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Abstract— Argumentative discourse in classrooms is given much importance by science educators due to its
potential contributions to teachers’ general pedagogical knowledge of teaching higher order thinking skills and
strategies as well as its learner-centered nature. For this reason, the present study searched for a possible link
between pre-service teachers’ domain-specific knowledge and the quality of their argumentations. For data
collection, Lyngved’s (2009)‘Cloning Conceptual Understanding Exam’ (CCUE) was administered to PSTs.
Given the results of the CCUE, the PSTs (44 female and 10 male) were divided into three cohort groups as high,
middle, and low-achievers. Further, semi-structured interviews were conducted with three PSTs. They were
exposed to three (controversial) cloning scenarios and asked to constitute scientific argumentations. The
argumentations generated by the PSTs were qualitatively analyzed using an analytical assessment tool by
Erduran, Simon, and Osborne (2004). The results showed no straightforward relationship between the PSTs’
content knowledge and the quality of their argumentation. The findings concerning the link between content
knowledge and argumentation quality were discussed. Further studies could look at the relationship between
content knowledge and argumentation quality with a different subject matter and larger-sized samples.
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Introduction

Nowadays, scientific literacy is considered to be one of the most significant issues by
many of educational systems throughout the world (AAAS, 2000). Scientifically literate
individuals are expected to be able to adapt to fast-developing scientific and technological
changes. Therefore, paving the way for future generations as better civilizations with such

individuals is one of the broader goals of science education. In this context, in many
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countries, contemporary science curriculum studies have acknowledged that science

education has an important place in terms of putting the contemporary educational goals, and

scientific literacy in particular, into practice (Council of Ministers of Education, Canada,
1997; Curriculum Council of Western Australia, 1998).

Critical thinking and inquiry have a major role in line with the contemporary goals of
science education. Engaging in scientific argumentation, then becomes important in science
education as a suitable pedagogical tool in carrying out the above-mentioned goals and in
teaching the processes in which scientists construct and articulate scientific theories (Erduran,
2007). Argumentation, as Kuhn (1993) states, is a dialogical discussion with two or more
individuals involved, which is based on arguing both competing and alternative claims in the
same context. Argumentation can be handled in two ways: firstly, rhetorical argumentation is
a process in which individuals present propositions to a specific claim or generate
justifications about a discussion topic. Secondly dialogical (dialectical) or multi-voiced
argumentation is a process in which different viewpoint(s) are assessed and debated regarding
one or more claims in order to reach a consensus in a discussion community (Kuhn, 1993). To
elaborate, Simon and Johnson (2008) state that, especially in teaching and learning science,
elementary students should actively engage in scientific argumentations in order to acquire
the knowledge and skills necessary to understand scientific phenomena, experiments, models,
and explanations. Moreover, in these science learning processes, argumentation has a unique
role as one of the purposes of scientific inquiry is to comprehend the operations for revealing
natural phenomena and beliefs, and also for generating knowledge claims. In addition, most
of the conceptions taught in science classes are these kinds of scientific knowledge (Jimenez-
Aleixandre, Rodriguez & Duschl, 2000). However, argumentation is not only limited to
contributing to the conceptual understanding of students. According to Bricker and Bell
(2008), who define argumentation as a core practice of scientific endeavor, the goal of science
education is not to train students as specialists in a specific knowledge domain, but to
encourage them to engage in discourse in general and argumentation in particular in a social
constructivist sense. Thus, students should be given the chance to articulate their positions in
a classroom atmosphere which has to be designed from a social constructivist perspective and
their argumentation should be consistent with constructivist epistemology (Erduran &
Jimenez-Aleixandre, 2007). Moreover, as many studies report, the integration of scientific
argumentation into relevant learning activities can contribute to increasing scientific literacy
(Driver, Newton & Osborne, 2000; Duschl & Osborne, 2002). According to Driver et al.

(2000), teachers should provide classroom environments to let their students engage in
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argumentation to develop their conceptual qualities, investigative competence, and their
understanding of the epistemology of science and of science as a social practice. It must
however be kept in mind that, in the processes of argumentation, teachers do not adopt a
knowledge transmission model of pedagogy, rather they adapt both themselves and their
students to a pedagogy that requires knowledge construction for an argumentative classroom
culture (Zohar, 2007; Erduran & Jimenez-Aleixandre, 2007). In light of the above discussion,
it can be argued that explicit engagement of PSTs in argumentative processes in which they
have the opportunity to articulate their own ideas comfortably in scientific and socio-scientific
contexts can enhance their general pedagogical knowledge in that they can treat
argumentation as an appropriate pedagogical tool in their own classrooms. Consequently, this
allows the creation of classroom climates that provide the opportunity to educate scientifically

literate and more democratic individuals (Kolsto, 2001).
Students’ Knowledge of Content and Argumentation

In the relevant science education literature, it is reported that the quality of argumentations
generated by individuals can be affected by their social environment (Dawson & Schibeci,
2003), their field knowledge (Roychoudhury & Rice, 2009; Sadler & Donnely, 2006; Sadler
& Fowler, 2006; Means & Voss, 1996), and their teachers (Simon, Erduran & Osborne 2006,
Erduran et al., 2006). In the rest of this paper, relevant literature is discussed in terms of the
link between the quality of argumentation and content knowledge. First of all, a recent study
by Tavares, Jimenez-Aleixandre, and Mortimer (2010) reveals that 12" graders’ domain
specific knowledge of models of the theory of evolution is a determining factor in generating
higher quality scientific argumentations. Moreover, von Aufschnaiter, Erduran, Osborne, and
Simon (2008) inquired how students’ argumentations might relate to their prior scientific
knowledge and they found that students’ pre-knowledge has an incremental effect on their
argumentations, and this study shows that any attempt to improve students’ knowledge
through argumentation is highly related to learners’ prior knowledge. Also, Roychoudhury
and Rice (2009) conclude in their study within the scope of a physics lecture that students’
argumentation quality is positively influenced by their knowledge of physics and the quality
of conceptualizations. Furthermore, Clark and Sampson (2008) propose that while conducting
scientific argumentation activities the divergence of discussants, the intensity (frequency) of
the discussion sessions, the ability to transfer and apply prior knowledge, and students’
conceptual quality are indicative elements in detecting their argumentation quality. In a more
recent study by the same researchers (Sampson & Clark, 2011), the students were first divided
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into groups as high and low achievers according to their level of content knowledge in a
specific knowledge domain. They then took part in cooperative-based scientific discussions
while the researchers observed reciprocal interactions among the student groups. Finally, it
was concluded that high achieving students were able to generate more extended and
sophisticated argumentations compared to the low achievers, which clearly shows in their data
analysis. Another study, a doctoral dissertation by Acar (2008), examining how students’
argumentation quality affect their domain specific knowledge pertinent to buoyancy
demonstrated that when students’ knowledge begin to increase, they are able to generate more
sophisticated and higher quality argumentations. Therefore, the study supports the idea that
the level of prior content knowledge contributes to argumentation. Thus far, we have
considered the significant contribution of content knowledge to argumentation and this is an
expected assumption. Put differently, as Sadler and Donnelly (2006) point out, mastery of the
required science content knowledge relevant to the topic under discussion enables people to
construct higher quality argumentations compared to less-informed peers. However, there are
also some contradictory findings in the literature (Sadler, 2004; Perkins, Faraday, & Bushey,
1991; Kuhn, 1991). For example, Means and Voss (1996) argue that, even though content
knowledge reveals some patterns of argumentation such as generating more knowledge claims
(theory), data (evidence), and warrants (justifications), they do not guarantee articulating
higher quality argumentation. Means and Voss suggest that some basic components of an
argument can be seen frequently within an argumentation process, but in the absence of
counterarguments, weighing and evaluating alternative points of views and rebuttals,
argumentation quality would be restricted to a lower level. In a similar vein, Eskin and
Bekiroglu (2009) examine the extent to which students with prior field knowledge engage in
argumentation. They conclude implicitly and differently from counter-positioned studies that
students’ argumentation quality is not associated with their pre-existing knowledge. Very
similar conclusions were reported in a more recent case study by Hakyolu and Ogan-
Bekiroglu (2011).

