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Argumentation Practice in the Context of Nuclear Power Plants

Eylem Yal¢inkaya Onder *, & Esin Pekmez

Abstract: This study explored pre-service science teachers’ argument quality in the context of nuclear power
plants. 48 pre-service science teachers in a public university consisted of the study group of the study. The
argument qualities of pre-service teachers who trained about argumentation including the Toulmin Argument
Pattern (TAP) were examined. In this study, holistic single case study design, one of the qualitative research
methods, was used. The data of the study were collected through both written and verbal arguments. The written
and verbal argument analysis indicated that teacher candidates lacked of competency in developing scientific
arguments in the context of nuclear power plants. In addition, it has been found that teacher candidates have
various alternative conceptions about nuclear power plants. In general, it is striking that the quality of the
arguments written in the relevant literature is quite poor. For this reason, it is important to add to the literature

the studies in which written arguments are supported with verbal arguments.
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Niikleer Santraller Konusunda Argiimantasyon Uygulamasi

Ozet: Bu ¢alismanin amaci fen bilgisi 6gretmenliginde okuyan 6gretmen adaylarinin niikleer enerji konusundaki
argiiman kalitesini incelemektedir. Arastirmanin ¢aligma grubunu bir devlet {iniversitesinde 6grenim goren 48
fen bilgisi 6gretmeni olusturmaktadir. Bu ¢aligmada nitel arastirma yontemlerinden biitiinciil tek durum deseni
kullanilmigtir. Toulmin Argiiman Modelini iceren ve argiimantasyon konusunda egitim alan Ogretmen
adaylarinin argiiman nitelikleri incelenmistir. Calismanin verileri hem yazili hem de sozlii argiimanlar yoluyla
toplanmustir. Yazili ve sozlii argiimanlarin analizi, 6gretmen adaylarinin niikleer santraller konusunda bilimsel
tartigmalar gelistirme yetkinliklerinin yeterli olmadigini gostermistir. Ayrica, bu ¢calismada 6gretmen adaylarinin
niikleer santraller hakkinda gesitli alternatif fikirlere (kavram yanilgilarina) sahip olduklari bulunmustur. Genel
olarak, ilgili literatiirde 6grencilerin yazili argimanlarinin Kalitesinin zayif oldugu belirtilmektedir. Bu nedenle,

yazili arglimanlarin s6zlii argiimanlar ile desteklendigi caligmalart literatiire eklemek dnemlidir.
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INTRODUCTION

Berland and McNeill (2009, p.1) define argumentation as ‘a central goal of science education
because it can engage students in a complex scientific practice in which they construct and justify
knowledge claims’. Studies reported that students face difficulties in constructing scientific
explanations (Sandoval & Millwood, 2005). Hsu et al. (2015, p.48) summarized the common
difficulties that students face in constructing scientific explanations as ‘failing to cite sufficient and
appropriate evidence for their claims, failing to connect evidence to appropriate scientific principles,
and not clearly interpreting their inferences and articulating relationships between evidence and
claims’. Many researchers claim that science classes should include discourse that facilitates students'
practice of argumentation (Sandoval & Millwood, 2005). Driver, Newton, and Osborne (2000) stated
that argumentation-focused teaching activities improves students' conceptual abilities and research
abilities, and facilitates their understanding of the scientific epistemology. However, they pointed out
that current classroom practices give young people very little opportunity to improve their
argumentation skills, and also teachers' inadequacy of pedagogical skills in creating an argumentation-

based environment in the classroom was a major impediment to progress in this area.

Wu and Hsieh (2006) mentioned that students tend to produce inconsistent explanations from
personal thoughts and that they cannot establish logical connections between arguments and claims in
their explanations. The concept of argumentation has been explored in various ways with different
approaches such as instructional strategies adopted by science teachers for their argumentation-based
science teaching (Duschl & Osborne, 2002; Erduran, Simon, & Osborne, 2004; Uluginar-Sagir &
Kilig, 2013; Kaya, 2013; Zohar & Nemet, 2002). All of them points to the importance of

argumentation in science education.

According to the studies on argumentation, even middle school and high school students seem
to lack the high level of argumentation elements such as warrants and backing (Sandoval & Millwood,
2005). Muratsua et al. (2015) draw attention to that few numbers of studies was conducted to identify
students’ understanding of the criteria for quality of rebuttals before training about argumentation.
Martin-Gamez and Erduran (2018) noted that pre-service science teachers have difficulty in
understanding arguments, for instance; they did not understand the role and meaning of the warrants in
scientific arguments and were limited to discussions, open debates and experiments on the use of
different strategies. Moreover, it was found that the participants' age range and length of teaching
experience had no influence on the quality of their understanding of argumentation. They also
expressed that pre-service teachers are more likely to benefit if they participate in more robust and

lengthy sessions on argumentation.

