across the four scenarios. In particular, she explicitly referenced
Lamarck’s theory in order to explain the evolutionary phenomena. In addition, she
confused camouflage with chameleons’ color changing and transitional form with
metamorphosis of frogs. In more general sense, she did not mention about the variation
among species, so she tended to consider species as sharing a common “essence’.

Thus, she mostly used essential reasoning across the scenarios. She utilized just one
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key concept of evolution which is heritability of genes and she frequently explained
evolutionary phenomena through using adaptation. Moreover, there was not coherence
in her statements regarding misconception about inheritance of acquired traits across
three scenarios. This may be related to different context. In particular, her
misconception about inheritance of acquired traits was arisen in two scenarios which

are related to microevolution. Table 4.21 illustrated her evolution conceptions.

Table 4.21 Leyla’s conceptions across the four scenarios

Conceptions Examples
Key Concepts  Heritability of genes  “It (genetic change) will show its effect
on offspring”
Misconceptions Inheritance of “People increase their habits of drinking
acquired traits milk which affect genes and they
acquired trait that provides to digest
milk.”
Use and Disuse “When conditions changed, it

(Pakicetus) moved to water and it (hind
limb) weakens after permanently

disusing”
Adaptation “Change of genes occurs as a result of
adaptation process”
Cognitive Teleology “Ferocious animals’ teeth became sharp
Biases in order to eat meat”
Intentionality “While a living thing tries to adapt to

environment, it actually undergo
evolution.”

Essentialism “Bright males are few, that is, in order
not to attract attention and not to be
hunted by predator, they (bright males)
turn into drab.”

Leyla’s conceptual knowledge levels were analyzed across the six conceptual
levels (see in Figure 4.12). As seen in the Figure 4.12, her conceptual levels varied
across the scenarios. It was more likely related to context. This means that each
scenario was designed based on different evolution concepts and alternative

explanations included distinct misconceptions and alternative theories.
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Figure 4.12 Leyla’s conceptual understanding levels across the scenarios

Her arguments included generally misconceptions and cognitive biases. Leyla
utilized misconceptions regarding evolutionary theory mostly in Whales scenarios.
However, she used a key concept regarding heritability of genes only in this scenario.
In Cambrian Explosion scenario, she did not use any key concepts or misconceptions
regarding evolution. She may not have been familiar with this concept. In addition,
she did not use any key concepts of evolution in Venezuelan Guppies and Lactose
Intolerance and used merely misconceptions and cognitive biases. Overall, these may
be interpreted that she held misconceptions and cognitive biases for both
microevolution and macroevolution. However, misconception regarding change due

to inheritance of acquired traits is specific to content regarding microevolution.

4.2.5.3. Structural Aspect of Argumentation Practices across Scenarios

Leyla’s argumentation levels were presented in Figure 4.13. As seen in the
figure 4.13, she frequently constructed arguments at Level 2 which includes claim
supported by either data, warrant or backing. She did not utilized argument at Level 1

which includes claim vs counter-claim. This means that she mostly justified her claim
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and supported her counter-claim either weakly or strongly. In addition, she constructed
strong rebuttals for the last three scenarios at Level 4. It has to be noted that her
argumentation levels were relatively higher in Whales scenario than in the others since
her arguments included five arguments at Level 2 and two arguments at Level 4 and
conceptual understanding level was relatively high in this scenario. The reason of it
may be that her conceptual understanding contributed to her justifications. On the other
hand, her argumentation levels were also high in Cambrian Explosion scenario
although her conceptual understanding level was very low, in particular explanations
did not include any key concepts of evolution since she rebutted alternative through
using data provided in scenario. Hence, these variations among argumentation levels

may illustrate that arguments vary depend on the content of scenarios.
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Figure 4.13 Leyla’s argumentation levels across the scenarios

Overall, her argumentations were low level since she did not construct any
argument at Level 5 which consists of more than one rebuttal across the four scenarios.
This may be related to low level of her conceptual understanding. Put it differently,
she rebutted alternatives mostly through referencing available data and constructing
relations data and theoretical claims regarding mostly adaptation and the processes.
However, she did not attempt to take this a step further to construct more sophisticated

arguments since she had inadequate knowledge regarding evolutionary theory.
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4.2.5.4. Epistemic Aspects of Argumentation Practices across Scenarios

As seen in the Table 4.22, most evidenced claims she used were placed in
epistemic level | and epistemic level Il across the four scenarios. Specifically, she
frequently used propositions making explicit reference to empirical data provided from
the tasks and propositions in the form of processes illustrated with data specific to the
issue discussed in her argument. In addition, she less frequently used evidenced claim
at epistemic level Il. In particular, she did not mostly use retrieved data to support or
criticize the claims. In terms of ratio of data and theoretical claims, she referenced 24
data statements for 38 theoretical claims. This means that she proposed mostly specific

or general theoretical assertions which are insufficiently connected to data statements.

Table 4.22 The distribution of Leyla’s propositions across the epistemic levels

Epistemic Levels N Percent
Epistemic Level V- General Theoretical Claims 11 17.7 %
Epistemic Level IV-Theoretical Claims 10 16.1 %
Epistemic Level I11- Theoretical Claims with data 17 27.4 %
Epistemic Level II- Retrieved Data 6 8%
Epistemic Level I- Provided Data 19 30.6 %

Figure 4.14 represented the evidenced claims across the evolutionary scenarios
that Leyla constructed. As seen in the figure, she utilized evidence claims at different
epistemic levels across the scenarios, especially for Whales and Lactose Intolerance
scenarios. Nevertheless, her theoretical claims were not sufficiently connected by the
data statements in Whales scenario. However, she sufficiently supported her
arguments in Venezuelan Guppies and Lactose Intolerance scenarios. Hence, quality
of her arguments in these scenarios was considered high. In Cambrian Explosion
scenario, she scarcely brought theoretical claims to context. This may be because she

scarcely appealed to her previous knowledge regarding evolution.
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Figure 4.14 Leyla’s epistemic levels across the scenarios

Taken together, she most frequently utilized theoretical claims in each scenario.
This may be related to her conceptual understanding. This means that since her
conceptual understanding was not adequate in order to connect theory and data.

4.2.5.5 Articulation of Argumentation Practices and Evolution Conceptions at
Different Epistemic Levels across Scenarios

She rarely appealed to evolutionary concepts in her argument. In particular, she
used heritability of genes in the form of theoretical assertion in order to justify her
claim regarding transition form in Whales scenario. Besides, she used general
theoretical claim regarding microevolution to support the claim supporting the notion
of evolution as a gradual process. In addition, she denied misconception about change
due to inheritance of acquired traits in order to offer rebuttal. However, she appealed
mostly to misconceptions and cognitive biases in her theoretical justifications. She
most frequently utilized teleological explanations and explanations based on theory of
use and disuse to justify her claims and less frequently appealed to intentional
explanations. It has to be noted that she frequently appealed to notion of adaptation in
her theoretical claims to justify her claim but she mostly used this notion inaccurately.
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Besides, she provided data recalled from previous knowledge but some of them were
not appropriate for evolution context. In particular, she gave chameleons’ color
changing as an example of camouflage in species and metamorphosis of frogs as an

example of transition form.

4.3. Selin’ Case

She was 26 years old and graduated from Department of Elementary Science
Education, METU in 2011. She took biology courses including general biology I and
I, physiology and evolution courses and science methods courses including
instructional planning and principles and methods of teaching science courses in which
argumentation was introduced. She completed Evolution course with a grade of BA
(3,5/4). She was doing her M.S. in Elementary Science and Mathematics Education at
METU. She was working at a private school. She had 4 years of teaching experience
and she taught to 6™, 7th and 8" grades. She had experience on teaching evolutionary
theory.

In the following sections, the results of Selin were presented under the five
dimensions including criteria for evaluating validity of explanation, argumentation
practices in terms of conceptual, structural and epistemic aspects as well as the
articulation of conceptual knowledge regarding evolutionary theory and
argumentation practices at different epistemic levels. The results of these analyses

were represented for each scenario separately.
4.3.1. Scenario I: Venezuelan Guppies

Venezuelan Guppies scenario deals with natural and sexual selection
(microevolution) (see Appendix A). Selin was provided with this scenario in which
she was asked to several questions about the reason of observed variation in the
coloration within male guppies. Following subsections described the results on each

phase.
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4.3.1.1. Criteria for Evaluating Validity of Explanation for Venezuelan Guppies

Scenario

After reading scenario, Selin was asked to determine which of three alternative
explanations was the most valid to explain the reason of coloration in Venezuelan

Guppies. The following dialogue took place after she decided:

Selin: It may be explanation 2 and 3. (Explanation 2: Female guppies prefer to
mate with brightly colored males. As a result, bright males tend to attract more
mates and produce more offspring. When there are lots of predators in a habitat,
however, brightly colored males do not survive long enough to reproduce.
Explanation 3: The species of guppy try to appear very flashy like many other
types of fish. However, when individual migrate into different pools, they need
to adjust their coloration in order to avoid predators. As a result, some become
drab in order to better fit in with a new habitat. This new trait is then passed
down to their offspring because it is useful).

Researcher: Why did you say that?

Selin: In explanation 2, when looking at the table, the number of bright males
are abundant, total number of guppies are abundant and reproduce more
because females mostly prefer bright males in here. That is, table confirms
explanation 2. For the third explanation, the number of drab males is relatively
more than the number of bright one. The reason is that they (males) turn into
drab in order to suit to environment and they survive.

Selin seemed to evaluate the acceptability of alternative explanations of
Venezuelan Guppies scenario based on rigorous criteria valued in science. In
particular, Selin evaluated the second explanation based on the criterion of how well
data fits with claim since she explicitly referenced from table provided from task and
she also evaluated line of reasoning of explanation, that is, she evaluated the reason of
color variation established in the second alternative. For the third one, she used two
rigorous criteria. More specifically, she seemed to consider consistency of data from
table and claim and she appealed to previous theoretical knowledge as to adaptation.

In the following, Selin was asked to construct argument for Venezuelan
Guppies scenario. Her argumentation practices were analyzed in terms of conceptual,

structural and epistemic aspects.
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4.3.1.2. Conceptual Aspects of Argumentation Practices for Venezuelan Guppies

Scenario

Selin chose the second and third explanations for this scenario. The former one
includes evolutionary explanations and the latter consists of misconceptions regarding
inheritance of acquired traits and cognitive biases with respect to intentionality and
teleology. In line with her choices, she used some key concepts and misconception and
cognitive biases in her arguments. Representative examples for key concept of

evolution were:

According to my previous knowledge, males have different colors and traits to
attract females, like birds. This leads to competition among them.

As far as | understood, predators hunted bright males.

In the first example, she mentioned about sexual selection (differential
survival) among bright males and females and linked it to another key concept, in
particular competition. In the second example, she used resource limitation, in
particular prey/predator relationship by contrasting relationship between predators and
bright males (prey). However, she utilized a misconception regarding adaptation with

cognitive bias in her arguments:

In order to suit to environment and in order to protect from predators,
adaptation may have occurred.

In this example, she explained adaptation process through teleological
reasoning. Specifically, she seemed to perceive adaptation process as a need-driven
process rather than a process by the species become more suited to environment
through change in a trait (Futuyma, 2009).

In parallel of chosen explanation, she also used intentional reasoning in her
explanations. For example, she said: “in order to survive, they (males) may have
wanted to turn into drab” Therefore, she attempted to explain process of color change
through a process directed by a mental agent.

Overall, although she appealed to key concepts of evolution regarding

differential survival, heritability of genes, resource limitation and competition, she also
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held misconception such as adaptation and cognitive biases with respect to
intentionality and teleology based on Nehm et al.’s (2010) framework. For this reason,
her conceptual level was placed in partial understanding with specific

misunderstanding (PU/MU) according to Abraham et al.’s (1992) framework.

4.3.1.3. Structural Aspects of Argumentation Practices for Venezuelan Guppies

Scenario

She generated six arguments at Level 2 and Level 3 for this scenario in order
to justify and rebut the alternatives.

For the Level 2, she constructed five arguments to support the second and third
explanations. One of the example quotations was presented in Table 4.23. In this
example, explanation 3 was regarded as a claim. She referenced the number of
predators and drab males as a data and she gave the reason for this through explaining
prey/predator relationship. Then, she backed up her claim with evidence with regard
to comparison of reproduction rate. However, she did not provide any rebuttal for this
argument. Hence, her argument was categorized at Level 2.

For the Level 3, she generated an argument to criticize the first explanation.
The example quotation was given in Table 4.23. In this example, she rebutted this
explanation with a weak warrant that is unscientific. However, she did not attempt to
provide reason why it is unscientific and she also criticized its insufficiency but she
did not explain the importance of this insufficiency. Since she weakly rebutted the first

explanation, her argument was placed in Level 3.

Table 4.23 Selin’s excerpts at argumentation levels in Venezuelan Guppies scenario

Argumentation Selin’s excerpts
Level
Level 2 In pool I, predators are abundant and drab males are also

abundant, so the reason is that predators preferred to bright
males and thus, the number of them (bright males) is few, that
is to say, as far as | understood, predators hunted bright males.
Therefore, they reproduce less and bright males become rare.

Level 3 Creation is not a scientific explanation. In addition, this
explanation does not include detailed information about the
reason of coloration
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4.3.1.4. Epistemic Aspects of Argumentation Practices for Venezuelan Guppies

Scenario

Figure 4.15 illustrates Selin’s propositions across the epistemic levels. In this
figure, each sentence was labeled with numbers and sentences served as a propositions.
Each of propositions was categorized by epistemic levels and mapped in order to
indicate ties across the epistemic levels. Lines connecting propositions represents
explicit links between propositions and dashed lines represents the propositions

including statements at two epistemic levels.
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Figure 4.15 Selin’s argumentation structure by epistemic levels for Venezuelan
Guppies scenario

Based on the five epistemic level model, she explicitly referenced table
provided from scenario in four propositions (1, 2, 8, and 9) classified as epistemic level
I. She also gave data retrieved from previous knowledge regarding sexual selection
placed in epistemic level Il. In six propositions (1, 5, 8, 9, 10, and 11), she used
theoretical claims and explained the processes as to sexual selection, prey/predator
relation and the process of coloration with identifying data classified as epistemic level

I11. A representative example for proposition 11 and 12 was:
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(11) When predators are abundant, drab males are also abundant because in
order to suit to environment, in order to protect from predators, adaptation may
have occurred. (12) Since in order to protect and hide from predators, they may
have turn into drab in deep and dark pools.

In this example, she utilized a theoretical claims regarding adaptation through
identifying data placed in epistemic level I11. Then, she also appealed to theoretical
claims with respect to prey/predator relationship specific to issue discussed
categorized in epistemic level IV. Besides, she used theoretical claims concerning
heritability of traits and adaptation at epistemic level 1V. In addition, she used general
theoretical claims with respect to competition, differential survival and creation.

Overall, in terms of integration of claims across the levels, Selin generated
claims at different epistemic levels. In addition, in terms of the criterion of the ratio of
data statements to theoretical statements, she used five data statements in proportion
to twelve theoretical claims. Put it differently, theoretical claims are less frequently
supported by data statements. Therefore, epistemic quality of her argument was

relatively low.

4.3.1.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels for Venezuelan Guppies Scenario

Table 4.24 represented how Selin justified her claims appealing to evolution
conceptions documented in the use of evidenced claims at different epistemic levels
for Venezuelan Guppies scenario. In the first example, she explicitly referenced data
from provided table to support the third explanation classified as epistemic level 1.
Then, she utilized theoretical claim regarding adaptation of drab males in order to
justify her claim placed in epistemic level 1VV. However, she explained this theoretical
knowledge through teleological reasoning. Then, she appealed to key concept of
evolution concerning heritability of variation in order to back up her claim categorized
at epistemic level IV. Then, she also provided a backing regarding a process of
preferences and reproduction with identifying data placed in epistemic level I11.

In the second example, she generated a new claim in the form of general

theoretical claim with respect to sexual selection with identifying an example with
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respect to a key concept concerning sexual selection retrieved from her previous
knowledge placed in epistemic levels 11-V since this proposition includes both data
recalled from previous knowledge and theoretical claim. Then, she also constructed
new general theoretical claim dealing with the key concept of evolution, in particular
competition. After that, in order to justify her claim, she appealed to key concepts
regarding prey/predator relation and sexual selection in theoretical claim with

explicitly referencing data from provided table.
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Table 4. 24 Articulation of evolution conceptions and argumentation practices for Venezuelan Guppies scenario

Selin’s Excerpts

Argumentation Practices

Epistemic Levels

(2) For the third explanation, the number of drab males
relatively more than the number of bright one. (3) The
reason is that they (males) turn into drab in order to suit to
environment and thus, they survive. (4) In that way, their
(drab males) offspring become drab, that is to say,
adaptation. (5) Therefore, females do not prefer and they
reproduce less in the environment.

(6) According to my previous knowledge, males have
different colors and traits to attract females, like birds (7)
This leads to competition among them. (8) Here, the number
of offspring is more in pool 4 because when there no
predators, the number of bright males becomes abundant,
that is, they reproduce easily and they attract more females
and thus, they reproduce more.

Claim: Explanation 3

Data: comparison of bright males and
drab ones

Warrant: adaptation

Backing 1: heritability of
variation/adaptation

Backing 2: process of preferences and
reproduction

Claim: Explanation 2

New claim: Differential survival
(Sexual Selection)

Data: example of sexual selection

New claim: Competition
Data: offspring in pool 4

Warrant: sexual selection and
prey/predator relation

(Not coded)
Epistemic Level |

Epistemic Level IV
Epistemic Level IV

Epistemic Level I1I.

(Not coded)

Epistemic Levels I1-V

Epistemic Level V

Epistemic Levels I-111




4.3.2. Scenario Il1: Whales

Whales scenario deals with transition form (macroevolution) (see Appendix
A). Selin was provided with this scenario in which she was asked to several questions
about the possible relationships among an extinct land mammal, an aquatic whale
ancestor and modern whales. Following subsections described the results on each

phase.

4.3.2.1. Criteria for Evaluating Validity of Explanation for Whales Scenario

After reading scenario, Selin was asked to determine which of three alternative
explanations was the most valid to explain the possible relationship among species.

The following dialogue took place after she decided:

Selin: It could be third explanation. (Pakicetus were some sort of mammal that
can live both in land and in water. For this reason, it can be a transitional form.
The ancestors of whales were living in land once and they had legs. As a result
of changes of genes in the population, whales were born with small or no legs
and when their environment changed, these whales with small or no legs
became more advantageous and reproduced more.)

Researcher: Why did you say that?

Selin: It was said that it (Pakicetus) could live in both land and sea because it
was mentioned in the first paragraph that ear region of the skull is not exactly
similar to land mammals but it is somewhere between that of land mammals
and fully aquatic mammals and thus, it could be a mammal live in both water
and land. I think that Pakicetus could be common ancestor of whales because
they had legs and then, they did not use them and become small and thus, they
began to live water due to change in genes in population. Besides, according to
my previous knowledge, | remembered that there was a transition in
evolutionary process. Therefore, the third explanation is scientific and correct
explanation.

Selin seemed to evaluate acceptability of alternative explanations of Whales
scenario through using rigorous criteria. More specifically, for the third explanation,
she seemed to take into consideration of how well data embedded in scenario fits with

claim since she reached a conclusion from evidence regarding similarity. Also, she
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utilized the criterion of how well claims fit with scientific theory as regards common
ancestry and scientific knowledge about transition from land to water.

In the following, Selin was asked to construct argument for Whales scenario.
Her argumentation practices were analyzed in terms of conceptual, structural and

epistemic aspects.

4.3.2.2. Conceptual Aspect of Argumentation Practices for Whales Scenario

She chose the third explanation including evolutionary explanations. In line
with her choice, she mostly appealed to key concepts of evolution regarding
differential survival (natural selection), overproduction of offspring, variation,
heritability of genes and generational changes in the distribution in her arguments.
Besides, she rejected Lamarck’s theory such as change due to inheritance of acquired

traits. A representative example for key concept of evolution was:

I know that evolution occurred as a consequence of variation in genes in
population and these genes passed to next generation.

Natural selection; species suited to environment can survive.

In the first example, she explained evolution via variation in genes and
heritability of this variation. In the second example, she defined the natural selection
for whale evolution. In addition to key concepts, she appealed to other evolutionary
concepts such as common ancestry and homologous organs in her arguments. A

representative example for this concept was:

It was showed anatomical similarity between Pakicetus’ forelimbs that it used
for walking and other species’ fins. Here, it was mentioned about homologous
organs and it’s evidence because according to Darwin’s theory, homologous
organs are evidence for evolution.

Overall, since she mostly appealed to key concepts and she did not use any
misconception and cognitive bias in her explanations based on Nehm et al.’s (2010)
framework, her conceptual understanding for this scenario was placed in sound

understanding (SU) according to Abraham et al.’s (1992) framework.
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4.3.2.3. Structural Aspect of Argumentation Practices for Whales Scenario

Selin constructed eight arguments at Level 2 and Level 4 in order to support
her claim and rebut the other alternatives for Whales scenario.

For the Level 2, she constructed six arguments for the third explanation. One
of the example quotations was given in Table 4.25. In this example, the third
explanation was considered as a claim. She used similarity of forelimbs as a data and
she provided a warrant through explaining species’ closeness via using homologous
organs as an evidence for evolution. Then, she backed up her claim through explaining
what homologous organ is.

For the Level 4, she generated two arguments for the first and second
explanations. One of the example quotations was given in Table 4.25. In this example,
explanation 2 was regarded as a claim and “unscientific explanation” as a counter-
claim. She strongly rebutted the second explanation through referencing data regarding

transition from land to water.

Table 4.25 Selin’s excerpts at argumentation levels in Whales scenario

Argumentation Selin’s excerpts
Level
Level 2 It was showed anatomical similarity between Pakicetus’

forelimbs that it used for walking and other species’ fins. Here,

it was mentioned about homologous organs and it’s evidence
because according to Darwin’s theory, homologous organs are
evidence for evolution. Organs having same physical features
and different functions are found within species close to each
other.

Level 4 Explanation 2 stated that while one is land mammal, the other
Is sea mammals and there is no relationship between them.
However, based on my previous knowledge, evolution occurred
from land to sea, so the second explanation is inaccurate. That
is to say, that they are different species is not scientific
explanation.
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4.3.2.4. Epistemic Aspects of Argumentation Practices for Whales Scenario

Figure 4.16 represents the distribution of Selin’s propositions across the

epistemic levels for Whales scenario.
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Figure 4.16 Selin’s argumentation structure by epistemic levels for Whales scenario

Based on the five epistemic level model, she explicitly cited data provided from
the task in five propositions (1, 2, 5, 10 and 13) classified as epistemic level 1. A

representative example for propositions 2 and 3 were:

(2) Pakicetus could be common ancestor of whales because they had legs and
then, they did not use them and become small and thus, they began to live water
due to change in genes in population. (3) According to my previous knowledge,
I remembered that there was a transition from land to water in evolutionary
process.

She used a theoretical claim regarding common ancestry with identifying data
embedded in scenario. Since this proposition includes both theoretical claim and
explicitly referenced data, it was placed in epistemic levels I-111. In addition, she also
referenced data retrieved from previous knowledge with respect to transition in
proposition 3 placed in epistemic level 1.

She also used theoretical claims regarding common ancestry and variation

with identifying provided data in three propositions (1, 5, and 9) classified as epistemic
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level Ill. In propositions 6, 8 and 15, she utilized theoretical claims regarding
differential survival, adaptation and Lamarck’s evolution theory specific to issue
discussed categorized at epistemic level 1V. Besides, she used general theoretical
claims with respect to heritability of genes, natural selection, homologous organs and
theory of inheritance of acquired traits in five propositions classified as epistemic level
V.

In terms of criterion of integration of claims across the levels, Selin proposed
evidenced claims at various levels. Besides, in terms of the criterion of data statements
to theoretical statements, she used six data references in proportion to thirteen
theoretical claims. This means that theoretical claims were not sufficiently supported

by data. Hence, epistemic quality of her argument was relatively low.

4.3.2.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels for Whales Scenario

Table 4.26 illustrated how Selin justified her claims appealing to evolution
conceptions at different epistemic levels for Whales scenario. In the first example,
explanation 3 was considered as a claim. She generated a new general theoretical claim
regarding variation and heritability of genes placed in epistemic level V. She explained
the process of change of legs with identifying in order to justify her claim classified as
epistemic level 111. Then, she backed up her claim with general and specific theoretical
claims with respect to adaptation, generational changes and natural selection.

In the second example, explanation 1 was regarded as a claim. She opposed it
by a counter-claim. Then, she explicitly referenced data embedded in explanation 1
placed in epistemic level 1. She used general theoretical claim regarding rejection of
Lamarck’s theory as a warrant to justify her claim classified as epistemic level V.
Then, she backed up her counter-claim through using theoretical claim concerning
inheritance of acquired traits for whale evolution placed in epistemic level IV.
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Table 4. 26 Articulation of evolution conceptions and argumentation practices for Whales scenario

Selin’s Excerpts

Argumentation Practices

Epistemic Levels

(4) 1 know that evolution occurred as a consequence of
variation in genes in population and these genes passed to
next generation. (5) In the third explanation, it is mentioned
about change of genes in population, it’s important because
this change in genes provide to form small and weak hind
limbs. (6) This (small and weak legs) becomes common in
population because it provides species to suit to their
environment, that is, adaptation occurred, that is, one of the
mechanism of evolution. (7) That is to say, natural selection,
species suited to environment can survive. (8) Here, species
which have small and weak legs suit to their environment
because they are common as a consequence of natural
selection.

(13) 1 did not choose Explanation 1 because it seemed to mean
that physical features are passed to next generations. (14) It
is not correct (Not coded). Since this is Lamarck’s theory and
it was collapsed and (15) here, physical features or changes
are not passed to next generations.

Claim: Explanation 3

New claim: variation and heritability
of genes

Data: changes in genes

Warrant: weak and small legs
Backing 1: Adaptation /Generational
changes

Backing 2: Natural selection
Backing 3: Natural selection

Claim: Explanation 1

Rebuttal
Counter-claim: It’s not correct
Data: inheritance of acquired traits
Warrant: rejection of Lamarck’s
theory
Backing: rejection of inheritance of
acquired traits.

(Not coded)
Epistemic Level V

Epistemic Level 111
Epistemic Level IV

Epistemic Level V
Epistemic Level IV

(Not coded)

(Not coded)
Epistemic Level |
Epistemic Level V

Epistemic Level IV




4.3.3. Scenario I11: Lactose Intolerance

Lactose Intolerance scenario deals with gene-culture coevolution in humans
(microevolution) (see Appendix A). Selin was provided with this scenario in which
she was asked to several questions about how lactose tolerance developed in humans.

Following subsections described the results on each phase.

4.3.3.1. Criteria for Evaluating Validity of Explanation for Lactose Intolerance

Scenario

After reading scenario, Selin was asked to determine which of three alternative
explanations was the most valid to explain how lactose tolerance developed in humans.