In outlining the rationale of the current study, the relevant literature demonstrates that
most studies report a positive link between the variables investigated: degree of content
knowledge and its contribution to argumentation. However, it must be kept in mind that, as is
also clear from our literature review, there is no consensus among scholars as regards content
knowledge affecting argumentation. Also, the aforementioned studies do not present adequate
explanations about whether domain specific knowledge affects argumentation in scientific

contexts. Therefore, PSTs were engaged in the scientific argumentation processes within the
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scope of the present study in order to investigate the relation between the quality of their
scientific argumentations about cloning and their knowledge of content. Thus, the purpose of
the present study was to examine the effect of PSTs’ knowledge of content about cloning on
the quality of their scientific argumentations. Moreover, as an original feature of the current
study, the researchers broadly investigated the socio-scientific aspects of cloning (Topcu,
Sadler & Tiiziin-Yilmaz, 2010; Venville & Dawson, 2010; Sadler & Fowler, 2006; Yoon,
2008). Also, these studies did not treat cloning in particular; they tended to consider it with
respect to biotechnology issues.

In sum, the present study is significant firstly in investigating how the individuals’
conceptual quality affects their argumentations regarding cloning and secondly in contributing
to the relevant literature. The research question of the present study is whether there is a
relation between PSTs’ scientific argumentation quality and their conceptual understanding of

cloning.

Methods
Design of the Study

The present study can be seen as a single case study in that our case presents a bound
structure and we can describe it in a thick description (Creswell, 2007, p. 73). In this study,
the participants were grouped according to their knowledge of content. In a ‘Special Topics in
Biology’ course, the participants engaged in scientific argumentations concerning cloning and
its medical applications. Before the argumentations, basic concepts of argumentation and its
grounds were explicitly introduced to the PSTs to provide a knowledge base for them within a

definite place and time.

Participants

There were 54 participants (44 female and 10 male) who were pre-service senior
science teachers studying at a public university. They were divided into small discussion
groups according to their scores on a conceptual understanding test on cloning as high,
middle, and low achievers. These groups were homogeneous intra-groups, and were
substantially heterogeneous inter-groups in the sense of the group members’ pre-knowledge.
The small discussion groups were arranged based on maximum variation sampling strategy

(Patton, 1990). The rationale in forming small discussion groups is demonstrated in Figure 1:
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Figurel Rationale for identifying small discussion groups

As can be seen in Figure 1, if a PST’s score was higher than the total of the arithmetic mean
and half of the standard deviation, s’/he was grouped with the high achievers; if it was lower,
s/he was grouped with the low achievers; and if it was in the middle, s/he was grouped with
the middle achievers. By these criteria, the students with a score between 4 and 10 formed the
low achievers group, those with a score between 11 and 16 formed the middle achievers

group, and those with a score between 17 and 22 formed the high achievers group.

Data Collection Tools

The present study made use of three different data collection tools which are described
in detail below.

a) Cloning Conceptual Understanding Exam (CCUE)

The CCUE, originally developed by Lyngved (2009), was redesigned by translating and
adapting 10 open-ended and seven multiple-choice questions into the Turkish context. In the
Turkish adaptation process of the CCUE, three field experts were consulted for scientific
language and content relevancy; then, in light of their feedback, it was finalized. The
Cronbach Alpha reliability value of the CCUE was calculated to be 0.78, which is acceptable
for a conceptual understanding test (Fraenkel & Wallen, 2006). Whole items within the
CCUE were evaluated by taking into consideration a pre-designed assessment rubric scaled
from 0 to 3 points. The PSTs’ scores were‘0 point’ at the lowest and ‘30 points’ at the highest,

with ‘1 point’ for each correct answer and ‘0 point’ for the wrong answers in the CCUE.

b) Scientific Scenarios
Three scientific scenarios were designed by the authors in light of the literature to
initiate and engage the PSTs in argumentations. In designing the scenarios, the authors made
use of some fictitious events (Appendix 1). These scenarios were critiqued by three experts in
linguistics, biology, and argumentation, and in line with the field experts’ suggestions, some
parts of the scenarios were rewritten. In addition to this, a preliminary scenario was devised to

adapt the PSTs to argumentative processes. The scenarios used for argumentations are briefly
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described in Table 1:

Table 1 Scientific Argumentation Scenarios

Title of the Scenario Content of the Scenario
Show Your Difference emphasis on two different techniques in cloning procedures
(Preliminary scenario)

for the differences between natural cloning and artificial cloning as well

What is your idea? as some technical and scientific processes of cloning

A Photocopy of a Living with scientific controversies regarding a copied living organism
Organism?

Cloning Procedures with scientific controversies regarding cloning processes

c) Semi-structured interviews

Semi-structured interviews were conducted to reveal the reasons for the emerging
relationship between PSTs’ argumentation and their knowledge of content. The researchers
purposefully selected one PST (25% is the criterion & in total three PSTs) from each small
discussion group by considering his or her willingness. By this way one student from low
achiever, one from middle achiever and one from high achiever group were participated to
interview. In order to pose valid and probing interview questions for healthy member
checking (Creswell, 2007), the authors conducted a pilot with another three PSTs and some
repetitive and incoherent interview questions were taken out of the final protocol and thus the
interview protocol was finalized (Appendix 2). The interviews lasted at least 20 minutes for

the completion of all main and probing questions.