There are various studies on the use of written arguments in science education, but it is

noteworthy that the number of verbal arguments is quite limited compared to written arguments. In
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this sense, this study, in which both written and verbal arguments are used, would contribute to the
related literature. The main purpose of this study was to identify pre-service science teachers’
argument quality and determine the frequency of using the elements in Toulmin Argument Model
(TAP) in the context of nuclear power plants. The targeted population is the pre-service teachers who

enrolled in a science education program.
Argumentation in Science Education

Argumentation has different definitions in science education. Argumentation ‘is a central means
by which the community assesses the promise of conjectures and validity of claims’ (Berland &
Hammer, 2012, p.68). It is defined by Toulmin (1958) as the ‘the processes of justification of claims
with evidence’. Toulmin (1958) stated that argumentation is an important part of the reasoning process
both in daily life and in science. He suggested an argument model to make the concept of the
argument more concrete and understandable. There are six items in this model. These are; data, claim,
warrant, backing, and rebuttal. Toulmin defines the claim as an assertion put forward publicly for
general acceptance, data as the specific facts relied on to support a given claim, backings as
generalizations making explicit the body of experience relied on to establish the trustworthiness of the
ways of arguing applied in any particular case, rebuttals as the extraordinary or exceptional
circumstances that might undermine the force of the supporting arguments. Toulmin further considers
the role of qualifiers as phrases that show what kind of degree of reliance is to be placed on the
conclusions, given the arguments available to support them. On the other hand, TAP is criticized by
Nussbaum (2011) since it does not adequately explain the dynamics of the epistemic and social criteria
of the argumentation. Zembal-Saul et al. (2002) stated that arguments constructed by pre-service

teachers lacked complexity and exhibited limitations regarding the nature and use of evidence.

An argumentation-based intervention leads to a better acquisition of concepts related to the rate
of reaction (Cetin, 2014). A study by Aydeniz et al. (2012) with university students showed that the
argumentation-based teaching method has a positive effect on students’ the conceptual understanding
of gas properties and gas behavior. There has been a growing interest to argumentation based teaching
in science education (e.g., Ciar & Bayraktar, 2014; Venville & Dawson, 2010; von Aufschnaiter et
al., 2008; Osborne & Simon, 2008; Ozdem et al., 2013; Zohar & Nemet, 2002). Venville and Dawson
(2010) stated that explicit instruction on argumentation promotes students’ conceptual understanding
of genetics topic. As Cetin et al. (2016) declared that the socio-scientific issues movement has come to
the forefront in science courses in recent years. Student engagement in scientific argumentation can
foster a better understanding of the concepts (Sampson & Blanchard, 2012). The limited number of
argumentation in science classes requires the development of science teachers' argumentation skills
(Martin-Gamez & Erduran, 2018). This study aimed to contribute to the relatively limited literature on
the argumentation of pre-service science teachers in the context of nuclear power plants, one of the

socio-scientific issues.
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METHOD
Research Design

As in this study, some research problems require explanatory, in-depth and detailed information
rather than general findings. At this stage, educational researchers need different methods. Qualitative
research methods provide educational researchers with important starting points in studying such
research problems that require in-depth and detailed knowledge (Yildirim, 1999). Case studies are
studies in which an individual, a group, an environment or a process can be explored to find answers
to questions such as how, what and why, and in learning various subjects of education (Yildirim &
Simsek, 2011). In this research, holistic single case study design, one of the qualitative research

methods, was used to reveal pre-service students’ ideas about nuclear power plants.

The study group consisted of 48 pre-service teachers studying at Science Teacher Education
program in a public university. This study was carried out with an already formed group of pre-service
students attending their formal education. Therefore, convenience sampling technique was used as a
non-random sampling method for forming the study group. Even though necessary permissions have
been taken from the institution where the study was conducted, the students voluntarily participated in

this research.
Research Instrumentations and Procedures

This study, which is the part of a long-term scientific research supported by the Scientific and
Technological Research Council of Turkey (TUBITAK) 2218 Domestic Postgraduate Scholarship
Program, aimed to teach the method of argumentation-based instruction to pre-service teachers and to
determine frequency of using the elements in Toulmin Argument Model through activities involving
socio-scientific issues and science concepts. In the scope of this project, six activities were prepared to
be used during one education period. The analysis of data on nuclear power plants which is one of
these six activities was presented in detail in this study. In addition, though the data about nuclear
power plants was presented as a poster at EJER 2017 congress, it was not published as a full text

anywhere except for the current study.

The study group of this study had not received a course or training about argumentation in their
formal education program earlier to present study. Before tutoring, candidates were asked to create
groups of students randomly and a debate was initiated by asking students whether they supported the
establishment of nuclear power plants in their country or in the city they live in. Additionally, some
questions about which the desired scientific answers were not received in a similar study by Aydeniz
and Giirgay (2013) were also asked. In-group and inter-group discussions were videotaped for
analysis. After then, they were trained by one of the researchers of the study for two and half hours
about argumentation and the Toulmin Argument Pattern (TAP). During education, scientific

definitions from literature on arguments and argumentation concepts were shared with pre-service
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teachers. The training given to teachers also included TAP and its six elements. Moreover, argument
examples from literature on various subjects were presented in the language of the students and the
features that should be in a good argument were also emphasized. Upon training about argumentation,
the same activity was repeated considering the elements of this model. Throughout the activity, pre-
service teachers found an opportunity to engage in groups and exchange ideas with one another.