The following dialogue took place after she decided:

Selin: I think explanation 1 and explanation 3 (Explanation 1: Since consuming
milk is advantageous, the frequency of lactose tolerance allele increases in
areas where dairy farming is common. As a result, digesting lactose becomes
common in population. This process took placed in different geographical
regions through change in the frequency of different allele which has same
effects. Explanation 3. variation of digestion of lactose between communities
and within communities is not related to consumption of milk. This is mostly
based on whether randomly carrying lactose tolerance allele or not before dairy
farming started. For instance, there are still people who do not digest milk in
Europe where dairy farming started. That’s why each person carries different
lactose allele. )

Researcher: Why did you say that?

Selin: For the explanation 1, it was observed that the frequency of lactose
tolerance allele is high in areas where dairy farming developed. The reason of
this is that they (people) consumed milk to fed and survive and thus, people
digest lactose survive and others die by natural selection based on Darwin’s
theory. (...) It could be the third explanation because while some people may
have active lactase gene, others do not. It was mentioned about genetic drift;
Darwin’s evidences that support evolution, and it (genetic drift) leads to
variation because it (variation) occurred completely randomly. Therefore, both
of them (explanation 1 and 3) are scientifically valid.

Selin seemed to evaluate validity of alternative explanations of Lactose
Intolerance scenario through using rigorous criteria. More specifically, she seemed to
take into consideration of how well provided data fits with the claim. However, she
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mostly used the criterion of how well claims fit with scientific theories. In particular,
she supported explanation 1 and 3 due to theoretical knowledge regarding natural
selection and genetic drift and she explained the reason for her choices as
“scientifically valid”.

In the following, Selin was asked to construct argument for Lactose Intolerance
scenario. Her argumentation practices were analyzed in terms of conceptual, structural

and epistemic aspects.

4.3.3.2. Conceptual Aspect of Argumentation Practices for Lactose Intolerance

Scenario

Selin chose the first and third explanation for this scenario. While one includes
evolutionary explanations, the other consists of rejection of evolution. However, she
did not reject the evolution. Instead, she brought to bear evolutionary explanations to

third explanation. A representative example for this notion:

It is genetic drift; Darwin’s evidences that support evolution, and here, it
(genetic drift) leads to variation because it (variation) occurred completely
randomly.

In this example, she explained one of the mechanisms of evolution, in particular
genetic drift that is defined as allele or gene variants in population due to random
sampling (Futuyma, 2009) and a key concept regarding variation. In addition to genetic
drift and variation, she mostly appealed to key concepts of evolution as regard to
heritability of variation, differential survival, overproduction of offspring and
generational changes in allele frequency. Representative examples for these concepts

Were:

They (people) consumed milk to fed and survive and thus, people digest lactose
survive and others die by natural selection based on Darwin’s theory. The
frequency of lactose tolerance allele becomes high since consuming milk
becomes advantage.

People who digest lactose become abundant and common in population.
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In first example, she appealed to concept of differential survival (natural
selection) and in the second example, she explained key concepts concerning
generational changes in the frequency of variation.

Overall, since she mostly appealed to key concepts of evolution and she did not
utilize any misconception and cognitive bias in her arguments, her conceptual
understanding for this scenario was placed in sound understanding (SU) according to
Abraham et al.’s (1992) framework.

4.3.3.3. Structural Aspect of Argumentation Practices for Lactose Intolerance

Scenario

Selin generated five arguments to justify her claims and rebut the other
alternatives for Lactose Intolerance scenario.

For the level 2, she constructed four arguments for the first and third
explanations. One of the example quotations was given in Table 4.27. In this example,
explanation 1 was considered a claim. She used a data with respect to dairy farming in
Africa embedded in scenario to support her claim. Then, she reached a conclusion and
generated a new claim with respect to heritability of genes. Since argument consisted
of justification, her argument was placed in Level 2.

For the level 4, she generated an argument for the second explanation. The
example quotation was presented in Table 4.27. In this example, the second
explanation was regarded as a claim. She opposed this explanation by a counter-claim
that is unscientific. She provided a data as to Lamarck’s theory and then, she provided
a warrant why it is not correct, so she rejected inheritance of acquired traits. Since she
strongly rebutted the second explanation through using data and warrant, her argument

was classified as Level 4.
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Table 4.27 Selin’s excerpts at argumentation levels in Lactose Intolerance scenario

Argumentation Selin’s excerpts
Level
Level 2 In Africa, dairy farming started 9000 years ago. Therefore, they

consumed milk and people who digest lactose have been common
and their allele, genes was passed to next generations.

Level 4 Explanation 2 stated that increasing habits of drinking milk
influences genetic. However, this is not scientific. It supports the
Lamarck’s theory. That is to say, I may have some physical
features or habits but it does not mean that my children have same
habits or features and this is not passed to genes and that’s why
it is not correct.

4.3.3.4. Epistemic Aspect of Argumentation Practices for Lactose Intolerance

Scenario

Figure 4.17 represents the distribution of Selin’s propositions across the

epistemic levels for Lactose Intolerance scenario.
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Figure 4.17 Selin’s argumentation structure by epistemic levels for Lactose
Intolerance scenario
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Based on five level epistemic model, she explicitly referenced data provided in
scenario in four propositions (1, 4, 6 and 9) classified as epistemic level I. She also
referenced data retrieved from her previous knowledge in two propositions (10 and
12) placed in epistemic level Il. In proposition 4, she used theoretical claim regarding
differential survival with referencing provided data classified as epistemic level Ill.
She also used specific theoretical claims concerning generational changes, heritability
of genes, genetic drift and inheritance of acquired traits in five propositions (2, 5, 7,
11 and 13) placed in epistemic level 1V. In 3 and 8 propositions, she used general
theoretical claims with respect to genetic drift and natural selection categorized at
epistemic level V. A representative example for 1, 2 and 3 was:

(1) It was observed that the frequency of lactose tolerance allele is high in areas
where dairy farming developed. (2) The reason of this is that they (people)
consumed milk to fed and survive and thus, people digest lactose survive and
others die by natural selection based on Darwin’s theory. (3) Because natural
selection means that living things that suited to environment selected, others
extinct and thus, evolution occurred.

In this example, she explicitly cited data provided from the task. Then, she used
theoretical claim with respect to natural selection specific to issue discussed placed in
epistemic level IV. Besides, she used general theoretical claim regarding natural
selection classified as epistemic level V.

Overall, based on criterion of integration of claims across the levels, Selin
proposed evidenced claims at various levels. Besides, in terms of the criterion of the
ratio of data statements to theoretical assertions, she used six data references in
proportion to eight theoretical claims. That is, theoretical claims were sufficiently

supported by data. Hence, epistemic quality of her argument was relatively high.

4.3.3.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels for Lactose Intolerance Scenario

Table 4.28 illustrated how Selin justified her claims appealing to evolution
conceptions at different epistemic levels for Lactose Intolerance. In the first example,

explanation 2 was regarded as a claim. She justified her claim through using theoretical
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claim regarding key concept of evolution, in particular differential survival regarded
as warrant with explicitly referencing data from the scenario to support her claim
placed in epistemic levels I-I11.

In the second example, explanation 3 was considered as a claim. She used a
new general theoretical claim with respect to evolutionary notion, in particular genetic
drift classified as epistemic level V. Then, she explicitly cited data provided form
scenario placed in epistemic level 1 and she also provided data retrieved from her
previous experience placed in epistemic level Il in order to support her claim. She
explained the reason of variation through using specific theoretical claim regarding
genetic drift classified as epistemic level 1V.
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Table 4. 28 Articulation of evolution conceptions and argumentation practices for Lactose Intolerance scenario

Selin’s Excerpts

Argumentation Practices

Epistemic Levels

(4) The frequency of lactose tolerance allele becomes high
since consuming milk becomes advantage based on this
map. (5) Therefore, people who digest lactose become
abundant and common in population.

(8) It could be the third explanation because while some
people may have active lactase gene, others do not (Not
coded). It was mentioned genetic drift; Darwin’s evidences
that support evolution, it (genetic drift) leads to variation
because it (variation) occurred completely randomly. (9)
Here, for instance, some people who can digest lactose and
others who cannot digest lactose are live together, more
specifically, while 10 % of Americans can digest lactose,
rest of the do not. (10) In Turkey, while many people can
digest lactose, my family and I have problems with digestion
of milk. (11) Therefore, different allele was formed due to
genetic variation, that is to say, genetic drift.

Claim: Explanation 2

Data: frequency of lactose tolerance
allele

Warrant: Differential Survival
Backing: Generational changes in
allele frequency

Claim: Explanation 3

New claim: Genetic Drift

Data: Variation among people

Data: example of herself

Warrant: variation due to genetic drift

(Not coded)
Epistemic Levels I-111

Epistemic Level IV

(Not coded)
Epistemic Level V
Epistemic Level |
Epistemic Level 1l

Epistemic Level IV




4.3.4. Scenario 1V: Cambrian Explosion

Cambrian Explosion scenario deals with gaps in the fossil record
(macroevolution) (see Appendix A). Selin was provided with this scenario in which
she was asked to several questions about gaps in the fossil record as a consequence of

gradual or rapid changes. Following subsections described the results on each phase.

4.3.4.1. Criteria for Evaluating Validity of Explanation for Cambrian Explosion

Scenario

After reading scenario, Selin was asked to determine which of three alternative
explanations was the most valid to explain the reason of gaps in fossil records. The

following dialogue took place after she decided:

Selin: | selected Explanation 1. (The lack of intermediate fossils is due to the
fact that very few fossils from periods prior to 570 million years were formed
or preserved. The evolution of multicellular organisms was a gradual process
proceeding by little steps.)

Researcher: Why did you choose that?

Selin: Because it is true. People who rejected evolution said why monkey are
not still evolving into human since they don’t understand that (gradual process),
that is to say, evolution is a gradual process. The reason of non-exiting of fossils
is that sudden climatic changed, environmental conditions changed and
different habitats formed. Therefore, fossils may not have either protected or
been founded yet or they (fossils) did not endure climatic conditions changing
very fast. They (fossils) did not endure climatic conditions changing very fast.

Selin evaluated acceptability of alternative explanations of Cambrian
Explosion scenario through using rigorous criteria. In particular, she evaluated the first
explanation based on the criterion of how well her previous knowledge regarding
gradual process fits with the claim since she declared “It is true”. She decided simply
based on her existing knowledge and her knowledge based on scientific theory. That
is, she took into consideration of how well scientific theory fits with claim.

In the following, Selin was asked to construct argument for Cambrian
Explosion scenario. Her argumentation practices were analyzed in terms of conceptual,
structural and epistemic aspects.
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4.3.4.2. Conceptual Aspects of Argumentation Practices for Cambrian Explosion

Scenario

She chose the first explanation which is related evolution through gradual
process. She used one key concept of evolution, in particular generational changes in
the distribution in her arguments. Besides, she mentioned about Darwin’s theory of

gradual process. The representative examples for these concepts were:

For instance, when whales began to live in water, their legs shortened slowly
and then, their offspring adapted to sea environment. They did not move to sea
instantly.

According to Darwin, evolutionary process takes long time and it is a slow
changing process that lasts hundreds of years for multicellular organisms.

In the first example, she gave example regarding generational changes from
Whales scenarios. Besides, she explained the Darwin’s gradual evolution. She did not
hold any misconceptions and cognitive biases for this scenario. However, she used
only one key concept of evolution. For that reason, her conceptual understanding level
was placed in partial understanding (PU) according to Abraham et al. (1992)

framework.

4.3.4.3. Structural Aspects of Argumentation Practices for Cambrian Explosion

Scenario

Selin constructed four arguments at Level 2 and 4 in order to support her claim
and rebut the other alternative.

For the Level 2, she constructed three arguments to support the first
explanation. One of the example quotations was presented in Table 4.29. In this
example, explanation 1 was considered as a claim. She provided regarding climatic
and environmental changes. Then, she reached a conclusion and generated a new
claim. However, she did not attempt to oppose to alternative one. Hence, her argument
was placed in Level 2.

For the Level 5, she generated an argument for the first explanation. One of the

example quotations was given in Table 4.29. In this example, explanation 2 was
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regarded as claim. She generated a counter-claim that is “not correct”. Then, she
supported this claim by a warrant that is her previous knowledge. Then, she gave
examples for intermediate forms as a data and explained relation gradual process with
intermediate forms regarded as a warrant. Since she strongly rebutted the second

explanation twice though justifications, her argument was classified as Level 5.

Table 4.29 Selin’s excerpts at argumentation levels in Cambrian Explosion scenario

Argumentation Selin’s excerpts
Level
Level 2 The reason of non-exiting of fossils is that sudden climatic

changed, environmental conditions changed and different
habitats formed. Therefore, fossils may not have either protected
or been founded yet or they (fossils) did not endure climatic
conditions changing very fast.

Level 5 It (second explanation) is not correct. | know that this occurs in
long periods of time by gradually. Besides, intermediate forms
mostly formed, we saw them in evolution course such as between
human and ancestor, because there is no abrupt changes, it occurs
gradually in a long periods of time that allow them to form.

4.4.4.3. Epistemic Aspect of Argumentation Practices for Cambrian Explosion

Scenario

Figure 4.18 represents the distribution of Selin’s propositions across the
epistemic levels for Cambrian Explosion scenario.

Based on five epistemic levels model, she explicitly cited data as to climatic
and environmental changes provided in scenario in proposition 2 classified as
epistemic level 1. She referenced data retrieved from previous knowledge in four
propositions (1, 5, 6, and 9) placed in epistemic level Il. In propositions 1 and 3, she
used theoretical claims and process regarding gradual process with identifying data

placed in epistemic level 111. A representative example for proposition 1 was:

(1) People who rejected evolution said why monkey are not still evolving into
human since they don’t understand that (gradual process), that is, evolution
is a gradual process.
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Epistemic Placement of Selin’s propositions across the epistemic levels
Levels for Cambrian Explosion scenario
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Figure 4.18 Selin’s argumentation structure by epistemic levels for Cambrian
Explosion scenario

In this example, she used theoretical claim regarding gradual process with
identifying data retrieved from her previous knowledge or experience regarding
common misconception among people classified as epistemic levels I1-111.

Furthermore, she used two propositions (7 and 8) in the form of theoretical
claim regarding gradual process specific to issue discussed placed in epistemic level
IV and she also used general theoretical claim dealing with Darwin’s theory and
intermediate forms in propositions 4 and 9 categorized at epistemic level V.

Based on criterion of integration of claims across levels, Selin proposed
evidenced claims at various levels. Besides, in term of the criterion of ratio of data
statements to theoretical ones, she used five data references in proportion to six
theoretical claims. Hence, theoretical claims were sufficiently supported by data.

Hence, her epistemic quality of argument was relatively high.

4.3.4.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels for Cambrian Explosion Scenario

Table 4.30 represented how Selin justified her claims appealing to evolution

conceptions documented in the use of evidenced claims at different epistemic levels
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for Cambrian Explosion scenario. In the first explanation, explanation 1 was regarded
as a claim. She generated general theoretical claim as a new claim concerning an
evolutionary notion, in particular evolution through gradual process placed in
epistemic level V. She referenced data retrieved from her previous knowledge
regarding whale evolution and also human evolution to support her claim classified as
epistemic level Il. In addition, she also appealed to a key concept of evolution, in
particular generational changes in distribution for her data statement. Then, she used
theoretical claim regarding evolutionary time in order to justify her claim categorized
at epistemic level IV.

In the second example, explanation 2 which is about punctuated equilibrium
considered as a claim. She opposed it by a counter-claim. Then, she utilized a general
theoretical claim regarding relation of gradual process with formation of intermediate
forms with identifying example from previous knowledge such as intermediate forms

regarded as a data placed in epistemic levels I1-V.
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Table 4. 30 Articulation of evolution conceptions and argumentation practices for Cambrian Explosion scenario

Selin’s Excerpts

Argumentation Practices

Epistemic Levels

(4) According to Darwin, evolutionary process takes long time
and it is a slow changing process that lasts hundreds of years
for multicellular organisms. (5) For instance, when whales
began to live in water, their legs shortened slowly and then,
their offspring adapted to sea environment. They did not move
to sea instantly. (6) Besides, for human evolution, there is a
popular photo in which monkey stand up on feet slowly rather
than suddenly. (7) Because this process takes very long time.

It (second explanation) is not correct (Not coded). (...) (9)
Intermediate forms mostly formed, we saw them in evolution
course such as between human and ancestor, because there is
no abrupt changes, it occurs gradually in a long periods of
time that allow them to form.

Claim: Explanation 1
New claim: Gradual process
Data: Whale evolution

Data: Human evolution
Warrant: takes long time

Claim: Explanation 2
Rebuttal
Counter-claim: not correct

Data: intermediate forms
Warrant: relation gradual process
with formation of intermediate
forms

(Not coded)
Epistemic Level V
Epistemic Level Il

Epistemic Level Il
Epistemic Level IV

(Not coded)

(Not coded)

Epistemic Levels 11-V




4.3.5. Selin’s Result across Scenarios

Profile of Selin based on findings across the four scenarios in terms of criteria
for evaluating alternatives, conceptual, structural and epistemic aspects of

argumentation practices was presented in Table 4.31.

Table 4.31 Profile of Selin

Evolutionary Criteria  Conceptual Structural Epistemic
Scenarios Aspects Aspects Aspects
Venezuelan Rigorous Partial Level 2 Coordination of
Guppies Criteria Understanding (Reason)-5 5 data
with specific Level 3 statements with
misunderstanding (Rebuttal) -1 12 theoretical
statements
Whales Rigorous  Sound Level 2 Coordination of
Criteria Understanding (Reason)-6 6 data
Level 4 statements with
(Rebuttal)-2 13 theoretical
statements
Lactose Rigorous  Sound Level 2 Coordination of
Intolerance Criteria Understanding (Reason)-4 6 data
Level 4 statements with
(Rebuttal)-1 8 theoretical
statements
Cambrian Rigorous Partial Level 2 Coordination of 5
Explosion Criteria Understanding (Reason)-3 data statements
Level 5 with 6 theoretical

(Rebuttal)-1  statements

In the following five subsections, Selin’s results across the four scenarios were

described in detail and discussed.
4.3.5.1. Criteria for Evaluating Validity of Explanation across Scenarios

Selin seemed to use several filters based on rigorous criteria during decision-
making phases across the four scenarios. She most frequently made her decision
through appealing to the criterion of how scientific theories fit with the claims. In
particular, she applied her previous knowledge to distinguish between alternatives. In

addition, she also used the criterion of how available data fits with claims during
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decision phase. She also emphasized the necessity of evidence in a persuasive
argument as “argument should include evidences, they must be reliable and evidences
should be consistent with the claim.” Besides, she also added “an individual should
also critique her/his own argument before he/she presented to persuade others.”
However, this statement is not consistent with her structure of arguments since she did
not attempt to generate rebuttal indicating circumstances under which argument was
not valid. As a result, although she used scientifically appropriate criteria, she did not
consider all criteria that scientists use such as sufficiency of data, coherence and

adequacy of explanations.

4.3.5.2. Conceptual Aspects of Argumentation Practices across Scenarios

Selin explained the evolutionary theory as a “process of appearing of new traits
in long periods of time as a consequence of change in gene frequency within
population due to particular reasons.” and she stated the reasons for acceptance as a

valid theory:

There are evidences for this theory, for instance, similarity of fish fins with
wings of bat, Darwin’s finches that have different shapes of beaks, birds
evolved from dinosaurs and 95-96 % similarity in gene sequences between
humans and chimpanzees.

In line with her explanations, she mostly used key concepts of evolution
regarding differential survival, heritability of genes, variation, overproduction of
offspring, generational changes, resource limitation and competition across the four
scenarios. She used differential survival and heritability of genes in almost all
scenarios. In addition to key concepts, she explained evolutionary phenomena through
using some evolutionary notions of common ancestry, genetic drift, homologous
organs and Darwin’s theory of gradual evolution. She was also aware of
misconceptions with respect to Lamarck’s theories (change due to inheritance of
acquired traits and use and disuse) since she explicitly referred to misconceptions
embedded in alternative explanations as an unscientific Lamarck’s theory. However,
she used teleological and intentional reasoning for Venezuelan Guppies scenario in
line with her choice but her explanations for other scenarios did not includes any
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cognitive biases. It might be related to context of scenarios since one of the alternative
explanations includes these cognitive biases. Therefore, a plausible explanation for
this inconsistency is that she might have had cognitive biases regarding intentionality
and teleology and these may have arisen in this context. Furthermore, in general sense,
she mentioned about variation among individuals within population in some scenarios.
Therefore, it can be said that she did not hold cognitive bias about essentialism.

Examples of her evolution conceptions were presented in Table 4.32.

Table 4.32 Selin’s conceptions across the four scenarios
Conceptions Examples
Key Concepts Differential survival “They (people) consumed milk to fed
and survive and thus, people digest
lactose survive and others die by
natural selection based on Darwin’s
theory.”

Heritability of genes “They consumed milk and people who
digest lactose have been common and
their allele, genes was passed to next
generations.”

Variation “I know that evolution occurred as a
consequence of variation in genes in
population and these genes passed to
next generation.”

Overproduction “They (people) reproduce more

of offspring because they are fitter.”

Generational changes  ““ People who digest lactose become
abundant and common in population”

Resource limitation “As far as I understood, predators
hunted bright males.

Competition “According to my  previous

knowledge, males have different
colors and traits to attract females, like
birds. This leads to competition among
them”

Misconceptions  Adaptation “In order to suit to environment and in
order to protect from predators,
adaptation may have occurred.”

Cognitive Biases Teleology In order to suit to environment and in
order to protect from predators
Intentionality “In order to survive, they (males) may

have wanted to turn into drab”

184



Based on these conceptions regarding evolution, Selin’s conceptual

understandings were analyzed across the six conceptual levels (see in Figure 4.19).
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Figure 4.19 Selin’s conceptual understanding levels across the scenarios

As seen in the figure 4.19, her conceptual understanding levels vary across the
scenarios. She mostly used key concepts of evolution for whales and lactose
intolerance scenarios. Besides, as | mentioned before, her cognitive biases may be
specific to context for the first scenario. In addition, she did not mostly appealed key
concepts in her explanations for Cambrian Explosion scenario. It might be related to
content of this scenario. In particular, it discusses the more general evolutionary
theories concerning evolution through gradual process or abrupt evolutionary changes
(punctuated equilibrium). Her conceptual understandings did not differ between

microevolution and macroevolution.

4.3.5.3. Structural Aspects of Argumentation Practices across Scenarios

Selin’s argumentation levels were presented in Figure 4.20. As seen in the
figure, she constructed fifteen arguments at Level 2 including justifications by either
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data, warrant or backing. She generated one weak rebuttal at Level 3 in Venezuelan
Guppies scenario. However, she constructed strong rebuttals in last three scenarios.
This means that she justified her rebuttals through either data or warrant. It may be
related to her theoretical knowledge. Put it differently, she might have used
conceptions regarding evolutionary theory to oppose alternatives. Besides, providing
few rebuttals for two scenarios may also related to her choices, that is to say, in Lactose
Intolerance and Venezuelan Guppies scenario, she chose two alternatives as a valid
explanation, so in these scenarios she provided rebuttal for just one alternative. It
should be noted that although she did not sufficiently appealed to key concepts of
evolution to rebut the other alternative in Cambrian Explosion scenario, her argument
level was high. This is because she used examples from previous knowledge and
experience to rebut the alternative explanation.

Overall, she mostly attempted to justify her claim rather than rebut the other

alternatives.
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Figure 4.20 Selin’s argumentation levels across the scenarios
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4.3.5.4. Epistemic Aspects of Argumentation Practices across Scenarios

As seen in Table 4.33, most evidenced claim she utilized classified as epistemic
level I. This means that she most frequently referenced data embedded or provided
with figure and tables in scenarios. In terms of ratio of data and theoretical claims, she
referenced 22 data statements for 38 theoretical claims. In general sense, she frequently
used general or specific theoretical claim supported by insufficient use of data.
Moreover, she also brought to bear examples from her previous knowledge and
experiences at eight data statements in her argument.

Table 4.33 The distribution of Selin’s propositions across the epistemic levels

Epistemic Levels N Percent
Epistemic Level V- General Theoretical Claims 12 20%
Epistemic Level 1V-Theoretical Claims 13 21.7%
Epistemic Level I11- Theoretical Claims with data 13 21.7 %
Epistemic Level Il -Retrieved Data 8 13.3%
Epistemic Level I- Provided Data 14 23.3%

Figure 4.21 represented the evidenced claims across the evolutionary scenarios
that Selin constructed. As seen in the figure, she developed evidenced claims at
different epistemic levels across the scenarios. However, epistemic level she mostly
used in each scenario varies across them. In particular, she most frequently explained
theoretical claims or processes with identifying data in the first scenario. The reason
of this may be that she established relevance between data and theory. In the second
scenario, she mostly referenced data from scenario and appealed to general theoretical
claims. This may be due to her conceptual understanding, that is to say she mostly
appealed to key concepts of evolution. In the third scenario, she generated specific
theoretical claims, that is, she connected her previous knowledge regarding
evolutionary theory to whale evolution context. Lastly, she gave examples retrieved
from her previous knowledge indicating that she was familiar with the concept of
evolution through gradual process.

Taken together, although she developed evidenced claims at each epistemic

level for each scenario, she most frequently used theoretical assertions in proportion
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to data representations. This means that she did not sufficiently support her claims.
The reason of this may be related to her conceptual understanding regarding
evolutionary theory. More specifically, she justified or rebutted her claims through
appealing to previous theoretical knowledge. However, it could be related to
unfamiliarity with the use of data to support her theoretical claims.
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Figure 4.21 Selin’s epistemic levels across the scenarios

4.3.5.5. Articulation of Argumentation Practices and Evolution Conceptions at
Different Epistemic Levels across Scenarios

In general, she frequently appealed to key concepts of evolution in the form
of theoretical claims in order to provide warrant and back up her claims and counter-
claims. In addition to key concepts, she appealed to some evolutionary notions such as
common ancestry, genetic drift and homologous organs in the forms of general
theoretical claims or she connected them into specific issue discussed in scenarios.
However, she also justified and rebutted alternatives through using teleological and
intentional reasoning in her theoretical statements. In addition to theoretical claims,

she referenced data either from scenario or her previous knowledge and experiences.
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She brought to bear scientifically valid examples such as sexual selection within birds

or intermediate forms between human and ancestor to justify her claims.

4.4. Beste’ Case

She was 26 years old and graduated from Department of Elementary Science
Education, METU in 2011. She took biology courses including general biology | and
I, physiology and evolution courses and science methods courses including
instructional planning and principles and methods of teaching science courses in which
argumentation was introduced. She completed Evolution course with a grade of BB
(3/4). She was master’s student in Elementary Science and Mathematics Education at
METU and she was working on her thesis. She was working at public school. She had
two years of experiences on teaching and she taught evolution to 8™ grade.