Procedure

Argumentation practices lasted seven weeks and the processes are presented in their
entirety below in Table 2. At first, the researchers administered the CCUE to the PSTs in an
elective course titled ‘Special Topics in Biology’. After dividing all PSTs into small
discussion groups according to data obtained from the CCUE, there was an explicit
introduction of basic argumentation skills and strategies. In order to give some ideas to the
PSTs about argumentative discourse in general, the researchers demonstrated some online
discussion videos concerning GMOs, cloning, astrology (as a pseudoscience), and the theory
of evolution (controversial in nature) in both scientific and socio-scientific contexts. The PSTs
were then given some structured documents in the form of worksheets to introduce the
Toulmin Argument Model (TAP, 1958) and its basic components as claim, data, warrant, and
support. Also, the use of generating counterarguments and rebuttals for the quality of an

argumentation was explicitly pointed out. After this explicit introduction to argumentative
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discourse, the PSTs were asked to put forward argumentations in the context of cloning based
on the three scenarios ‘What’s Your Idea?’, ‘A Photocopy of a Living Organism?’, and
‘Cloning Procedures’. In the course of the argumentation practices, a researcher first
introduced the main idea within each scenario. All members of the small discussion groups
read the entire scenarios, and then they argued for or against the embedded controversies to
attain general agreement if possible. Also, the authors intentionally remained mostly neutral

in the course of these small group discussions.

Table 2 Procedures for Argumentation Practices

Processing
Time Context Type of Instrument
(Week)
Administering CCUE and forming small Cloning Conceptual
L discussion groups Understanding Test (CCUE)
Explicit introduction to argumentation and Show Your Diff
Toulmin Argument Model (TAP) ow Your Litlerence
IIL. D (Pilot scenario)
Engage participants in argumentation and data What is your idea?
L -IV. V. collection A Photocopy.of a Living
Organism?
@ Cloning Procedures
A knowledge-based presentation about genetic
VI cloning Worksheets, online discussion
’ @ videos
VIL Conducting semi-structured interviews Seml—stmcturgd Interview
Questions
Data Analysis

In the literature, much research has been based on the Toulmin Argument Pattern (TAP,
1958) to assess individuals’ argumentations (Jimenez-Aleixandre et al., 2000; Erduran et al.,
2004). In general terms, the TAP has six components. Three of these (claim, data, and
warrant) constitute the grounds for an argument, and the other three components (support,
rebuttal, and qualifier) corroborate or complement an argument. The first three components
are essential for generating an argument while the other three offer more quality and validity.
The structure of the TAP consists of a claim and related data that advocates that claim,
warrants (justification) which coordinate the claim (theory) and the data (evidence), supports

which increase the power of warrants, qualifiers which specify the validity conditions of an
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argument, and finally rebuttals which identify the conditions that make the claim(s) invalid
(Erduran et al., 2004).
To assess the quality of the PSTs’ scientific argumentations by means of the TAP, an

analytical assessment tool developed by Erduran et al. (2004) was used (Table 3).

Table 3 Argumentation Assessing Tool

Level Content Argumentation Level Argumentation Score
Level largumentation consists of a simple claim versus
a counter-claim or a claim versus a claim. Level 1 1

Level 2 argumentation consists of a claim versus a claim
with data, warrants, or backing but no rebuttals. Level 2 2

Level 3 argumentation consists of a series of claims or
counter-claims with data, warrants, or backings with the

occasional weak rebuttal. Level 3 3
Level 4 argumentation shows a claim with a clearly
identifiable rebuttal. Such an argument may have several

. . Level 4 4
claims and counter-claims.
Level 5 argumentation displays an extended argument Level 5 s

with more than one rebuttal.

According to this analytical assessment tool, the quality of an argument is mostly
dependent on the presence or absence of justifications and also rebuttals in it. This tool has
been used in a number of studies and it has been reported functional for assessing the quality
of both scientific and socio-scientific argumentation (Osborne, Erduran, & Simon, 2004).The
quality of the PSTs’ arguments was assessed by taking into consideration argumentations
generated in the context of one of the scenarios (What is your idea?).The researchers selected
this scenario for the reason that in the process of arguing it took longer compared to the other
scenarios. The authors could therefore detect the quality of the PSTs’ argumentation quite
clearly through ample data. Moreover, the PSTs were thought to be more experienced in
argumentation since they engaged in this scenario at the close to end of implementation.

There were three steps of data analysis in the present study and they are explained in
detail in the following sections. Firstly, to reveal the quality of the PSTs’ argumentation, their
audio-recorded argumentations were transcribed verbatim. Before all the stored data were
encoded, we decided to design a codebook in order to deal with large chunks of data. Then,
two authors independently encoded what counts as claim(s), data, warrant(s), support(s),
qualifier(s), and rebuttal(s) according to the pre-determined codebook. After completion of

the encoding process, the two researchers came together to compare and discuss differences
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for the validity and reliability criteria in terms of peer review or debriefing (Lincoln & Guba,
1985). In this process, inter-coding reliability was more than 85%. In the second step,
quantitative data analysis was conducted. To do this, the levels of the PSTs’ argumentations,
which were qualitatively analyzed in the first step of data analysis, were re-encoded as
continuous variables (e.g. level 1 argumentation: 1 point; level 2 argumentation: 2 points, for
more detailed description, see Table 2) in order to carry out a quantitative data analysis. To
decide whether the quantitative-oriented data were distributed normally, the Shaprio-Wilk test
was conducted. Then, the Kruskal Wallis-H test was used to reveal whether there is a
significant relation between the PSTs’ argumentations and their prior knowledge of content.
In the final step, the semi-structured interviews were analyzed. As with the first step, all
conversations of the three PSTs during the interviews were transcribed verbatim. Then the
authors designed an initial codebook to tackle the raw data. Afterwards, the two authors
individually encoded the verbatim transcripts in light of the pre-designed codebook and noted
whenever there was an emerging code reflecting the PST’s articulation more closely. To
increase the reliability of the coding process, the two authors first compared their
independently encoded data, and then discussed the differences. After deciding on the final
codes, categories, and themes in a coherent way, the authors specified significant reflections
and statements of the three PSTs and thus inter-coder reliability was more than 80%for the

interview analysis.

Findings
In this part, the findings obtained from both the qualitative and quantitative data

analyses are presented in detail.

Investigating Argumentation Quality among Small Discussion Groups

The quality of the scientific argumentations generated by the PSTs was examined for
each small discussion group. In the process of argumentation, the PSTs tried to suggest
solutions for cloning issues in a given scientific context by generating arguments and counter
arguments. To show the quality of the PSTs’ argumentations, some quotations are given

below:

Example of level 1 argumentation

Si: ...if we did it to a person, it wouldn’t influence the sleeping metabolism, would it?

S2: DNA is a different thing (concept), I think.
Claim (S1) + Claim (S2)
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Example of level 2 argumentation
S1: I mean, there is a difference, and you agree with my main argument?
S2: I said there is a difference and its justification is mutation. In a long process the mutation can
occur with respect to identical twins only if there is a mutational situation. But in this scenario, it is
implied that identical twins are associated with mitotic division. It is the same with the mother. In

the process of cloning, due to the external effects, the offspring may not be identical to the mother.

Claim (S1) + [Claim + Warrant + Backing + Data (S2)]

Example of level 3 argumentation
S1: In terms of identical twins, they are always the same age, but, in the process of cloning, copied
living beings are the same age as their mothers.
S2: It is not true for the age, but bodily it is true.
S1: In conclusion, a copied living being surpasses him or her in all experiences?

S1: Until the cloning moment, a human being has many experiences.