Data Analysis

The opinions of group students were received in written first and these ideas were shared mostly
through group spoken. Researcher of the study tried to create a scientific discussion environment in
the class by asking probing questions to them so as to express their arguments verbally. The written
arguments of the students were taken on a group basis, and the verbal arguments were also videotaped.
The data of this study were transcribed and analyzed by a researcher of the study. It was determined
that the arguments of students about the subject of nuclear power plants were classified according to
the elements in Toulmin Argument Model such as data, warrant, and backing. Before and after the
training of the students about argumentation, changes in the use of elements in the Toulmin argument

model were examined on a group basis and presented in the results section of the current study.
RESULTS
Case

A nuclear power plant consisting of one or more nuclear reactors is a facility where electrical
energy is generated using radioactive materials as fuel. Due to the use of radioactive materials, it
involves different and more stringent security measures than those of other power plants in the

technology (quoted from Wikipedia).

e Students were asked whether they support the establishment of nuclear power plants in

the country or in the city they live in.

e Students were asked whether nuclear power plants release harmful gases to human and

animal health into the air.

e Students were asked whether the radiation can cause mutation in human genes.

Analytical framework to assess the quality and complexity of argumentation
Written and Verbal Argument Analysis for Group A

In the Figures below, you can see the numerical values of the elements used in the TAP. Figure
1 and 2 indicated that there are no striking changes in the analysis of written and verbal arguments in

terms of the elements used in the TAP.
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Figure 1. Written Argument Analysis for Group A Figure 2. Verbal Argument Analysis for Group A

The following Table 1 presents a written and verbal argument analysis of the elements that fit

the elements of TAP for Group A. When Table 1 was examined, it has been concluded that, students

do not support the establishment of nuclear power plants in their country both before and after

intervention. They argue that the necessary security precautions would not be taken sufficiently in the

country they live in. They also believed in that radioactive energy would harm the nature and the

living creatures unless the necessary measures are not taken.

Table 1. Analysis of written and verbal arguments for Group A

Argument  Before Intervention After Intervention

type

Written Supportive Comments/Pro-

Argument  Arguments Warrant(s): There is no security culture in

Claim: Energy concerns the future
of a country and energy needs are
increasing day by day.

Claim: We need a constant and
efficient energy source so nuclear
power plants can be supported.

Unsupportive Comments

Warrant: Nuclear power plants
require more security measures than
other power plants and | think that
these measures will not be taken
sufficiently.

Warrant: Radioactive energy harms
nature and living things. More
renewable energy productions such
as water and wind energies should
be emphasized.

our country. This topic is probably not
given enough attention. In a country where
even natural phenomena have caused
considerable damage; nuclear power plants
are in constant danger of accidents.

No.

Claim: We think that
security measures will

\ 4

not be given enough
attention.

v

Backing(s): There are some problems even in countries
with sufficient training on this issue, we do think that
enough attention will not be given to this issue in our
country. Consumption can be reduced instead of
increasing production because the wastes during the
operation of nuclear power plants are toxic and cancerous.
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Verbal We actually do not fully supportor ~ Warrant(s): We think that security measures will not be given
Argument  not support it. There are reasons for  enough importance in our country. As a qualifier, there is no
supporting and not supporting the security culture in our country; probably not enough attention is
establishment of nuclear power given to this issue. In this country where even natural phenomena
plants. are causing considerable damage, nuclear power plants are in
constant danger of accidents.
Warrant(s): The reason for our
support is that nuclear plants need
more security measures than other
power plants and we think that
these security precautions will not
be taken sufficiently in this country.
Therefore, radioactive energy
harms the nature and the living
creatures. We think that more
importance should be given to
natural energy productions like
wind energy.

Do nuclear power plants release
harmful gases to human and animal
health into the air?

Claim: If no measures are taken, it
will be released.

Written and Verbal Argument Analysis for Group B

In the analysis of the verbal arguments of Group B, there was an improvement in the frequency
of the elements used in the TAP.
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Figure 3. Written Argument Analysis for Group B Figure 4. Verbal Argument Analysis for Group B

The following Table 2 presents a written and verbal argument analysis of the elements that fit
the elements of TAP for Group B. As can be seen in Table 2, it was observed that there are also
students who support the establishment of a nuclear power plants in the country or city where they live
as well as those who do not. The reasons for the supporters were that nuclear power plants meet this
energy requirement and provide job opportunities to many people. Those who do not support the
establishment of a nuclear power plants claimed that they creates environmental pollution, affects

living creatures adversely, harms the ecosystem, damages the ozone layer, triggers global warming,
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increase disease rates but they could not provide a scientific justification for how they would occur.
Moreover, students mostly gave examples from Chernobyl accident, Hiroshima and Nagasaki attack.
The frequent use of giving examples about these disasters reveals that these events had deep impact on
people’s memory. In addition, they also claimed that nuclear power plants are harmful to the

environment and even emits harmful gases to the air.