In the following sections, the results of Beste were presented under the five
dimensions including criteria for evaluating validity of explanation, argumentation
practices in terms of conceptual, structural and epistemic aspects as well as the
articulation of conceptual knowledge regarding evolutionary theory and
argumentation practices at different epistemic levels. The results of these analyses

were represented for each scenario separately.
4.4.1. Scenario I: Venezuelan Guppies

Venezuelan Guppies scenario deals with natural and sexual selection
(microevolution) (see Appendix A). Beste was provided with this scenario in which
she was asked to several questions about the reason of observed variation in the
coloration within male guppies. Following subsections described the results on each

phase.
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4.4.1.1. Criteria for Evaluating Validity of Explanation for Venezuelan Guppies

Scenario

After reading scenario, Beste was asked to determine which of three alternative
explanations was the most valid to explain the reason of coloration in Venezuelan

Guppies. The following dialogue took place after she decided:

Beste: | accepted explanation 2 (Explanation 2: Female guppies prefer to mate
with brightly colored males. As a result, bright males tend to attract more mates
and produce more offspring. When there are lots of predators in a habitat,
however, brightly colored males do not survive long enough to reproduce.)

Researcher: Why did you say that?

Beste: | did not choose explanation 1 because it mentioned about creation.
Then, I used elimination method. Explanation 3 mentioned about modification.
Modification is not passed to offspring and that’s why I did not choose the third
one. For the second explanation, when looking at the table, the percentages of
bright males and predators are related to each other.

Beste seemed to evaluate the acceptability of alternative explanations of
Venezuelan Guppies scenario based on rigorous criteria consisting of reasons that are
used in science context. In particular, she evaluated the first and third alternatives
based on the criterion of how well scientific theories fit with claim. In particular, she
appealed to her previous knowledge regarding creation and modification in order to
eliminate alternatives. This means that she appealed to her existing knowledge when
evaluating explanation in the light of other explanations. For the second explanation,
she used the criterion of how well available data fits with the claim and line of
reasoning fits with the claim since she took into consideration of data from provided
table and she thought about the relations based on data.

In the following, Beste was asked to construct argument for Venezuelan
Guppies scenario. Her argumentation practices were analyzed in terms of conceptual,

structural and epistemic aspects.
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4.4.1.2. Conceptual Aspect of Argumentation Practices for Venezuelan Guppies

Scenario

For Venezuelan Guppies, she chose the second explanation which is about
evolutionary theory. In line with her choice, she used some key concepts of evolution,
in particular differential survival and resource limitation for her argument according

to Nehm et al.’s (2010) framework. Representative examples for these concepts were:

In the table, there are not bright females, and bright males are abundant since
brightness attracts females, so males become bright.

Cichlids may recognize bright ones and attacked them.

In the first example, she explained the reason of coloration through differential
survival (sexual selection). In the next one, she explained another key concept of
evolution dealing with prey/predator relationship by constructing relationship between
cichlids and bright males. In addition to key concepts, she rejected to Lamarck’s theory
regarding inheritance of acquired traits as “modification is not passed to next
generations”. She also rejected to Lamarck’s theory as to use and disuse as “This is
Lamarck’s theory since he stated that while organs used permanently strengthen,
organs disused constantly weaken and that turned out to be not true”. Overall, she did
not use any misconceptions and held any cognitive biases and she also used some key
concepts of evolution but not all of them. For that reason, her conceptual level was
categorized as partial understanding (PU) according to Abraham et al.’s (1992)

framework.

4.4.1.3. Structural Aspects of Argumentation Practices for Venezuelan Guppies

Scenario

Beste generated four arguments at Level 2 and Level 5 for this scenario in order
to justify and rebut the alternatives for Venezuelan Guppies scenario.

For the Level 2, she generated two arguments for the second explanation. One
of the example quotations was presented in table 4.34. In this example, she reached a

conclusion through examining data and generated a new claim for the relationship.
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Then, she provided a data based on comparison numbers and explained the reason for
existing of bright males regarded as warrant. Since, she justified her claim through
data and warrant, her argument was placed in Level 2.

For the Level 5, she generated two arguments which contain more than one
rebuttal for each. One of the example quotations was given in Table 4.34. In this
example, explanation 1 was considered as a claim. She generated a counter-claim that
is “I don’t believe in it” for the first explanation. Then, she provided a warrant in order
to explain the reason of it. Besides, she also provided rebuttal for it through another
warrant in order to indicate circumstances when the first explanation holds true.
Therefore, since she strongly rebutted the first explanation twice, her argument was

placed in Level 5.

Table 4.34 Beste’s excerpts at argumentation levels in Venezuelan Guppies scenario

Argumentation Beste’s excerpts
Level
Level 2 When looking at the table, there is a relationship between

percentages of bright males and predators. In the table, there
are not bright females, and bright males are abundant since
brightness attracts females, so males become bright.

Level 5 I don’t believe in explanation I because I don’t think that they
(guppies) were created either to be drab or bright, | think that
they evolved. If they were created either to be bright or drab,
their numbers would have been the same, for instance 20% to
20 % but their numbers are different.

4.4.1.4. Epistemic Aspect of Argumentation Practices for Venezuelan Guppies

Scenario

Figure 4.22 illustrates Beste’s propositions across the epistemic levels. In
this figure, each sentence was labeled with numbers and sentences served as a
propositions. Each of propositions was categorized by epistemic levels and mapped in

order to indicate ties across the epistemic levels. Lines connecting propositions
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represents explicit links between propositions and dashed lines represents the

propositions including statements at two epistemic levels.
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Figure 4.22 Beste’s argumentation structure by epistemic levels for Venezuelan
Guppies scenario

Based on the five epistemic level model, she explicitly referenced data from
the provided table in five propositions (1, 2, 3, 6 and 11) placed in epistemic level I.
Besides, she also used the data recalled from previous knowledge in propositions 8
and 9 placed in epistemic level Il. A representative example for these propositions

was:

(8) For instance, rats’ tails were cut throughout twenty generations and
twentieth generation was still born with tails. (9) Besides, people were wearing
iron shoes in order to have small feet. However, their children’s feet were not
small in China.

In addition, she used theoretical claims or explained the process regarding
sexual selection, prey/predator relation, modification and coloration process with
identifying data in six propositions (1, 2, 3, 4, 6, and 11) placed in epistemic level I11.
In propositions 5, 7 and 10, she used specific and general theoretical claims with

respect to evolution and Lamarck’s theory classified as epistemic level IV and V.
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Overall, in terms of integration of claims across the levels, Beste generated
claims at different epistemic levels. Besides, in terms of the criterion of the ratio of
data statements to theoretical statements, she used seven data statements in proportion
to nine theoretical claims. Specifically, theoretical claims are frequently supported by
data statements. Therefore, epistemic quality of her argument was relatively high.

4.1.1.5. Articulation of Argumentation Practices and Evolution Conceptions at
Different Epistemic Levels for Venezuelan Guppies Scenario

Table 4.35 represented how Beste justified her claims appealing to evolution
conceptions documented in the use of evidenced claims at different epistemic levels
for Venezuelan Guppies scenario. In the first example, she generated a new claim in
the form of theoretical claim regarding process of coloration based on the provided
table. Since this proposition includes both explicitly referenced data and theoretical
claim, it was placed in epistemic levels I-I1l. Then, she used theoretical claim with
respect to key concept, in particular differential survival (sexual selection) based on
data provided from table in order to justify her claim classified as epistemic levels I-
I1l. Besides, she also used another theoretical claim regarding a key concept of
evolution, in particular prey/predator relationship with identifying data from provided
table placed in epistemic levels I-111. Then, she backed up her claim by explaining the
process of change in number of bright males placed in epistemic level I11.

In the second example, explanation 3 was regarded as a claim. Then, she
constructed a counter-claim. She rebutted the third explanation through utilizing
theoretical claim related to rejection of common misconception regarding inheritance
of acquired traits with identifying data embedded in scenario classified as epistemic
levels I-11l. Then, she backed up her rebuttal with a general theoretical claim related
to inaccuracy of Lamarck’s theory and she also rejected Lamarck’s another theory
regarding common misconception of change due to use and disuse in this claim

classified as Level V.
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Table 4. 35 Articulation of evolution conceptions and argumentation practices for Venezuelan Guppies scenario

Beste’s Excerpts

Argumentation Practices

Epistemic Levels

(1) When looking at the table, the percentages of bright males
and predators are related to each other. (2) In the table, there
are not bright females, and bright males are abundant since
brightness attracts females, so males become bright. (3)
However, drab males are abundant in pool 1 since cichlids
may recognize bright ones and attacked them. (4)Accordingly,
they (bright males) do not survive enough to reproduce and
their numbers decrease.

(6) The third explanation is not true since it mentioned about
modification but modification is not passed to next
generations. (7)This is Lamarck’s theory since he stated that
while organs used permanently strengthen, organs disused
constantly weaken and that turned out to be not true.

Claim: Explanation 2

New claim: relation bright males
and predators

Data: Table embedded in scenario

Data: comparison of the number of

bright males and females
Warrant: Sexual selection

Data: bright males in pool 1
Warrant: prey/predator relation
Backing: decreasing numbers

Claim: Explanation 3
Rebuttal
Counter-claim: not true

Data: modification
Warrant: rejection of inheritance
of acquired traits

Backing: rejection of Lamarck’s
theory

(Not coded)

Epistemic Levels I-111

Epistemic Levels I-111.

Epistemic Levels I-111

Epistemic Level Il

(Not coded)

(Not coded)

Epistemic Levels I-111

Epistemic Level V




4.4.2. Scenario I1: Whales

Whales scenario deals with transition form (macroevolution) (see Appendix
A). Beste was provided with this scenario in which she was asked to several questions
about the possible relationships among an extinct land mammal, an aquatic whale
ancestor and modern whales. Following subsections described the results on each

phase.
4.4.2.1. Criteria for Evaluating Validity of Explanation for Whales Scenario

After reading scenario, Beste was asked to determine which of three alternative
explanations was the most valid to explain the possible relationship among species.

The following dialogue took place after she decided:

Beste: Explanation 3 is more acceptable. (Pakicetus were some sort of mammal
that can live both in land and in water. For this reason, it can be a transitional
form. The ancestors of whales were living in land once and they had legs. As a
result of changes of genes in the population, whales were born with small or no
legs and when their environment changed, these whales with small or no legs
became more advantageous and reproduced more.)

Researcher: Why did you say that?

Beste: Because it is correct. That is to say, while genes that suit to environment
are passed, others that do not suit to environment are lost.

Beste seemed to evaluate acceptability of alternative explanations of Whales
scenario through using rigorous criterion. More specifically, she evaluated the
alternatives based on the criterion of how claim fits with scientific theory of
differential survival. In particular, she declared as ‘“correct” for alternative that
indicates that she made decision on the basis of her existing knowledge.

In the following, Beste was asked to construct argument for Whales scenario.
Her argumentation practices were analyzed in terms of conceptual, structural and

epistemic aspects.
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4.4.2.2. Conceptual Aspect of Argumentation Practices for Whales Scenario

For Whales, she chose the third explanation for this scenario. In parallel of her
choice, she applied key concepts of evolution regarding heritability of genes,
differential survival, and variation in her arguments according to Nehm et al.’s (2010)

framework. The representative examples for these concepts were:

While genes that suit to environment are passed, others that do not suit to
environment are lost.

There is variation in populations; some people carry genes and organs appeared
even if they (organs) atrophy or they are useless.

In these examples, she appealed to differential survival and variation among
individuals in a population. In addition to key concepts, she also explained an
evolutionary notion with respect to common ancestry in her explanations. A

representative example for this notion was:

Appearing of small and useless hind limbs in whales indicates that they (have)
inherited these genes from their ancestors.

In this example, she mentioned about ancestral relation and she also used a key
concept, in particular heritability of genes. In addition to evolutionary concepts, she
rejected a common misconception with respect to inheritance of acquired trait
embedded in scenario as “modifications are not passed to next generations”.

Overall, she did not utilize any misconceptions and cognitive biases and even
rejected misconception, however, she used mostly key concepts of evolution but not
all of them. For that reason, her conceptual level was placed in partial understanding
(PU) based on Abraham et al.’s (1992) framework.

4.4.2.3. Structural Aspect of Argumentation Practices for Whales Scenario

Beste constructed five arguments at Level 2, Level 3 and Level 4 in order to
support her claim and rebut the other alternatives for Whales scenario.
For the Level 2, she constructed three arguments for the third explanation. One

of the example quotations was given in Table 4.36. In this example, explanation 3 was
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regarded as a claim. She used similarity of ear region as a data to justify her claim and
she provided warrant through linking data and the claim. Since she did not attempt to
provide rebuttal, her argumentation was placed in Level 2.

For the Level 3, she generated an argument to rebut the second explanation.
The example quotation was shown in Table 4.36. The second explanation was
considered as a claim. She weakly rebutted this explanation since she provided an
unclear warrant that is “having different perspectives”. Since she did not provide a
strong justification for her rebuttal, her argument was categorized as Level 3.

For the Level 4, she constructed an argument to oppose to the first explanation.
The example quotation was given in Table 4.36. Explanation 1 was regarded as a
claim. She provided a strong rebuttal through using data and warrant concerning
modification. Since her rebuttal includes strong justification, her argument was

classified as Level 4.

Table 4.36 Beste’s excerpts at argumentation levels in Whales scenario

Argumentation Beste’s excerpts
Level
Level 2 Pakicetus’ ear region in skull is not exactly similar to land

mammals but it is somewhere between that of land mammals and
aguatic mammals, which proves that it was a transition form.

Level 3 | cannot say why the second explanation is not valid exactly but
this may be related to my knowledge about nature of science and
previous knowledge. However, explanation 3 is close to my
knowledge.

Level 4 It (explanation 1) includes explanations regarding modification,
that is to say, their (Pakicetus) legs changed and became small
because they did not need to use them. This could not have
happened in that way because modification are not passed to
next generations

4.4.2.4. Epistemic Aspect of Argumentation Practices for Whales Scenario

Figure 4.23 represents the distribution of Beste’s propositions across the

epistemic levels for Whales scenario.
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Figure 4.23 Beste’s argumentation structure by epistemic levels for Whales scenario

Based on the five epistemic level model, she explicitly referenced data
provided in scenario in four propositions (2, 3, 4 and 9) placed in epistemic level I.
She provided theoretical claim regarding transition form, ancestral relation and
heritability of genes with identifying data in propositions 3 and 8 classified as
epistemic level 1ll. In propositions 6 and 7 she utilized specific theoretical claim
regarding variation and differential survival placed in epistemic level IV. A

representative example for proposition 1 was:

(1) While genes that suit to environment are passed, others that do not suit to
environment are lost.

In this example, she used general theoretical claim regarding differential
survival placed in epistemic level V. In addition to this, she also utilized general
theoretical claims with respect to inheritance of acquired traits and variation in two
propositions (1, 5 and 10) classified as epistemic level V.

Overall, in terms of criterion of integration of claims across the levels, Beste
proposed evidenced claims at various levels except for epistemic level I1. In particular,
she did not referenced data recalled from her previous knowledge. Besides, in terms

of the criterion of data statements to theoretical statements, she used four data
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references in proportion to six theoretical claims. Put more specifically, theoretical
claims were sufficiently supported by data. Hence, epistemic quality of her arguments

was relatively high.

4.1.2.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels for Whales Scenario

Table 4.37 illustrated how Beste justified her claims appealing to evolution
conceptions documented at different epistemic levels for Whales scenario. In the first
example, she referenced data embedded in scenario to justify the third explanation and
then, she linked data and claim in the form of theoretical claim to justify placed in
epistemic levels I-111.

In the second example, she explicitly referenced data from scenario in order to
support the third explanation. Then, she used a general theoretical claim as a warrant
regarding key concept, in particular variation classified as epistemic level V. Then, she
backed up her claim through using three theoretical claims with respect to key concepts
of evolution, in particular variation, differential survival and evolutionary notion

regarding ancestral relation classified as epistemic levels Il and IV.
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Table 4. 37 Articulation of evolution conceptions and argumentation practices for Whales scenario

Beste’s Excerpts

Argumentation Practices

Epistemic Levels

(3) Pakicetus’ ear region in skull is not exactly similar to land
mammals but it is somewhere between that of land mammals
and aquatic mammals, which proves that it was a transition
form.

(4) Basilosaurus had small hind limbs that did not disappeared
although it had been a long time. (5) Because, for instance,
there is variation in populations; some people carry genes and
organs appeared even if they (organs) atrophy or they are
useless. (6) Therefore, Basilosaurus had it because of variation.
(7) However, they (Basilosaurus) which do not have hind limbs
become advantageous and they survive. (8) Nevertheless,
appearing of small and useless hind limbs in whales indicates
that they (have) inherited these genes from their ancestors.

Claim: Explanation 3
Data: similarity of ear region
Warrant: Transition form

Claim: Explanation 3

Data: small hind limbs
Warrant: variation

Backing 1: small hind limbs due
to variation

Backing 2: Differential survival
Backing 3: Ancestral relation and
Heritability of genes

(Not coded)
Epistemic Levels I-111

(Not coded)
Epistemic Level |
Epistemic Level V
Epistemic Level IV

Epistemic Level IV
Epistemic Level Il




4.4.3. Scenario I11: Lactose Intolerance

Lactose Intolerance scenario deals with gene-culture coevolution in humans
(microevolution) (see Appendix A). Beste was provided with this scenario in which
she was asked to several questions about how lactose tolerance developed in humans.

Following subsections described the results on each phase.

4.4.3.1. Criteria for Evaluating Validity of Explanation for Lactose Intolerance

Scenario

After reading scenario, Beste was asked to determine which of three alternative
explanations was the most valid to explain how lactose tolerance developed in humans.

The following dialogue took place after she decided:

Beste: Explanation 1 is acceptable. (Since consuming milk is advantageous, the
frequency of lactose tolerance allele increases in areas where dairy farming is
common. As a result, digesting lactose becomes common in population. This
process took placed in different geographical regions through change in the
frequency of different allele which has same effects.)

Researcher: Why did you say that?

Beste: African people started dairy farming 9000 years ago and only 10 % of
Africans cannot digest lactose, that is to say, ratio of digestion milk is high in
Africans. Therefore, people can digest milk in areas where dairy farming is
common, so alternative 1 is correct.

Beste evaluated validity of alternative explanations of Lactose Intolerance
scenario through using rigorous criterion. Put more specifically, for the explanation 1,
she used the criterion of how available data fits with the claim since she referenced the
example of Africans to select alternative and she reached a conclusion based on this
data.

In the following, Beste was asked to construct argument for Lactose
Intolerance scenario. Her argumentation practices were analyzed in terms of

conceptual, structural and epistemic aspects.
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4.4.3.2. Conceptual Aspect of Argumentation Practices for Lactose Intolerance

Scenario

For Lactose Intolerance, Beste chose the first explanation which includes
evolutionary explanations. In line with her choice, she mostly applied key concepts of
evolution regarding variation, heritability of genes and generational changes in the

frequency of alleles in her arguments. The representative examples for these concepts

were:
If an individual carries this gene (lactose tolerance), its frequency of allele
increases in population because they (people) inherit them (genes) from
parents.

There may be individuals who do not carry allele but this is because of
variation. However, | do not think that individual carry active or passive genes
randomly.

In the first example, she mentioned about heritability of genes and generational
changes in allele frequency. In the second one, she used variation among individuals
in population. In addition to key concepts, she also rejected Lamarck’s theories
regarding change due to use and disuse or habits and inheritance of acquired traits.

Overall, she used some key concepts of evolution and she did not hold
misconceptions or cognitive biases. However, since she did not use all key concepts
of evolution according to Nehm et al.’s (2010) framework, her conceptual level was

placed in partial understanding (PU) according to Abraham et al.’s (1992) framework.

4.4.3.3. Structural Aspect of Argumentation Practices for Lactose Intolerance

Scenario

Beste constructed four arguments at Levels 2 and 5 in order to support her claim
and rebut the other alternative.

For the Level 2, she constructed two arguments to support the first explanation.
One of the example quotations was presented in Table 4.38. In this example,
explanation 1 was regarded as a claim. She used data regarding Africans’ milk

consumption. Then, she reached a conclusion from data and generated a new claim in
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which she constructed a relationship. For she supported her claim through data and
there was no attempt to rebut the other alternatives, her argument was placed in Level
2.

For the Level 5, she generated two arguments which consist of more than one
rebuttal for each. One of the example quotations was shown in Table 4.38. In this
example, explanation 2 was regarded as a claim. She generated a counter-claim about
the effects of habits on genes to oppose. Then she supported her counter-claim with
data regarding rate experiment and she provided two warrants including rejections.
Since she strongly rebutted the second explanation through two arguments, her

argument was categorized in Level 5.

Table 4.38 Beste’s excerpts at argumentation levels in Lactose Intolerance scenario

Argumentation Beste’s excerpts
Level
Level 2 African people started dairy farming 9000 years ago and only

10 % of Africans cannot digest lactose, that is to say, ratio of
digestion milk is high in Africans. Therefore, people can
digest milk in areas where dairy farming is common, so
alternative 1 is correct

Level 5 In explanation 2, how habit of drinking milk influenced the
genes? As I mentioned before, like rat experiment, I don’t think
that habits of drinking milk is directly related to genes.
Besides, habits of drinking milk is a physical feature, that is to
say, an individual who consume milk a change may occur but
it does not mean that it (change) is passed to next generations.

4.4.3.4. Epistemic Aspect of Argumentation Practices for Lactose Intolerance

Scenario

Figure 4.24 represents the distribution of Beste’s propositions across the

epistemic levels for Lactose Intolerance scenario.
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Figure 4.24 Beste’s argumentation structure by epistemic levels for Lactose
Intolerance scenario

Based on five epistemic level framework, she explicitly referenced data
embedded in scenario in two propositions (1 and 3) classified as epistemic level I. She
also referenced data recalled from previous knowledge in 5" proposition placed in

epistemic level 1l. A representative example for this proposition was:

(5) As I mentioned before, like rat experiment, I don’t think that habits of
drinking milk is directly related to genes.

In this example, she used theoretical claim regarding change due to habits with
identifying data regarding rat experiment from previous knowledge classified as
epistemic levels II-111. In addition, she explained the processes regarding lactose
tolerance with identifying data placed in epistemic level 111 in proposition 7. Besides,
she also used theoretical claims regarding heritability of genes, generational changes
and variation in three propositions (6, 8 and 9) classified as epistemic level 1V.

Hence, based on criterion of integration of claims across the levels, Beste
proposed evidenced claims at various levels except for the level V. In addition, in terms
of the criterion of ratio of data statements to theoretical statements, she used three data
references in proportion to seven theoretical claims. That is, theoretical claims were
insufficiently supported by data. Hence, epistemic quality of her argument was

relatively low for the Lactose Intolerance scenario.
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4.4.3.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels for Lactose Intolerance Scenario

Table 4.39 illustrated how Beste justified her claims appealing to evolution
conceptions documented at different epistemic levels for Lactose Intolerance. In the
first example, explanation 1 was considered as a claim. She explicitly referenced data
from scenario categorized as Level | and provided a warrant regarding the process of
evolution of lactose tolerance classified as epistemic level I11.

In the second example, explanation 3 was regarded as a claim. She generated
two rebuttals to oppose the third explanation. Firstly, she generated a counter-claim as
regard to relationship and then, she constructed a relationship based on data as to
different allele in Africans referenced from scenario to justify her counter-claim
categorized as epistemic level I11. Then, she constructed another argument for the third
explanation. She also generated a counter-claim and then, she appealed to key concepts
of evolution, in particular heritability of genes and generational changes in allele
frequency in order to support her counter-claim classified as epistemic level IV.
Besides, she backed up her claim with theoretical claim regarding another key concept

of evolution, in particular variation placed also in epistemic level IV.
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Table 4. 39 Articulation of evolution conceptions and argumentation practices for Lactose Intolerance scenario

Beste’s Excerpts

Argumentation Practices

Epistemic Levels

(3) Africans who carry different allele intolerance (of lactose)
decreases (4) because the frequency of this particular allele
increase in areas where dairy farming is common and thus,
ability to digest lactose is common in population.

(7) The third explanation mentioned about no relation milk
consumption with lactose tolerance allele but here there is
(Not coded). That is, 90 % Africans who carry different allele
digest lactose.

(8) 1 do not think that people carry 50 % active and 50%
passive genes randomly (Not coded). Because if an individual
carries this gene (lactose tolerance), its frequency of allele
increases in population because they (people) inherit them
(genes) from parents. (9) There may be individuals who do not
carry allele but this is because of variation.

Claim: Explanation 1
Data: different allele
Warrant: process of digestion of
lactose in population

Claim: Explanation 3

Rebuttal
Counter-claim: there is relationship
Data: different allele
Warrant: 90% of Africans digest
Counter-claim: not 50% and 50%
Warrant: Heritability of genes/
Generational changes
Backing: Variation

(Not coded)
Epistemic Level |
Epistemic Level 111

(Not coded)

(Not coded)
Epistemic Level Il

(Not coded)
Epistemic Level IV

Epistemic Level IV




4.4.4. Scenario IV: Cambrian Explosion

Cambrian Explosion scenario deals with gaps in the fossil record
(macroevolution) (see Appendix A). Beste was provided with this scenario in which
she was asked to several questions about gaps in the fossil record as a consequence of

gradual or rapid changes. Following subsections described the results on each phase.

4.4.4.1. Criteria for Evaluating Validity of Explanation for Cambrian Explosion

Scenario

After reading scenario, Beste was asked to determine which of three alternative
explanations was the most valid to explain the reason of gaps in fossil records. The

following dialogue took place after she decided:

Beste: | selected Explanation 1. (The lack of intermediate fossils is due to the
fact that very few fossils from periods prior to 570 million years were formed
or preserved. The evolution of multicellular organisms was a gradual process
proceeding by little steps.)

Researcher: Why did you say that?

Beste: Because evolution of multicellular organisms is a gradual process.
Besides, the reason of very fossils found or preserved is because of changes on
Earth. Besides, if we considered the forks, they (species) differentiate each
other and there are intermediate forms between them. In addition, for example,
there are layers called sediments and because of this, reaching fossils may have
been difficult.

Beste evaluated acceptability of alternative explanations of Cambrian
Explosion scenario through using rigorous criterion. In particular, she evaluated the
alternatives based on how well her scientific theoretical knowledge fits with the claim
since she explained evolution through gradual process and also mentioned about
phylogenetic pitchfork and sediments on Earth. Besides, she referenced the data
embedded in scenario to confirm her choice.

In the following, Beste was asked to construct argument for Cambrian
Explosion scenario. Her argumentation practices were analyzed in terms of conceptual,

structural and epistemic aspects.
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4.4.4.2. Conceptual Aspect of Argumentation Practices for Cambrian Explosion

Scenario

She chose the first which is about evolution through gradual process. She used
some key concepts of evolution in her argument based on Nehm et al.’s (2010)

framework. The representative examples of these concepts were:

Species which can live in that environment survive and others which cannot
live die. Therefore, since species suit to environment survive, they are common
in population.