[Claim + Warrant (S1)] + Rebuttal (weak) (S2) + [Data + Warrant (S1)]

Example of level 4 argumentation

S1: In my opinion, there are no data to support that argument because the egg and sperm cells
combine to form a zygote. In this phase, there are meiosis and mitosis divisions. Moreover, there is
crossing over mechanism in the process of meiosis. Due to the crossing over mechanism, there is a
part-exchange process; therefore, there may be different individuals.

S2: But in the process of cloning, you will have a very same individual, for instance, if she is
Aysun, you are going to form a very same Aysun. This situation is the same as being a Japanese or
Chinese person; but there is crossing over mechanism in this process, I mean genetically different
individuals will be formed.

S3:... For instance, having the same height, the same color?

[Claim + Warrant + Claim + Backing + Warrant (S1)] + [Rebuttal1 (strong) +
Backing + Data + Rebuttal + Data (S2)] + Data (S3)

Example of level 5 argumentation
S1: To our knowledge in terms of one celled twin... I mean, one cell is divided through mitosis
and two new cells are formed, but in the process of cloning you do not form a new, very similar
cell, you do form a living being by injecting some forms of cells to others.
S2: ...it is formed...
S2: The copied living being is born in a regular way, but it is older than a newborn.
S1: I think that all features of an organism can pass through the cloning process, but it is not the
same as identical twins. I mean, a copied organism can be the same as the mother in terms of
appearance or genetic structure, but a copied organism is different from identical twins, because if

we consider a process in which one is copied or the process of being identical twins, in terms of
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the former, you split the fertilized egg cell in two parts but with respect to the latter, normally and

naturally a fertilized egg cell is divided into two and more very same cells.

Claim (S1) + Backing (S2) + [Backing + Rebuttal (S2)] + [Backing + Rebuttal +
Backing + Rebuttal + Data (S1)]

Following the analysis above, the argumentation frequencies of high, middle, and low
achievers were analyzed to determine whether or not argumentation quality changes within

small discussion groups, as seen in Figure 2:

8
7
6
g5
@
3 4 W Middle Achievers
(]
@ 3 High Achievers
2 B Low Achievers
. |
0 .
Levell Level2 Level3 Leveld Level5
Level of argumentation

Figure 2 Frequencies of Whole Groups Argumentation Quality Levels

Figure 2 (axis y shows the number of generated argumentation episodes while axis x
shows divergent levels of argumentations from the simplest to the most sophisticated
one),shows the frequencies of high, middle, and low achievers’ scientific argumentations.
First of all, more than two thirds of level 5 argumentations weregenerated by low achievers
(approximately 72%). Secondly, in terms of articulating level 4 argumentations, almost half of
them were generated by middle achievers (42%), with the high and low achievers having the
same frequencies (29%). Moreover, more than a third of level 3 argumentations were
generatedbylow achievers (42%). For level 2 argumentations, it can be asserted that they were
generatedequallyin total by all small discussion groups, in other words, regardless of being
more or less knowledgeable about cloning, all groups could coordinate (warrant) a theory
(claim) with relevant evidence (data). Only middle and high achievers articulated level 1
argumentation, however, their frequency level in total argumentations is moderately lower
(less than 5% of total argumentations) and that situation supports the idea that PSTs generally

tended to justify their claims and it might be possible by means of explicit introduction of an
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argumentation. When the overall results are considered, it can be seen that the low achiever
PSTs generated more sophisticated argumentations compared to the other two groups but in

order to prove that claim we needed further (quantitative) analyses presented in detail below.

Comparing Argumentation Quality Differences

In this section the data is exhibited about whether knowledge of content has a
significant effect on the PSTs’ argumentation quality. In order to examine the research
question of the current study, first the Shapiro-Wilk normality test and then the Kruskal

Wallis test results are presented.

Table 4 Shapiro-Wilk Normality Test

N* X S.S. Z p

Scores 47 3,38 1,09 ,904 ,001

p<.05 and N* shows the total frequency of argumentation episodes generated by participants

According to Table 4, the quantified argumentation scores do not demonstrate a normal
distribution (p<.05), therefore the Kruskal Wallis-H (as a non-parametric test) was used to
detect any relation between the PSTs’ argumentation quality and their domain specific

knowledge of cloning in the scientific context.

Table 5 Kruskal Wallis-H Test Results

Degree of 2
Groups N* free(giom (df Mean rank X p
Low achievers 18 2 27,14 1,769 413
Middle achievers 15 22,87
High achievers 14 21,18

p>.05 and N* shows the frequency of argumentation episodes generated by participants

The results of the Kruskall Wallis-H test, as can be seen in Table 5, show that the
quality of argumentations generated by the PSTs is not significantly affected by their content
knowledge of cloning [X*(2)=1.769, p>0.05]. This finding also confirms that, in the scope the
present study, an individual’s domain specific content knowledge is not a determining factor

in articulating higher or lower quality argumentations.

PSTs views on argumentation processes
In this section, excerpts from the interviews with the three PSTs are presented in the

context of their views on their argumentations.
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Argumentation as persuasive discourse
Below, middle, and low achiever’s significant statements as regards the first interview
question (When you had an alternative position(s) or idea(s) in the process of argumentations,

how did you convince counter positioned group member(s), or did you end up convinced by

them?)

Low achiever PST:

“...When we were arguing, I realized that my opinions were illogical and had no meaning, however,
their ideas were more logical compared to mine, perhaps, they were dominative in the process of
argumentation due to their comprehensive and enhanced knowledge of cloning, but it was not valid
for me, moreover, that time I captured the more rational counter positions, and also I accepted them
simply and easily because of the discussion topic ...”

Middle achiever PST:

¢...I convinced them most of the time. Yes...hmmm, I do not know; because we are so familiar with
each other, we do lots of things together therefore we know each other very well, for instance in
terms of arguing style, we took care of not offending each other, thus, there were no hot debates...’
High achiever PST:

‘...In general my ideas and my positions were more dominant. I give importance to the reason-
conclusion relations. I mean, if I come up with a new idea, I have to warrant or reason and also I
offer data as evidence. Thus, I convinced them most of the time in the process of argumentations
because I have had knowledge about both cloning and GMOs and also we have been familiar with
those issues from our daily experiences ...”

In terms of first question, in general, all PSTs stated that in the process of
argumentations their own ideas or positions were outweighed. According to high and low
achiever PSTs, being familiar with content is decisive in constructing higher quality
argumentations. However, the middle achiever PST did not mention content knowledge rather
she remarked that in the process of argumentation, her small discussion group members did
not reflect their opinions relevant to the nature of argumentative discourse and they could not
test the validity of presenting arguments, because their articulations were not competing,
conflicting, or challenging. Presumably, it can be asserted that lack of knowledge of PSTs
might restrict them in assessing alternative points of views as in the form of counter
arguments and make attacks on grounds of counter arguments. To advocate, as all PSTs
indicated, in the course of arguing, their initial arguments were immediately dominant with no
need to generate counter arguments in divergent aspects. Therefore, it may be thought that
insufficient content knowledge might lead PSTs to admit that knowledge of content was
crucial in the course of debating and assessing alternatives of a controversial issue and when
they consumed all their existing knowledge of content, they were obliged to accept more

dominant arguments instead of outweighing alternatives.
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Competence in argumentative skills and strategies
The second question was about whether the PSTs considered themselves to be efficient
arguers when arguing cloning in an unscientific context and some significant excerpts are

presented below.

