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ABSTRACT This study investigates preservice science teachers' informal reasoning and scientific habits of mind
about hydroelectric power plants. The sample of the study consists of 587 preservice science teachers
who studied in four different universities in the Eastern Black Sea region of Turkey. Data were collected
through a questionnaire that consists of four open-ended questions regarding a hydroelectric power plant
construction and the scientific habits of mind scale. Content analysis was used to analyze the
questionnaire. The same data were then subjected to quantitative descriptive analysis. In the analysis of
quantitative data, the Jamovi program was used. Independent samples t-test was used to determine the
relationship between scientific habits of mind and informal reasoning. Results indicated that the
preservice science teachers mostly used ecological-oriented informal reasoning mode, and
counterarguments were the least created argument component. Preservice science teachers’ the least used
informal reasoning mode was social-oriented. Informal reasoning quality of students with high scientific
habits of mind score was found to be high, but no significant difference was found between the total
number of informal reasoning modes and scientific habits of mind scores. In line with the results,
implications were provided for preservice science teacher education.
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Fen bilgisi 6gretmen adaylarinin informal muhakemeleri ve bilimsel
diistinme aliskanliklari: Hidroelektrik santraller 6rnegi

OZ Bu calisma, fen bilgisi gretmen adaylarmnin hidroelektrik santraller hakkinda informal muhakemelerini
ve bilimsel diigiinme aligkanliklarini incelemektedir. Arastirmanin 6rneklemini Tiirkiye'nin Dogu
Karadeniz bolgesinde dort farkli iiniversitede Ogrenim goren 587 fen bilgisi Ogretmen adayi
olusturmaktadir. Veriler hidroelektrik santrallerin kurulumu ile ilgili dort adet agik uglu soru igeren bir
anket ve bilimsel diisiinme aliskanliklar1 6lgegi araciliiyla toplanmistir. Anketin analizinde igerik
analizi kullanilmigtir. Bilimsel diigiinme aligkanliklar1 ile informal muhakeme arasindaki iliskiyi
belirlemek i¢in bagimsiz 6rneklemler t testi kullanilmistir. Sonuglar, fen bilgisi 6gretmen adaylarinin en
cok ekolojik odaklr informal muhakeme modunu kullandiklarini ve karsit argiimanlarin en az olusturulan
argiiman bileseni oldugunu gdstermistir. Fen bilgisi 6gretmen adaylar1 en az sosyoloji odakli informal
muhakeme modunu kullanmstir. Bilimsel diisiinme aligkanlig1 puani yiiksek olan 6gretmen adaylarmnin
informal muhakeme kalitesi yiiksek bulunmus, ancak informal muhakeme bigimleri toplam sayist ile
bilimsel diisiinme aligkanligi puanlar1 arasinda anlamli bir farklilik bulunmamistir. Sonuglar
dogrultusunda hizmet dncesi fen bilgisi 6gretmenligi egitimine yonelik oneriler verilmistir.
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INTRODUCTION

Science education has long been aimed at equipping students with knowledge, skills, and tools to make
well-informed decisions about complex issues in daily life (Sakschewski et al., 2014). To engage
students in decision-making by considering the moral and ethical aspects of complex issues,
socioscientific issue-based teaching has been advocated to be incorporated in school science curricula
(Chowdhury, 2016; Sadler & Zeidler, 2004). Socioscientific issues (SSI), the term coined to explain
situations with ties to science and society, provide dilemmatic situations that require individuals to
engage in decision-making processes through the use of informal reasoning (Sadler, 2004; Zeidler et al.,
2005). Through informal reasoning individuals assess the pros and cons, advantages and disadvantages
of an issue when making informed-decision (Means & Voss, 1996). Making decisions about SSI through
informal reasoning requires individuals to engage in discourse and debate.

According to Gauld (2005) individuals who act following scientific methods and have scientific attitudes
should have certain characteristics in the process of research, inquiry, and access to scientific
information. These characteristics, called scientific habits of mind (SHOM), are open-mindedness
(being receptive of new ideas), skepticism (critically examining the information), rationality (reasoning
in an informed way), objectivity (reducing idiosyncratic contributions), mistrust of arguments
(approaching an argument skeptically due to the status of the arguer), suspension of belief (not rushing
to make judgments due to insufficient evidence), and curiosity (being receptive to learn new content)
(Gauld, 1982). These are the most critical factors in the process of obtaining scientific knowledge,
carrying out the research process in an informed way, reaching scientifically qualified information, and
finally making informed decisions (Gauld, 1982; Wiyarsi & Calik, 2019).

Based on relevant literature on socioscientific decision-making, Calik and Coll (2012) identified major
components of decision-making as uncertainty, rationality, the trustworthiness of credibility, critical
thinking, evidence, asking critical or epistemological questions, open-mindedness, ability to identify
bias and reflect critically critical scrutiny, and holding in abeyance. Considering the key features of
SHOM identified by Gauld (1982, 2005), they concluded that socioscientific decision-making and
SHOM overlap in six major categories: open-mindedness, skepticism, rationality, objectivity, mistrust
of arguments, and suspension of belief.

Individuals need to go through a reasoning process to make decisions based on arguments (Shaw, 1996).
When the dilemmas of SSI and their controversial consequences are considered, informal reasoning
comes to mind as the most appropriate form of reasoning. Informal reasoning refers to the process of
evaluating positive and negative aspects of a subject, weighing pros and cons, and thus supporting a
decision based on justifications (Evans & Thompson, 2004; Means & Voss, 1996). In the process of
informal reasoning, an individual engages in evidence-based discourse and reaches a decision as a result
(Zohar & Nemet, 2002). For individuals to reason in SSI formally or informally, they must first have
knowledge of the subject. Furthermore, to have access to information that is scientifically qualified,
individuals must engage in the scientific research process. In this process, the findings and information
obtained from the results of the research will be interpreted by the researcher. It can be stated that to
carry out the research process in an informed way, to reach scientifically qualified information, and to
finally make informed decisions, individuals should possess SHOM (Gauld, 1982). Therefore, SHOM
plays an important role in socioscientific decision-making through informal reasoning (Wiyarsi & Calik,
2019).