In this example, she explained the process through differential survival and

generational changes in the population. In addition to key concepts, she appealed to
some evolutionary notions and the following excerpts indicated these notions:

If we considered the forks, they (species) differentiate each other and there are
intermediate forms between them.

Evolution is a gradual process because it is not change within population rather
than an individual.

In the first example, she used the term “forks” to mean phylogenetic pitchforks
within evolutionary tree model. Besides, she explained evolution at population level.

Overall, although she used some key concepts and evolutionary notions and
did not utilize any misconceptions or cognitive biases; she did not use all key concepts
in her arguments. Hence, her conceptual level was placed in partial understanding (PU)

according to Abraham et al.’s (1992).

4.4.4.3. Structural Aspect of Argumentation Practices for Cambrian Explosion

Scenario

Beste constructed seven arguments at Levels 2 and 4 in order to support her
claim and rebut the other alternative.

For the Level 2, she constructed six arguments to justify the first explanation.
One of the example quotations was shown in Table 4.40. In this example, explanation
1 was considered as a claim. She gave example from layers and explained the reason

of finding of few fossils. Then, she backed up her claim through explaining the relation
209



of natural phenomena and finding them. As there was no attempt to rebut the other
alternative, her argument was categorized in Level 2.

For the Level 4, she generated an argument to rebut the second explanation.
The example of quotation was presented in Table 4.40. In this example, explanation 2
was regarded as a claim. She constructed a counter-claim regarding rate of speciation.
Then, she used periods of changes on earth as a data and provided a warrant with
regard to relation of rate of speciation and climatic changes. Since she used one strong
rebuttal through justifying with data and warrant to oppose the second alternative, her

argument was placed in Level 4.

Table 4.40 Beste’s excerpts at argumentation levels in Cambrian Explosion scenario

Argumentation Beste’s excerpts
Level
Level 2 There are layers called sediments and because of this, reaching

fossils may have been difficult. Since it is a very slow process,
as time went on, different natural phenomena occurred and
layers formed, increased and changed, for instance, lava
formed and thus, it is getting more difficult to find them.

Level 4 Speciation does not occur rapidly. (...) Furthermore, Ice Age or
other changes on Earth is not like raining, that is to say, they
(changes on Earth) leading to it (speciation) does not last one or
two years and so, it (speciation) also occurs slowly

4.4.4.4. Epistemic Aspect of Argumentation Practices for Cambrian Explosion

Scenario

Figure 4.25 represents the distribution of Beste’s propositions across the
epistemic levels for Cambrian Explosion scenario.

Based on five epistemic levels framework, she explicitly cited data regarding
climatic changes from the scenario classified as epistemic level I. She also referenced
data recalled from her previous knowledge in five propositions (4, 5, 7, 9 and 11). A

representative example for proposition 7 was:

(7) For instance, | read on a website that few fossils of intermediate forms
between some species were found, such as an intermediate form between
dinosaurs and birds
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Figure 4.25 Beste’s argumentation structure by epistemic levels for Cambrian
Explosion scenario

In this example, she gave example as to intermediate form between dinosaurs
and birds recalled from existing knowledge. In addition, she also used theoretical
claims and explained processes regarding relation of climatic changes with gradual
process and with existing of few fossils with identifying data placed in epistemic level
I11. Besides, she also used specific theoretical assertions regarding gradual process
classified as epistemic level 1V. She mostly used general theoretical statements
regarding differential survival and generational changes placed in epistemic level V.

Based on criterion of integration of claims across the levels, Beste proposed
evidenced claims at various levels. Besides, in term of the criterion of ratio of data
statements to theoretical ones, she used six data references in proportion to eleven
theoretical claims. Hence, theoretical claims were in sufficiently supported by data.

Hence, her epistemic quality of argument was relatively low.

4.1.4.5. Articulation of Argumentation Practices and Evolution Conceptions at
Different Epistemic Levels for Cambrian Explosion Scenario

Table 4.41 represented how Beste justified her claims appealing to evolution
conceptions documented at different epistemic levels for Cambrian Explosion

scenario. In the first example, explanation 2 was considered as a claim. She generated
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a counter-claim in the form of general theoretical claim regarding rate of speciation
classified as epistemic level V. Then, she explained how rate of climate change is
related to gradual process with identifying data recalled from previous knowledge in
order to justify her counter-claim placed in epistemic levels I1-111.

In the second example, explanation 1 was regarded as a claim. She provided a
warrant through using general theoretical assertion with respect to evolution through
using an evolutionary notion regarding change within population classified as
epistemic level V. Then, she used a general theoretical claim regarding a key concept
including differential survival by referencing data recalled from previous knowledge
about climatic and environmental changes in order to support her claim placed in
epistemic levels 11-V. She backed up her claim through utilizing general theoretical
statement with respect to another key concept of evolution, in particular generational

changes in population classified as epistemic level V.
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Table 4. 41 Articulation of evolution conceptions and argumentation practices for Cambrian Explosion scenario

Beste’s Excerpts

(8) Speciation does not occur rapidly (not coded) because
knowledge that | have learned so far is not consistent with
this claim (the second one). (9) Furthermore, Ice Age or
other changes on Earth is not like raining, that is to say, they
(changes on Earth) leading to it (speciation) does not last
one or two years and so, it (speciation) also occurs slowly.

(10) Evolution is a gradual process because it is not change
within population rather than an individual. (11) For
instance, there was a plain under which lava erupted or an
earthquake occurred and consequently, environment and
climate change over time and after that species changed
over time since they which can live in that environment
survive and others which cannot live die. (12) Therefore,
since species suit to environment survive, they are common
in population

Argumentation Practices Epistemic Levels
Claim: Explanation 2 (Not coded)
Rebuttal
Counter-claim: not rapidly Epistemic Level V

Data: climate does not change rapidly
Warrant: relation slow climatic
changes with gradual process

Epistemic Levels 1I-111

Claim: Explanation 1 (Not coded)
Warrant: population level Epistemic Level V

Data: climatic and environmental
changes Epistemic Levels 11-V
Warrant: Differential survival

Backing : Generational changes Epistemic Level V




4.4.5. Beste’s Result across Scenarios

Profile of Beste based on findings across the four scenarios in terms of criteria

for evaluating alternatives, conceptual, structural and epistemic aspects of

argumentation practices was presented in Table 4.42.

Table 4.42 Profile of Beste

Evolutionary Criteria Conceptual Structural Epistemic
Scenarios Aspects Aspects Aspects
Venezuelan Rigorous Partial Level 2 Coordination of
Guppies Criteria Understanding  (Reason)-2 7 data
Level 5 statements with
(Rebuttal)-2 9 theoretical
statements
Whales Rigorous Partial Level 2 Coordination of
Criteria Understanding  (Reason)-3 4 data
Level 3 statements with
(Rebuttal)-1 6 theoretical
Level 4 statements
(Rebuttal)-1
Lactose Rigorous Partial Level 2 Coordination of
Intolerance Criteria Understanding  (Reason)-2 3 data
Level 5 statements with
(Rebuttal)-2 7 theoretical
statements
Cambrian Rigorous Partial Level 2 Coordination of 6
Explosion Criteria Understanding  (Reason)-6 data statements
Level 4 with 11 theoretical

(Rebuttal)-1 statements

In the following five subsections, Beste’s results across the four scenarios were

described in detail and discussed.
4.4.5.1. Criteria for Evaluating Validity of Explanation across Scenarios

She used several filters to evaluate alternative explanations based merely on
rigorous criteria. Among them, she mostly appealed to the criterion of consistency with

scientific theories. This means that she considered her previous theoretical knowledge
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during decision-making phase. The reason of this may be that she could distinguish
misconceptions especially related to Lamarck’s theory. Besides, she utilized the
criterion of how well available data fits with the alternative explanation. She also
expressed the importance of evidences for persuasive arguments such as “the use of
scientifically valid evidence is the most important way to convince the others”.
Besides, she rarely criticized the line of reasoning of explanations, and she seemed to
mostly focus on data and existing knowledge related to scientific theories. As a result,
although she used scientifically appropriate criteria, she did not consider all criteria

that scientists use such as adequacy and coherence of explanations.

4.4.5.2. Conceptual Aspect of Argumentation Practices across Scenarios

Beste explained the evolutionary theory: “some species’ chance of survival and
reproduction decreases due to change in environmental conditions. Some species’
survival and reproduction chance increase because of their traits.” And she stated the

reason of acceptance as a valid theory:

For instance, some people have pouch like structure upon thyroid gland. This
structure resembles fish gills that indicated that we share a common ancestor
with them (fish). In addition, our close cousins, chimpanzee, and we have many
common characteristics. That’s why I think that speciation occurred from a
single ancestor.

In line with her evolutionary explanations, she appealed to some key concepts
in her arguments for each scenario, namely differential survival, resource limitation,
heritability of genes, variation and generational changes across the four scenarios. She
was also aware of some misconceptions embedded in alternatives regarding Lamarck’s
theory of change due to inheritance of acquired traits and use and disuse and rejected
both of them in related scenarios. Besides, she also used some evolutionary notions of
common ancestor, phylogenetic pitchfork and evolution at population level. It has to
be noted that she did not utilized any misconceptions and cognitive biases in her
arguments across the four scenarios. In addition, in general sense, she mentioned about
variation among individual within population. This indicated that she did not tend to

consider species as sharing a common “essence”. Therefore, she did not hold cognitive
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bias regarding essentialism. Examples of her evolution conceptions were given in

Table 4.43.

Table 4.43 Beste’s conceptions across the four scenarios

Conceptions

Examples

Key Concepts Differential survival

Heritability of genes

Variation

Resource Limitation

Generational
changes

“While genes that suit to environment
are passed, others that do not suit to
environment are lost.”

“If an individual carries this gene
(lactose tolerance), its frequency of
allele increases in population because
they (people) inherit them (genes) from
parents.”

“There is variation in populations;
some people carry genes and organs
appeared even if they (organs) atrophy
or they are useless.”

“ Cichlids may recognize bright ones
and attacked them”

“Therefore, since species suit to
environment survive, they are common
in population”

As seen in the figure 4.26, her conceptual understanding levels were partial

understanding. This means that she had some basic knowledge regarding evolutionary

theory but not all concepts. She utilized mostly differential survival and variation

concepts. In particular, she appealed to differential survival concept in three scenarios,

namely Venezuelan Guppies, Whales and Cambrian Explosion and variation concept

in Whales and Lactose Intolerance scenarios. Her conceptions did not vary across

microevolution and macroevolution.
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Figure 4.26 Beste’s conceptual understanding levels across the scenarios
4.4.5.3. Structural Aspect of Argumentation Practices across Scenarios

Beste’s argumentation levels were presented in Figure 4.27. As seen in the
figure, she mostly constructed arguments at Level 2 which consists of justifications by
either data, warrant or backing. She generated one weak rebuttal at Level 3 for Whales
scenario. Besides, her argumentations were relatively higher for Venezuelan Guppies
and Lactose Intolerance even if conceptual understanding level was same for these
scenarios. It is most likely related to her familiarity with Lamarck’ theory since she
brought examples from her previous knowledge regarding change due to inheritance
of acquired traits and use and disuse. Besides, she constructed six arguments to justify
her claim in Cambrian Explosion scenario. This could be related to her familiarity with
this concept, in particular evolution through gradual process because she gave five

different examples based on her existing knowledge.
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Figure 4.27 Beste’s argumentation levels across the scenarios

4.4.5.4. Epistemic Aspects of Argumentation Practices across Scenarios

As seen in Table 4.44, most evidenced claim she utilized placed in epistemic
level I111. More specifically, she most frequently used theoretical claims with
identifying data either from scenario or previous knowledge. However, in general, in
terms of ratio of data and theoretical claims, she referenced 22 data statements for 35
theoretical claims. In general sense, she frequently used general or specific theoretical
claim supported by insufficient use of data. Moreover, she also brought to bear
examples from her previous knowledge and experiences at ten data statements in her

argument.

Table 4.44 The distribution of Beste’s propositions across the epistemic levels

Epistemic Levels N Percent
Epistemic Level V- General Theoretical Claims 11 19.3%
Epistemic Level IV-Theoretical Claims 8 14 %

Epistemic Level I11- Theoretical Claims with data 16 28.1 %
Epistemic Level II- Retrieved Data 8 17.5%
Epistemic Level I-Provided Data 12 21.1 %
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Figure 4.28 represented the evidenced claims across the evolutionary scenarios
that Beste constructed. As seen in the figure, she developed evidenced claims at
various epistemic levels except for Whales scenario. In particular, she did not brought
data retrieved from her previous knowledge in this scenario. This may be related to
her unfamiliarity with its content. She mostly appealed to her previous knowledge in
Cambrian Explosion scenario since she mostly utilized general theoretical claims and

examples not specific to issue discussed.
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Figure 4.28 Beste’s epistemic levels across the scenarios

Taken together, she mostly utilized theoretical assertions in proportion to data
statements in each scenario. For some of them, Venezuelan Guppies and Lactose
Intolerance, she mostly identified data with theoretical claims. For other scenarios, she
did not sufficiently connect theory and data. The reason of this may be that she was

unfamiliar with the use of data to connect theory.
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4.45.5. Articulation of Argumentation Practices and Evolution Conceptions at

Different Epistemic Levels across Scenarios

In general, she frequently appealed to key concepts of evolution in the form of
theoretical claims in order to provide warrant and back up her claims and counter-
claims. In addition to key concepts, she appealed to some evolutionary notions such as
common ancestry, phylogenetic pitchfork and evolution at population level at in the
forms of general theoretical claims or she connected them into specific issue discussed
in scenarios. In addition to theoretical claims, she referenced data either from scenario
or her previous knowledge and experiences. She brought to bear scientifically valid
examples such as rat experiment, intermediate form between birds and dinosaurs and
some geological information. Besides, she provided rebuttals in the form of either
specific or general theoretical claims or empirical data in order to oppose to

misconceptions related to inheritance of acquired traits and use and disuse.

4.5. Cross-Case Analysis

In this section, the comparisons of results of analysis across the four cases were
presented. Accordingly, the similar and different results were discussed. The results

were organized in terms of order of research questions.

4.5.1. Criteria for Evaluating Validity of Explanation across Cases

Rigorous criteria were mostly utilized by teachers during decision-making
phase. Two teachers, Beste and Selin, mostly took into consideration of the criterion
of consistency with scientific theories, in this case, evolutionary theory. Therefore,
they mostly appealed to their previous knowledge. This may related to their
conceptual understanding level. In particular, these two teachers’ conceptual
understanding levels were relatively high, so they could have applied their knowledge
into this context when distinguishing between alternatives. The other two teachers,
Leyla and Burcu, mostly utilized the criterion of how well data fits with the claims

since they seemed to reach a conclusion form available data to evaluate alternatives.
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More specifically, they rarely took into consideration of line of reasoning of
alternatives. In addition, they scarcely evaluated explanations in the light of alternative
explanations. This finding was consistent with the findings related to their
argumentation levels. In particular, all teachers rarely attempted to rebut other
explanations. Instead they mostly focused on justifying their claims through using
data, warrant and backing. Hence, they utilized several filters based on three criteria
but not all of them such as coherence and adequacy of explanation and sufficiency of

evidence.

4.5.2. Conceptual Aspects of Argumentation Practices across Cases

In terms of evolutionary concepts, three teachers, Beste, Burcu and Selin,
mostly appealed to key concepts of evolution in their explanations and the other, Leyla,
appealed to one key concept. All teachers appealed to notion of heritability of genes.
Besides, evolutionary concepts such as differential survival and resource limitation
(prey/predator relationship) were most frequently used in their explanations. Other key
concepts such as generational changes, variation, overproduction of offspring and
competition were less frequently used. In addition to key concepts, some evolutionary
notions were emerged. More specifically, the notion of common ancestry was most
commonly used by teachers and also phylogenetic pitchfork, evolution at population
level rather than individual, speciation, homolog organs and two mechanism of
evolution: natural selection and genetic drift were also applied in their arguments.
Besides, one teacher, Selin, frequently explicitly referred to Darwin’s theory in three
scenarios. In addition to key concepts and notions, some misconceptions and cognitive
biases were also emerged. Lamarck’s theory of inheritance of acquired traits and use
and disuse, and also adaptation were utilized by the teachers. All teachers explained
evolution phenomena through adaptation. However, mostly they used this notion
inaccurately. In particular, they seemed to perceive adaptation as a goal-directed
process rather than a process by the species become more suited to environment
through change in a trait (Futuyma, 2009). One teacher, Leyla, explicitly referenced to

Lamarck’s theory as a valid explanation and explained some evolutionary phenomena
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through change due to inheritance of acquired trait and use and disuse. In addition,
Leyla brought some irrelevant examples regarding development and color changing
which was indicator of misconceptions regarding adaptation and speciation. As for
cognitive biases, teleological and intentional reasoning were utilized by teachers
except for Beste. In particular, these three teachers (Burcu, Selin and Leyla) seemed
to perceive evolution as a goal or need-directed process (teleology) and as phenomena
directed by mental agent (intentionality) and among them, teleology was commonly
utilized. Two teachers, Leyla and Burcu, did not mention about variation among
individual, so they underestimated the within-category variability. Hence, they had
cognitive bias as to essentialism in general whereas others did not since they
mentioned the variation within population.

The Figure 4.29 illustrated the conceptual understanding levels of four teachers
across the evolutionary scenarios. Even if some teachers’ levels were same in some
scenarios, conceptual understandings varied across the cases. Based on the figure,
while Beste did not use any misconceptions or cognitive biases, Leyla commonly
appealed to them. In particular, Beste rejected Lamarck’s theory but Leyla accepted
them as a valid explanations. Besides, while Beste appealed to some key concepts of
evolution in each scenario, Leyla appealed to one key concept in merely Whales
scenario. Although Beste used some key concepts of evolution, she did not utilize all
of them in each scenario. However, Burcu mostly appealed to various key concepts of
evolution. On the other hand, Burcu utilized misconceptions and cognitive biases in
each scenario. Selin’s conceptual understanding level was relatively high. She
appealed to various key concepts and other evolutionary notions such as genetic drift
and natural selection. Although she utilized almost every key concepts of evolution in
two scenarios, her conceptual understanding was not coherent among scenarios since
she utilized cognitive biases and a misconception regarding adaptation in Venezuelan
Guppies scenario. This may be related to context of scenario. These results indicated
that conceptual understanding regarding evolutionary theory varied across the cases
(teachers). It might be related to their teaching experiences on evolutionary theory or
the integration of understandings from biology-related courses in their undergraduate
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programs and might be related other factors such as attitude toward or interest in

evolutionary theory.
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Figure 4.29 Conceptual understanding levels across the cases

4.5.3. Structural Aspects of Argumentation Practices across Cases

The figure 4.30 shows the argumentation levels across the cases. As seen in the
figure, all of them mostly generated arguments at Level 2. This means that teachers
mostly focused on justifying their claims through data, warrant or backing rather than
rebutting the other alternatives. However, they provided rebuttals for each scenario
even if some of them were weakly supported. Although Selin’s conceptual
understanding was relatively high, she generated merely one strong rebuttal. Even
though Beste did not appeal to key concepts of evolution as Selin did, Beste
constructed more rebuttals for her claims than the others did.

However, the reason of this might be that while Selin mostly chose two
alternative explanations to explain an evolutionary phenomenon, Beste generally
decided upon one explanation. Therefore, Selin provided one rebuttal for one
explanation as Beste generated rebuttals twice for two alternative explanations. In
addition, Leyla did not attempt to generate more than one rebuttal for alternative
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explanation. This might be related that she had a difficult to distinguish alternatives
from each other because of her low level conceptual understanding.

Hence, these results indicated that they did not provide sophisticated arguments
including more than one rebuttal in general. Besides, argumentation levels may be

related to conceptual understanding levels.
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Figure 4.30 Frequency distribution of argumentation levels across the cases
4.5.4. Epistemic Aspects of Argumentation Practices across the Cases

As seen in the figure 4.31, all teachers utilized evidenced claims at various
levels. All of them less frequently referenced data recalled from their previous
knowledge and experiences. This may mean that their knowledge regarding examples
of evolution was inadequate. As for the ratio of theoretical assertions (111-1V-V) and
data statements (I-11) for each, they mostly utilized theoretical claims which were
insufficiently supported by data. It seemed that they had difficulties for connecting
data to theory. In addition, as seen in the figure, while Burcu and Leyla mostly mostly
referenced to data from scenarios, Selin and Beste referenced data from scenarios
relatively less frequently. This difference might be due to difference in conceptual

understanding since Selin’s and Beste’s conceptual understandings were relatively
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higher than those of Burcu and Leyla. In particular, since Selin and Beste had high
conceptual knowledge, they mostly appealed to their previous knowledge rather than

using data from the scenario.
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Figure 4.31 Frequency distribution of epistemic levels across the cases

4.5.5. Articulation of Argumentation Practices and Evolution Conceptions at
Different Epistemic Levels across Cases

Articulation of conceptions and practices were summarized in following four
tables (see in Table 4.45, Table 4.46, Table 4.47 and Table 4.48). As seen in the tables,
all teachers brought their key concepts, evolutionary notions and also misconceptions
and cognitive biases to their justifications across the different epistemic levels.
Misconceptions and cognitive biases were mostly emerged in Leyla’s justifications
whereas key concepts and various evolutionary notions were most frequently arisen in
other three teachers.
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Table 4.45 Burcu’s evolution conceptions used in justifications

Types of Justifications

Conceptions

Data (Retrieved from previous knowledge)

Differential Survival (Sexual selection): Birds
Transition from water to land

Natural Disaster

Common Ancestor: chimpanzee and human
Plant and Animal Cultivation

Features of shell

Few species in Ice Age Epoch

Theoretical Justifications with identifying data
(Warrant and Backing)

Common ancestor with similarities

Transition from water to land with natural disaster

Theory of use and disuse with vital activities (misconception)
Differential survival with animal cultivation (Teleological reasoning)
Adaptation with features of shell

Gaps in the fossil record with climatic changes

Speciation with climatic change

Specific Theoretical Justifications

Adaptation due to protection (Intentional reasoning)
Heritability of genes

Differential Survival (Sexual selection)

Resource Limitation (Prey/predator relationship)
Differential Survival (Teleological reasoning)
Adaptation (Teleological reasoning)

General Theoretical Justifications

Differential Survival (Sexual selection)
Gradual Process

Heritability of genes

Common Ancestor

Rejection of inheritance of acquired traits
Overproduction of offspring

Nature of science
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Table 4.46 Leyla’s evolution conceptions used in justifications

Types of Justifications

Conceptions

Data (Retrieved from previous knowledge)

Adaptation: Color change in chameleons (misconception)
Adaptation: White color skin of Polar Bears

Transition form: Frog’s development (misconception)

Theory of use and disuse: Ferocious animals’ teeth (misconception)
Theory of use and disuse: Bird’s beaks (misconception)

Theory of use and disuse: Queen bees’ diet (misconception)

Theoretical Justifications with identifying data
(Warrant and Backing)

Prey/Predator Relationship with numbers of bright and predators
(Teleological Reasoning)

Heritability of genes with useless hind limbs

Rejection of inheritance of acquired traits with sudden transition
Adaptation with abrupt changes

Specific Theoretical Justifications

Theory of use and disuse (misconception)
Adaptation (teleological and intentional reasoning)
Adaptation (misconception)

Inheritance of acquired traits (misconception)

General Theoretical Justifications

Lamarck’s theory (misconception)

Relation of adaptation and evolution

Existing of fossil forms

Genetic change due to adaptation (misconception)
Gradual process

Microevolution

Rapid evolution

Modification (misconception)
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Table 4.47 Selin’s evolution conceptions used in justifications

Types of Justifications

Conceptions

Data (Retrieved from previous knowledge)

Differential Survival (Sexual selection): Birds
Transition from land to water

Her digestion problems

“why monkeys are not evolving”

Whale evolution

Human evolution

Intermediate forms: between human and ancestry

Theoretical Justifications with identifying data
(Warrant and Backing)

Adaptation with numbers of bright and predators (Teleological
reasoning)

Resource Limitation (Prey/predator relationship) with number of
predators

Common ancestor with useless legs

Variation (Change in genes) with useless legs

Rejection of Lamarck’s theory with its inaccuracy

Differential survival with the frequency of allele

Gaps in the fossil record with abrupt climatic changes

Specific Theoretical Justifications

Prey/predator relationship (Teleological reasoning)
Heritability of genes

Generational changes

Natural selection

Overproduction of offspring

Genetic Drift

General Theoretical Justifications

Comepetition

Natural selection

Rejection of inheritance of acquired traits
Homologous organs (Darwin’s theory)
Intermediate forms
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Table 4.48 Beste’s evolution conceptions used in justifications

Types of Justifications

Conceptions

Data (Retrieved from previous knowledge)

Modification: Rat Experiment
Modification: Iron shoes in China
Sediments

Volcanic Eruption

Intermediate form: Dinosaurs and Birds
Geographic Isolation

Theoretical Justifications with identifying data
(Warrant and Backing)

Differential Survival (Sexual Selection) with number of bright males
Resource Limitation (Prey/Predator Relationship) with number of drab
males

Rejection of inheritance of acquired traits with modification

Transition form with similarity

Ancestral Relation and Heritability of genes with existing of useless hind
limbs

Gradual Process with slow climatic changes

Gaps in the fossil records with climatic changes on Earth

Specific Theoretical Justifications

Variation

Differential Survival

Heritability of genes

Generational changes in allele frequency
Gradual Process

General Theoretical Justifications

Rejection of inheritance of acquired traits with modification
Phylogenetic Pitchfork

Rejection of Rapid evolution

Existing of intermediate forms

Evolution at population level

Differential Survival




CHAPTER 5

DISCUSSION

In this chapter, the findings collected through multiple cases of this research
were discussed in accordance with the findings from the literature. In addition,
suggestions for improving science education and recommendations for further

research were also addressed.

5.1. Discussions

The purpose of this study was to investigate structural, epistemic and
conceptual aspects of science teachers’ argumentations in the context of evolutionary
theory as well as how science teachers used conceptual knowledge to articulate their
arguments at different epistemic levels. For this reason, four science teachers were
interviewed based on four evolutionary scenarios to identify their argumentation levels
in terms of structural aspects, epistemic levels of their propositions and conceptual
understanding levels. In addition, articulation of components of argumentation and
conceptual knowledge in epistemic levels were also presented to deepen understanding
about justification process through multiple case study. In this section, five major
issues including criteria used to evaluate alternative theories, structural, epistemic and
conceptual aspects of argumentation and the articulation of aspects of argumentation
practices were presented in detail.