Low achiever PST:

“...If T had more knowledge about cloning, if I was more knowledgeable about cloning
procedures, I mean if I had had prior knowledge about cloning, perhaps, we could have articulated
our arguments more precisely and these are valid only for me, I do not know about the others. In
addition to this, in the process of argumentations, I had no sufficient knowledge therefore I did not
want to lead my group members improperly, I mean I did not want to say something wrong and
irrational about cloning. In short, to be an expert arguer, you have to have knowledge of the topic
under discussion.

Middle achiever PST:

“...In my opinion, you need to be a specialist about the discussion topic. If you want to have the
right to comment on the discussion topic, you have to examine and inquire it deeply, or else you
generate empty arguments most of the time. When we argued cloning, due to my insufficient
knowledge, I tended to accept and approve of my friends opinions or positions, thus, I said to
myself that [ am not a good arguer about cloning.

High achiever PST:

“...Before the argumentation implementations, in my mind, there were many ideas about genetics
more or less, but after argumentations, I learnt about cloning more deeply and precisely and
therefore, I am now able to argue what cloning is and how cloning is done, moreover I consider
cloning in terms of its different aspects, I can articulate my own ideas about cloning in any
argumentative environment.

For this item, all PSTs emphasized the role of being knowledgeable for extensive
argumentation. Low and middle achiever PSTs clearly pointed out that in order to be a
versatile arguer regardless of the scope of the argumentation topic, an individual should have
and also apply his or her exhaustive knowledge. Moreover, the high achiever PST focused on
general knowledge of the subject. In addition to this, the high achiever PST mentioned that in
the process of argumentation, she was obliged to operate her prior knowledge of genetics
instead of applying a related terminology about cloning. At this point, it can be suggested that,
especially for the low and middle achievers, they had some difficulties in transferring and
applying their moderate knowledge of content in the course of argumentations. Thus, they
tended to interrogate why they could not use their moderate knowledge in argumentations.
Possibly, it might be due to inadequate acquisition of argumentation skills and when the PSTs
discussed major topics, they attained to assess alternative viewpoints initially, however, when
they attempted to extend and elaborate the scope of their argumentations, they had to use,
generally speaking, off-topics such as applying general knowledge base about genetics instead

of cloning-related sub-concepts and explanations.
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Effect of content knowledge
The third question was asked for revealing whether the PSTs might generate higher
quality arguments if another topic (instead of cloning) was handled in the process of

argumentations and some relevant quotations are presented below.

Low achiever PST:

“...If we debated a topic that I knew better, I would argue it better than cloning. I wish to argue a
topic that I like to consider and discuss it more. For instance, if we argued acid rains and their
detrimental effects on nature and environment, to what extent acid rains cause environmental
pollution...I come from Rize (a city located in Eastern Black Sea Region), I suppose that in that
region there were a lot of acid rains in the years before. Therefore I am interested in arguing and
considering acid rains and there is a clear link between environmental pollution and acid rains.
Middle achiever PST:

“...because, GMO is more popular, there are more information resources about GMO and that is
not valid for cloning, because we always watch the different news with respect to GMOs on TV,
we meet GMOs on popular scientific magazines, newspapers, therefore, GMOs sound familiar.
Perhaps, I would argue scientific topics more extensively compared to socio-scientific issues.

High achiever PST:

“...I can argue a topic better if I have sufficient knowledge and an idea about it. I mean if [ am
more knowledgeable about discussion topic, I can do my best. I suppose that I am sufficient in
arguing GMOs as a socio-scientific issue, I mean, this confidence stems from my curiosity, interest
and search about an issue. If you have adequate knowledge about any topic, you can argue it
wisely in any situation and with anyone.

With respect to the third question, the three PSTs commonly expressed that the effect of
popularity of a topic and their interest serve as a function in engaging argumentation.
However, high and low achiever PSTs laid stress on having content knowledge in addition to
individual interest and curiosity in argumentation. According to the low achiever PST, as
different from the other two, everyday (familiar) issues may be debated comprehensively
compared to less known issues and as a unique statement the middle achiever PST
commented that she is able to argue scientific context better than socio-scientific context. By
considering some common points of view of the PSTs, two interpretations can be put forward.
Firstly, being familiar with the content of the argumentative tasks can positively contribute to
debaters’ argumentations’ structure and nature (von Aufschnaiter, Erduran, Osborne &
Simon, 2008). Secondly, SSIs cannot be limited by narrower scopes as they have inherently
ill-structured and open-ended aspects (Sadler & Donnelly, 2006; Sadler & Zeidler, 2005a),
conversely, scientific contexts, most of the time, can be explained and discussed by assessing
a single discipline. Therefore, she, as a middle achiever, thinks of SSIs as more multifaceted
and challenging, less debatable by evaluating more alternatives compared to scientific and

concrete aspects of cloning.
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Interrupted argumentative discourse
The fourth question aimed to capture whether argumentative processes come to a halt

for reasons such as lack of knowledge of content or a sudden consensus.

Low achiever PST:

“...Yes, it happened (argumentative process came to a halt). After everyone in the group
articulated all their ideas, we had no more knowledge to argue the topic in different or alternative
ways due to every member in the group consumed all his or her knowledge, even we could not
understand the content of the scenario because of insufficient knowledge. So then, we came to a
halt and recurrently thought about the topic to produce more different ideas.

Middle achiever PST:

“...Yes, there were some interruptions especially in cloning discussions. Perhaps we were not
prepared to discuss it. Even we considered the topic elaborately we could not reach a common idea
or consensus either for cloning or GMOs. However, if you ask me, we increased our content
knowledge during the arguments.

High achiever PST:

“...Medical was the only context that we were obstructed. Hmm, in addition to this, we came to
stopping points with respect to dilemmas in particular social dilemmas, but medical terminology
compelled us more than social contradictions. For instance, in a scenario, you mentioned an active
substance if I remember well, and believe me, we discussed it most of the discussion time that
what would occur to an organism because of whether that substance is harmful or harmless, or
whether if we give that substances more or less. But then we realized that if we know what is the
function of that substance we might find a room to solve the issue.