Table 2. Analysis of written and verbal arguments for Group B

Argument Before Intervention After Intervention
type
Written Supportive Comments/Pro-Arguments Claim: No. Any disruption or damage to the plant
Argument will result in irreversible damage to the
Claim: Today, energy is an absolute environment. Data: For instance, 29 years ago the
necessity. Nuclear power plants radiation emitted during the Chernobyl nuclear
substantially meet this energy power plant explosion was 100 times more
requirement. effective than the bombs raised in Hiroshima and
Nagasaki. Warrant(s): The effects of radiation in
Warrant: Job opportunity increases. the explosion are now ongoing. Genetic disorders
When we look at developed countries, and the lack of growth on that field are the
we see that most of them have nuclear examples of those.
power plants. Poisonous wastes released into the air harm the
ozone layer.
Unsupportive Comments
Claim(s): -It creates environmental
pollution.
-1t affects living cerates adversely.
-1t harms the ecosystem.
-1t damages the ozone layer.
-1t triggers global warming.
-Failure to take safety precautions,
explosions can cause major damages.
-Disease rates increase.
Instead of nuclear power plants, the use
of renewable resources will be
healthier.
Verbal Claim: Today, we think of an energy Warrant: In fact, we have been talking about the
Argument need as an absolute necessity. greenhouse effect for years and global warming

Warrant(s): That is why we see that
nuclear power plants will meet this
energy need in a big way and in a
shorter time, and when we look at the
developed countries, they use nuclear
power plants. Nuclear power plants
should be established in terms of
reaching developed countries.

Does a leak in nuclear power plants
always turn into a natural disaster?

Claim: A leak in nuclear power plants
always turn into a natural disaster.
Can an explosion in a nuclear power
plant spread all over the country?
Data: We can give the example of the
bomb thrown into the Hirosima.

which also has a big impact on it. The wastes to be
dumped into the sea.. (A student who supported
the establishment of a nuclear power plant before.)

Warrant: | know it's the cleanest source of energy
when it is used consciously, but the effects are too
much.

There's no such a thing as waste (the waste thrown
into the sea). | know that all of those turbines are
steamed. The wastes are buried in the ground but |
do not know if it would any leak from the soil or
would be safe in Turkey, but I know it is clean.

Does a leak in nuclear power plants always turn
into a natural disaster?

Warrant(s): It does not always lead to catastrophic
events, but it will lead to enormous
chaos/disturbance because everybody will have a
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fear that it would spread. Then, all energy
production would be ceased. The whole plant
would need to be taken under control and the plant
would have to be scanned to the finest detail to
find out what the source of the problem is. All of
this would cause both material and public
problems.

Can radiation cause mutation in human genes?
Claim: It could be due to radiation, it's already
affecting the human body ...

Claim: It corrupts our DNA.

Do the other pollutants get damage to the DNA?
Claim: Its effect is probably more.

Claim: Since it’s radiation, radiation corrupts our
DNA and disturbs us.. irreversibly...

Your friends said that nuclear power plants
release various gases into the air. Do you think
that nuclear power plants release harmful gases
into the air to human and animal health?

Rebuttal: In an article | read, it was written that the
wastes from the use of nuclear energy are even less
harmful than the sun, but its use must be 100%
perfect. | read in the article that if there was no any
problem, it would be even less harmful to the sun
when it works perfectly.

Warrant(s): Even if it is not a catastrophic disaster,
the release of harmful gases is already certain
because there was not a leak in Hiroshima in Japan
but a great disaster, but there has not been any
weed there for years. Such a thing can only be due
to the gases. Something that can affect the soil,
something that can affect it, is already gas.

Written and Verbal Argument Analysis for Group C

As seen Figures 5 and 6, comments on the variation of the frequency of the elements used in the

TAP cannot be applicable due to the absence of students after practice.
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Figure 5. Written Argument Analysis for Group C  Figure 6. Verbal Argument Analysis for Group C
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Similar to other group of students, students claimed that radiation can cause mutations in human
genes and the mutations cause genetic disorders, children with disabilities, children with mental
disabilities, physical disorders. However, they could not make a scientific explanation of how the

mutations can take place. They claimed that nuclear wastes would harm the environment, nature and
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also animals as an adverse effect.

Table 3. Analysis of written and verbal arguments for Group C

Argument type

Before Intervention

After Intervention

Written
Argument

Verbal
Argument

Supportive Comments/Pro-Arguments
No.
Unsupportive Comments

Claim: It harms nature by causing air
pollution.

Warrant(s):-Nuclear plant wastes lead to
soil pollution because they are not
readily soluble in the environment. They
damage trees. Thus, oxygen production
reduces and quality of life reduces.
-Despite strict safety precautions,
radiation to spread in the event of a
slight leak that may occur as a result of
natural disasters causes genetic disorders
in the long term.

-Itis also very risky to dismantle the
plants that have completed their lives
because they are long and costly to
install.

Warrant: Nuclear plants are being
installed only because it reduces the cost
but we can get more energy with solar
energy and wind panels in the long term.

Can radiation cause mutation in human
genes?

Claim: Radiation can cause mutations in
human genes.

Claim: One of the biggest triggers of
mutations in human genes is ultrasound.
Data: | can even explain with an
example; so, it is forbidden to enter the
x-ray rooms of the mothers carrying the
suspicion of pregnancy.

Claim: Mutations cause genetic
disorders, children with disabilities,
children with mental disabilities,
physical disorders.

Does a leak in nuclear power plants
always turn into a natural disaster?
Claim: A leak in nuclear power plants is

Group students did not exist in class.

Group students did not exist in class.
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always a natural disaster over time.

Warrant: Because, it is a nuclear waste,
not a normal air, not water, a risky
substance, is always transformed.

Can an explosion in a nuclear power
plant spread all over the country?
Warrant: It can spread very easily
through the wind; through the rain...It
can be spread very easily through
weather events.