First of all, the results of present study indicated that teachers appealed mostly
to rigorous criteria to evaluate validity of alternative explanations. That is, their criteria
were line with scientific reasons and standards. In particular, especially two teachers
(Leyla and Burcu) mostly used the criterion of how well claims fit with available data.
This criterion was included in empirical criteria (see in Sampson & Blanchard, 2012)

and mostly used by scientists as shown in Hogan and Maglienti’s (2001) study. More
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specifically, authors found that scientists mostly examined the coherence between
evidence and conclusion when evaluating the alternative theories.

In the present study, teachers used available data embedded in scenarios to
distinguish alternative explanations from each other. This finding was in parallel with
Yal¢moglu’s (2007) findings. Specifically, author found that science teachers mostly
used the criterion of coherence between evidence and conclusion. In addition, in the
present study, other two teachers (Beste and Selin) mostly appealed to criterion of how
claims fit with scientific theories, in the case of evolutionary theory. This criterion was
included in theoretical criteria and taken into consideration by scientists (see in
Sampson & Blanchard, 2012). For example, the following quote, which was provided
by Selin for Whales scenario, indicated how to use the criterion of consistency with
scientific theory, in this case genetic drift:

It could be the third explanation because while some people may have active

lactase gene, others do not. It was mentioned about genetic drift; Darwin’s

evidences that support evolution, and it (genetic drift) leads to variation
because it (variation) occurred completely randomly.

This finding was in line with Sampson and Blanchard’s (2012) findings for
science teachers. Authors found that science teachers took into consideration of how
the claim fits with accepted theories and laws.

Regarding above mentioned differences between teachers’ criteria, Sampson
and Blanchard (2012) argued that science teachers appealed to the criterion of how
well data fits with claims to evaluate alternative explanations when they were unsure
their knowledge about particular evolutionary phenomena. However, teachers who had
relatively high conceptual understanding made their decisions based heavily on their
content knowledge. Similarly, in the present study, Leyla and Burcu who had relatively
low conceptual understanding used empirical criteria most frequently while Beste and
Selin who had relatively high conceptual understanding regarding evolutionary theory
used scarcely empirical criteria and mostly theoretical criteria. One can conclude from
these findings that using empirical and theoretical criteria depend on degree of content
knowledge.

Although all teachers mostly appealed to scientifically appropriate criteria,

some of teachers also used informal criteria including personal views and existing
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knowledge. For instance, Burcu used an informal criterion of consistency with
personal inference as “in the explanation 2, abrupt climatic changes took placed; Ice
Age Epoch began and thus, different habitats developed, so species changed abruptly”.
It was an informal criterion since she did not attempt to support her inference by any
scientific theory.

Among informal criteria used by teachers, the criterion of how well previous
knowledge fits with the claim was utilized by all teachers. More specifically, their
decisions relied on their previous knowledge. In line with this finding of present study,
Sampson and Blanchard (2012) also revealed that science teachers used the criterion
of how previous knowledge fits with the claim aside from the criterion of how data fits
with claim. This criterion could be included in either rigorous or informal criteria
depend on the content. Put more specifically, only if previous knowledge was
supported by scientific theory, this criterion was valued in science (Sampson &
Blanchard, 2012). Otherwise, their criteria were no longer consistent with scientific
standards since these criteria were based heavily on personal judgments. In this regard,
Sampson et al. (2011) argued that the use previous knowledge in order to challenge
alternative theories is valued in science but if it is coupled with the adequate content
knowledge. Regarding this issue, there were two instances worth mentioning in the
present study. Firstly, especially one teacher (Leyla), who had relatively low level of
conceptual understanding about evolutionary theory, used the criterion of previous
knowledge in some scenarios to determine the most valid alternative but she did not
mostly attempt to support her existing knowledge by using scientific theories and she
chose wrong alternatives containing series of misconceptions. This means that
previous knowledge coupled with inadequate knowledge could lead to wrong
decisions. Therefore, this type of criterion was included in informal criteria rather than
rigorous one. This result was in parallel with Hogan and Maglienti’s (2001) findings
for students. In particular, authors found that students focused heavily on previous
knowledge. In another example, two teachers (Beste and Selin) who had relatively
high level of conceptual understanding about evolutionary theory mostly tended to use
scientific theories to explain the reason behind their choice. Besides, these two teachers

ruled out inaccurate explanations more often and tended to modify and refine the
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alternative explanations, in other words, they attempted to transform inaccurate claims
closer to the accepted view. This finding supported the Sampson and Clark’s (2011)
findings in that authors comparing criteria used by high and low performing groups in
terms of conceptual understanding levels found that higher performing groups utilized
rigorous criteria more frequently than the lower performing groups. In this sense,
authors argued that higher performing groups could identify and distinguish
explanations including misconceptions more effectively. Therefore, it could be
concluded that conceptual understanding might be an indicator of the use of rigorous
criteria.

The present study also showed that there was a variation among teachers’
conceptual understandings regarding evolutionary theory based on the analysis of
conceptions used in their arguments. In particular, this study provides four different
profiles in terms of evolution conceptions. First of all, Leyla had relatively low level
of conceptual understanding about evolutionary theory, that is, she scarcely used
evolutionary concepts and held misconceptions and cognitive biases as well. Put more
specifically, she appealed to one key concept of evolution (heritability of genes) across
the four scenarios. As for cognitive biases, she seemed to consider that the driving
force behind evolutionary change is purpose (teleology) and mental agent
(intentionality), as well as she underestimated the variation within population
(essentialism) and as for misconceptions; she attempted to explain evolutionary
change by Lamarck’s theory and used adaptation process as cause of evolutionary
change. Therefore, Leyla’s conceptual understanding levels for scenarios were mostly
classified as specific misunderstanding or cognitive biases. Second, Burcu had
relatively low level of conceptual understanding. However, there was something
different in the case of Burcu. In particular, Burcu mostly used evolutionary concepts
such as differential survival, heritability of genes and common ancestry; however, she
also held misconceptions and cognitive biases regarding evolutionary theory. She used
teleological, intentional and essentialist reasoning and she had misconceptions about
adaptation and Lamarck’s theory. For that reason, her conceptual understanding levels
for scenarios were mostly placed in partial understanding with misconceptions and

cognitive biases. Next, Beste had relatively high conceptual understanding. More
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specifically, she used evolutionary concepts such as variation, common ancestry and
differential survival and did not use any misconceptions and cognitive biases;
however, she did not utilize all evolutionary concepts according to Nehm et al.’s
(2010) framework. For that reason, her conceptual understanding level for each
scenario was placed in partial understanding category. Lastly, Selin had relatively
highest conceptual understanding. That is, Selin mostly appealed to evolutionary
concepts such as natural selection, genetic drift and homologous organs. That’s why
her conceptual understanding levels for scenarios were mostly placed in sound
understanding. However, Selin also held cognitive biases such as teleology and
intentionality for one scenario. Taken as a whole, these results showed that even if they
had basic or sophisticated understanding of evolutionary theory, they mostly held
cognitive biases.

In addition to these findings, four instances about the use evolutionary
conceptions should be noted. Firstly, some evolutionary key concepts and notions such
as differential survival, common ancestry and heritability of genes were appealed in
different contexts by especially three teachers (Burcu, Beste and Selin). In this regard,
Tavares et al.’s (2010) claimed based on their findings that connecting same
evolutionary conceptions to other contexts is an indicator of sound evolutionary
explanation. Therefore, these three teachers seemed to have sound understanding with
respect to aforementioned evolutionary conceptions. Next, three teachers employed
teleological reasoning among three cognitive biases, in particular they perceived
evolutionary process as a goal-or need-directed process even if some of them had high
conceptual understanding about evolution. In this study, science mostly applied this
type of reasoning especially when explaining survival of species as Gregory (2009)
specified it. For instance, following quote which provided by Burcu for Whale scenario
illustrated this type reasoning clearly:

When the environment changed, living thing had to change in order to suite
environment or died and became extinct

This relative prominence of teleological reasoning in this study was not
surprising when taking into account of previous studies studying with biology teachers
and experts (Ha & Nehm, 2014; Jensen & Finley, 1996; Nehm & Schonfeld, 2007).
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For example, Jensen and Finley (1996) argued that the most common misconception
regarding evolutionary theory is related to teleological reasoning. In this regard,
Gregory (2009) argued that teleological reasoning is suppressed rather than replaced
with the correct one by scientific training. In addition, author also discussed the
possible reason behind bringing teleological reasoning to evolutionary context such
that human experience includes purposeful and need-driven activities, so one easily
interprets evolutionary process through goal-or need-driven process. In addition,
Kelemen (2003) argued that this type of reasoning develops during early ages.
Therefore, teleological reasoning is most probably deeply rooted since most of
teachers in this study interpreted evolutionary process by using this type of reasoning
(Stover & Mabry, 2007). Regarding the use of another cognitive bias, in particular
essentialism, two teachers (Beste and Selin) who had high conceptual understanding
level did not employ essentialist reasoning. In particular, they mentioned about
variation within population. On the other hand, the other teachers (Leyla and Burcu)
who had relatively low level of conceptual understanding employed this reasoning in
their arguments. More specifically, they tended to consider species as sharing common
“essence”. This was probably due to poor understanding of genetics as well as inability
to distinguish the evolution at population and individual level (Stover & Mabry, 2007).
The following quote which was provided by Leyla showed how she employ this type
of reasoning by explaining transformation of bright males into drab one :

Bright males are few, that is, in order not to attract attention and not to be
hunted by predator, they (bright males) turn into drab.

Lastly, one of the most commonly used evolutionary conceptions by teachers
was the concept of adaptation. On the other hand, most of teachers applied this notion
inaccurately. In particular, they perceived adaptation as a goal-driven process
(teleology) and process directed by mental agent (intentionality) and these perceptions
lead to common misconception that is related to adaptation due to environmental
changes. For instance, Burcu explained adaptation process of Venezuelan Guppies by
two aforementioned reasoning as “They (species) adjust their colors depend on
particular environment in order not to be hunted by predators”. This finding was in
parallel with Bishop and Anderson’s (1990) findings. For instance, Bishop and
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Anderson argued that everyday meanings of adaptation lead to interpret this process
in an inaccurate way. That is, everyday meanings of this notion imply altering by own
effort or behavior and purpose. Therefore, this misinterpretation causes perceiving
appearance of a trait due to influence of environment. In addition, there was another
instance that is related to cognitive biases. The perceptions about goal-driven process
and process directed by mental agent are related to teleological and intentional
reasoning. As mentioned above, these cognitive biases could cause misconceptions.
This finding was consistent with Moore et al.’s (2002) and Evans’s (2008) results. For
instance, Moore et al. found that students tended to ascribe agency in evolutionary
explanations that results in misconceptions. In this regard, authors argued that one that
did not adequate knowledge about the context tended to apply agency concepts to
explain evolutionary process easily. In this sense, in the present study, Leyla who had
low conceptual understanding about evolutionary theory, mostly employed
teleological, essentialist, intentional reasoning. However, although Burcu appealed
mostly to evolutionary concepts, she held cognitive biases. This co-existence of key
concepts (normative concepts) and cognitive biases (non-normative concepts) was also
found by Opfer et al. (2012). Opfer et al. argued that the use of cognitive biases with
key concepts may be related to our cognitive structure, that is, especially essentialist
and teleological biases are so fundamental that could influence our thinking and
reasoning about the cause of evolutionary change.

The last issue for conceptual understanding was related to variations among
scenarios. In the present study, there were four evolutionary scenarios discussing four
distinct evolutionary phenomena. In particular, two scenarios (Venezuelan Guppies
and Lactose Intolerance) were related to microevolution and other two (Whales and
Cambrian Explosion) were related to macroevolution. In four cases (teachers),
significant difference in conceptual understandings for microevolution and
macroevolution was not found. However, there were three instances worth mentioning.
First of all, although macroevolution includes evolutionary change at or above the
level of species, most of teachers did not attempt to explain Cambrian explosion
through applying microevolution concepts such as change in allele frequency or

genetic variations. They mostly applied an evolutionary notion of common ancestry
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for this scenario. Another instance was related to human and other species evolution.
In related literature, Sinatra et al. (2003) and Evans (2008) found in their studies,
students and even adults perceived human evolution and other species evolution
differently. Put more specifically, they accepted animal evolution but rejected human
evolution. In the present study, there was not such an instance; however regarding this
issue, there was a difference in some of teachers’ explanations. Some of teachers
applied intentional and teleological reasoning to Lactose Intolerance scenario dealing
with human evolution relatively more frequently. This result was consistent with that
of Evans. Last instance was related to trait gain and loss concepts. In this study,
Whales scenario deals with trait loss while Lactose Intolerance scenario deals with
trait gain. In this sense, Burcu applied Lamarck’s theory of use and disuse for Lactose
Intolerance while Leyla used this theory for both scenarios. In this regard, in the trait
lose and gain contexts, students tended to use Lamarck’s theory (Ha & Nehm, 2014).
Ha and Nehm (2014) found that students and even experts applied this theory for
especially in trait loss context.

In addition to conceptual aspect of argumentation practices, the present study
provided structural aspects of them. Based on the findings, all teachers focused heavily
on justifying their claims rather than opposing counter-claims, that is to say, they did
not mostly challenge the merits of other viewpoints. This result was similar to results
obtained by previous studies (Bell & Linn, 2000; Jiménez-Aleixandre et al., 2000;
Sampson et al., 2011; Schwarz et al., 2003). For instance, Sampson et al. (2011) found
that students did not attempt to evaluate and discuss other ideas; instead, they mostly
tended to justify their claims. Authors argued that this tendency of students was due to
confirmation bias. In particular, students tended to only look for information that
confirms their existing knowledge or beliefs (Zeidler, 1997). In this regard, in the
present study, science teachers’ were firstly asked to construct an argument and then,
guestion prompts were used to guide their argumentation practices. Before using
question prompts, most of them did not attempt to think in the light of alternative
explanations. Therefore, one can conclude that science teachers, in this study, had
confirmation bias. Another significant finding of this study was related to science

teachers’ oppositions. Although they scarcely opposed alternative explanations, they
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generated strong rebuttals. This means that they attempted to justify their counter-
claims through using data, warrant of backings. However, some of their rebuttals were
weak since these rebuttals were not sufficiently supported. The similar finding was
reached by Sandoval and Millwood (2003). More specifically, authors found that
students struggled to interpret data in their arguments. In this sense, they concluded
that students perceived data as self-evident. The reason of this might be that they
thought that evidence has only one possible meaning. Therefore, science teachers, in
the present study, might regarded that some of data mean the same thing to everyone.
The last issue has to be noted that even though each teacher had distinct profile in their
conceptual knowledge regarding evolutionary theory, there was not great difference in
their argumentation quality in terms of structural aspect. In particular, all generated
arguments at Level 2, that is, they justified their arguments; however, they rarely
provided rebuttal for alternative explanations. This result was consistent with the
results of previous studies (Clark & Sampson, 2008; Sadler & Donnelly, 2006). For
instance, Clark and Sampson (2007) found that sophisticated arguments were not
always accompanied by sophisticated content knowledge. In another study, Sadler and
Donnelly (2006) revealed that argumentation practices need to threshold
understanding of concept, however, further knowledge is not required for high quality
of it.

Regarding above mentioned issue, several instances should be noted. One of
teachers (Leyla) who held low conceptual understanding regarding evolutionary
theory did not generate any argument including more than one rebuttal. This might be
related to struggling to distinguish alternative explanations from each other. However,
two teachers (Burcu and Beste) who appealed to evolutionary conceptions in their
arguments provided more than one rebuttal for their arguments relatively more
frequently. On the other hand, one teacher (Selin) who had relatively sound
understanding generated more than one rebuttal relatively less frequently. At first
glance, it seemed that high conceptual understanding was not associated with high
level of argumentation structure. However, there might be an exception for Selin’s
case. In particular, Selin usually chose two alternatives for an evolutionary

phenomenon as a valid while other teachers usually chose one alternative. Therefore,
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Selin mostly provided rebuttal for one alternative explanation. Therefore, these
instances might indicate that high conceptual understanding provides relatively high
level of argumentation. Some results from previous studies indicated this relation
(Acar, 2008; von Aufschnaiter et al., 2008). For instance, Sampson and Clark (2011)
argued based on their findings that higher performing groups took into consideration
of other alternatives and provided more counter-arguments more often as compared to
low performing groups. When taking into account of findings of previous research and
present study, it could be concluded that conceptual understanding contributes to
providing more oppositional comments but further understanding was not need to
generate more sophisticated arguments.

Another aspect of argumentation practices analyzed in the present study was
epistemic one. The findings related to this aspect illustrated that although all teachers
generated arguments at different epistemic levels, they used more theoretical
statements than data statements. This means that they did not sufficiently support their
theoretical assertions by data. Although the contexts were different, this result was
similar to those of Jiménez-Aleixandre and Bravo (2009), Kelly and Takao (2002),
Maloney (2007), Tavares et al.’s (2010). For instance, Maloney found that students
mostly tended to use single piece of evidence rather than multiple evidences to support
their arguments. In the present study, all teachers used multiple evidences; however,
they did not reference sufficient evidences for their theoretical statements. In another
study, Jiménez-Aleixandre and Bravo also found that students tended to use theoretical
claims rather than data statements. Author argued the possible reasons of this result
such that one reason might be related to conceptual understanding and the other one
might be unfamiliarity the use of data and coordinating data to theoretical claims. For
former reason, authors explored the relationship between the use of evidence at
different epistemic levels and conceptual understanding regarding ecology. They
concluded that basic understanding was needed to use relevant evidenced claims but
high level understanding was not related to the use of multiple types of evidences. This
conclusion was in parallel with findings of the present study such that one of teachers
(Leyla) who had low conceptual knowledge and held misconceptions regarding

evolutionary theory used irrelevant evidences in her arguments. In addition, although
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relationship between the use of evidence and conceptual understanding was not
systematically analyzed in the present study, there was a significant instance regarding
this issue worth mentioning. Although all teachers used theoretical assertions more
frequently, one of the teachers (Leyla) who had low conceptual knowledge about
evolutionary theory used data statements to support her theoretical assertions relatively
most frequently. Selin and Beste especially who had relatively high conceptual
knowledge used theoretical statements to justify their claims. Thus, high conceptual
understanding might be related to tendency of the use of more theoretical assertions.
This result was in line with the result found in prior analysis for science teachers’
criteria to evaluate the alternative explanations in that high conceptual understanding
was mostly associated with the use of theoretical criteria, in particular how well
scientific theories fit with the claims. Hence, ability of coordinating evidence to
theoretical claims may be related to conceptual understanding in some degree;
however all teachers generated theoretical assertions relatively more frequently
regardless of their levels of conceptual understanding. Thus, it can be said that this
ability is more probably related to unfamiliarity of the use data.

The present study also provided integration three aspects of argumentation
practices such as the articulation of conceptual knowledge and structural aspect of
argumentation practices at different epistemic levels. Based on these findings, three
teachers (Selin, Burcu and Beste) generally chose accurate explanations as to
evolutionary theory. In line with their choices, they justified their claims by
referencing relevant data from either scenario or their previous knowledge and
appealing to wide range of evolutionary conceptions in the forms of specific and
general theoretical claims such as differential survival, heritability of genes, common
ancestry and genetic drift. This finding was in parallel with that of Tavares et al.
(2010). In particular, authors investigating students’ articulations of evolution
conceptions and argumentation practices found that they also appealed to evolutionary
conceptions such as common ancestry, speciation and chance in their arguments. For
alternative explanations, in the present study, they rebutted them by appealing mostly
to conceptions specific and general theoretical claims. In particular, most of them were

aware of provided misconceptions about Lamarck’s theory of use and disuse and
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inheritance of acquired traits and rejected them. On the other hand, although some of
the alternative explanations also included cognitive biases, teachers did not reject
them. This finding was inconsistent with Tavares et al.’s findings since authors found
that students denied intentionality and teleological explanations. In addition to
evolutionary conceptions, in this study, the articulation of misconceptions and
cognitive biases were also documented. One teacher (Leyla) especially used irrelevant
data and misconceptions align with cognitive biases in her arguments. For instance,
she used Lamarck’s theory of use and disuse to support her claim and used frog’s
development as data to support claim regarding transition form. Moreover, in Leyla’s
and Burcu’s arguments teleological, intentional and essentialist reasoning were
appeared. These findings were in line with Zembal-Saul et al.’s (2002) findings.
Authors revealed that pre-service science teachers struggled to apply differential
survival and variation to support their arguments. In addition, Lamarckian evolution
and teleological reasoning were also used to articulate their arguments. These findings
supported the Sampson and Clark’s (2011) results which indicated that those who
possess adequate knowledge utilized more appropriate and relevant evidences,
reasoning and oppositions as opposed to lower performing group. Therefore, it could
be concluded that conceptual understanding, the use of relevant evidence and
generating appropriate justification and rebuttals were interrelated. Put it differently,
the use of relevant and appropriate justifications and coordinating them in a
scientifically appropriate way to generate scientific arguments require conceptual
understanding.

5.2. Conclusions

The focus of this study was on science teachers’ argumentation practices. In
related literature, previous studies mostly investigated structural aspects of
argumentation. Although structural analysis of argumentation provided a template to
seek out participants’ components of argumentations, as Sampson and Clark (2008)
voiced, there need to provide additional insights of argumentation practices to deepen
our understanding. From this perspective, scientific activity consists of moving

between theoretical assertions and data statements and in parallel with this, scientific
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argumentation involve connecting the two together. Therefore, there is a need an
epistemological focus examining relative epistemic status for argumentation practices.
This additional focus provides consideration of knowledge claims at various levels of
theoretical generality. In line with this, the current study explored degree of
abstractness of knowledge claims and how science teachers coordinate these
knowledge claims with each other. In addition to these aspects, analysis of conceptual
aspects of argumentation is also required to understand how teachers and students used
their conceptual knowledge to articulate their arguments. It is important for scientific
argumentation since argumentation practices in science education should be
articulated with relevant and accurate scientific knowledge (Kelly et al., 1998;
Sampson & Clark, 2008).

In the present study, in line with the above mentioned issues, qualitative data
gathered to illuminate the detailed aspects of argumentation practices through lens of
four different science teachers. Based on the findings, the current study provided four
cases differing in terms of conceptual aspects. Accordingly, different argumentation
practices in terms of structural and epistemic aspects were reported. According to the
findings of the present study, some of the science teachers brought to bear evolutionary
concepts and notions in their arguments, however, others were unable to use
evolutionary theories and models as a tool to construct scientific arguments. In
addition, some of them utilized non-normative concepts that are not consistent with
current scientific understanding in their arguments. Further, although conceptual
aspects of science teachers’ argumentation practices varied, their argumentation
practices in terms of epistemic and structural aspects were not quite different from
each other. In particular, all teachers struggled to generate sophisticated arguments and
coordinate evidence with theory. These result indicated that science teachers, in this
study, had confirmation bias and they were unfamiliar with the use of data. These
results might provide insight to science educators looking for ways to improve
scientific argumentations while making instructional decisions in teacher education
since as Simon et al. (2006) stressed, developing teacher’s argumentation practices is

more important than students’ trainings to cultivate argumentation practices inside the
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classrooms. Besides, these findings might provide insight for science education
researchers in terms of different aspects of argumentation practices.

Furthermore, argumentation is a valuable tool to understand how students and
teachers construct and evaluate the scientific knowledge claims (Duschl, 2008). In
parallel of this, the present study also attempted to analyze science teachers’
conceptual understanding regarding evolutionary theory through examining contents
of their arguments. As a unifying theme, theory of evolution is central to science
education. Therefore, science teachers need to have comprehensive understanding of
it. However, the findings of the present study revealed that science teachers’
conceptual understanding of evolutionary theory was inadequate in general even if
some of them had relatively high conceptual knowledge. Various misconceptions and
cognitive biases regarding evolutionary theory were brought to bear upon evolutionary
problems. Even if some of them applied evolutionary theory to explain natural
phenomena, they still had misconceptions and used cognitive biases to explain
evolutionary change. Along with these findings, another remarkable finding was that
conceptual biases about evolutionary change could lead to misconceptions. Therefore,
the co-existence of normative and non-normative concepts regarding evolutionary
theory and existence of cognitive biases as a potential barrier to understand
evolutionary theory suggested that pedagogical efforts or interventions were needed
for science teachers to address not only causes of evolutionary change but also
cognitive biases since as several researchers voiced, teaching evolution improperly
could affect students’ biological reasoning (Smith, 2010).

The findings of the present study are generally similar with the findings of
previous studies in related literature. However, these comparisons with previous works
were limited because there are apparent deficiencies on research that explore science
teachers’ argumentation practices, that is, how science teachers construct scientific

arguments. Therefore, it is difficult to make well-grounded conclusions.
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5.3. Implications and Recommendations for Further Studies

The current study has several implications and recommendations for science
teacher educators and science education researchers based on results of this study and

discussions made.

The present study investigated different aspects of argumentation practices,
namely conceptual, epistemic and structural aspects. These analyses provided different
insights into argumentation practices. In particular, how science teachers assimilate
the argumentation practices, their types of reasoning, how they coordinate evidence to
theoretical claims and how they utilized conceptual understandings in their
argumentations as well. In addition, the investigation of the articulation of conceptual
knowledge and argumentation practices at different epistemic levels indicated that
these three aspects of argumentation practices were intimately linked. More
specifically, in order to generate persuasive and scientific arguments, justification in
the light of alternative theories is necessary to challenge opponents’ ideas including
inaccurate or inappropriate notions, conceptual knowledge is required to decide
relevant evidence and provided appropriate justifications and the ability of the use of
evidence are required to adequately coordinate it to relevant theory. This interrelation
can be interpreted as two ways. One way is that argumentation could be used as a tool
to develop conceptual and epistemological understanding. Another way is that
conceptual and epistemic aspects could be used as a tool to improve quality of
scientific arguments. Put more specifically, argumentation practices, with its emphasis
on justifications of scientifically appropriate knowledge claims and on the
coordination of relevant evidence with scientific theory supports the development of
epistemological criteria and conceptual understanding within a specific domain. At the
same time, emphasis on the ability to coordinate relevant evidence with scientific
theory and to apply normative scientific concepts in arguments has potential to
improve scientific argumentation quality. Therefore, based on the findings, it was
suggested that argumentation practices should be carried out and designed by taking
into consideration of this interrelationship. This finding may be useful for curriculum

developers and science educators while designing argumentation practices. More
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specifically, students’ or teachers’ argumentation practices should be analyzed and
guided based not only on structural but also on conceptual and epistemic aspects in
order to develop conceptual and epistemological understanding and in turn, scientific
argumentation practices.