In general, all PSTs commented that in the process of argumentation they came to a
stopping point (dead-end) for different reasons. The low achiever PST indicated that the
stopping point occurred because of lack of knowledge of content, but neither the high nor the
middle achiever PSTs mentioned insufficiency of content knowledge as a reason that causes
to stop (restrict) the discussion. Moreover, the middle achiever PST expressed that they could
not maintain their hot debates because of unwillingness and due to not coming through
anyway. As a conclusive comment, there are two salient points. At first, again, because of
inadequate content knowledge of details of cloning and its sub-concepts, especially, small
discussion groups that consisted of low achievers might not maintain discussions. On the
other hand, the two other groups (high and middle achievers) did not mostly express the
negative effects of being less knowledgeable about cloning. However, as is obvious in the
middle achiever’s articulation, there were some motivational determinants in engaging and
sustaining argumentative discourse. As Schunk and Pintrich (1996) state, content of the given
tasks should be achievable and attainable, in other words, individuals should be given neither
too challenging nor very simple tasks, rather, perhaps, the tasks that are moderate are mostly
appropriate for engaging in and sustaining them. Thus, because of the difficulty of
argumentative tasks, small discussion groups did not reach any conclusions and it could
discourage them to engage in more argumentative discourse moments. As expected, they
preferred to give them up before arguing at length.
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Discussion and Conclusions

In the present study, it is aimed to reveal whether there is a significant relation between
content knowledge of cloning and scientific argumentation quality and to find out
presumptive reasons for that relation. The findings from quantitative analyses show that the
PSTs generally tend to justify their claims with data and/or warrant. Moreover the results of
the Kruskal Wallis-H test show that PST content knowledge about cloning is not a
determining factor in the quality of their arguments. The qualitative results of the study
indicate that when the PSTs were asked about convincing strategies in argumentation high
and low achievers mentioned the importance of content knowledge, but the middle achievers
did not. According to her, familiarity with group members was influential in convincing. Also
it is clear from the results of second interview question that the PSTs thought that being more
knowledgeable makes them better arguers. Furthermore, the participants explained that the
popularity of a topic determines the quality of arguments that they generated. Lastly the PSTs
specified two main reasons — content knowledge and motivational factors that cause
argumentation to come stopping point.

Our finding that the PSTs tended to justify their claims corroborates Kuhn’s (1991) idea
that argumentation skills are naturally present in students. The low quality arguments that
they generated (Level 1 and Level 2) may be due to short intervention periods. Actually
Osborne et al. (2004) did not detect significant improvement in students’ quality of arguments
after a relatively short intervention. Moreover the finding of the present study that content
knowledge about cloning is not a determining factor in the quality of the PSTs’ arguments
does not match with the conclusions of von Aufscnaiter et al. (2008) and Cross,
Taasoobshirazi, Hendricks and Hickey (2008). Also, Maloney and Simon (2006),
Roychoudhury and Rice (2009), Clark and Sampson (2008), Sampson and Clark (2011),
Tavares et al. (2010) and Acar (2008) similarly suggested that knowledge of content is a
critical determinant in contributing quality of scientific argumentations of students. Mainly
those studies have emphasized that an individual’s substantial body of knowledge may affect
the quality of his/her argumentations in scientific contexts. In-depth critiques of those studies
also demonstrate that interconnectedness between quality of scientific argumentations and
scientific knowledge is not unidirectional. Put differently, a considerable increase in scientific
knowledge is explicitly attributed to the quality of scientific argumentations whereas in the
course of argumentation students may develop and improve their knowledge of science. On
the other hand, as Hakyolu and Ogan-Bekiroglu (2011) and Eskin and Bekiroglu (2009) hold,

scientific knowledge is not a primary component making a scientific argument better. But, at
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this point, it has to be questioned why there is a salient discrepancy between the results of this
study and other. It could be due to the sample size. In our study there were only 12 PSTs
which is a very small sample size compared to most of the studies in the literature.
Conducting this study with such a small sample size may have negatively affected the
separation of high, low, and middle achievers with precision. Moreover the instrument used to
determine the participants’ content knowledge may have influenced the results. As was
mentioned before, this test involves questions related to cloning and the participants were
thought to have some basic knowledge of genetics. The highest score that the participants got
from this questionnaire was 22 out of 30. Therefore the PSTs we categorized as high
achievers might have less content knowledge than anticipated. Lastly we formed three groups
with respect to content knowledge, specifically we had middle achievers. Sampson and Clark
(2011) utilized two groups as high and low achievers and found a significant relationship
between content knowledge and quality of argumentation. So when the number of formed
groups increases, this might reduce the difference between groups with respect to content
knowledge.

The findings from interviews do not confirm the findings from statistical analyses. For
instance, low and high achievers obviously indicated that their insufficient science knowledge
limited group members in generating more complex scientific arguments. Moreover, middle
achievers mentioned that their small discussion group was not bound up with the nature of
argumentation. The high achiever stated the importance of causality in articulating arguments
in a scientific context. However, they could not produce strong rebuttals and warrants
compared to the other two groups. For instance, a high achiever clearly stated the importance
of connectedness of cause and effect by saying ‘... In the process of arguing, generally
speaking, my ideas were predominated, because, I highly pay attention to cause-effect
connection.” As seen in the excerpts of the PSTs, even though the three interviewees
commonly indicated that science knowledge has a priority in articulating higher quality
scientific argumentations, within the scope of the present study, there is not statistically
significant difference among their argumentations.

This inconsistency can be dealt with by paying attention to reciprocal interactions
among argumentation skills and strategies, social environment, and cultural norms. As Ford
(2008) proposed, when an individual’s existing and integrated cognitive network is not
interrogated based on a specific culture in which the individual lives, s/he immediately and

easily admits the knowledge claims that are presented moderately and strongly refers to the
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vital importance of argumentation skills and strategies. Moreover, in order to articulate better
scientific argumentations and to convince counter positioned individuals, as Grasso, Cawsey,
and Jones (2000) pointed out, in addition to individual argumentative skills and strategies, the
rationality and validity criteria have to be met. For example, a low achiever PST expressed
that ‘...His explanations seemed to me more valid and rational, and when I re-evaluated my
arguments, 1 saw that those were all incoherent and made no sense.’ In addition to lack of
basic argumentation skills and strategies, insufficient rationality of PSTs scientific
argumentations might generate lower quality argumentations, in other words, they did not
meet the rationality criterion of the articulated argumentations. Furthermore, unexpectedly,
the low achievers were able to generate higher quality argumentation compared to the two
other groups. Even though low achievers had no substantial scientific knowledge of cloning,
by means of their high attention concentrating on the presented scenario and its different
aspects and behaved as taking seriously argumentation implementations by putting much
effort in dealing with scientific cloning issues. For instance, a low achiever pointed that ‘... I
do not know why my discussion group could not produce higher-quality arguments. Perhaps it
was due to not being disposed to engage in it. I mean our effort was frustrating, because
although we had debated both detrimental effects of GMOs and cloning, nobody listens to and
considers our decisions and they [politicians and scientists] have been proceeding with their
decisions to produce GMOs and cloned organisms anyway.’ As a final comment, as Kim and
Song (2005) report, in the course of engaging in scientific argumentations, individuals tend to
benefit from both social and cognitive strategies and intentional focusing on discussion
processes should be considered as critical constituents. Also, within the scope of the study,
PSTs supported that they may engage in more extended scientific argumentations if the topic
under discussion is more attractive. To support, some studies reveal that in engaging both
scientific and socio-scientific argumentations, in addition to knowledge of content of an
individual, his or her attitudes and beliefs about the topic under discussion may be effective in
articulating argumentations of different qualities (Erduran et al., 2004; Zeyer & Roth, 2009).
Beyond, as the present study implicitly confirms, PSTs’ scientific argumentation quality may
be manipulated in favour of some structures as general argumentation skills and strategies,
concentrating on engagement in argumentation, social connections and interactions, the
environment, and finally bound up with the general lines of argumentation. Further studies
can investigate the relationship between content knowledge and argumentation quality with
different subject matters and larger sample sizes to provide more evidence for the