Teacher Preparation Programs in Turkey

Informal reasoning is the process by which individuals decide by evaluating multiple aspects of the issue
in light of the data obtained in the solution of a particular problem, considering the pros and cons and
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taking into account the benefits and disadvantages (Zohar & Nemet, 2002). Means and Voss (1996)
described informal reasoning as a purposeful process that involves producing evidence or generalizing
a claim or result. Sadler (2004) describes the relationship between SSI, informal reasoning, and
argumentation as in the following: SSI are solved by informal reasoning, and informal reasoning is
explained by argumentation. In the process of informal reasoning, an individual creates multiple
arguments on the subject and performs any number of arguments about these arguments. As a result of
reasoning, an individual decides one of these arguments. Thus, the process of informal reasoning is
solved by using argumentation (Wu & Tsai, 2007).

In the literature, informal reasoning is characterized by different perspectives such as reasoning patterns
and reasoning modes (Patronis et al., 1999; Sadler & Zeidler, 2005). Some other researchers investigated
informal reasoning qualities. To determine the quality, researchers often use argumentation quality as
an indicator. However, there is no linear relationship between informal reasoning and argumentation.
Individuals with high-quality informal reasoning can have a high-quality argument, and high-quality
informal reasoning can be expressed with low-quality arguments (Means & Voss, 1996). In their study,
Wu and Tsai (2007) offered a holistic framework to capture high school students’ informal reasoning
on nuclear energy. Their assessment included three stages: (a) decision-making mode and position
change: as intuitive or evidence-based and the position remained or changed, (b) informal reasoning
modes: social, economy, ecology, and science or technology-oriented modes, and (c) reasoning quality:
number of supporting arguments, number of counter-arguments, and number of rebuttals.

Most studies have investigated school-age students’ informal reasoning but research on preservice
teachers’ informal reasoning was relatively less studied. For instance, Ladachart and Ladachart (2021)
investigated Thai preservice biology teachers’ informal reasoning about two different culture-based SSI.
They found that preservice teachers considered issues from different multiple perspective and their
reasoning was differed based on the cultural and religious relevancy and the importance of the issue.
However, most studies investigating preservice science teachers’ informal reasoning were conducted in
Turkey (Nielsen, 2020). For example, Ozturk and Yilmaz-Tuzun (2017) investigated the relationship
between 657 preservice science teachers’ informal reasoning and epistemological understandings on
nuclear energy topic. They found that preservice science teachers mostly created supportive arguments,
and used risk-oriented and political-oriented informal reasoning modes as different from what other
studies reported. Evren Yapicioglu and Aycan (2018) investigated the effect of an intervention on
preservice science teachers’ positions and informal reasoning about nuclear energy. They found that
most used reasoning modes changed to social-oriented from ecology-oriented, and preservice teachers
changed their positions about the issue. In another study Pehlivanlar (2019) investigated a total of 376
preservice science and elementary teachers’ informal reasoning about local, national, and global SSI.
Results indicated that the participants used different informal reasoning modes in different SSI contexts
and they mostly created supportive arguments compared to rebuttals and counterarguments. Namdar et
al. (2020) investigated the effect of preservice science teachers’ attitudes towards SSI1 and media literacy
on informal reasoning about hydroelectric power plants (HePP). They found that the participants most
frequently used ecology-oriented reasoning, created supportive arguments, perceived level of media
literacy levels predicted reasoning quality and modes, but attitudes towards SSI did not predict informal
reasoning. In a more recent study Cebesoy (2021) investigated eleven preservice science teachers’
informal reasoning and risk perceptions on gene therapy subject. They found that preservice teachers
used one or more informal reasoning patterns. In their study with 26 preservice biology teachers, Han-
Tosunoglu and Ozer (2021) found that preservice teachers mostly made rationalistic decisions and
considered risk perceptions about Covid 19 and social isolation. Karisan and Cebesoy (2021) indicated
that several factors such as science, ethics, economy, politics, and culture affect preservice science
teachers’ informal reasoning about gene therapy and preimplantation genetic diagnosis subjects.
Overall, these studies indicated that informal reasoning modes were context-dependent, instruction
influenced decisions and the use of reasoning modes, preservice teachers mostly created supportive
arguments about SSI, epistemological beliefs, attitudes, and media literacy was investigated as
predictors. However, some studies indicated that preservice teachers had difficulties in reasoning from
multiple aspects of SST and did not have adequate informal reasoning skills (Es & Varol, 2019).
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Scientific Habits of Mind (SHOM)

In the process of informal reasoning, it is necessary to use some research processes to reach qualified
scientific information. The approaches used by individuals in this process and their preferred scientific
methods express their scientific attitudes (Gauld, 1982). In this sense, a scientific attitude is a
competence that needs to be supported and developed for high-quality decision-making (Calik & Coll,
2012). Individuals who have a scientific attitude are individuals who are willing to prefer scientific
methods in research to access the scientific information.

When the habits of mind are examined, it can be assumed that the features are merely the competencies
that scientists should possess. However, when individuals need to make decisions about a problem they
may face in daily life or on dilemma matters concerning themselves and their society in which they live,
SHOM comes along as one of the fundamental skills (Calik & Coll, 2012; Gauld, 1982). In the context
of SSl-based teaching and learning, SHOM is important to understand and mimic how scientists think
and practice their work (Calik & Coll, 2012). To make objective and rational decisions by making
effective use of reasoning processes, it is necessary to have SHOM specific to scientific attitude.