Backing: Abnormalities in children have
been seen not only the area accident
happened but also around the vicinity.
Backing: The disaster in Chernobyl
spread all over the Ukraine in that
period. The effects still remain on
human beings. Therefore, a phenomenon
occurred at a certain place may influence
nearby places.

Warrant: Absolutely, yes. Because there
are so many gasses that deplete the
ozone layer, and since forests after all
cover a lot of space they are being
destroyed. In this way, the natural
environment of animals are also
destroyed, thus it harms the animals.

Rebuttal: I do not think it harms the air
directly. As a result, | know that water
vapor or something come out of that
plant. However, | know that the storage
of nuclear materials, keeping them in a
good way and their wastes do not
dissolve easily in nature. | guess they
were burying it in the ground, and this
directly leads to soil pollution. This is
the result of trees, such as birds, eating
something from the ground. For
example, birds are eating something
from the ground .1 think they are
influenced thereby. I do not think it is
directly in contact with the air.

Written and Verbal Argument Analysis for Group D

When the Figures 7 and 8 above were examined, it was observed that the frequency of use of

the elements in the TAP decreased in written and verbal arguments.
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Figure 8. Verbal Argument Analysis for Group D

The detailed analysis of written and verbal arguments demonstrated that students mostly

recommended use of sustainable energy resources as much as possible, such as wind energy, wave

energy, solar energy, geothermal energy instead of nuclear energy. On the other hand, they had

alternative ideas about nuclear power plants similar to other group of students. For example, they

claimed that the gases released from the nuclear power plants are harmful and these gases cause ozone

layer to be thinned and also increase global warming.

Table 4. Analysis of written and verbal arguments for Group D

Argument Before Intervention After Intervention
type
Written Supportive Comments/Pro-Arguments Supportive Comments/Pro-Arguments
Argument We do not support. -
Unsupportive Comments Unsupportive Comments
Warrant: Because, in our country the
resources of sustainable development Claim(s): - It causes to increase global warming
(wind, sun, wave, geothermal) are and greenhouse.
enough to meet our energy needs. - Nuclear plant explosion reduces the viability in
Instead of establishing nuclear power there.
plants, natural energy sources that are - During the explosion of nuclear power plants,
not harmful to nature and human health  pollutants usually spread around.
should be used. - Even filter need to be installed in the chimneys
of the factories, if it is not used in nuclear power
Claim(s):-Besides, fumes from nuclear  plants, it will give too much polluted gas to the air.
power plants cause the ozone layer to - In the case of a leak from nuclear power plants,
be thinned. Therefore, global warming substances may be involved in soil. And, the
is rising. genetics of the grown plants deteriorate and can be
-In humans, diseases such as cancer and  harmful to human health.
asthma are increasing.
-1t is also difficult to safely use the
nuclear power plant in our country.
Adequate measures against the
possibility of explosion must be taken.
Verbal Warrant: We all do not support because ~ Claim: There are some aspects that | support. It
Argument we think that sustainable energy provides enormous energies.

resources exist as much as possible,
such as wind energy, wave energy, solar
energy, geothermal energy, we think
that these will meet our energy needs.
We also think that nuclear power plants
will cause discomfort in people.
Moreover, you cannot get as much

Claim: It provides enormous energies and these
energies would really provide a good opportunity
for the development of the country when it is used
properly, but the factors mentioned in the table are
also effective.
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security measures as you can.

Warrant: There's a gas coming out of
nuclear power plants. This gas affects
global warming, and global warming
affects our food. It is not clear what we
are eating anymore, all of them can
change, and for example we can eat
watermelon in winter. Because of that,
the greenhouse effect is happening.

Warrant: Since nuclear power plants
cause global warming, people's cravings
are starting to change and affect their
health, cancer is increasing. Backing:
Because of the global warming, we are
in a position to change our bodies and
nature/our body and nature are
changing.

Does a leak in nuclear power plants
always turn into a natural disaster?
Claim: Maybe if it rains too
much...maybe due to global warming
and greenhouse gases...or rarely
because of climate change.

Can an explosion in a nuclear power
plant spread all over the country?
Claim: A leak in the nuclear power
plant can spread all over the country.

Warrant: It spreads because it will go
under the soil. For example, we have
hot water sources under the soil, so it
can spread in that way. Backing: Then,
we grow the plant from that soil, the
plants are being transported to other
countries, for example the nuts in the
black sea are sent to other countries. We
eat hazelnuts, we are also affected.

Claim: Yes there is worry ... In developed
countries, there is more emphasis on human factor,
people is more important for them... But in our
country already thousands of people die every
day.. I think that if we take these precautions, large
amount of power can be provided.

Claim: And if everything is bad, why nuclear
power plants are building..

Warrant: | think we can use wind, sun, wave;
many type of energies instead of the expense to do
nuclear power plants. We are trying to get energy
from nuclear power plants, but with that energy
we are ruining the nature or ruining the people.
We say not to kill people, but people are playing
with people’s genius, there are a lot of things
going on.

(In this activity, there is an active participation of
students compared to previous one, and the active
involvement of group spokesmen and pre-service
teachers in this area is remarkable !!)

Do nuclear power plants release harmful gases to
human and animal health into the air?

Claim: Since it is present in nature, it destroys
nature through toxic gases.

Does a leak in nuclear power plants always turn
into a natural disaster?
As we have said before, indirectly...