contradictory results presented in the literature.
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Appendix-1
Cloning Procedure
In the process of cloning, a mature sheep’s udder cells are isolated and they are kept in culture until they reach
the phase called GO or stopping (stable) phase and their cell divisions and growing processes are stopped. An
udder cell under aforementioned conditions is selected and it is combined with another cell which is obtained
from other sheep and its nucleus is isolated before the combination process. Hereby, genomes of former mature
(cell nucleus which carries whole genetically material of the organism) sheep and egg cells genome are changed.
In the following process, egg cell is developed in lab conditions, if the development of the egg is normal, it is
transferred to sheep’s womb belongs to surrogate. During history of the cloning trials, 277 embryos were formed
by operating above mentioned technical cloning procedures. Only 29 of 277 were able to develop as sufficient
for transferring into surrogates. Interestingly, one of the 29 combinations was successful to live and its name is

Dolly!

Claim Box I Claim Box II

e Dolly was not created by cloning a |e Even though genetic engineer will be able to copy a
sheep. human, it will not be the same completely with original
e Dolly is the name of a living organism human.
which is created through a cell that is | Individuals are not specified with only their genetic
obtained from a mature sheep’s udder structure and every cells of a mature human has different
cell. genetic features and structures.
e In the process of cloning genetic |® Copied organism will not be the same completely with the
material remains unchanged. original organism due to possible different life and
everyday experiences. Even in the full sense of the word
one celled twins are copied organisms but they may have
different characteristic features, for instance their brain
development can differ from each other due to personal

life experiences.

Aylin and Merve formed the Claims Box I and Claim Box II in the light of above mentioned text and you
are required to assess their claims in the line with below mentioned followings:

1. Can you articulate arguments and claims against to claims stated in the boxes?

2. Which data you do use if you are able to generate counter arguments?

3. How do you justify your own claim, counter claim and-or counter argument?

4. Are there any conditions and-or scientific knowledge that support your claim, counter claim and-or counter
argument?

5. Do you alter your initial claim, counter claim and-or counter argument which you generate in the line with 1*

question and how is it possible?
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Appendix 2

Semi-structured Interview Questions

1. When different points of view emerged in the argumentation process, did you manage to convince the group
members of the validity of your perspective or was it the other way round?
Possibe probing questions:
o In general I convinced them (How could you do that?)

e In general my groups’ members convinced me (How could they do that?)

2. Would you say that you could argue quite well about the issue of cloning?
Possibe probing questions:
o [f'the answer is -yes-; how your competence was reflected upon the argumentations regarding
cloning; for instance could you carry the ground of discussion in alternative contexts?
o [f'the answer is -no-; what can be done to be a good arguer, what are your criteria?
3. Do you believe that you engage in argumentations more effectively if you consider a different discussion topic
instead of cloning?
Possibe probing questions:
e For instance for which socio-scientific issue you suppose that you are able to engage in
argumentation more elaborately?
e Can give any instances of the discussion topics that you would argue it better compare to
cloning?
4. During the argumentation on cloning, did the arguments ever come to a standstill?
Possibe probing questions:
e What is the reason?

Did you do something to open up new areas to argue?
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Ozet — Argiimantasyon iist diizey diisiinme becerilerini gelistirmede dgretmenlere 6nemli katkilar sagladigindan
ve Ogrenci merkezli olmasindan dolay1 son yillarda fen egitimcileri tarafindan 6nem verilen konular arasinda yer
almaktadir. Bu nedenle; bu c¢alismada alan bilgi seviyesiyle, bilimsel argiimantasyon kalitesi arasindaki iligki
aragtirilarak, fen ve teknoloji 6gretmen adaylarina bilimsel argliimantasyon becerisi kazandirilmaya calisilmistir.
Veri toplama aract olarak 6gretmen adaylarma Lyngved (2009) tarafindan gelistirilen “Klonlama Kavramsal
Anlama Testi,” arastirmacilar tarafindan Tirkgeye c¢evrildikten sonra uygulanmistir. Klonlama Kavramsal
Anlama Testinin analiz sonuglarina gore “alt-orta-iist” olarak gruplara ayrilan 54 fen ve teknoloji 6gretmeni
aday1 (44 kiz, 10 erkek), genetik klonlamayla ilgili senaryolar hakkinda bilimsel argiimantasyon siirecine dahil
olmuslardir. Her grubun olusturdugu argiimanlar; Erduran, Simon ve Osborne (2004) tarafindan gelistirilen
analitik degerlendirme araciyla analiz edilmistir. Ayrica 6gretmen adaylariyla, yar1 yapilandirilmig goriismeler
yapilarak, alan bilgi seviyesiyle bilimsel arglimantasyon kalitesi arasinda gozlemlenen bulgular derinlemesine
incelenmistir. Aragtirmanin sonuglarina gore caligmaya katilan 6gretmen adaylarinin sahip olduklari alan bilgi
seviyesi ile bilimsel argiimantasyon kaliteleri arasinda anlamli bir iligki olmadigini tespit edilmistir. Bundan
sonraki ¢aligmalar alan bilgisi ve argiiman kalitesi arasindaki iligkiyi daha net anlamamiz ig¢in farkli konularda
ve daha biiylik 6rneklemlerle gerceklestirilebilir.
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Genisletilmis Ozet