There has been a limited number of studies on SHOM in the context of SSI that was conducted with
preservice teachers. These studies investigated the comparison of elementary preservice teachers’
SHOM based on the participants’ field of study (Calik et al., 2014), the effect of common knowledge
construction model on preservice elementary teachers’” SHOM (Calik & Cobern, 2017), preservice
science teacher” SHOM related to environmental problems (Giiven, 2017), and the effect of a science,
technology and social change course on preservice science teachers’ SHOM and attitudes towards SSI
(Calik & Karatag, 2019). Calik and Coll (2012), based on relevant literature, argued that decision-
making and argumentation about SSI involve the features of open-mindedness, rationality, objectivity,
skepticism, suspension of belief, and mistrust of arguments from authority. Therefore, it can be
concluded that there is a significant overlap between decision-making and SHOM. As we characterize
decision-making in the context of SSI through informal reasoning, the connection between informal
reasoning and SHOM is inherent. However, this interpretation needs further empirical evidence.
Although theoretical connections are made between SHOM and SSI decision-making, as to our
knowledge, none of the studies investigated the relationship between SHOM and informal reasoning
about SSI. Identifying this relationship is important to design and implement scaffolds in science teacher
education for informed SSl-based decision-making. Therefore, the current study is unique to identify
the relationship between SHOM and informal reasoning.

Purpose of the Study

Although the connection between informal reasoning and SHOM, specifically in the context of SSI, is
well articulated theoretically (c.f. Calik & Coll, 2012; Calik & Karatas, 2019) and highlighted in the
curriculum (Ministry of National Education [MoNE], 2018), there is a gap in the literature that
relationship between informal reasoning and SHOM are not empirically tested. This becomes
particularly important in the context of science teacher education as teachers can affect students’
decision-making on SSI (Cetin et al., 2014). Thus, meaningful courses, contexts, and scaffolds could be
provided for informed SSI decision-making (Topgu et al., 2011) concerning SHOM. The aim of this
study is to investigate preservice teachers’ informal reasoning and SHOM and the relationship between
these two constructs, in the context of hydroelectric power plant issue. With this regard, we investigated
the following research questions in our inquiry:

i. What type of informal reasoning modes do preservice science teachers use in their informal reasoning
about hydroelectric power plants?

ii. What is the quality of the preservice science teachers’ informal reasoning regarding hydroelectric
power plants?

iii. What is the relationship between SHOM and informal reasoning quality?
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METHODS

The descriptive research method was used in the study (Nassaji, 2015). In contrast to qualitative
research, in descriptive research, instead of the examination of why or how a case is, what is a case is
investigated. In this type of research, measurement tools are generally used for survey purposes. In
addition to the use of scales, which are generally quantitative measurement tools, qualitative data can
be collected in such studies. Qualitative data can then be analyzed quantitatively (Nassaji, 2015). In this
descriptive research, qualitative and quantitative data collection tools were used together. Qualitative
data were first analyzed by using content analysis. The same data were then subjected to quantitative
descriptive analysis. Then, the relationship between these descriptive data and quantitative measurement
tools was analyzed quantitatively. Using both quantitative and qualitative measures is important to better
understand the informal reasoning of preservice science teachers.

Study Group

The study was carried out with 587 preservice science teachers aged 18-30 years who were enrolled in
science teacher education programs at four different universities located in the north-eastern Turkey in
2018-2019 academic year. Institutional review and ethics board approval from Artvin Coruh University
(Date: 26.12.2018-N0:2018/12-2) and consent forms from the participants were obtained. Preservice
science teachers, who graduate from the undergraduate programs, work as middle school science
teachers. Descriptive statistics of the sample group are given in Table 1.

Table 1.
Number of Participants by University and Gender
University Female Male Total

A 84 28 112
B 54 18 72
C 103 34 137
D 229 37 266
Total 470 117 587

Hydroelectric Power Plant Issue

HePP in the Black Sea Region of Turkey is one of the highly debated SSI in local and national media
as there is an increasing number of HePP construction in the area. As there is a call for selecting local
SSI for meaningful engagement in discussions about these issues, there is an increasing number of
studies about the effects of the context of the issues in informal reasoning (Atasoy, 2018; Cian, 2020;
Pehlivanlar, 2019), we chose the participants whose universities were located in the top four provinces
in terms of the number of HePP in the Eastern Black Sea Region (Gokdemir et al., 2012). While 360
participants supported the construction of power plants, 229 were against it. A total of 491 participants
reported that they would make their decision by considering the evidence regarding the issue, while 96
reported that they would make their decisions based on their intuitions.

Data Collection

Two data collection tools were used in this study. In the first part, an open-ended questionnaire
developed by the researchers about the HePP was used to investigate informal reasoning (Appendix A).
The main text of the HePP questionnaire consists of two parts. In the first part, the definition of HePP,
which is widely used in the literature, is provided, and its working principle is mentioned. In the rest of
the text, positive and negative criticisms of the public about HePP were provided similar to previous
studies (Wu & Tsai, 2007; Ozturk & Yilmaz-Tuzun, 2017). While writing the scenario text, equal
attention was paid to the positive and negative aspects of the subject. Similarly, equal weight was given
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to distribute justifications in equal informal reasoning modes.

The second part of the questionnaire consisted of four open-ended questions to reveal the informal
reasoning of the participants. In the first question, the participants were asked whether they agree with
the idea of building a HePP in the city where they study and the reasons for this idea. In the second
question, the participants were asked what other reasons they would provide to convince another person.
The third question asked about what views a person who opposes him/her can put forward. In the last
question, the participant was asked how to refute the contradictory claims stated in the previous question
and on what data and reasons would he defends his own opinion. The scenario was based on similar
forms that were frequently used in the literature and were prepared to determine the informal reasoning
of students and teachers (e.g. Ozturk & Yilmaz-Tuzun, 2017). Two science education faculty members
reviewed the form. The scenario was also applied to 5 pre-service teachers. Based on their opinions
about the text and feedback received from the experts, the scenario was grammatically corrected,
detailed scientific information about the HePP working mechanism was deleted, and a question about
whether they support the establishment of HePP in the city that they were studying was added.