How does radiation harm human health?
Warrant: With its rays...Rays emitted from
radiation are affecting our body. It breaks down
our structure, causes DNA damages; inherited-
genetic disorders, cancer, genetic damages. These
damages may be permanent for our bodies in the
future.

DISCUSSION

This study focused on pre-service science teachers’ argument quality in the context of nuclear
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power plants. The topic of nuclear power plants, which everyone is familiar with, was chosen as the
subject of the discussion. Venville and Dawson (2010) emphasized the importance of content
knowledge in improving quality of the argument. The written and verbal argument analysis of pre-
service science teachers’ indicated that teacher candidates lacked competency in developing scientific
arguments in the context of nuclear power plants. The results showed that pre-service teachers mostly
used warrant element in Toulmin Argument Pattern to justify their explanations both before and after
the intervention. Erduran, Simon, and Osborne (2004) stated that rebuttals are an indispensable
element of better quality arguments and they are also a sign of sustained engagement in the

argumentation discourse. Martin-Gamez and Erduran (2018) also pointed out that pre-service science
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teachers should be to acquire awareness about the importance of rebuttals in an argument, not only to
teach to their students to construct quality arguments, but also to encourage the engagement of learners
in dialogical conversation. In the analysis of the written and verbal arguments of the current study, the
numbers of rebuttals were very few. In addition, there was not an improvement in the frequency of the
elements used in the TAP in all groups. In this sense, it may not appear to be an outstanding
improvement in terms of the argument quality. Furthermore, especially verbal arguments of pre-
service students revealed that they have some alternative conceptions about nuclear power plants. For
instance, some of the students believed that nuclear plants harm or pollute the air, that is; poisonous
wastes or toxic gases are released into the air from nuclear plants. Even some of them considered that
released gases from these plants trigger or increase global warming. Similarly, another common idea
was that nuclear power plants would not only pollute the air but also contaminate the soil through
weather events such as wind and rain. Besides, almost all of them agreed on that radioactive energy
harms nature and living organisms. While they claim that radiation can cause mutations and mutations
can cause genetic disorders, children with disabilities, children with mental disabilities, physical
disorders and etc., they could not scientifically explain how radiation causes all these mutations in
living organisms. One of the common beliefs among them was that an explosion in the nuclear power
plant would spread to the whole country. The main cause of this idea was the Chernobyl nuclear
accident, which students give a lot of examples during discussions. It is seen that this incident in the
real life deeply influenced students' thoughts against nuclear power plants. When the subject was
radiation, the examples were usually related to Chernobyl, Hiroshima and Nagasaki. In addition to
these, they insisted on that safety/security measures would not be taken sufficiently in their country of
residence. The results of this study were consistent with the findings of Aydeniz and Giir¢ay (2013) in
which the written arguments were analyzed in the context of nuclear power plants. They stated that
students make a direct link between the nuclear power plants and the natural disaster without
discussing the causes of the leak. In Aydeniz and Gilirgay’s (2013) study students could not discuss
why a possible leak may cause a natural disaster from a scientific perspective. Moreover, they claimed
that nuclear power plants release some hazardous gases to the air, causing several detrimental effects

on human and animal life.

There are many reasons that students have difficulty in constructing arguments and participating
in argumentative discourse. One of the reasons that students’ lack of opportunity to engage in such
activities within current pedagogical practices (insufficient participation) and the other is teachers’
limited pedagogical skills to manage argumentation and discussion sessions in classrooms (Driver et
al. 2000).

This study was useful for introducing the Toulmin Argument Pattern to the students. They had
the opportunity to present their ideas on a socio-scientific topic. In this process, they conducted group

work and exchanged ideas between the groups and within the groups. Thus, a social environment was
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created to share ideas and thoughts. According to Driver et al. (2000), students’ involvement in
argumentation discourse promotes conceptual understanding in science. Erduran and Jiménez-
Aleixandre (2008) pointed out that argument has both an individual and a social meaning. Social
argumentation called as internal argumentation is a powerful tool for improving high-level thinking.
They stated that ‘social dialogue offers a way to externalize internal thinking strategies embedded in

argumentation’ (Erduran and Jiménez-Aleixandre, 2008, p.12).

Although there has been growing interest to the argumentation in science education (Aydeniz et
al., 2012; Cetin et al. 2016; Ozdem et al. 2017), there are limited studies about pre-service science
teachers’ argumentation skills (Martin-Gamez & Erduran, 2018). Considering the need for studies in
the field of pre-service teachers’ understanding of argumentation, this study merits discussion.
Argumentation can be explicitly taught in teacher education besides elementary and secondary
education and pre-service teachers should be encouraged to use the discourse of argumentation in their

science classrooms.
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UZUN OZET