Gilintiimiizde ¢esitli egitim sistemlerinin odaklandigi en énemli olgulardan biri, bilimsel
okuryazarliktir. Bilimsel okuryazar bireyler, hizla gelisen bilimsel ve teknolojik degisimlere
daha c¢abuk adapte olmaktadirlar. Ogrencilerin, bilim insanlarinin g¢abalarim daha iyi
anlamalar1 ve onlarin bilimsel bilgiyi elde etme asamasinda hangi bilimsel siire¢lerden
gectiklerini fark etmeleri, bilim okur-yazarliginin kritik bir bileseni olarak diisiiniilmektedir.
Bu amaclar gerceklestirme bilimsel arglimantasyon onemli bir pedagojik ara¢ olarak fen
egitiminde yerini almistir (Erduran, 2007). Argiimantasyon siireci; Kuhn’a (1993) gére; iki
veya daha fazla bireyin, herhangi bir bilgiyi mantiga dayali celiskili iddialarla diyaloglu
olarak tartismasini igerir. Bricker ve Bell, (2008), fen egitiminin hedefinin sadece 6grencileri
bilimsel bilgi agisindan uzmanlagtirmak degil, bilimsel tartismalara katilmaya tesvik etmek
olarak da belirtmislerdir. Ogrencilerin genis bir kavramsal anlayis elde edebilmeleri igin
tartismalar sirasinda fikirlerini agikca belirtmeleri ve arglimantasyon siirecinin igerisine dahil
olmalar1 gereklidir. Buna gore; Ogrencilerin argiimantasyon siirecine tesvik edilmesi
ogretmenler tarafindan saglanmalidir. Ogretmenlerin rolii; bireylere salt bilgiyi aktarmak
degil, ayn1 zamanda onlarin bu bilgiyi nasil ve nerede kullanacaklarina rehberlik etmek
olmalidir. Literatiirde, bilimsel argiimantasyon kalitesi ile alan bilgi seviyesi arasindaki olasi
iligkiyi inceleyen c¢aligmalarda elde edilen sonuglar; daha ¢ok bu iki degisken arasinda pozitif
bir iligskinin oldugunu 6ne siirmektedir (Sampson ve Clark, 2011; von Aufschnaiter, Erduran,
Osborne ve Simon, 2008; Roychoudhury ve Rice, 2009). Yalniz, literatiirdeki ¢alismalar
arasinda bu konuya yonelik hakim bir goriis birligi bulunmamakla birlikte, sonug¢larin
nedenlerini belirtme anlaminda da herhangi bir bulgunun verilmedigi goriilmektedir.
Literatiiriin (Sadler, 2004; von Aufschnaiter, Erduran, Osborne ve Simon, 2008;
Roychoudhury ve Rice, 2009) ortaya c¢ikardigi sonuclarin celigkili olmasit ve ulasilan
sonuclarin nedenlerinin ¢ok fazla arastirilmamis olmasi nedeniyle bu calismada fen ve
teknoloji 6gretmen adaylari, genetik klonlama konusunda bilimsel arglimantasyon-alan bilgi
seviyesi arasindaki iliskiyi ve bunun nedenlerini incelemek icin argiimantasyon siireclerine
dahil edilmislerdir. Ozetle bu calisma, 6zel olarak klonlama konusu hakkinda bireylerin
olusturdugu bilimsel argliman kalitesinin, onlarin alan bilgisi seviyelerden nasil etkilendiginin
incelenmesi ve ortaya ¢ikacak sonuglarin bu alanda sinirlt olan alan yazina verecegi fikirler

bakimindan 6nemlilik arz etmektedir.
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Metodoloji

Calismanin orneklemini bir devlet iiniversitesinin fen ve teknoloji 6gretmenligi son
sinifinda okuyan 54 (44 kiz ve 10 erkek) 6gretmen adayi olusturmaktadir. Katilimcilar,
“Klonlama Kavramsal Anlama Testi” analizine gore grup i¢i olduk¢a homojen, gruplar arasi
ise oldukca heterojen bir sekilde, alt-orta-iist olarak dorder kisilik ii¢ gruba ayrilmistir. Bunun
ardindan gruplarda bulunan katilimcilar da dahil olmak iizere tiim smif iiyeleri, bilimsel
senaryolar yardimiyla kiigiik grup tartismasi yapmislardir. Argiimantasyon siireci sonrasinda,
her gruptan goniilliik esasiyla secilen 1 kisi(12 kisinin %25°i 6l¢iit alinmistir) ile alan bilgisi
ve arglimantasyon kalitesi arasindaki olasi iligkinin nedenlerini tespit etmek igin yari
yapilandirilmig goriismeler yapilmistir. Uygulama siireci toplamda 7 hafta stirmiistiir.

Ilgili literatiirde bireylerin bilimsel argiimantasyonlarinin kalitesini belirlemek igin
Toulmin Argiiman Modeli (1958)’ni temel alan calismalar yer almaktadir (Jimenez-
Aleixandre, Rodrigues ve Duschl, 2000; Erduran, Simon ve Osborne, 2004). Toulmin
Argliman Modeli 1518inda bireylerin bilimsel baglamda olusturduklar1 arglimanlar
degerlendirilmesi amaciyla Erduran, Simon ve Osborne (2004) tarafindan gelistirilen
metodolojik ara¢ kullanilmistir. Bu 6lgege gore; bireyin olusturdugu argiimantasyon kalitesini
belirleyen en 6nemli etken ciirlitme ve gerekcelerdir. Bu analitik 6lgek bir¢ok calismada
uygulanmig ve bilimsel ve sosyobilimsel argiimanlarin kalitelerini belirlemede fonksiyonel
oldugu gozlemlenmistir (Osborne, Erduran ve Simon, 2004). Argiimantasyon siireci
sonrasinda her gruptan rastgele segilen 1 kisi (alt, orta ve iist grupta toplam 12 kisi vardur.
Toplam katilimcinin en az %25°i temel alinmigtir.) ile yapilan goriismelerden gelen nitel
veriler ise tiimevarimet icerik analizi yontemi ile analiz edilmistir. Gruplarin arglimantasyon
kalitelerini analiz etmek i¢in yukarida belirtilmis olan 3 senaryo igerisinden “Sizin Fikriniz
Nedir?” baglikli senaryo secilerek, analizler bu senaryo yardimiyla olusturulan argiimanlar
izerinden yapilmistir. Bu senaryo, grup tartismalariin digerlerine oranla daha uzun olmasi ve
bu sayede verilerin daha net goriilebilir olmasi, katilimcilarin siire¢ icerisindeki aktifligi ve

katilimcilarin tartisma i¢in daha tecriibeli halde olmas1 goz 6niinde bulundurularak secilmistir.

Sonug¢ ve Tartisma

Alan bilgi seviyesiyle bilimsel argiimantasyon kalitesi arasindaki iliskinin incelendigi
bu arastirmada; calismaya katilan 6gretmen adaylarinin sahip olduklar1 alan bilgi seviyesi ile
bilimsel argiimantasyon kaliteleri arasinda anlamli bir iliski olmadigini tespit edilmistir.
Bilimsel argiimantasyon kalitesi ile alan bilgi seviyesi arasindaki iliskiye yonelik elde edilen
nitel ve nicel bulgular, gruplarin arglimantasyon kalitesi arasinda anlamli bir farklilik olmasa
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da alt grubun diger iki gruba gore daha kaliteli arglimanlar {rettigini gostermektedir.
Ogretmen adaylarinin bilimsel argiimantasyon siirecinde olusturduklar1 argiimanlara nitel
anlamda bakildiginda; alt gruptan iist gruba dogru gidildik¢e argiimantasyon kalitesinde net
olmayan azalmalar gézlenmistir. Caligmanin nitel bulgulari; bilimsel argiimantasyon ile alan
bilgi seviyesi arasindaki iligkinin net olmamasi, alan bilgisi disinda bireylerin olusturduklar
argiimanlarin  kalitesini  etkileyen farkli etkenlerin (tecriibe, kisisel deneyimler,
sosyodemografik ozellikler vb.) de bulunuyor olabilecegini gdstermistir. Son olarak
goriismelerde tiim bireyler, daha cok ilgi duyulan konularda daha iyi bir arglimantasyon
siirecinin gegirilecegini &ne siirmiislerdir. Ogretmen adaylarinin gériisme sorularina verdikleri
yanitlar calismada ulasilan sonuclarin “argiimantasyon becerisi, odaklanma, tecriibeler,
sosyal etkilesim, bulunulan ¢evre ve argiimantasyon dogasina bagli kalma” gibi etmenlerden

kaynaklanabilecegini gostermistir.
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