In the second part of the study, “Scientific Habits of Mind Scale,” consisting of a 32-item self-report
measure developed by Calik and Coll (2012) was used after getting a permission from the author. Likert
scale responses ranged from 1 to 4 (always true, maybe true, maybe wrong, always wrong). Calik and
Coll (2012) ensured the validity of the scale by defining a theoretical framework, using panel of experts
for face validity, interviewing teachers, lay people and preservice teachers for readability and item
comprehension, conducting comfirmatory factor analysis and convergent and discriminant validity. In
the current research, the Cronbach alpha reliability value of the scale was 0.657. Similar results were
found in previous studies conducted with Turkish preservice teachers (Calik & Karatag, 2019; Giiven,
2017). The first author reviewed the science education program schedules of the universities. Then, he
contacted the course instructors and arranged a data collection time during or after the instructors’
scheduled courses. The first author administered the data collection tools face-to-face in the classes, in
a paper-pencil format. Each participant was given both the questionnaire and the scale. It took around
40 minutes to fill in the data collection tools by a participant. All necessary permissions were obtained
from the participating universities.

When the relationship between informal reasoning quality and SHOM was examined, the informal
reasoning quality of the high SHOM group (M= 8.92, SD=3.93) was higher than the low SHOM group
(M= 8.12, SD=4.05). Levene test results were not significant. Therefore, the variances of the groups
were different. Skewness and kurtosis values for informal reasoning modes and quality scores were
found between -1.5 and+ 1.6, indicating a normal distribution (Tabachnick & Fidell, 2013).

Data Analysis

To analyze the questionnaire, descriptive analysis method was used (Yildinm & Simsek, 2006).
Participants' answers to the questions to reveal their quality of informal reasoning were examined. The
number of valid reasons used to support their answers was coded and counted. Initial arguments referred
to the arguments put forward by the preservice teachers before they make personal position about the
hydroelectric power plant issues. Supportive arguments are the valid justifications that further support
preservice teachers’ positions about the issue. Counterarguments are the arguments that are against the
preservice teachers’ personal positions about the issue. Rebuttals are the claims that the prior arguments
are not valid or true. The number of initial arguments, supportive arguments, counterarguments and
rebuttals were obtained from the questions provided in the scenario (see Appendix) respectively.
Furthermore, the answers given to the questions to determine informal reasoning modes were analyzed
by using content analysis. It was determined how many different points of view the participant benefited
from during the justification of the answers and what these perspectives were.

For the reliability of the analysis, the first 50 questionnaire forms were coded separately by the
researchers. The reliability coefficient between the coders was calculated (Miles & Huberman, 1994) as
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.96 for the quality of informal reasoning, .88 for the informal reasoning modes of the first question, and
.90 for the second question. Then the coders came together to discuss the disputes. The rest of the coding
was completed by the first author.

In the analysis of quantitative data, the Jamovi program was used (Jamovi Project, 2019). First, the
Cronbach's alpha reliability coefficient of the scale was calculated. Then two groups, SHOM-high and
SHOM-low, were determined based on the total score obtained from the SHOM scale. We identified the
total SHOM average score of 2.5 (which is the mid-point) and above as SHOM high, and below 2.5 as
SHOM-low. The necessary kurtosis and skewness values were calculated for normality values.
Independent samples t-test was used to determine the relationship between SHOM and informal
reasoning modes, and SHOM and informal reasoning quality.

FINDINGS
Informal Reasoning Modes

Informal reasoning modes were coded by examining the answers of the participants to the questions in
the questionnaire. We identified 5 informal reasoning modes as ecology, scientific/technological,
economic, political, and social-oriented. Looking at the variety of arguments used by preservice teachers
in the whole informal reasoning process, we found that 65% of the group used three or more informal
reasoning modes in the informal reasoning process. Furthermore, out of 587 pre-service teachers, 543
(92%) performed their informal reasoning using multiple reasoning modes.

In the questionnaire, the number of valid reasons stated in each question revealed the participants’
reasoning about HePP. We first identified the number of valid and unique justifications provided by the
participants under each reasoning mode for the questions. Then we added these numbers. Later, we
calculated the mean and standard deviation for each reasoning mode. The total number of informal
reasoning modes used in the answers given to these questions is given in Figure 1. Also, valid
justifications used in each informal reasoning mode ranged from 0 to 6.

Figure 1.
Total Number Justifications Used in Each Informal Reasoning Mode
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INFORMAL REASONING MODES

Table 2 indicated that on average the participants used around two ecology-oriented justifications
(M=2.04, SD= 1.72) in their reasoning, which is followed by scientific/technological-oriented reasoning
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modes (M=1.95, SD=1.76). The least used informal reasoning mode was social-oriented (M= 0.32, SD=
0.72).

Table 2.

Mean Scores Across Informal Reasoning Modes
Reasoning Mode Mean SD
Social-oriented 032 0.72
Political-oriented 0.37 0.81
Economy-oriented 147 151
Scientific/Technological-oriented 1.95 1.76
Ecology-oriented 204 172

As expected, the primary reasoning mode was ecology-oriented. The participants’ reasoning included
justifications that reflected mostly their concerns about the environment. These justifications included
HePP’s effect on the living things in rivers, the vegetation on the riverbeds, changes in climate patterns,
and the effect on fauna and flora as well as endemic species. Some participants also stated HePP protects
nature by preventing pollution in the river.

PST 243: In the stream bed, we can say that there is no waste. Also, when they collect the water
before it goes to the tribunes, all the waste and garbage are held there. Therefore, it is beneficial
for the environment.

PST 476: HePP will have negative effects on the fish ecosystem. Also, while the HEPP
[hydroelectric power plant] studies are carried out, the natural environment is destroyed due to the
concrete used to build the plant that surrounds the streams. Eliminating plant species is another
drawback.”