In related to above mentioned issues, evolutionary theory was chosen as a
theme for the present study. Thus, science teachers’ argumentation practices about
evolutionary theory were analyzed. The findings based on this analysis suggested that
understanding of evolutionary theory was required for justifying claims with relevant
and appropriate evidences, coordinating theoretical assertions regarding evolutionary
theory with relevant data statements and by considering wide range of ideas,
generating strong counter-arguments to disprove others’ ideas including
misconceptions. In parallel with these practices, argumentation could promote
understanding of evolutionary theory, that is, as individuals considered and evaluated
alternative explanations or theories and generated reasons by coordinating data with
evolutionary theory, they were required to evaluate their existing knowledge regarding
evolutionary theory and articulate them at multiple levels of abstraction in arguments.
For example, they could need to integrate inferences made from provided evidences
and appropriate theories recalled from previous knowledge regarding the concept of
differential survival to explain evolutionary problems and to discuss the alternative
explanations related to use and disuse theory. Thus, this process leads to promoting
knowledge construction process. Hence, the process necessary for concept learning are
naturally engage in the argumentation context. From this perspective, one can say that
if teachers have required skills to generate arguments about evolutionary theory, they
develop sophisticated understanding about this theory which in turn, improves their
teaching skills while sophisticated understanding regarding evolutionary theory also
promote scientific argumentation practices. Therefore, the aforementioned results
might have two implications. First, argumentation practices could serve as a tool to
teaching and learning evolutionary theory in science classrooms. Several previous
works supported this in such a way that they found that traditional teaching methods
were insufficient to teach evolutionary theory, however, engagement in knowledge

construction process might provide effective learning about this topic (Asterhan et al.,
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2007; Jensen & Finley, 1996). Second, evolutionary theory as a unifying theme could
be valuable topic to analyze and develop scientific argumentation skills since
individuals are required to evaluate and integrate different scientific principles and
evidences from different scientific domain to articulate their arguments.

The present study also recommended that future research explore above
mentioned articulation in depth to gain broader view of argumentation practices. In
addition to this, further research should pay attention to social aspect of argumentation
practices. More specifically, argumentation practices could be carried out in social
processes in which participants engage in justifying their claims and providing
rebuttals for opponents’ ideas. Therefore, it provides the analysis of practices based on
whether the process consists of cooperation in the generating arguments and dialectics
between counter-arguments.

Further, in the present study, science teachers’ argumentation practices in terms
of conceptual aspects with respect to evolutionary theory were inadequate in general
since their arguments included various misconceptions and cognitive biases regarding
this theory. In addition to this aspect, science teachers’ argumentation practices were
also inadequate in terms of structural and epistemic aspects. That is, they inadequately
challenged the alternative theories and struggled to coordinate evidence with theory.
Therefore, this study indicated that science teachers need to learn more about
evolutionary theory and nature of argumentation. As Sampson and Blanchard (2012)
suggested, one way to help science teachers gain insight into process of generating
arguments is to engage them into scenario-based argumentation activities. Then,
science educators could utilize these experiences as a base for developing their
understandings about nature of argumentation. As Jiménez-Aleixandre and Bravo
(2009) constructed analogy between riding a bicycle and the use of evidence to explain
that the use of evidence and tying it to theory in that both of them need practices since
previous studies provided evidences that practice provides development of
argumentation skills (e.g., Erduran et al., 2004; Sampson et al, 2011). Therefore,
professional development and research programs should be designed in such a way
that science teachers can engage in argumentation practices. However, more studies of

how science teachers construct scientific arguments and what they know about
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scientific argumentation are still needed. Regarding this issue, future researchers could
make observations and analysis of teachers’ argumentation practices in the classroom
context in order to get broader view about teachers’ knowledge and skills about
scientific argumentation. In addition, they could employ different frameworks and
tests to reveal science teachers’ misconceptions and cognitive biases more precisely.

Along with the above mentioned issues, the present study underlined the
required skills to generate sophisticated and persuasive arguments by examining
scientific argumentation practices from different aspects and by revealing the
inadequacy of science teachers’ skills and knowledge about argumentation practices
in terms of these aspects. These skills included the ability of coordination of
appropriate data with relevant scientific theory, the use of scientifically appropriate
conceptual knowledge to articulate scientific arguments and generating relevant
counter-arguments. Therefore, such skills are necessary to support more productive
scientific argumentation practices in science lessons since emphasis on structural
aspect of argumentation practices alone is not sufficient to generate and develop
scientific argumentations. From this point of view, it is essential (1) to inform science
educators to become aware of such skills when designing educational intervention or
workshops for in-service science teachers and teacher education programs for pre-
service science teachers to improve quality of argumentation practices; (2) to inform
curriculum developers about such argumentation skills to address them in programs to
enhance the argumentation practices in science classrooms.

For the above mentioned aspects of argumentation practices, several
frameworks were employed to analyze them. First of all, Nehm et al.’s (2010)
framework provided in-depth analysis of conceptual knowledge regarding
evolutionary theory. Put more specifically, this framework is quite different from other
frameworks in that it distinguishes cognitive biases and misconceptions from each
other. It is important to identify cognitive biases since both previous studies (Moore,
2002; Sinatra et al., 2008) and the present study showed that cognitive biases could
lead to misconceptions about evolutionary theory. In addition, cognitive biases could
preclude understanding of evolutionary theory. For those reasons, the use of Nehm et

al.’s framework is suggested for the analysis of evolution conceptions to reveal
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students’ and teachers’ conceptions more comprehensively and if any, misconceptions
along with cognitive biases and even, the source of misconceptions. Another
framework used to analyze structural aspects of argumentation in this study was
Erduran et al.’s (2004) framework. Author developed this framework to overcome the
methodological issues associated with the Toulmin’s (1958) layout. They
distinguished argumentation components in two categories, namely reason and
rebuttal. Therefore, by using this framework, the analysis of argumentation levels
provides more reliable results. Besides, Tavares et al.’s (2010) framework was used to
identify relative epistemic status of science teachers’ propositions. This framework
also provides promising approach for the analysis of epistemic nature of justifications.
Hence, this framework enables to understand degree of abstractness of propositions
and how students and teachers connect these propositions. Lastly, Tavares et al.’s
rubric used in the present study enable to explore how these three aspects of
argumentation practices integrated. More specifically, this rubric provides to examine
the articulation of conceptual knowledge and argumentation practices at different
epistemic levels and this analysis enables researchers to understand argumentation
practices more comprehensively. Therefore, these conceptual, structural and epistemic
frameworks enable science teachers and program developers to guide their
instructional decisions and analyzing students’ argumentation practices. However,
there is still need to develop a framework that includes all of these aspects to make
analysis more effective and easier. Moreover, future research should also focus on
developing new frameworks to analyze argumentation practices in a broader view.
Final issue was related to context of the study. In this study, four different
evolutionary scenarios designed based on problem solving approach to analyze science
teachers’ conceptual understanding and argumentation practices. This approach
enables to reveal science teachers’ practices more effectively rather than only asking
questions. Therefore, this research suggested the analysis of conceptual knowledge
and argumentation practices through using scenarios based on problem solving
approach. In this sense, future research should pay attention to components of the

scenario in order to enhance the argumentative practices. Also, scenarios related to
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chemistry and physics topics could be also developed to analyze conceptual

understanding and argumentation.
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SCENARIO I: VENEZUELLA LEPISTESLERI

Lepistesler Venezuella’da akarsularda bulunan kiigiik baliklardir. 70°1i yillarda
Biyolog John Endler yabani lepistes (Poecilla reiculata) popiilasyonlari iizerinde
calisirken, yerel popiilasyonlarin birbirlerinden ¢arpici sekilde farkli olduklarini fark
etmistir. Baz1 popiilasyondaki ergin erkekler parlak, gokkusagi renklerine sahipken,
diger popiilasyondaki erkekler ise daha mat renklere sahiptir. Endler ¢ektigi yiizlerce
fotograf ve lepisteslerin biiyiikliik, renk ve benekleri iizerine yaptig1 oOlgiimler
sonucunda lepisteslerin yasadigi yerler ve parlak veya donuk renkte olmalar1 arasinda
bir iliski oldugunu kesfetmistir. Endler’in, farkli akarsularda topladig: veriler agagida
gosterilmistir;

Dort Farklhh Akarsuda Bulunan Venezuella Lepistesleri

Akarsu Ozellikleri Akarsular
Akarsu 1 Akarsu2 Akarsu 3 Akarsu 4
Akarsu derinlikleri Derin Derin Si1g Derin
Cichlid %44 %0 %0 %0
Akarsuda
Bulunan Rivilus %20 %66 %100 %0
Avcl
Baliklar
Acara %36 %34 %0 %0
Toplam Avci Baliklar 28 14 6 0
Parlak Erkekler %3 %30 %42 %47
Akarsuda Mat Erkekler %41 %12 %5 %2
Bulunan
Lepistesler
Parlak Digiler %0 %0 %0 %0
Mat Disiler %56 %58 %54 %51
Toplam Lepisteler 100 165 187 231
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Bu verilere gore, Lepisteslerdeki renk dagilimim nasil agciklarsimiz?

Asagida yukaridaki soruya yonelik 3 alternatif aciklama verilmistir...

Aciklama #1 Lepistesler belirli bir yasam alaninda hayatta kalmalar1 i¢in parlak veya
donuk renkli olarak yaratilmiglardir

Aciklama #2 Disi lepistesler ciftlesmek i¢in parlak renkli erkekleri tercih ederler.
Sonug olarak, parlak erkekler esleri cezbetme ve daha fazla dol liretme egilimindedir.
Yasam alaninda avcilar sayica ¢ok oldugu zaman, bu sefer parlak renkli erkekler
tireyebilmek i¢in yeterince uzun siire hayatta kalamamaktadir.

Aciklama #3  Lepistes tirii baliklar diger baliklar gibi gosterisli olmaya
calismaktadirlar. Fakat bireyler farkli akarsulara gog¢ ettikleri zaman, avcilardan
korunmak i¢in renklerini ayarlamalar1 gerekir. Sonug¢ olarak, bazilari yeni yasam
alanina daha iyi uyum saglayabilmek i¢in donuk renkli olmaya baslarlar. Bu yeni
ozellik sonra yavrularina aktarilir ¢linkii yararhdir.

Yukaridaki 3 alternatiften farkh bir aciklamaniz var ise liitfen belirtiniz:
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SCENARIO Il: BALINALAR

Balinalar diinyanin en biiyilk memeli hayvanlaridir. 1978 yilinda, Pakistan’da
Creodonts fosilini (60 - 37 milyon yil 6nce yasamis
kurt biiyiikliigiinde etoburlar) andiran bir kafatasi
fosili bulundu. Yeni bulunan kemik fosilleri
Pakicetus olarak adlandirildi. Pakicetus’a ait
kafatasinin, balinalarin bilinen eski formlariyla, sadece balinalara has olan, ortak
Ozellikleri oldugu saptandi: Pakicetus kafatasindaki kulak bolgesi kara
memelilerinkiyle tam benzer degildir ama kara memeliler ile sucul memelilerin
arasinda bir yerlerdedir. Sonrasinda yapilan ¢aligmalar yeni kesifleri daha ortaya
cikardi;

Pakicetus

Bulunan diger sucul balinalarin atasi,
Basilosaurus, bacaklara sahipti
(yandaki sekilde wverildigi {izere).
Basilosaurus su ortamina tam adapte
olmus ve 40 milyon yil once eski

Pakicetus

-1 ‘ .
I — & __» denizlerde yasayan bir hayvand.
e €——> Basilosaurus karada yiiriiyememesine

ragmen, zayif arka bacaklara sahipti.

Bugiin modern balinalarin bacaklar

M s yoktur fakat bazilari hala ¢ok kiiciik
arka bacak kemiklerine sahiptir.

Balaena

Ayrica yandaki sekilde goriildiigii
tizere Pakicetus’un yiirime amagh
kullandig1 6n iiyelerinin diger tiirlerde
bulunan yiizgeclere anatomik olarak
benzerligi gosterilmistir.

Pakicetus

266



Asagidaki zaman cizelgesi 3 tiirlin yasadigi zamanlar gdstermektedir:

52 Milyon 40 Milyon Buc
yil 6nce yil 6nce ueun
Pakicetus Basilosaurus Modern Balina

Fosil kayitlarina gore Pakicetus, Basilosaurus ve Modern Balina
arasinda nasil bir iliski vardir?

Asagida yukaridaki soruya yonelik 3 alternatif aciklama verilmistir...

Aciklama #1 Pakicetus karada yasayabilen ilkel bir memeliydi. Sonrasinda bu ilkel
memeliler, ¢evrelerinin degismesiyle birlikte suya tasindilar. Suda yasamaya
basladiktan sonra, bacaklarin1 kullanmaya ihtiyaclar1 kalmadi ve bacaklarim
kullanmadiklar1 i¢in zamanla farklilagarak kiiciik ve zayif arka bacaklara sahip olan
Basilosaurus’a doniistiiler. Daha sonra yeni nesiller (modern balinalar) bacaklari
olmadan dogmaya basladi.

Aciklama #2 Pakicetus’un balinalarla herhangi bir iliskisi yoktur. Pakicetus bir kara
memelisi, Basilosaurus ise bir deniz memelisidir. Modern memeliler sadece, nesilleri
tikenmis olan Basilosaurus ve Pakicetus tiirlerine ait benzer yapilara sahiptir.
Basilosaurus omurgasindan bagimsiz arka kiigiik kemiklere sahiptir fakat bu
kemiklerin korelmis kemikler oldugunu gostermez, farkli bir isleve sahip olabilir.
Sonug olarak Pakicetus, Basilosaurus ve modern balinalarin arasinda akrabalik iliskisi
yoktur. Onlar tamamen farkl tiirlerdir.

Aciklama #3 Pakicetus hem karada hem de denizde yasayabilen bir memeliydi. Bu
nedenle, Pakicetus bir ge¢is formu olabilir. Balinalarin atalari 6nce karada yasiyorlardi
ve bacaklara sahiplerdi. Popiilasyonda, genlerinin degismesi sonucunda bazi balinalar
kiiciik ve zayif arka bacaklara sahip olarak dogdu ve ortamlar1 degistigi zaman kiiciik
ve zayif arka bacaklara sahip olan balinalar (Basilosaurus) daha avantajli konuma
geldi ve daha fazla dol vererek ¢ogaldilar. Zamanla kiigiik ya da hi¢ arka bacag:

olmayan modern balinalar popiilasyona hakim oldu.

Yukaridaki 3 alternatiften farkh bir aciklamaniz var ise liitfen belirtiniz:

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



SCENARIO I11: LAKTOZ DUYARSIZLIGI

Laktoz Intolerans

Diisiik

' 0-20%
B 20-40%
B 40-60%
B 60-80%
W 80-100%

Laktoz intolerans
Yiiksek

insanlarda Laktoz Duyarhihg (intolerans) Kiiresel Dagilimi

Tirkiye ve pek cok diger iilkede "siit" tiiketiliyor, ancak bazilari bundan zevk
alamiyor. Ek besin kaynagi olmas1 ve
kuraklik doneminde su ihtiyacim
giderebilmesi agisindan insanlar igin
avantajli olan siit, Amerikali'larin
%10'u, Afrika'daki tutsi kabilesinin
%10'u, Ispanyol ve Fransizlarin %50'si
ve Cinlilerin  %99u i¢in hazim
problemleri ~ demek. Peki  bu -
toplumlardaki laktoz tolerans —

cesitliligi  nereden  kaynaklaniyor | modern Avrupahlarda Laktoz Tolerans Alleli

olabilir? Siit, igerigindeki laktoz sekeri | €°grafi Dafihmu. Koyu turuncu rengi, yiksck
frekansh  laktoz  tolerans allelinin  dagilimim

nedeniyle  bircok  yetiskin  igin | gostermektedir. Kesikli siyah gizgiler, arkeolojik
sindirilebilir bir besin degildir. Laktoz | omemdc st hasanilginn somlaies sl cograf
sekerini, sindirimi kolay glikoz ve | daglmitemsil etmektedir.

galaktoza indirgeyen “laktaz” genin aktivitesine bagli olarak sindirebilme
gerceklesmektedir. Yapilan arkeolojik ve genetik calismalar, 8000 yil oncesinde
yetiskinlerde laktoz tolerans allelinin bulunmadigin1 ve yandaki sekilde verildigi
lizere, yaklasik 8000 yil icerisinde Avrupa’da yetiskin popiilasyonda laktoz tolerans

allelinindeki degisikligi ortaya koymustur (Burger vd., 2007).
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Sahra alti Afrika’sinda yapilan bagka bir ¢alisma,
9000 yil 6nce hayvan yetistiriciligine baslayan
Afrikali insanlarin bugiin siitii sindirebildikleri fakat
Avrupalilarda goriilen laktaz genin aktif olmasini
saglayan allelden farkli bir ¢ift allel tasidiklar
ortaya konmustur (Tishkoff vd., 2009).

Bu verilere gore, insanlarda laktoz toleransi nasil gelismistir?
Asagida yukaridaki soruya yonelik 3 alternatif aciklama verilmistir...

Aciklama #1 Siit elde edilebilen yerlerde, siit tiiketim avantajli oldugu igin laktaz
geninin aktif olmasini saglayan allelin frekansi artmistir. Sonug olarak, laktozu
sindirebilme popiilasyona hakim olmustur. Bu olay farkli cografik toplumlarda ayn1
etkiyi olusturan farkl: allel frekanslarinin degismesiyle meydana gelmistir.

Aciklama #2 Siit elde edilebilen yerlerde, insanlar siit tiiketmeye baslamis ve zamanla
stit icme aligkanliginin artmasi sonucunda bu durum genomlara yansimis ve laktaz
geninin aktif olmasini saglayan allelin frekansini artirmaya baslamistir. Sonug olarak,
siit tiiketim aliskanligi ¢ok olan bireyler siitii sindirebilmeye baslamislardir. Bu
gelisme farkli toplumlarda farkli bir sekilde genomlara yansimistir.

Aciklama #3 Toplumlar arasi1 ve toplum icindeki siitli sindirebilme cesitliligi, yani
laktaz genin aktif olmasin siit tiikketimiyle bir iliskisi yoktur. Bu daha ¢ok siit
hayvanciligina baglanmadan 6nce rastgele bir sekilde bazi insanlarin laktaz genin aktif
bazilarininsa pasif olmasindan kaynaklidir. Mesela, siit hayvanciliginin basladigi
Avrupa’da hala siitii tilkketemeyen insanlar vardir. Bu yiizden her insanin laktaz iliskili
allel ¢ifti farklidr.

Yukaridaki 3 alternatiften farkh bir aciklamaniz var ise liitfen belirtiniz:
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SCENARIO IV: KAMBRIYEN PATLAMASI

Diinya 4.6 milyar yasindadir fakat yasam yaklasik olarak 3.5 milyar yil 6nce ortaya
cikmustir. Ilk yasam kayitlar, 2 milyar yildan fazla Diinya’ya hakim olan tek hiicreli
canlilara, prokaryotlara aittir. Yaklasik 700-900 milyon y1l 6nce ilk ¢ok hiicreli canlilar
yumusak viicut formlarina sahiptir. Paleontolojik kayitlar, sert kabuklu canlilara ait
fosillerin ise yaklagik 570 milyon yil 6nce ilk defa Kambriyen ad1 verilen donemde
ortaya ¢iktigini gostermistir. Kambriyen doneminde, ¢ok hiicreli canli tiirleri biiytik
bir ¢esitlilik gostermektedirler; annelidler, eklembacaklilar, derisidikenliler,
yumusakealar veya siirlingenler ve hatta Chordata gibi karmasik yapili ¢ok hiicreli
canlilar ilk defa bu donemde ortaya ¢ikmigstir. Ayrica, yapilan caligmalarda Kambriyen
doneminde, oksijen miktarinin artmasi, sicakligin diiserek Diinya’nin buzul ¢agina
girmesi ve kosullar1 birbirinden farkli habitatlarin olusu gibi ani ¢evresel degisimler
tespit edilmistir. Fakat tek hiicrelilerden ¢ok hiicrelilere gegiste enteresan bir sey
vardir; kambriyen donemindeki karmasik yapili ¢ok hiicreli canlilarin fosil kayitlar
ile kambriyen Oncesinde yasayan canlilar arasinda ara form bulunmamaktadir.

Fosil kayitlarinin dogadaki canh cesitliligini yansittig1 goz oniine
alinirsa, bu verileri nasil yorumlarsiniz?

Aciklama #1 Ara fosillerin olmamasi, 570 milyon yil 6nceki donemlerde ¢ok az
fosilin olusmus veya korunmus oldugu gerceginden kaynaklanmaktadir. Cok hiicreli
organizmalarin evrimi kiiclik adimlarla ilerleyen yavas ve kademeli bir siiregtir.

Aciklama #2 Ara fosillerin olmamasi, bu formlarin hi¢cbir zaman var olmadig
gerceginden kaynaklanmaktadir. Canlilardaki tiirlesme ara fosil olusmasina imkan
vermeyecek kadar hizli olmustur. Cok hiicreli canlilar, ani degisimler sonucunda
ortaya ¢ikmaistir.
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SCENARIO I: VENEZUELAN GUPPIES

Guppies that live in Venezuelan streams are small fishes. When biologist John Endler
began studying a species of wild guppies (called Poecilla reiculata) in the 1970s, he
was struck by the wide color variation among guppies from different streams and
sometimes even among guppies living in different parts of the same stream. Guppies
from one pool sported vivid blue and orange splotches along their sides, while those
further downstream carried only modest dots of color near their tails. Endler
photographed hundreds of guppies and carefully measured their size color and the
placement of their spots. He began to see pattern between where guppies lived in a
particular stream and whether the fish were bright or drab. Data Endler collected from
different streams is presented as follow;
Venezuelan Guppies four different streams

Streams
Characteristic of Streams Stream 1 Stream 2 Stream 3  Stream 4
Type Deep Deep Shallow Deep
Cichlid %44 %0 %0 %0
Predator
fish found Rivilus %20 %666 %100 %0
in streams
Acara %36 %34 %0 %0
Total Number of Predators 28 14 6 0
Bright Males %3 %30 %42 %47
Guppies | prap Males %41 0612 %5 %2
found in
streams
Bright Females %0 %0 %0 %0
Drab Females %56 %58 %54 %51
Total Number of Guppies 100 165 187 231
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So, what caused these trends in coloration?
Three possible alternative explanations were presented as follow;

Explanation #1 These Guppies were created to either be drab or bright so they would
be able to survive in a specific habitat.

Explanation #2 Female guppies prefer to mate with brightly colored males. As a
result, bright males tend to attract more mates and produce more offspring. When there
are lots of predators in a habitat, however, brightly colored males do not survive long
enough to reproduce.

Explanation #3: The species of guppy try to appear very flashy like many other types
of fish. However, when individual migrate into different pools, they need to adjust
their coloration in order to avoid predators. As a result, some become drab in order to
better fit in with a new habitat. This new trait is then passed down to their offspring
because it is useful

If you have another explanation other than above explanations, please explain:
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SCENARIO II: WHALES

Whales are the largest mammals on earth. In
1978, a fossil form of a skull that resembled
fossils of creodonts- wolf sized carnivores
lived between 60 and 37 million years ago,
has been found in Pakistan. The newly found

bones are named Pakicetus. Skull from Pakicetus has common characteristics with

Pakicetus

oldest known forms of whales. Ear region of the skull of Pakicetus is not exactly
similar to land mammals but it is somewhere between that of land mammals and fully
aquatic mammals. Additional studies revealed another discovery;

Basilosaurus
Kalca kemigi ve
Arka iiyeler

Balaena

. Kalca kemigi ve
(Modern Balina) Arka iiyeler

In addition, the figure shows anatomic
similarities in  forelimbs among
Pakicetus and other species as shown in
figure by side.
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A known newer form of an aquatic
whale ancestor, Basilosaurus, had
legs. Basilosaurus was an animal
fully adapted to an aquatic
environment and living in ancient
seas 40 million years ago. Yet
Basilosaurus still retained small,
weak hind legs even though it
could not walk on land as shown in
figure by side.

Pakicetus



Here is a timeline including times when they lived;

52 Million 40 Million Tod
Years Ago Years Ago oday
Pakicetus Basilosaurus Modern Whale

According to fossil records, how are Pakicetus, Basilosaurus and
Modern Whales related to each other?

Three possible alternative explanations were presented as follow;

Explanation #1 Pakicetus were some sort of primitive mammal that can live in land.
Then, these mammals moved to water after environment changed. After they started
to live in water, they did not need to use their legs and because they did not use their
legs, they transformed into Basilosaurus that had small and weak legs over time. Then,
next generations were born without legs.

Explanation #2 Pakicetus is not related to whales. Pakicetus was some sort of wolf
and Basilosaurus was a sea mammal. Modern Whales have similar structures to those
of extinct species; Basilosaurus and Pakicetus. Basilosaurus had small hind limb but it
does not indicate that they were vestigial organs. They might have had different
function. Hence, they were totally different species

Explanation #3 Pakicetus were some sort of mammal that can live both in land and in
water. For this reason, it can be a transitional form. The ancestors of whales were living
in land once and they had legs. As a result of changes of genes in the population,
whales were born with small or no legs and when their environment changed, these
whales with small or no legs became more advantageous and reproduced more.

If you have another explanation other than above explanations, please explain:

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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SCENARIO I11: LACTOSE INTOLERANCE

¥
\O
Low Lactose \—,.( "‘\4.
Intolerance i
' 0-20%
20-40%
B 40-60%
W 60-80%
W s0-100%

High Lactose
Intolerance

Geographical Distribution Lactose Intolerance

In many countries including Turkey, people consume milk; however some of them
cannot digest it. Drinking milk is advantageous for humans in that it is an additional

nutrition source and meets the needs of e
water during drought. 10 % of - s v s
Americans, 10 % of Africa's Tutsi tribe, ’ -

%50 of Spanish and French people and o )
99% Chinese have digestion problems ) % B
with milk. So, where does this variation fv#/fﬁm{g
in lactose tolerance come from? Most o & e e

adults are lactose intolerant because of
lactose sugar in milk. Digestion lactose | Geographical distribution of lactose tolerance allele
. .. in contemporary Europeans The darker the orange
sugar IS dependent on the aCtIVIty of color, the higher is the frequency of the lactase
lactase enzyme that breaks down lactose | tolerance allele. The dashed black line illustrates the
. . limits of geographic distribution of early Neolithic
Into glucose and galaCtOSE. ACCOfdlng to cattle pastoralist based on archeological data.

archeological and genetic studies, adults
did not carry lactose tolerance allele 8000 years ago. The figure by side indicates the
changes in frequency of lactose tolerance allele in adult population in Europe within

8000 years (Burger et al., 2007).
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A study on sub-Saharan African population
indicated that Africans people who started to dairy
farming 9000 years ago digest milk in the present
days. However, they carry lactose tolerance allele
that is different from that of Europeans (Tishkoff et
al., 2009).

According to this information, how does lactose tolerance develop in
humans?

Three possible alternative explanations were presented as follow

Explanation #1 Since consuming milk is advantageous, the frequency of lactose
tolerance allele increases in areas where dairy farming is common. As a result,
digesting lactose becomes common in population. This process took placed in different
geographical regions through change in the frequency of different allele which has
same effects.