Giris

Argiimantasyon konusunda yapilan ¢aligmalar incelendiginde, ortaokul ve lise dgrencilerinin
bile gerekge ve destekleme gibi argiimantasyon unsurlarin1 kullanamadiklar1 gériilmektedir (Sandoval
ve Millwood, 2005). Martin-Gamez ve Erduran (2018), 6gretmen adaylarinin argiimanlart anlamada
zorluk c¢ektiklerini belirtmisglerdir. Ayrica, adaylarin gerekgelerin bilimsel arglimandaki rolii ve
anlamimi anlamadiklarii ve farkli stratejilerinin kullaniminin tartigsmalar, miinazaralar ve deneylerle
sinirlt kaldigini ifade etmislerdir. Bunlara ek olarak, katilimcilarin yas araligi ve 6gretmenlik deneyimi
stiresinin argiimantasyon anlayislarimin kalitesini etkilemedigini saptamislardir. Ayrica, 6gretmen
adaylarinin argiimantasyon konusunda daha saglam ve uzun oturumlara katilirlarsa yarar saglama
ihtimallerinin daha yiiksek olacagini da ifade etmislerdir. Yapilan ¢alismalar 1s18inda, bu ¢alismanin
temel amaci, 6gretmen adaylarinin niikleer santraller konusunda gelistirdikleri argiimanlarin kalitesini
belirlemek ve Toulmin Argiiman Modelindeki unsurlarin bu konu baglaminda kullanilma sikligini

belirlemektir.
Metot

Bu c¢alisma Toulmin Argiiman Modeli temel alinarak yiiritiilmiis nitel bir ¢aligmadir ve
Ogretmen adaylarinin Toulmin Argiiman Modeli’'ndeki unsurlari kullanma sikliklarini niikleer
santraller konusu kapsaminda incelemektedir. Caligma grubunu bir devlet {iniversitesinde Fen Bilgisi
Ogretmenligi programinda okuyan 48 6gretmen aday1 olusturmaktadir. Calisma grubunu olusturmak

icin kolay ulagilabilir 6rnekleme yontemi kullanilmusgtir.

Bu ¢alisma grubunu olusturan 6gretmen adaylar1 6rgilin egitim programlarinda mevcut ¢alisma
oncesinde argiimantasyon konusuna iliskin bir kurs ya da egitim almamustir. Ogretmen adaylarina
egitim verilmeden once adaylardan rastgele 6grenci gruplari olusturmalari istenmistir ve 6grencilere
iilkelerinde veya yasadiklar1 sehirde niikleer santral kurulmasin destekleyip desteklemedikleri sorusu
sorularak bir tartisma baslatilmistir. Ek olarak, Aydeniz ve Giir¢ay’in (2013) ¢alismasinda niikleer
santraller konusunda yanit alinamayan sorular 6grencilere yoneltilmistir. Grup i¢i ve gruplar arasi
bilimsel tartismalar yazili ve sozlii olarak analiz edilmek {izere video kayd: altina alinmigtir. Niikleer
santraller etkinligiyle birlikte bes etkinlik daha uygulanmistir ancak bu c¢alismada diger etkinliklerin
analizine yer verilmemistir. Ardindan, Ogretmen adaylar1 c¢aligmanin aragtirmacilarindan biri
tarafindan Toulmin Argiiman Modeli ve arglimantasyon hakkinda yaklasik iki buguk saat kadar siiren
bir egitim almislardir. Egitim siliresince, Ogretmen adaylariyla argiiman ve arglimantasyon
kavramlartyla ilgili bilimsel tamimlar paylasilmistir. Ayrica, cesitli konularda ilgili literatiirden
argiiman Ornekleri Ogrencilerin diline gevrilerek sunulmus ve iyi bir argiimanda olmasi gereken

ozellikler vurgulanmistir. Bu egitim sonrasinda, aymi etkinlikler bu modelin unsurlar1 géz Oniine
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bulundurularak tekrarlanarak yine kayit altina alinmustir. Etkinlik boyunca 6gretmen adaylar1 gruplara

katilma ve birbirleriyle fikir aligverisinde bulunma firsati bulmuslardir.
Sonug¢ ve Tartisma