The second-most used informal reasoning mode is scientific-technological. These justifications included
the clean energy production process, development in the energy industry and technology, and scientific
and technological development regarding the safety of the plants and their working mechanisms.

PST 198: “...considering the population and needs, there is a need for electrical energy. The
depletion of energy resources has led to the search for new energy methods that are renewable and
do not harm the air. The hydroelectric power plant should be established because it provides clean
energy production. Because the steady water first has potential energy, when they release the water,
the running water kinetic energy turns the turbines, and it produces electricity. There are no by-
products whatsoever.”

Economy-oriented informal reasoning was the third most-used informal reasoning mode. This reasoning
mode included economic benefits and hence the development of the country, contribution to the local
economy, providing employment, and affecting agriculture and animal husbandry. These statements
were generally about the benefits of constructing power plants in the region.

PST 204: “I agree because this city definitely needs improvement. Hydroelectric power is a nice
economic resource. Also, our province is very rich in water. It must be evaluated ...”

PST 331: “I think we have to sacrifice things to make a profit. Or we should profit with minimal
damage. One of these ways is hydroelectric power, in my opinion.”

Political-oriented informal reasoning mode included geopolitical importance of the country, localization
of income sources, reducing external dependence, and government policies.

PST 481: “The world is entering the age of energy and technology. These projects should be carried
out to become one of the top 10 economies and reduce external energy dependency. These projects
can enable us to use energy at a low price.”
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PST 48 “To strengthen economically, we have to get rid of external dependence. We must produce
our energy.”’

The social-oriented informal reasoning mode was the least used. The justification in this mode included
the impact on human life and human-environment interaction, expropriation, forced migration, and
sociocultural characteristics of the region.

PST 485: For people forced to migrate [because of HePP construction], they can settle elsewhere.
A man residing in our apartment and taking a duplex apartment from the construction company is
a perfect example. His land was in a place where a bird never flew. The land was highly valued after
the power plant is decided to be constructed.”

PST 201: "I do not agree because | think it is a small city, and the proximity of the power plant to
the settlement is disturbing. It is not suitable for a power plant. After the consent of the public, the
installation and start of the power plants will be difficult, and it will be restrictive for people while
searching for a place for the power plant.”

Informal Reasoning Quality

Table 3 reports the distribution of the mean and standard deviation scores across four questions
presented in the questionnaire. Results revealed that the highest number of justifications are provided
for supporting arguments. The number of counter-arguments provided by the participants was the least.
However, the preservice teachers were able to create more than one justifications for each of the
argument components.

Table 3.

Preservice Teachers’ Informal Reasoning Qualities Across Argument Components
Question M SD
1 (Initial arguments) 195 1.28

2 (Supportive arguments) 2.26 1.55
3 (Counter-arguments) 1.86 1.17
4 (Rebuttals) 225 1.77

The Relationship Between Scientific Habits of Mind (SHOM) and Informal Reasoning

When the habits of mind were examined, the students with a total average score of 2.5 above the average
point of habits of mind were classified as high in habits of mind, and the lower ones were classified as
low in habits of mind. The results showed that 174 pre-service teachers had high SHOM scores, and 413
had low SHOM scores.

There was a significant difference between the average scores of informal reasoning quality scores of
the group with high habits of mind and those with low habits of mind scores (p <0.05). Table 4 shows
that the group with high SHOM scores had higher scores in terms of informal reasoning quality (M =
8.92, SD = 3.93). Accordingly, the informal reasoning quality of the group with high SHOM was high.

Table 4.
Informal Reasoning Quality and Mode Independent Samples t-test
Informal reasoning  SHOM n M SD t p

Quality High 174 892 393 221 .03*
Low 413 8.12 4.05
Mode High 174 288 95 64 52

Low 413 2.82 1.04

(*p<.05)

However, there was no significant difference between the average informal reasoning mode scores of
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the group with high SHOM and the group with low SHOM scores (p> 0.05). According to this result, it
can be said that there was no statistically significant relationship between preservice teachers’ SHOM
and informal reasoning modes (t = 0.64, p> 0.05).

DISCUSSION AND CONCLUSION
Discussion Regarding Informal Reasoning Modes

Results indicated that preservice teachers mostly used ecological-oriented informal reasoning about
HePP. This finding was consistent across several studies focusing on informal reasoning about HePP in
the Black Sea region (e.g. Atasoy, 2018; Pehlivanlar, 2019) as well as non-localized energy-related SSI
(Ozturk & Yilmaz-Tuzun, 2017). Well-established research concludes that reasoning is context-
dependent (Cian, 2020; Topgu et al., 2010). Our findings further contribute to this body of research that
some SSI contexts might be better suited for externalizing a particular mode of informal reasoning. In
this specific context, this result could be explained by individuals’ ecological concerns. Previous
research found that the local people stated that HePP constructions should be banned due to the negative
effects on the natural environment (Oztiirk & Leblebicioglu, 2015), and preservice teachers were against
the construction of HePP due to their negative effects on fisheries and their damages to nature (Yangin
etal., 2012).

The preservice teachers’ second-most used reasoning mode was scientific or technological-oriented.
Contradictory results are present in the literature in the context of different energy-related SSls. Several
studies explain the inadequate use of scientific or technological-oriented reasoning due to the relevance
of issues to students’ lives. For example, in a study conducted with preservice teachers and examining
their informal reasoning about nuclear energy, it was determined that preservice teachers used this
reasoning mode at least. Researchers have already explained the reasons for this situation in Turkey as
the absence of nuclear power plants and therefore, preservice science teachers’ inadequate scientific
knowledge on the issue (Ozturk & Yilmaz-Tuzun, 2017). Considering that the nuclear energy issue is
still at a larger scale than hydroelectric power, choosing a topic of interest to the region may have caused
the participants to become familiar with the scientific and technological aspects of these issues. Another
difference exists between school students (Wu & Tsai, 2007) and preservice teachers in the use of
scientific-technological-oriented reasoning. After science education training preservice teachers might
have increased their abilities to make connections between what they have learned and what they have
encountered in daily life.