Explanation #2 People started to consume milk and over time, in consequence of
increasing the habit of drinking milk, this situation affects genes and increases the
frequency of allele that causes lactase gene to be active in areas where milk is
available. As a result, people who have high consumption of milk started to digest
lactose. This development affects genes disparately at different population.

Explanation #3 Variation of digestion of lactose between communities and within
communities is not related to consumption of milk. This is mostly based on whether
randomly carrying lactose tolerance allele or not before dairy farming started. For
instance, there are still people who do not digest milk in Europe where dairy farming
started. That’s why each person carries different lactose allele

If you have another explanation other than above explanations, please explain:

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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SCENARIO IV: CAMBRIEN EXPLOSION

The Earth is 4.6 billion year-old, but life originated about 3.5 billion years ago. The
first life records belong to prokaryotes, that is, unicellular organisms that dominate the
fossil record for more than 2 billion years. 700-900 million years ago, the first
multicellular organisms were soft bodied. Paleontological records revealed that the
first fossils belong to hard-shelled organisms appeared for the first time about 542
million years ago in Cambrian Period. In this period, we find a diversity of
multicellular organisms, annelids, arthropods, echinoderms, molluscs or sponges, and
even chordata. In addition, studies also revealed that abrupt environmental and
climatic changes such as increasing oxygen level, beginning of Ice Age Epoch by
decreasing of temperature and forming new different habitats. However, it has to be
noted that between this fossil records of multicellular organisms and the earlier records
of living organisms, no fossils of intermediate forms are found.

Considering that the fossil records may reflect the diversification of
living beings in nature: How can we interpret these data?

Explanation #1 The lack of intermediate fossils is due to the fact that very few
fossils from periods prior to 570 million years were formed or preserved. The
evolution of multicellular organisms was a slow process proceeding by little steps.

Explanation #2 The lack of intermediate fossils is due to the fact that these forms
never existed. Multicellular organisms appeared as a consequence of abrupt changes.
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APPENDIX B

TURKISH VERSION OF INTERVIEW QUESTIONS

. Verilen alternatiflerden sizce hangisi kabul edilebilir bir agiklamadir?

Neden?

Sectiginiz agiklamayr desteklemek icin bir argliman olusturur musunuz?

(gecmis bilgilerinizi ve bilimsel teorileri kullanabilirsiniz).

. Neden diger alternatif aciklamalar diisiincelerinizi desteklemek i¢in yetersizdi?

Size inanmayan veya diger alternatifleri destekleyenleri ikna etmek bir

argliman olusturur musunuz?

Bilimsel bir argiimani daha ikna edici yapan faktorler nelerdir?

Evrim nedir?

Evrim sizce bilimsel olarak gecerli bir teori midir? Neden? Bunun i¢in
kanitlarimiz var mi1?
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ENGLISH VERSION OF INTERVIEW QUESTIONS

. Which is the most acceptable explanation?

. Why do you say that?

Do you construct an argument to support your explanation?

. Why were other alternative explanations insufficient to support your claim?

Do you construct an argument to persuasive the others who have different

opinions?

. What do you think about what makes an argument more persuasive?

. What is evolution?

Is evolutionary theory scientifically valid? Why? What are your evidences for
this?
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APPENDIX C

Sample Pages of the Evolution Open Response Scoring Rubrics
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Key Concept (and Core Concept) 1: The presence and/or causes of variation among individuals

Scoring: A score of 1 indicates the presence of a key concept in the response. A score of 0 indicates the lack of a
key concept in the response.

Score Description Key words Example 1 Example 2
Mutation mutationmutated gene.l' ] )
the random of _c:la'ge_nf gene/gensatic The long : anablad the irmiian to . ElldtmhaISIE would. . Mext they would need 1:|:|I:“r
it dnal_mlg_e i DnTEI_mehu’dgerme longer. =0 the Dneswimpmmﬁe lang N ﬂm.r_ 1at as fime Qoes on, each generation

1 genet -y genetic defect/emon’ . . ived | tarsi prosimian is slighy different than the last and

i phenune cf deformity/anomaly/make-uplete. mutation sur anger. that these changes in DNA eventually cause
pa .:gpn; random changefrandomiy/by a major change in structure of the prosimian.
chanceietc.
The species of pro simian probably all had
short tarsi at one point in history. There must
Variation ST y hawe been some genetic varation so that
diversity of genotypic or af manbni:ygenef_l?ssﬂm X some of the species had shightly longer tarsi.

1 phenotypic genal‘ua'rtg Animals may have adapted to ther The environment st have changed and
Attributes; each individual B dif ristion environment or different genes are replicated.  therefore the species with the longer tarsi were
genotype or phenotype is gen gene 1 better equiped and they survived and

different reproduced more efficiently thersfore
increasing the number of prosimian with long
tarsi.
Bees and other animals spread pollen to
Recombination hybrid Through sslective breseding, prosimians could ;Tbgtz:n;%} m'a“m““m‘*rpdm 3 simdar
1 mixed characters, cross. breeding/pollinationfertilized' choose to breed with others that have longer id h sed with the elm without
cross breeding, genetic _ allele, dominantirecessive gene than average tarsi. After me, only longer tarsi ﬁgeda;e m,q . = il
recombination interactedimated different species weould exist. which eeds i 'm“'nE gEdHFE “ Ess ally
emerged.
the ancestral prosimian species with shorttalls  the ancestral prosimian species with short tails
may hawe used the tails in mating riteals. This = may have usad the tails in mating rituals. This
Particular genotype could mean that the females picked the males  could mean that the females picked the males

1 special genes are thefthis/that geneftrait with the longer tails and as each generation | with the longer tails and as each generation
associated with particular gene for X function after that the same process would ococwr. The | after that the same process would occur. The

traits choosing of this genetic trait made each choosing of this genefic trait made each

generation of the spedces hawe longer and
longer tails.

generation of the species have longer and
lenger tails.
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Essentialism

Scoring:

cognitive bias in the response.

A score of 1 indicates the presence of a cognitive bias in the response. A score of 0 indicates the lack of a

Score Description

Example 1

Example 2

Example 3

=& explans change
at a lewel higher than the
individual (e.g. the entire
species changes, reffying
1 the species; highlighted in
beold) and fails to mention
within species variability
{e.g. some individuals have
a specific trait while others
do noit)

A biologist would explain this by saying
that this species of elm had a
mufsiion thaf was advanfageous and
saw that it was more effecting in seed
dispersal which caused if fo continue
indo this ne of species.

Predation is a major selechve pressure acfing
on animals. Their was most likely a gens
mutafion that caused the snails to become

amd a5 a resulf if allows them fo be

POFSONOUS
able to defend themselves more efficienty.

It underwent & mudation the resulted in a lomg
tarsi which increased the prosimian’s fifness.

s explains change
at a lewel higher than the
O indiwidual but menticns
within species variability
{wariabiity highlighted in
bl ).

Winged seeds developed from
selective pressures. Random mudafion
credied an eim free species with
winged seeds. Natura! selecfion
occurred fo the ancestral eim frees

winged seeds produced more
offspring than the elm rees thar did
not produce winged seeds. The
improved finess of the elm frees with
i seeds

Long ago, one of the ancesiral snail species
jpoison and was unigue fo the ofher
maﬂ'.speaeﬁ Jnmemmmm#ﬁmme

allowed the poisonous snail to better
survive and outlive the non poISONOUS
snails, and were beffer able fo pass on this

: -ngE trait to more oifspring.
ancestral efm fres into exfincion

Elm trees which produced seeds with more

- - At some point, an ancesiral prosimian had a =
ﬂmcﬂﬂﬁ;ﬂﬂbﬂwmﬂmw fic mut. that { it o a mm#:ededgeﬁuimﬂcafcﬂ:u:em
Response does not explain is that B longer tarsi than ofhers. This allowed if and is :cmmn.sprea the: m'?e“uﬁm'i‘ﬂ E['-' I amr;g
0 change at a level higher [ mmmimeep:amcuami e descendants fo sundve and reproduce befter sefection oo Ieduehﬂieex ion fo create the

than the indiidual. ¥ il i p than ones with shorter tsrsis. Over tims, : pansion The uh
N m@hﬂqﬁgfm}gtﬂmmwtﬂm WIngE ower generations.  winged
POISONOLS. the tarsi b b i i o seeds were an advantage, thus allowing those

trees fo produce more offspring.
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Use and disuse

Scoring:
A score of 1 indicates the presence of a misconception in the response. A score of 0 indicates the lack of a
misconception in the response.

Score Description Key words Example 1 Example 2
Species use a particular use(s) fraits The species used the tarsi more and more The species of ancestral penguins likely
trait. the use of trait as time when on causing them o become encountered archic res and
The word 'use” can be run/swimiwalkfly more and more longer to suit the needs of the prosimian. conditicns and began to walk more and fly
substituted for ‘run’, “swim.’ trait was used less bacause of the frigid temperatures and

Sometimes ‘use’ can be

difficulty flying. As the need to swim to retreive

connected with ‘need’ food became pressing the penguins may have
began to use their wings for swimming.
Species did not use a did neot use traits The penguin could have developed altemative  This could have many factors affecting this. I
particular frait. lack of use wiays to fravel and did not use his wings as the environment or land mass was different
The word "did not use’ can hawe no use much. Therefore, he lost his wings throughout — millions of years ago it may have caused
be substituted for ‘did not ni longer use the course of evolution. penguins to need to be able to fly to get thers
1 run’, "did not swirm.”’ was not used food. As time went on the land and ecology
Sometimes ‘did not use’ can | no longer being used changes and the penguins no longer needed
be connected with ‘did not use less their wings to survive. The less that they
need’ stopped/ceased using used them the more they were no longer
used to fly.
Energy should be alocated befter use of enengy Without the need o fiy to be successful, If thoms are costly fo preduce, which seems
in other trait instead of inwest more resownces saved by not resources allocated to wings could be used  likely, there would also be selection for
particular frait which is not hawing trait in other trait elsewhere, increasing reproductive success thomlessness, since those individuals would

helpfud.

resource allocated to trait could be
used elsewhers

be able to inwest more resources {that they
came by not making thorns) in offspring.

The rest of the rubrics can be downloaded from http://evolutionassessment.org/Evo Assessment/Scoring.html
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APPENDIX D

TURKISH SUMMARY

Evrim Teorisi Baglaminda Fen Bilimleri Ogretmenlerinin Argiimantasyon

Uygulamalarinin Kavramsal, Yapisal ve Epistemik Boyutlari

1. Giris

Argiimantasyon, iddialarin gerekce ve veriler ile iliskilendirilmesi ve karsit
iddialarin veya arglimanlarin kanitlarla ¢iiriitiilmesi siireci olarak tanimlanabilir
(Toulmin, 1958). Argiimantasyon teorisi ise Aristoteles’in ¢aligmalarindan giiniimiize
kadar geligsen, arglimanlarin nasil analiz edildigini ve degerlendirildigini ortaya
koymaya calisan bir alandir. Aristoteles mantik teorisine gore Analitik, Diyalektik ve
Retorik olmak {izere 3 farkli argiiman yapis1 gelistirmistir. Analitik argiiman mutlak
gerceklere ve kabul edilmis goriislere dayanarak bir dizi varsayimdan sonuca ulagmay1
hedeflerken, Diyalektik argliman tartisma yolu ile fikirlerin degigsmesini amaglar ve
Retorik argiiman tartigma esnasinda ortaya ¢ikan tutarsizliklar konusunda karsi tarafi
ikna etmeyi hedeflemektedir (Puvirajah, 2007). Klasik ya da diger bir deyisle formal
manti1g1 temel alan argliman yapilar1 2000 y1l gecerliligini siirdiiriirken, 20. Yiizyilda
informal mantigmm 6n plana ¢ikmasiyla birlikte farkli arglimantasyon teorileri
gelistirilmigtir. Formal mantik temelindeki arglimanlar herkes tarafindan kabul géren
onermelerden yola ¢ikarak gecerli sonuglar ¢ikarmaya dayali iken, informal mantik
temelindekiler ise daha ¢ok giinliik hayat baglaminda gerceklesen, kurallara ve ilkelere
bagli kalmaksizin yapilan tartigmalar1 kapsamaktadir. Bu kapsamda, Toulmin (1958)
ve Perelman ve Olbrechts-Tyteca (1958) sosyal hayat baglaminda, gergeklerin
insanlarin deneyim ve yorumlarina gore sekillenen tartismalari analiz etmeyi
hedefleyen argiimantasyon teorileri ortaya koymuslardir. Toulmin geleneksel ¢ikarim
tekniklerine karsi ¢ikarak arglimantasyona geriye doniik akil yliriitme temelinde

gerekcelenen iddialar biitlinii anlayisini getirmeye ¢aligmistir. Bu baglamda, Toulmin,
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The Uses of Argument adli kitabinda bir argiimantasyon modeli Onermistir. Bu
modelde arglimanin temel bilesenlerini ve bu bilesenler arasindaki fonksiyonel iliskiyi
tanimlamistir. Modeldeki bilesenler veri, iddia, gerekge, nitelendirici, destek, ve
clirlitmeleri kapsamaktadir. Bu modele gore, iddialar bir probleme ya da bir soruya
¢oziim olarak one siiriilen agiklamalardir ve iddialar verilerle desteklenir. iddialar ve
verilerin arasindaki iliski gerekgeler sunularak ortaya konulur. iddialar giiclendirmek
icin temel bilgiler ve genellemelerden yararlanilarak destekler sunulur. Ayrica,
argiimanlar karsit goriiste olanlarin iddialarmi1 kanitlarla ¢iirtitmek veya kendi
iddiasinin  gecerli olmayacagr durumlar1 acgiklamak i¢in reddedicileri de
kapsamaktadir. Toulmin modeline gore, iyi bir argiiman iyi belirlenmis bir iddia ve bu
iddianin dayandirildigi saglam kanitlardan olugsmaktadir. Ayni yil i¢inde, Perelman ve
Olbrechts-Tyteca New Rhetoric adli kitaplarinda sosyal baglamda yapilandirilan
argiimanlar1 incelemis ve argiimanin amacinin dinleyicileri etkileme ve ikna siireci
olarak belirtmislerdir. Ancak, Toulmin ve Perelman ve Olbrechts-Tyteca’nin teorileri
durumsal ve baglamsal faktorleri goz 6niinde bulundurmadigi dogrultusunda birgok
elestiriye maruz kalmis ve formal mantiga, alternatif olmadiklan tartistlmistir (Van
Eemeren, 2002). Bu elestirilere cevap olarak informal mantik hareketi ortaya ¢ikmustir.
Bu alanda, Johnson ve Blair (1994) 6nermeler ve sonuclar arasindaki iliskiye
odaklanirken, Walton (1996) mesru akil yiiriitmeye dayali tartisma semalari
gelistirmistir. Her iki modelde giinliik hayatta kurgulanan arglimanlar1 incelemek ve
degerlendirmek icin arastirmacilar tarafindan kullanilmaktadir.

Argiimantasyon, kanitlarin yorumlanmasi ve var olan teoriler 1s181nda teorik
Onermeleri verilerle iliskilendirme kapsaminda bilim insanlarinin tartismalarinin
temelini olugturmaktadir. Bu baglamda, argiimantasyon uygulamalar1 bilim egitiminin
onemli bir parcgasi olarak diisiiniilmektedir (Driver, Newton & Osborne, 2000). Bu
nedenle, bilim egitimi arastirmacilar1 ve ulusal ve uluslararasi egitim kurumlar1 bilim
egitiminde arglimantasyonun onemini belirtmis ve bilim egitimi programlarina dahil
edilmesini 6nemle dnermistir (American Association for the Advancement of Science
[AAAS], 1993; National Research Council [NRC], 1996; Driver vd., 2000; Duschl,
2008; Jiménez-Aleixandre, & Erduran, 2008; Kuhn, 2005; Milli Egitim Bakanligi
[MEB], 2013). Bilim egitimi alaninda siiregelen ¢aligmalar agirlikli olarak Toulmin
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(1958) argiimantasyon modelini kullanarak &grencilerin argiimanlarin1  analiz
etmislerdir (Driver vd., 2000; Erduran & Jiménez-Aleixandre, 2007; Erduran, Simon
& Oshorne, 2004; Jiménez-Aleixandre, Rodriguez, & Duschl 2000; Kelly, Chen &
Druker, 1998). Fakat, bazi c¢aligmalarda bu modelin smirliklart oldugu ortaya
konmustur (Bell & Linn, 2000; Kelly vd., 1998; Sampson & Clark, 2008). Ornegin,
bazi arastirmacilar, argliman bilesenlerini birbirinden ayirma konusunda karsilasilan
zorluklar dile getirirken, digerleri bu modelin argiiman igeriklerinin bilimsel olarak
gecerli olup olmadigi konusunda incelemeye olanak saglamadigini tartismislardir. Bu
baglamda, aragtirmacilar Toulmin argiimantasyon modelini degistirmis veya ek
modellemeler gelistirmiglerdir (Erduran vd., 2004; Sandoval, 2003; Zohar & Nemet,
2002). Mesela, Erduran vd. 5 hiyerarsik seviyeden olusan degerlendirme araci
gelistirerek 6grencilerin argiimantasyon niteliklerini incelemistir. Bazi arastirmacilar
ise yapisal boyutta argiiman analizlerinin 6grencilerin akil yiiriitme ve argiiman kurma
becerilerini anlama konusunda yetersiz oldugu i¢in kavramsal ve epistemik boyutlarini
incelemeye almislardir. Kavramsal boyutta arastirmacilar argiiman igeriklerinin
bilimsel olarak uygun olup olmadiklarini incelemislerdir (Clark & Sampson, 2008;
Sandoval & Millwood, 2003). Epistemik boyutta ise arastirmacilar kanitlarla teorilerin
nasil iligkilendirildigini epistemolojik bir bakis agisiyla analiz etmislerdir (Kelly &
Takao, 2002; Sandoval, 2003). Baz1 arastirmacilar ise ¢alismalarinda arglimanlar
birden fazla Dboyutta inceleyerek argiimantasyon siirecini  derinlemesine
aragtirmiglardir (Jiménez-Aleixandre vd, 2000; Tavares, Jiménez-Aleixandre &
Mortimer, 2010). Bu ¢alismalarin sonucunda, 6grencilerin iddialarini desteklemek i¢in
yeterli gerek¢e olusturmadiklart (Sandoval, 2003; Zohar & Nemet, 2002), one
stirdiikleri iddialar1 desteklerken karsit iddialar1 goz Onilinde bulundurmadiklar
(Schwarz, Neuman, Gil, & llya, 2003), iddialarin1 desteklerken bilimsel teorilerden
yararlanmadiklar1 (Clark & Sampson, 2008; Sampson, Grooms & Walker, 2011) ve
iddialarin1 yeterli kanitlarla desteklemedikleri ortaya konmustur (Kelly & Takao,
2002; Jiménez-Aleixandre & Bravo, 2009).

Bilim egitiminde argiimantasyon ¢alismalar1 incelediginde agirlikli olarak
Ogrencilerin arglimantasyon uygulamalarinin arastirildigi; fakat o6gretmelerin
arglimantasyon ile ilgili bilgi ve becerilerine ¢ok 6nem verilmedigi goriilmektedir.
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Ancak, yapilan caligmalarda dgretmelerin 0grencilerin argiimantasyon becerilerine
direkt etki ettigi acikca ortaya konmustur (Erduran vd., 2004; Newton, Driver &
Osborne, 1999). Zohar’in (2007) belirtigi tizere, 6grencilerin bilimsel argiimantasyon
uygulamalarina olanak saglamak ve yonlendirmek i¢in dgretmenlerin bu konuda
yeterli donanima sahip olmalar1 gerekmektedir. Bu nedenle, 6grencilerden Once
ogretmenlerin bu konudaki pedagojik bilgilerinin sorgulanmasi ve eger gerekliyse bu
konuda egitimlerin ¢ogaltilmas1 gerektigi bir c¢ok arastirmaci tarafindan dile
getirilmistir (Sampson & Blachard, 2012; Simon, Erduran & Osborne, 2006). Bu
nedenle, bu calismada fen bilimi Ogretmenlerinin evrim teorisi baglaminda
arglimantasyon uygulamalart analiz edilmistir.

Bu calismada bilimsel arglimantasyon uygulamalar1 evrim teorisi baglaminda
incelenmistir. Evrim teorisi, biitlin tiirlerin ortak bir atadan geldigini ve evrime etki
eden mekanizmalar ile evrimlesme siirecinde tiirlerin degisimini ve yeni tiirlerin
olusumunu agiklayan bir teoridir. Charles Darwin 1859 yilinda On the Origin of
Species adli kitabinda dogal seleksiyonla tiirlerin evrimini agiklamistir. Daha sonra,
dogal seleksiyon teorisi Mendel’in kalitim iizerine yaptig1 ¢alismalarla birlestirilerek
modern evrim sentezi teorisini ortaya ¢ikarmistir. Modern evrim teorisi, mutasyonlarin
ve dogal seleksiyonun nasil evrimsel degisimlere yol agtigini agiklamaktadir. Her ne
kadar son 20 yilda yapilan egitim reformlarinda evrim Ogretimi Onemle
vurgulanmasina ragmen, yapilan ¢aligmalar 6grencilerin ve hatta 6gretmenlerin hala
kavram yanilgilar1 oldugunu gostermektedir (Evans, 2008; Gregory, 2009; Nehm &
Schonfeld, 2007). Ornegin, 6grencilerin evrimsel degisimleri Lamarck’m sonradan
kazanilan 6zelliklerin kalitim1 ve kullanilan organlarin gelistigi, kullanilmayanlarin ise
koreldigi teorilerini kullanarak acikladiklar1 (Bishop & Anderson, 1990; Jensen &
Finley, 1996), secilim degerini saglikli ve gii¢lii olarak algiladiklar1 (Bishop &
Anderson, 1990; Gregory, 2009) ve evrimsel degisimleri birey diizeyinde agikladiklari
ortaya ¢cikmistir (Gregory, 2009). Kavram yanilgilarinin yani sira son yillarda yapilan
calismalar agirlikli olarak biligsel onyargilara odaklanmistir (Evans, 2008; Sinatra,
Brem & Evans, 2008). Bu baglamda, bilissel bilimler iizerine yapilan ¢alismalar evrimi
anlamay1 zorlastiran ve ayn1 zamanda kavram yanilgilarina neden olan 3 temel bilissel
Onyargi ortaya ¢ikmistir: teleolojik, amacglhilik ve 6zciiliik. Teleolojik 6nyargi, evrimsel
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degisimlerin belirli bir amac¢ dogrultusunda gerceklestigi ile ilgilidir. Amachlik,
evrimsel degisimlerin biligsel olarak kontrol edildigini varsayan bir biligsel onyargidir.
Ozciiliik ise tiirleri belirli kategorilerde smiflandirarak popiilasyon igerisindeki
varyasyonlari goz ardi eden egilime dayali bir 6nyargidir. Bu ¢alismada, fen bilimleri
Ogretmenlerinin argiimantasyon uygulamalarinda yararlandiklar1 biyolojik evrim
bilgileri incelenecektir. Fen bilimleri Ogretmenleri bilim insanlarinin evrim
konusundaki goriis ve bilgileri ile toplumun ve Ogrencilerin evrim ile ilgili bilgi
yetersizligi ve kavram yanilgilar1 arasinda baglanti kurma adina onemli bir koprii
gorevi ustlenmekte oldugu igin bu c¢alismanin odak noktasim1 fen bilimleri

Ogretmenleri olusturmaktadir.
Arastirmanin Amaci

Bu c¢alisma, argiimantasyon uygulamalar1 ve evrim teorisi konusunda
kavramsal anlama g¢aligmalariin kesisiminde konumlanmaktadir. Bu baglamda, bu
calismanin amaci, evrim teorisi baglaminda fen bilimleri &gretmenlerinin
arglimantasyon uygulamalarimin kavramsal, yapisal ve epistemik boyutlarda
incelemek ve Ogretmenlerin evrim kavramlart ile argiimantasyon uygulamalarinin

farkli epistemik diizeylerde nasil birlestigini aragtirmaktir.
Arastirmanin Onemi

Bilim  egitiminde arglimantasyon konusunda yapilan arastirmalar
incelendiginde, arastirmacilarin agirlikli olarak 6grencilerin argiimanlariin yapisal
boyutta inceledikleri ortaya c¢ikmaktadir. Yapisal boyutta inceleme, argliman
bilesenleri ve akil yiiriitme becerileri hakkinda bilgilenmemizi saglamakta; fakat
sadece yapisal boyutta inceleme argiimantasyon uygulamalarini derinlemesine
anlamamizi sinirlandirmaktadir. S6yle ki, olusturulan bilimsel argiimanlarin bilimsel
bilgiye uygun olup olmadigi ve verilerin teorilerle nasil iligskilendirildigi
argiimantasyon uygulamalarinin onemli bilesenlerini olusturmaktadir. Bu nedenden
dolayidir ki, arastirmacilar arglimantasyon analizlerinde farkli ek boyutlar1 da goz

oniinde bulundurulmasi gerektigini belirtmislerdir (Sampson & Clark, 2008; Sandoval
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& Millwood, 2003). Argiimanlarin farkli boyutlarda incelenmesi bilimsel argiiman
kurma becerileri konusunda anlayisimizi gelistirir ve bu anlayis bilim derslerinde daha
verimli bilimsel argiimantasyon uygulamalarina olanak saglamak i¢in miifredat ve
ders igerigi hazirliklarina katkida bulunabilir.

Ayrica, arglimanlarin kavramsal agidan degerlendirilmesi baglamdaki konu
hakkinda kavramsal anlamay1 analiz etmeye olanak saglayabilir ¢iinkii argiiman kurma
siireci kavramsal bilgilerin kullanilmasin1 ve baglamdaki konuyu anlamay1
gerektirmektedir. Bu nedenle, bu ¢alismada fen bilimleri 6gretmenlerinin evrim teorisi
ile ilgili argimanlar1 incelenerek kavramsal anlama analizi yapilmistir. Evrim teorisi
kapsaminda yapilan ¢aligmalar agirlikli olarak 6grencilerin kavramsal anlamalarina
odaklanmis ve evrim teorisini bilimsel bilgilere uygun bir sekilde derslerine adapte
etmeleri beklenen dgretmenler ile yapilan ¢alismalar sinirli kalmistir. Bu baglamda,
yapilan ¢aligmalar Ogretmenlerin sahip olduklar1 bilgilerinin yani sira kavram
yanilgilarin1 da derslerine tasidiklar1 ve 0grencilerin yeteriz ya da yanlis kavramlar
gelistirmelerine neden olduklar1 6nceki ¢alismalarda ortaya konmustur (Smith, 2010).
Bu nedenle, fen bilimleri 6gretmenlerinin evrim teorisi ile ilgili sahip olduklar
kavramlar1 arastirmak, Ogretmenlerin alan bilgilerini gelistirmeye odaklanan
arastirmacilar ve 6gretmen egitmenleri i¢in 6nemlidir.