Bu caligma, 6gretmen adaylarimin niikleer santraller konusundaki argiiman kalitesini dlgemeye
odaklanmistir. Bilimsel tartisma konusu olan niikleer santraller hemen herkesin olumlu ya da olumsuz
diistinceye sahip oldugu sosyo-bilimsel konulardan biridir. Venville ve Dawson (2010) da argiiman
kalitesinin iyilestirilmesinde icerik bilgisinin 6nemini vurgulamistir. Fen bilgisi 6gretmen adaylarinin
yazili ve soOzIi argiiman analizi Ogretmen adaylarmin niikleer santraller konusunda bilimsel
arglimanlar gelistirme konusunda yetkin olmadiklarin1 géstermistir. Arastirmanin sonuglar1 dgretmen
adaylarinin hem uygulama oncesinde hem de uygulama sonrasinda argiimanlarini hakli ¢ikarmak igin
Toulmin Argiiman Modelinde ¢ogunlukla gerek¢e unsurunu kullandiklarim gostermistir. Erduran,
Simon ve Osborne (2004), Toulmin Argiiman Modelindeki ¢iiriitiiciilerin iyi kalite argiimanlarinin
vazgecilmez bir unsuru oldugunu ve ayni1 zamanda argiimantasyon sdyleminde siirekli katilimin bir
isareti oldugunu belirtmislerdir. Martin-Gamez ve Erduran (2018) ogretmen adaylarinin, sadece
kaliteli arglimanlar insa etmeyi Ogretmekle kalmayip aym1 zamanda Ogrencilerin diyaloglu
konusmalara katilimini tesvik etmek icin tartismada ¢iiriitiiciilerin 6nemi konusunda farkindalik
kazanmalar1 gerektigini de belirtmistir. Mevcut ¢alismanin yazili ve sozlii arglimanlarin analizinde
ctirtitiicii sayisinin azhigi dikkat ¢ekmistir. Ayrica, Toulmin Argiiman Modelindeki unsurlarin kullanim
frekansinda tiim gruplar i¢in biiyiik bir gelisme olmamustir. Ayrica, 6gretmen adaylarmin o6zellikle
sOzIii arglimanlari analizi niikleer santraller hakkinda bazi alternatif fikirlere sahip olduklarini ortaya
koymustur. Ornegin, dgrencilerin bir kismu niikleer santrallerin havaya zararli gazlar saldigini ve
havay: kirlettigine inanmaktadir. Hatta bazilar1 bu tesislerden salinan gazlarin kiiresel 1sinmay1
tetikledigini veya artirdigi fikrine sahiptir. Benzer sekilde, bir baska yaygin fikir niikleer santrallerin
yalnizca havayi kirletmekle kalmayacagi ayn1 zamanda topragi riizgar ve yagmur gibi hava olaylariyla
dogayi kirletecegi yoniindedir. Ayrica, 6grencilerin biiyiikk ¢ogunlugu radyoaktif enerjinin dogaya ve
canlilara zarar verdigi konusunda hemfikirdir. Radyasyonun mutasyonlara neden olabilecegini ve
mutasyonlarin da genetik bozukluklara, ¢ocuklarin zihinsel ya da fiziksel engelli dogmalarina neden
olabilecegini iddia etmelerine ragmen, tiim bu mutasyonlarin canli organizmalara nasil ger¢eklestigini
bilimsel olarak agiklayamamislardir. Ogretmen adaylarindaki ortak inanglardan biri de niikleer
santraldeki bir patlamanmn tiim ilkeye yayilacagi fikridir. Bu fikrin ana nedeni, Ogrencilerin
tartismalar sirasinda siklikla 6rnek verdikleri Cernobil niikleer kazasidir. Gergek hayattaki bu olayin
6grencilerin niikleer santrallere yonelik diisiincelerini derinden etkiledigi de tespit edilmistir. Bunlara
ek olarak, ikamet ettikleri iilkede emniyet/giivenlik 6nlemlerinin yeterince alinmayacagi konusunda
israrct olmuslardir. Bu ¢aligmanin sonuglari, yazili argiimanlarin niikleer santraller baglaminda analiz
edildigi Aydeniz ve Giirgay (2013) 'un bulgulariyla uyumludur. Ogretmen adaylar1 niikleer

santrallerdeki sizintinin sebeplerini tartigmadan niikleer santrallerle dogal afet arasinda dogrudan bir
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baglanti kurduklarini ifade etmislerdir. Ayrica, muhtemel bir sizintinin neden dogal bir felakete neden
olabilecegini bilimsel bir bakis agisiyla tartisamamiglardir. Niikleer santrallerin havaya bazi tehlikeli
gazlar saldigin1 ve insan ve hayvan yasamu tizerinde gesitli zararl etkilere neden oldugunu da iddia

etmislerdir (Aydeniz ve Giir¢ay, 2013).

Ogrencilerin argiiman olusturmada ve tartismaya acik sdylemlere katilmada zorluk ¢ekmesinin
bircok nedeni vardir. Ogrencilerin mevcut pedagojik uygulamalarda bu tiir etkinliklere katilma
sansinin olmayisinin nedenlerden biri (yetersiz katilim) ve digeri ise Ogretmenlerin smiflardaki
tartisma ve tartigma oturumlarini yonetme konusundaki sinirli pedagojik becerileridir (Driver ve ark.
2000). Bu ¢alisma, 6grencilere Toulmin Argiiman Modelini tanitmak icin faydali olmustur. Ogretmen
adaylar1 distincelerini sosyo-bilimsel bir konuda sunma firsatini bulmuglardir. Bu siiregte grup
caligmas1 yapmis ve gruplar arasinda ve gruplar iginde fikir aligverisinde bulunmuslardir. Béylece fikir
ve diigiinceleri paylasmak icin sosyal bir ortam yaratilmustir. Driver ve ark. (2000) ogrencilerin
bilimsel tartigmalara katilimlarimin bilimde kavramsal anlayisi destekledigini ifade etmislerdir.
Erduran ve Jiménez-Aleixandre (2008), bilimsel tartismanin (argiimantasyonun) hem bireysel hem de
sosyal bir anlami oldugunu belirtmistir. I¢sel argiimantasyon olarak adlandirilan sosyal tartismanin {ist

diizey diisiinmeyi gelistirmek i¢in giiglii bir ara¢ oldugunu ifade etmislerdir.

Fen egitiminde argiimantasyona olan ilginin giderek artmasina ragmen (Aydeniz ve ark., 2012;
Cetin ve ark. 2016; Ozdem ve ark. 2017), 6gretmen adaylarmn bilimsel tartisma becerilerine iliskin
simirlt sayida ¢alisma vardir (Martin-Gamez ve Erduran, 2018). Ogretmen adaylariyla ilgili olarak
argiimantasyon alanindaki ¢alismalara ihtiya¢ duyuldugu dikkate alindiginda bu g¢alisma ilgili alana

katki sunacaktir.
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