The social-oriented reasoning mode is the least repetitive mode of informal reasoning. The low level of
social-oriented informal reasoning mode was also found in studies conducted with high school students
(Wu & Tsai, 2007), university students (Wu, 2013), and preservice teachers (Atasoy, 2018). When this
result is examined, it can be seen that preservice teachers provide a limited number of arguments about
the social effects of HePP. Although the social and sociocultural structure of the city in which the
preservice teachers studied is influential in the decision-making process, it can be thought that the
preservice teachers do not express this connection in their reasoning processes.

Discussion Regarding Informal Reasoning Quality

When the types of reasoning modes used by preservice science teachers are examined, it is seen that
most of them tend to use multiple informal reasoning modes. Wu and Tsai (2007) suggest that multiple
reasoning modes could provide better contexts for rebuttal construction. However, our results showed
that the number of supporting arguments was higher than the number of rebuttals and counter-arguments
(Table 3). In the literature, it is stated that students face difficulties in creating counterclaims and
rebuttals, especially in written arguments (Leitdo, 2003). The high number of supportive arguments
might have been seen as a result of the efforts of the preservice science teachers to diversify the data
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sources to have their opinions to be accepted. In the literature, one of the most serious difficulties that
students face in the argumentation process is that they take into consideration the data that support their
claims and ignore the opposite ideas and data (Sampson et al., 2013). This was still evident even after
science teacher education training that preservice teachers used multiple perspectives to support their
initial ideas rather than posing counterarguments and rebuttals.

Discussion Regarding Informal Reasoning Quality

Results indicated that preservice science teachers with high SHOM scores were able to produce high-
quality informal reasoning about HePP. This result is important as we provide empirical evidence
suggesting a connection between high-quality informal reasoning and high SHOM scores. This result
could be explained by the nature of SHOM, which is a set of skills that comprise a scientific attitude.
As Gauld (1982) asserted, decisions cannot be made solely based on the claims of authority, but they
should be approached skeptically and judged by available evidence. This process overlaps with the
informal reasoning process for informed decision-making, which includes weighing evidence for
constructing a sound argument for solving a complex issue (Means & Voss, 1996).

Elby and Hammer (2001) note that learners should develop epistemological resources to question and
critique information when they come from an authority. In another words, they call for an
epistemological sophistication by which learners evaluate the trustworthiness of information. In the case
of SSI, epistemological sophistication might be a crucial tool for reasoning to evaluate available
arguments, which leads to high quality reasoning. Epistemologically sophisticated learners are expected
to mistrust the arguments from authority and skeptically approach information in their reasoning
processes (Calik & Coll, 2012; Kolstg, 2001). Our study illustrated the connection between high SHOM
and high informal reasoning.

However, our findings also illustrated that the majority of the preservice science teachers had low
SHOM scores. This finding is inconsistent with that of Giiven (2017), who identified high SHOM of
preservice science teachers. One reason for such inconsistency might be attributed to the scales used to
identify SHOM. In their study Giiven (2017) developed a specific scale (namely Eco-Scientific Habit
of Mind Scale) to identify preservice science teachers’ SHOM on environment related problems.
Therefore, this finding may be explained by the idea that SHOM scales might be adapted to different
SSI contexts to better identify SHOM (Wiyasi & Calik, 2019).

One of the reasons for low SHOM scores with low informal reasoning quality might be due to not being
able to consider alternative explanations when reasoning about complex SSI. A recent study indicates
that preservice teachers are less open-minded about SSI than expected even after instruction, which is
identified by the SHOM open-mindedness’ sub-scale (Calik & Karatag, 2019). This could lead to
preservice teachers not being open to new and alternative ideas. In turn, preservice teachers might reason
the issue from a single perspective and this could lower their informal reasoning quality scores (c.f.
Ozturk & Yilmaz-Tuzun, 2019). This is also consistent with current research reporting that considering
alternative perspectives leads to high quality informal reasoning through higher number of justifications
provided in different components of an argument (Pehlivanlar, 2019). On the other hand, by simply
considering the issue from a single perspective could lower the number of informal reasoning modes
used in reasoning a given SSI.

Preservice teachers with high SHOM are expected to use critical inquiry and examine SSI from different
aspects. However, it was seen that high-quality SHOM does not always guarantee reasoning that
incorporates a higher number of reasoning modes. The possible interpretation of this result could be due
to the nature of the SSI chosen. Although the HePP issue is complex and involves multifaceted
perspectives, similar to other studies, individuals tend to discuss such environmental issues from an
ecological perspective (Gayford, 2002). Therefore, it becomes important to increase integrative thinking
skills (Hogan, 2002), so that preservice teachers could reflect their high SHOM to their multifaceted
arguments (Liu et al., 2011).
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Implications & Future Research Directions

One of the prerequisites for constructing counterarguments and rebuttals is having analytical thinking
skills. In this way, preservice teachers will be able to think multi-dimensionally and evaluate the issues
from different perspectives. The use of teaching techniques that support multi-dimensional thinking
skills in teacher education programs will contribute to the development of these skills. For example,
through techniques that allow individuals to be exposed to multiple perspectives such as role-plays
(Simonneaux, 2001) and using computer-assisted collaborative learning scripts (Stegmann et al., 2011),
preservice teachers may be able to reason and develop multi-dimensional thinking skills when reasoning
about SSI.

The fact that preservice science teachers use social-oriented reasoning mode the least in the informal
reasoning process may indicate that they do not have enough identification with the province and the
society where they are educated or located. In an increasingly individualized world, strengthening the
ties of the preservice teachers with society is vital. In fact, as recent conceptualizations of scientific
literacy call for increasing characters and values that would educate students as 21st-century global
citizens (Choi et al., 2011), teacher education programs could aim at increasing preservice teachers’
agency towards local SSI. This could be achieved through bridging school and society by concentrating
on the problems and demands of local people and cooperating with non-governmental organizations in
the region within the scope of community service practices.