Son olarak, bilim derslerine arglimantasyon uygulamalarin1 entegre etmeleri
beklenen fen bilimleri 6gretmenlerinin bilimsel argiimantasyon konusundaki bilgi ve
becerilerini arastiran yetersiz sayida ¢alisma mevcuttur. Fakat 2013 yeni fen bilimleri
miifredat1 argiimantasyon tabanli fen 6gretimini 6nermekte ve bu konuda fen bilimleri
Ogretmenlerine Ogrencilere fikirlerini savunabilecekleri bir ortam dizayn etmeleri,
argliman olusturma siireglerinde sorularla 6grencileri yonlendirmeleri ve genel olarak
arglimantasyon siirecini verimli bir sekilde yiiriitmelerini tavsiye etmektedir. Zohar’in
(2007) 6nemle altin1 ¢izdigi iizere argiimantasyon konusunda yeterli bilgi ve becerilere
sahip olmayan Ogretmenlerden verimli bir arglimantasyon siireci yiirlitmeleri
beklenemez. Bu nedenlerden dolayi, fen bilimleri 6gretmenlerinin bu konudaki bilgi
ve becerilerini ortaya c¢ikarmayr amaclayan bu ¢alismanin bulgulart 6gretmen
egitimenleri ve hizmet i¢gi egitim tasarlayan egitmenler i¢in yararli bir kaynak olacagi
diistiniilmektedir. Ayrica, bu ¢aligmada 6gretmenlerin bilgi ve becerilerini soru cevap

289



yontemi ile ortaya ¢ikarmaktan ziyade, 6gretmenleri argiimantasyon uygulamalarina

direkt katarak bu alandaki pratiklerinin incelenmesi amaglanmaktadir.

2. Yontem
Arastirmanin Deseni

Bu arastirmada nitel bir calisma olan ¢oklu-durum deseni kullanilmistir.
Veriler 4 farkli uygulamayla toplanmistir. Bu uygulamalar 6ncelikle ayr1 bir sekilde

kendi i¢inde incelenmis, daha sonra uygulamalar arasinda karsilastirmalar yapilmistir.
Orneklem

Calisma 6zel ve devlet okullarinda fen bilimleri 6gretmeni olarak ¢alisan 4
ogretmen ile yirttiilmiistiir. Gizlilik ilkesi nedeniyle ¢alismada katilimcilarin isimleri
gizlenerek katilimcilara su sekilde kod isimler verilmistir; Burcu, Leyla, Selin ve
Beste. Ogretmenlerin secilmesinde 2 kriter g6z 6niinde bulundurulmustur. Bunlardan
ilki 6gretmenlerin evrim dersi almasidir ¢linkii veri toplama araci olarak kullanilan
senaryolar evrimsel olaylar1 igermektedir ve §gretmenlerin probleme dayali evrimsel
olaylara cevap verebilmesi icin belirli bir diizeyde evrim bilgisine sahip olmasi
beklenmektedir. Diger kriter ise Ogretmenlerin hem aldiklar1 evrim derslerindeki
basarist hem de evrim oOgretimi konusundaki deneyimleri ile ilgilidir. Secilen
Ogretmenlerden ikisi (Selin ve Beste) evrim dersinde diger iki 6gretmene (Burcu ve
Leyla) nazaran daha basarihidir, ayrica 2 dgretmen evrim dersini (Selin ve Beste)
8.smiflarda islemistir, digerleri (Burcu ve Leyla) ise evrim 6gretimi konusunda heniiz

deneyime sahip degillerdir.
Ol¢cme Araclari

Senaryolar: Bu calismada “Venezuela Lepistesleri”, “Balinalar”, “Laktoz
Duyarsizlig1” ve “Kambriyen Donemi” olmak tizere farkli evrimsel problemler igeren
senaryolar kullanilmistir. Dogal ve cinsel secilim ile ilgili “Venezuela Lepistesleri”

senaryosu Sampson ve Blanchard’in (2012) calismasindan, makro evrim ile ilgili
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“Balinalar” senaryosu Yalcinoglu’nun (2007) ¢alismasindan, kademeli ve sigramali
evrim ile 1ilgili “Kambriyen D&nemi” senaryosu ise Tavares vd.’nin (2010)
calismasindan alinmis olup, Tiirkgeye adapte edilerek ¢alismaya uygun olacak sekilde
degistirilmistir. Senaryolarin kullanim izinleri arastirmaci tarafindan alinmistir. Diger
senaryo olan gen-kiiltiir birlikte evrim ile ilgili “Laktoz Duyarsizlig1” senaryosu ise
arastirmaci tarafindan gelistirilmistir. Senaryolarin Tiirk¢e versiyonu biyoloji alaninda
uzman 3 kisi tarafindan kontrol edilmis olup 5 fen bilgisi 6gretmenligi son sinif
Ogrencisi, 3 fen bilimleri 6gretmeni ve 3 biyoloji boliimii son sinif 6grencisiyle pilot
caligmasi yapilmistir. Senaryolar, evrimsel bir olay ve bu olayin nasil meydana geldigi
ile ilgili sorular igermektedir. Bu sorulara cevaben 2 ya da 3 alternatif agiklama
sunulmaktadir.

Goriisme Calismanin verileri Biligsel Degerlendirme Goriismesi (Cognitive
Appraisal Interview, Silverman, 2010) teknigi ile toplanmistir. CAI katilimcilara,
heniiz yaptiklart uygulamalar konusunda derinlemesine diisiinme ve mantiksal bir
temel olusturma firsati saglamaktadir. Goriismelerde senaryolar {izerinden
argiimantasyon uygulamalar1  gergeklestirilmigtir. ~ Oncelikle fen  bilimleri
ogretmenlerine verilen senaryoyu okumalar1 ve evrimsel bir olay ile ilgili bir probleme
cevap olarak alternatif agiklamalardan birini segmeleri istenmistir. Sonrasinda karar
verdikleri agiklamay1 neden segctikleri sorulmus ve bu agiklamaya dayali olarak bir

argliman olusturmalari istenmistir.
Verilerin Analizi

Veriler 6 farkli 6lgme aracit kullanilarak analiz edilmistir. Fen bilimleri
ogretmenlerinin alternatif agiklamalar1 degerlendirirken kullandiklar: kriterlerinin
bilimsel olarak gecerli olup olmadigini analiz etmek i¢in Sampson vd.’nin (2011)
gelistirdigi 6l¢iim araci kullamlmustir. Ogretmenlerin evrim teorisi baglaminda
kavramsal analizi konusunda 6ncelikle evrimsel kavramlari ana kavramlar, kavram
yanilgilar1 ve biligsel dnyargilar olmak tizere 3 ana kategoride siniflandirmak amaciyla
Nehm vd.’nin (2010) &l¢iim aract kullanilmis, sonrasinda ise bu kategorilere dayali

olarak kavramsal anlamalart Abraham vd.’nin (1992) 6 diizeyden olusan 6l¢iim araci
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ile kodlanmistir. Ogretmenlerin argiimantasyon uygulamalarmm yapisal boyutu
Erduran vd.’nin (2004) hiyerarsik yapiya sahip 5 diizeyden olusan argiimantasyon
modeli kullanilarak incelenmistir. Bu modele gore, 1. diizeyde arglimanlar sadece
iddialar igerir; 2. diizeyde arglimanlar iddialar ve iddialar1 destekleyen gerekge ve
kanitlar igerir; 3. diizeyde iddialar ve gerekgelerin yaninda zayif ¢iiriitiicii iddialar
bulunur; 4. diizeyde 1 adet giiglii ¢iiriitiicii argiiman varken, 5. diizeyde ise birden fazla,
giiclii delilerle desteklenen ciiriitiicii argiimanlar bulunmaktadir. Ogretmenlerin
arglimantasyon uygulamalarinin epistemik boyutu ise Tavares vd.’nin (2010) 6l¢tim
araci kullanilarak analiz edilmistir. Bu 6l¢iim aract Kelly ve Takao (2002) tarafindan
gelistirilmistir. Bu modelde, en altinda en 6zel, temel iddialar; en iistiinde daha genel,
teorik iddialar igermektedir. Epistemik diizeyler hiyerarsik yapida degillerdir; onun
yerine giliclii arglimanlar farkli epistemik diizeyler icermektedir. Bilimsel argiimanlari
savunma siireci spesifik alan bilgisi gerektirir (Kelly ve Takao, 2002). Bu baglamda,
Tavares vd. (2010) bu modeli biyolojik evrime adapte etmislerdir. Bu model 5
epistemik diizeyden olugmaktadir: 1. diizeyde, iddialar senaryolarda bulunan ampirik
verileri igerir; 2. dilizeydeki iddialar onceki deneyim ve bilgilerden olusturulan
kanitlart igerir; 3. diizeyde, iddialar teorik bilgiler ya da konuya spesifik veriler igerir;
4. diizeydeki iddialar tartigilan konuya spesifik biyolojik evrim ile ilgili teorik bilgiler
igerir; 5. diizeydeki iddialar sadece konuya spesifik bilgiler yerine, evrim teorisi ile
ilgili genel teorik bilgiler igermektedir. Son olarak, 6gretmenlerin kavramsal bilgilerini
kullanarak argiimantasyonlarin1 farkli epistemik diizeylerde nasil olusturduklarini
incelemek i¢in ise Tavares vd.’nin (2010) bir diger 6l¢tim araci kullanilmistir. Bu
Ol¢lim arac1 arglimantasyon uygulamalarmin 3 boyutunun birbiriyle nasil entegre

oldugunu analiz edilmesini saglamaktadir.
3. Bulgular ve Tartisma

Calismanin sonuglar1 fen bilimleri 6gretmenlerinin alternatif agiklamalari
degerlendirirken genel olarak bilimsel anlamda gecerli kriterler kullandiklarini
gostermistir. Bu kriterler arasinda iddianin verilerle ve bilimsel teorilerle uyumlu

olmasi dgretmenler arasinda en ¢ok kullanilan kriterlerdir. Ogretmenler arasinda

292



kullanilan kriterler farklilik gostermektedir. Kavramsal anlamalari daha yiiksek
diizeylerde olan ogretmenler agirlikli olarak iddialarin  bilimsel teorilerle
uyumluluguna bakarken, kavramsal anlamalar1 digerlerine gore daha diisiik
diizeylerde olanlar verilerin iddialarla uyumlulugunu daha ¢ok g6z Oniinde
bulundurmuslardir. Bu bulgu, Sampson ve Blanchard’in (2012) bulgulariyla paralellik
gostermektedir. Sampson ve Blanchard bilim 6gretmenleri ile yaptiklari ¢alismada
kavramsal bilgileri yiiksek olanlarin diisiik olanlara kiyasla alternatif aciklamalari
degerlendirirken daha c¢ok bilimsel teorilerin uyumlulugu kriterini kullandiklari
sonucuna varmislardir. Arastirmacilar konu hakkinda yeterli bilgisi olmayan
Ogretmenlerin genellikle verilere dayali olarak karar verdiklerini ortaya ¢ikarmistir.
Sonug olarak, bu ¢alismanin sonuglar1 bu bulgular1 destekler niteliktedir ve kavramsal
anlaminin kullanilan kriterleri etkiledigi ortaya konmustur.

Bunlarin yani sira, kavramsal anlama diizeyleri diisiik olan 6gretmenlerin bazi
senaryolarda informal, yani bilimsel olarak gecerli olmayan daha ¢ok giinliik
hayatlarinda kullandiklar1 kisisel teorilere bagvurduklari da bulunan sonuglar
arasindadir. Bu konuda Sampson vd. (2011) kisisel teoriler eger bilimsel olarak gecerli
bilgilerle birlesirse anlamli bir degerlendirme olacagin dile getirmistir. Bu ¢alismada
da kavramsal anlama diizeyi digerlerine gore daha diisiik olan bir 6gretmen alternatif
aciklamalar1 degerlendirirken genellikle yanlis sonuca vardigi; fakat kavramsal
anlama diizeyleri yliksek olan Ogretmenlerin ise genellikle dogru alternatif
aciklamalara yoneldikleri ve bazen yanlig olan alternatif agiklamalar1 degistirerek
bilimsel olarak gegerli agiklamalarda ve degerlendirmelerde bulunduklar1 ortaya
¢ikmistir. Bu bulgu Sampson ve Clark’in (2011) kavramsal bilgileri konusunda ytiksek
ve diisiik performanshi gruplarla yaptiklar1 c¢alismanin sonucuna paralellik
tasimaktadir. Boylece kavramsal anlama bilimsel olarak gecerli Kriterlerin
kullanilmasinda belirleyici olabilir.

Ayrica bu ¢caligma kavramsal anlama diizeyleri konusunda 4 farkli profil ortaya
cikarmistir. Ogretmenlerden bir tanesi (Leyla) digerlerine gére kavramsal anlama
diizeyi diisiiktiir; yani argiimanlarinda evrim konusunda ana kavramlar1 hemen hemen
hi¢ kullanmazken, agirlikli olarak adaptasyon ve Lamarck’in kullanilan organlarin
gelistigi kullanilmayanlarin koreldigi teorisi ile ilgili kavram yanilgilar1 ve teleolojik
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ve Ozciliik ile ilgili biligsel dnyargilari ortaya ¢cikmistir. Bir diger 6gretmen (Burcu)
ise argiimanlarinda evrim konusunda ana kavramlara (6rn. varyasyon, genlerin kalitsal
aktarimi, dogal secilim) cok¢a basvurmasina ragmen hala kavram yanilgilar ve
teleolojik ve ozciiliik ile ilgili biligsel on yargilarinin oldugu ortaya konmustur. Diger
iki dgretmenin (Selin ve Beste) ise agirlikli olarak evrim ile ilgili ana kavramlara
basvurduklar1 goriilmiistiir; fakat Selin’in Beste’ye nazaran ana kavramlara daha ¢ok
agirlik vermesine ragmen Selin’in bazi konularda bilissel 6nyargisi oldugu, Beste nin
ise herhangi bir kavram yanilgis1 ve biligsel Onyargist olmadigi ulasilan sonuglar
arasindadir.

Bu calismada ozellikle iki 6gretmenin (Selin ve Burcu) ana kavramlari
kullanirken bununla birlikte kavram yanilgilarinin ve bilissel dnyargilarinin oldugu
saptanmigtir. Bu sonu¢ Opfer, Nehm ve Ha’nin (2012) sonuclariyla benzerlik
tagimaktadir. 3 Ogretmen (Selin, Leyla ve Burcu) arasinda teleolojik bilissel
Onyarginin (6rn. “yasamak i¢in”, “hayatta kalmak adina’) 6ne ¢iktig1 gozlemlenmistir.
Bu bulgu, 6nceden yapilan ¢alismalarin sonuglarini desteklemektedir (Ha & Nehm,
2014; Jensen & Finley, 1996; Nehm & Schonfeld, 2007). Ayrica, Sinatra vd. (2008)
ve Moore vd. (2002) ¢alismalarinda biligsel onyargilarin kavram yanilgilarina neden
olacagimi tartigmiglardir. Bu calismada bu sonuca paralel bulgulara rastlanmistir.
Ogretmenlerin bilissel dnyargilari nedeniyle 6zellikle adaptasyon konularida kavram
yanilgilar1 ortaya ¢ikmustir (6rn. “hayatta kalmak i¢in ortama adapte olmuslardir”).
Yani, bazi oOgretmenler adaptasyonu hayatta kalmak amaciyla gerceklestigini
savunmuslardir; diger bir deyisle adaptasyonu bir amag¢ dogrultusunda gergeklestigini
diistiinmektedirler.

Bu bulgulara ek olarak, 6gretmenlerin arglimantasyon uygulamalar1 yapisal
boyutta incelendigi zaman, agirlikli olarak 2. diizeyde argiiman olusturduklari ortaya
cikmistir. Diger bir deyisle, 6gretmenler segtikleri iddialar1 veri, gerekce ve desteklerle
savunurken, diger alternatif a¢iklamalar1 ¢ok fazla gbz Oniinde bulundurmamis ve
kars1 argiimanlar olusturmamislardir. Bu bulgu Sampson vd.’nin (2011) buldugu
sonuclarla uyumludur. Sampson vd. bu egilimin onayli 6nyargidan kaynaklandigin,
bu Onyargi yoluyla 6grencilerin sadece kendi diisiincelerine desteklemeye egilimli
olduklarini tartigsmistir. Bu ¢alismanin bulgular1 da 6gretmenlerin onayli dnyargilara
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sahip olduklarim1 gostermektedir. Yapisal boyutta Ggretmenlerin argiimantasyon
uygulamalar arasinda goze carpan bir farklilik olmamasina ragmen, olusturduklari
kars1 argiimanlarin nitelik ve sayisinda bazi farkliliklar saptanmistir. Yani, genellikle
kavramsal anlama diizeyleri yiiksek olan 6gretmenlerin diisiikk diizeyde olanlara
nazaran daha ¢ok karsi arglimanlar irettikleri ortaya ¢ikmistir. Bu bulgu 6nceki
yapilan c¢alismalarla benzerlik tasimaktadir (Acar, 2008; von Aufschnaiter, Erduran,
Osborne & Simon, 2008; Sadler & Donnelly, 2006). Sonug olarak, bulunan sonuglar
1518inda, kavramsal anlamanin argiimantasyon uygulamalarina belirli bir dereceye
kadar katkis1 olsa da, yapisal boyutta yiiksek diizeylerde argliman olusturma becerisi
icin sadece kavramsal anlama yeterli olmadigi sonucuna varilabilir.

Fen bilimleri 6gretmenlerinin arglimantasyon uygulamalar1 epistemik boyutta
incelendigi zaman, biitiin 6gretmenlerin verilere dayali 6nermelere nazaran gogunlukla
teorik onermeler olusturduklari ortaya ¢ikmistir. Diger bir deyisle, 6gretmenler teorik
onermelerini yeterli verilerle desteklememistir. Bu bulgu 06grencilerle yapilan
caligmalarin sonuglar ile paralellik gostermektedir (Jiménez-Aleixandre & Bravo,
2009; Kelly & Takao, 2002; Maloney, 2007; Tavares vd., 2010). Bu bulgu iki olasilikla
aciklanabilir. Ilki, kavramsal anlama diizeyleri yiiksek olan dgretmenlerin daha ¢ok
teorik onermelere yoneldigi ile ilgilidir. Her ne kadar 6gretmenlerin hepsi yetersiz veri
kullansalar da, 6gretmenler arasinda bu konuda bir farklilik gézlenmistir. Kavramsal
anlama diizeyi digerlerine nazaran daha diisiik olan Leyla, diger 6gretmenlere kiyasla
daha fazla verilere dayali 6nermeler One siirmiistiir. Bu agidan bakildig1i zaman
kavramsal anlama, ayni alternatif agiklamalar1 degerlendirirken kullandiklar
kriterlerde de oldugu gibi daha fazla teorik bilgilerin ortaya ¢ikmasii saglamistir.
Ayni zamanda, Jiménez-Aleixandre ve Bravo (2009) ¢alismalarinda tartistig: {izere,
bu sonug 6gretmenlerin veri ve teoriyi iliskilendirme konusunda yetersiz olduklarinin
da bir gostergesi olabilir.

Caligmada kullanilan senaryolar aras1 varyasyonlara bakildiginda, kullanilan
kriterler, epistemik ve yapisal boyuttaki argiimantasyon uygulamalarinda herhangi bir
degisiklige rastlanilmamistir. Ancak, 6gretmenlerin kavramsal boyutta argiimantasyon
uygulamalar1 incelendiginde, oOgretmenlerin Ozellikle “Laktoz Duyarsizligi”
senaryosunda daha cok teleolojik ve amaglhilik biligsel dnyargilart ¢iktigi saptanmuigtir.
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Laktoz Duyarsizligi senaryosunun insan evrim ile ilgili oldugu gbéz Oniinde
bulundurulursa, bu sonug¢ beklenilen bir sonugtur ¢ilinkii giinlilk hayatta insanlarin
davraniglar1 ve olaylara yaklagimi bilingli ve bir amag¢ dogrultusunda oldugu i¢in
Ogretmenlerin insan evriminin de bu yaklagimlarla gergeklestigini diistinmeleri
sasirtict degildir.

Son olarak, bu ¢alisma fen bilimleri 6gretmenlerinin kavramsal bilgilerini
kullanarak argiimanlarini farkli epistemik diizeylerde nasil olusturduklarini incelemis
ve arglimanlarinda evrim teorisi ile ilgili ana kavramlarin yaninda o6zellikle 2
Ogretmenin (Burcu ve Leyla) kavram yanilgilarini kullandiklart ortaya ¢ikan sonuglar
arasindadir. Kullandiklar1 bu 6nermelerin ¢ogunlugu agirlikli olarak konuyla ilgili ya
da genel teorik bilgiler igermektedir. Ayn1 zamanda, argiimantasyon uygulamalari
kavramsal, yapisal ve epistemik boyutlarda incelendigi zaman bu ii¢ boyutun
birbirleriyle iliskili olduklar1 da ortaya konmustur. Bagka bir deyisle, bilimsel argiiman
kurma siirecinde, bilimsel olarak gecerli kanit ve gerekgelerin kullanilmasi, uygun
kars1 argiimanlarin olusturulmasi ve bunlarin arasindaki iliskiyi bilimsel olarak uygun

bir sekilde kurulmasi kavramsal anlamay1 gerektirmektedir.
4. Oneriler

Bu calismada, arglimantasyon uygulamalarinin kavramsal, yapisal ve
epistemik boyutlarda incelenmesi bu boyutlarin birbirleriyle iligkisini agik bir sekilde
ortaya koymustur. Daha agik bir sekilde izah etmek gerekirse, kavram yanilgilari ya
da bilimsel bilgiyle ¢elisen alternatif agiklamalari ¢iiriitebilmek, bilimsel olarak uygun
kanit ve destekler sunabilmek icin kavramsal anlamalarinin, verilerle teorileri uygun
bir sekilde iliskilendirmek i¢inse kanit kullanma becerilerinin gelistirilmesi gereklidir.
Boyutlar arasindaki bu iliski iki sekilde yorumlanabilir. Ilki, argiimantasyon
uygulamalarinda yeterli ve uygun kanit kullanmaya ve bilimsel olarak gegerli
kavramlar olusturmaya yapilan vurgu, 6grencilerin ve 68retmenlerin hem kavramsal
hem de epistemolojik anlayislarini gelistirebilir. Ayn1 zamanda bu becerilere yapilan
vurgular bireylerin bilimsel arglimantasyon becerilerini de gelistirecektir. Bu anlamda,

fen bilimleri dersi ve 6gretmen egitimi miifredatlarini gelistirenler i¢in bu bulgular su
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sekilde kullanilabilir; arglimantasyon uygulamalar1 bu becerilere yapilan vurgularla
yiriitiilebilir.

Yukarida bahsi gecen konuyla ilgili olarak, bu caligmada argiimantasyon
uygulamalari evrim teorisi baglaminda incelenmistir. Bu baglamda, evrim teorisini
anlama, uygun kanit ve gerekgelerin kullanilmasi, bilimsel olarak gegerli teorilerle
kanitlarin iligkilendirilmesi ve kavram yanilgilar1 ve yanlis bilgiler igeren alternatif
aciklamalan ¢iirtitmek i¢in gerekli oldugu saptanmistir. Bu yoniiyle, argiimantasyon
uygulamalar1 evrim teorisi konusunda kavramsal anlamay1 gelistirebilir. Diger bir
deyisle, katilimcilar alternatif agiklamalari degerlendirirken ve uygun kanitlarla
kavramsal bilgilerini iliskilendirirken aslinda ayni zamanda var olan kavramsal
bilgilerini degerlendirme ve farkli epistemik diizeylerde bu bilgilerini birlestirme
firsat1 bulmus olurlar. Bu nedenle, bu siire¢ bilgiyi isleme ve yapilandirma siireci
olarak karsimiza ¢ikmaktadir. Bu yoniiyle, argiiman olusturma siireci aslinda bilgiyi
yapilandirma siireci olarak evrimsel bilginin gelismesini saglamistir. Bu agidan
bakildiginda, argiimantasyon uygulamalari evrim O6gretimine katkida bulunurken,
evrimsel kavramlarin gelismesi de bilimsel argiimantasyon uygulamalarini
gelistirebilir. Sonug olarak, yukarida bahsedilen sonuglarin 2 uygulamas olabilir. I1ki,
argiimantasyon uygulamalar1 evrim bilgisini gelistirmek adina bir araci olabilir ve ayni
zamanda, bir¢cok bilimsel disiplini kapsayicit roliiyle evrim teorisi bilimsel
arglimantasyon uygulamalari i¢in uygun bir konu olabilir.

Bu onerilere ek olarak, incelenen 3 boyutun arasindaki iliski ve 6gretmenlerin
bu 3 boyuttaki yetersizlikleri goz 6niinde bulunduruldugunda, bu ¢alismanin sonuglari
bilimsel argiimantasyon siireci i¢in gerekli olan bazi becerilerin altin1 ¢izmektedir.
Bunlar, bilimsel olarak gegerli kavramsal bilgilerin argiiman olusturma siirecinde
kullanilmasi, kanitlarin uygun teorik Onermelerle birlestirilmesi ve uygun kars
arglimanlar olusturulmasii kapsamaktadir. Bu baglamda, bu becerilerin miifredat
kazanimlarinda ele alinmasi konusunda fen bilimleri 6gretmen egitimcileri ve ayni
zamanda fen bilimleri egitimi miifredat gelistiricileri i¢in dnemli birer ¢ikti oldugu
distiniilmektedir.

Son olarak, bu calismada fen bilimleri 6gretmenlerinin evrim teorisi ile ilgi
kavram yanilgilar ve bilissel dnyargilari oldugu tespit edilmistir. Ozellikle, evrimsel
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ana kavramlarin c¢ogunlukla kullanildig1 O6gretmenlerde hala biligsel Onyargilarin
olmasi fen bilimleri 6gretmen ve adaylari i¢in hazirlanan egitimlerde sadece ana
kavramlarin ogretimi degil ayn1 zamanda bilissel Onyargilarinda ele alinmasi

gerektigini gostermistir.
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APPENDIX E

TEZ FOTOKOPISI iZIN FORMU

ENSTITU
Fen Bilimleri Enstitiisii |:|
Sosyal Bilimler Enstitiisii X

Uygulamali Matematik Enstitiisii

Enformatik Enstittisi

Deniz Bilimleri Enstitiisi

YAZARIN

Soyadi :Yesilyurt
Adi . Ezgi
Boliimii : Tlkogretim

TEZIN ADI (ingilizce) : Conceptual, Structural and Epistemic Aspects of
Science Teachers’ Argumentation Practices In The Context of Evolutionary

Theory

TEZIN TURU : Yiiksek Lisans | X

Doktora

Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir.

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

Tezimden bir bir (1) yil siireyle fotokopi alinamaz.

TEZIN KUTUPHANEYE TESLIiM TARIiHI:
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