Skepticism is a subcomponent of SHOM and also informal reasoning about SSI (Kolste, 2001; Sadler
et al., 2007). To increase the use of counter-arguments and thus improve the quality of informal
reasoning, preservice teachers should be taught to be skeptical in information search. We suggest
implementing media literacy education in the context of socioscientific issue teaching because media
literacy includes assessing conflicting views and trustworthiness of data sources to increase SHOM
(Dani et al., 2010; Klosterman et al., 2012).

In this study, we investigated the relationship between SHOM and informal reasoning. We chose a local
socioscientific issue as these issues could be more relevant to reasoners’ lives, and reasoners could
potentially have first-hand experiences and knowledge about the issue. As informal reasoning is context-
dependent (Atasoy et al., 2019), future studies could focus on identifying this relationship in different
contexts. Second, our analysis to informal reasoning modes and qualities analyzed written responses
from a specific point of view. For instance, in our analysis we used scientific/technological oriented
reasoning mode as a single construct. Future studies could use more fine-grained analysis rubrics to
identify preservice teachers’ informal reasoning. Third, our inquiry only focused on the quality of
preservice science teachers’ SHOM instead of investigating how SHOM factors predict informal
reasoning. Therefore, future studies could investigate such a relationship. Fourth, the scale we used had
questions regarding different SSI. SHOM scales for a specific socioscientific issue context could be
developed and validated.
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APPENDIX

Hydroelectric Power Plant Scenario

Instruction: This form has been created to determine your informal reasoning on HePP, which is a
socioscientific issue. Please read the preliminary information on the first page and answer the questions

on the second page.

Choose the city that you are currently studying in.

LA | B ke | D | E |

Do you support the establishment of hydroelectric power plants in the city where you are currently
studying? (Please choose one)

| Yes | No |

If your views were asked about the establishment of hydroelectric power plants, would you decide with
your intuition, or would you make your decision by considering the evidence regarding this issue?
(Please tick one)

| Intuition | Evidence-based |

Hydroelectric power plants (HEPP) are energy generation systems installed on or near a river. Some of
the water in the river bed is transported up to the HEPP through big pipes. When water is taken from
the river bed, enough water is left behind to ensure the survival of the living things. This water is called
life-water. There are channels between the water reserved for the HEPP and the life-water that will allow
fish to pass. The electrical energy obtained from HEPPs significantly meets the country's needs and
provides economic income to the country. Since it is renewable energy in the long term and does not
emit any chemical waste or radiation to the environment and air, HEPPs that provide clean energy have
become increasingly attractive in the Eastern Black Sea region and their number has increased.

On the other hand, HEPP have some damages to nature. It is a problem frequently expressed by the local
people that the life-water released to the stream in the region where HEPP is established is insufficient,
therefore the stream bed dries up and fish and other living creatures disappear. Taking the water in the
stream into the pipes in the region where the HEPP is established, destroys the breeding areas of the fish
and restricts the migration movements in the water. With the withdrawal of the water in the stream bed,
the plant species in the region dry up and disappear, so the productivity in beekeeping, livestock, and
agricultural activities decreases. In addition, it is observed that there are anomalies in microclimate
characteristics due to the decrease of water in the stream.

Write the answers to the questions below in the blank spaces below. You can use additional paper if
needed.

- Do you agree with the idea that HePP should be built in the city where you are studying? Why?

- If you were trying to convince a friend of the idea of building HePP in the city where you studied,
what other reasons could you provide?

- What views can your friend, who disagrees with you about the construction of HePP in the city where
you are studying, put forward on this issue?

- In answering this question, you stated the arguments your opponents might have put forward. With
what ideas would you defend your stand against these arguments?
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TURKCE GENISLETILMIS OZET

Uzun yillardan beri fen egitiminin en 6nemli amaglarindan biri 6grencilerin karmasik yasam problemleri
hakkinda bilgilendirilmis karar vermeleri i¢in gerekli bilgi ve becerileri edinmesi olarak tanimlanmistir
(Sakschewski vd., 2014). Sosyobilimsel konularin 6gretimi 6grencilerin bu karmagik konularin ahlaki
ve etik yonlerinin de gdz 6niinde bulundurularak karar verme siireglerine katilimlarini saglamak icin bir
baglam olarak kullanilmaktadir (Chowdhury, 2016; Sadler ve Zeidler, 2004). Bilimsel diisiinme
aligkanliklar1 ise bireylerin bilimsel bilgiye ulasma siireglerinde sahip olmalari geren tutumlar
icermektedir (Gauld, 2005). Bilimsel diisiinme aligkanliklarindan siiphecilik, mantiksallik, nesnellik,
argiimanlara giivenmeme ve inancin askiya alinmasi sosyobilimsel konularda karar verme siireclerinde
kullanilan temel bilesenlerdir (Calik ve Coll, 2011).

Sosyobilimsel konularda karar verme siireclerinde bireyler informal muhakemelerini kullanmaktadir
(Shaw, 1996). Informal muhakeme siireglerinde bireylerin konuyla ilgili bilgiye ulasmalar1 igin
arastirma siireclerine dahil olmalari, bilimsel bilgilere ulagsmalar1 ve sonucunda bilgilendirilmis kararlar
vermeleri i¢in bireyler bilimsel diisiinme aligkanliklarini kullanmalidir (Gauld, 1982). Bu nedenle
bilimsel diisiinme aligkanliklar1 informal muhakeme yoluyla sosyobilimsel konularda karar verme igin
onemli rol oynamaktadir (Wiyarsi ve Calik, 2019).

Informal muhakeme ve bilimsel diisiinme aliskanliklar1 arasindaki bu iliski teorik olarak ortaya
koyulmus (Calik ve Coll, 2012; Calik ve Karatas, 2019), programda dnemine vurgu yapilmis (Milli
Egitim Bakanligi [MEB], 2018) olmasina ragmen konuya iligkin emprik kanitlar az sayidadir.
Ogretmenler dgrencilerinin karar verme siireglerini etkiledikleri igin (Cetin vd., 2014) gretmen
egitiminde de Onemli bir yere sahiptir. Boylelikle sosyobilimsel konularda bilimsel diistinme
aligkanliklar1 g6z onilinde bulundurularak karar verme becerilerinin gelistirilmesi igin dersler, konu
baglamlar1 ve 6gretmenler igin gerekli yardimlar hazirlanabilir (Topgu vd., 2011). Bu nedenle bu
aragtirmanin amaci, hidroelektrik santraller konusu baglaminda fen bilimleri 6gretmen adaylarinin
informal muhakemelerinin ve bilimsel diistinme aligkanliklarinin incelenmesidir.

Aragtirmanin katilimcilar1 Dogu Karadeniz bdlgesinde hidroelektrik santrallerinin en yogun oldugu
toplam 4 farkli iiniversitede fen bilgisi 6gretmenligi programlarinda 6grenim goren 587 (470 kadin, 117
erkek) fen bilgisi 6gretmen adayidir. Aragtirmada betimsel arastirma yontemi kullanilmigtir (Nassaji
,2015). Arastirmada iki adet veri toplama araci kullanilmistir. Birincisi hidroelektrik santrallere yonelik
arastirmacilar tarafindan hazirlanan agik uglu soru formudur. Soru formunun birinci kisminda
hidroelektrik santrallerin ne oldugu, ¢alisma prensibi, pozitif ve negatif yonlerine yonelik bilgi
verilmigtir. Soru formunun ikinci kisminda ise katilimcilarin informal muhakemelerini agiga ¢ikarmak
iizere 4 adet acik ucglu soru sorulmustur. Ikincisi Calik ve Coll (2012) tarafindan gelistirilen ve 32
maddeden olusan dortli Likert tipindeki bilimsel diisiinme aligkanliklar1 6l¢egidir.

Acik uglu soru formunun analizi igerik analiz yontemiyle yapilmistir (Yildirrm ve Simsek, 20006).
Katilimeilarin sorulara verdikleri yanitlardaki gecerli nedenler sayilarak kodlanmistir. Ayrica informal
muhakeme modlarmi belirlemeye yonelik sorulara verilen cevaplar igerik analizi kullanilarak analiz
edilmistir. Cevaplarin gerek¢elendirilmesi sirasinda katilimcinin kag farkli bakis agisina sahip oldugu
ve bu bakis agilarinin neler oldugu belirlenmistir. Analizin giivenirligi i¢in ilk 50 soru formu
aragtirmacilar tarafindan ayr1 ayn kodlanmistir. Kodlayicilar arasi giivenirlik katsayis1 (Miles ve
Huberman, 1994) informal akil yiiriitmenin kalitesi i¢in .96, muhakeme modlar i¢in birinci soru igin
.88 ve ikinci soru i¢in .90 olarak hesaplanmistir. Kodlayicilar anlasmazliklar: tartismak igin bir araya
gelmistir. Kodlamanin geri kalani ilk yazar tarafindan tamamlanmigtir.

Nicel verilerin analizinde Jamovi programi kullanilmistir. Oncelikle olgegin Cronbach alfa giivenirlik
katsayis1 hesaplanmistir. Daha sonra Bilimsel Diisiinme Aliskanliklar1 Olgegi’nden elde edilen toplam
puana gore bilimsel diisiinme aligkanliklari-yliksek ve bilimsel diisiinme aligkanliklari-diisiik olmak
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iizere iki grup belirlenmistir. Toplam bilimsel diistinme aligkanliklar ortalama puani 2,5 (orta nokta) ve
iizeri bilimsel diisiinme aliskanliklari-yiiksek, 2,5'in alt1 bilimsel diisiinme aliskanliklari-diisiik olarak
tanimlanmistir. Normallik degerleri icin basiklik ve carpiklik degerleri hesaplanmistir. Bilimsel
Diistinme Aligkanliklar1 ve informal akil yiiriitme bigimleri ile SHOM ve informal muhakeme kalitesi
arasindaki iligkiyi belirlemek i¢in bagimsiz érneklemler t testi kullanilmistir.

Informal muhakeme modlar incelendiginde ekoloji, bilimsel/teknolojik, ekonomik, politik ve sosyal
olmak iizere toplam 5 muhakeme modu tespit edilmistir. Katilimcilarin %651 {i¢ ve daha fazla informal
muhakeme modunu kullanmistir. Katilimeilarin %92°si ise birden fazla muhakeme modunu bir arada,
farkli kombinasyonlarda kullanmistir. Ortalama olarak, katilimcilar muhakemelerinde yaklagik iki
ekoloji odakli gerekce kullanmis ve bunu bilimsel/teknolojik odakli muhakeme modlari izlemistir. En
az kullanilan informal muhakeme modu sosyal odakli muhakemedir. Sonuglar, destekleyici argiimanlar
icin maksimum gerekgelerin saglandigini gostermistir. Katilimeilar tarafindan saglanan karsi argiiman
sayisi ise en az gerekceye sahiptir.

Bilimsel Diisiinme Aliskanliklart Olgegi’nin Cronbach alfa giivenirlik degeri 0.657'dir. Benzer
calismalarda da benzer sonuglara ulagilmistir (Giliven, 2017). Sonuglar, 174 6gretmen adayinin bilimsel
diisiinme aligkanliklar1 puaninin yiiksek, 413'iniin bilimsel diisinme aligkanliklart puaninin diigiik
oldugunu gostermistir.informal muhakeme kalitesi ile bilimsel diisiinme aliskanliklar1 arasindaki iliski
incelendiginde, yliksek bilimsel diisiinme aligkanliklar1 grubunun informal akil yiiriitme kalitesi, diigiik
bilimsel diistinme aliskanliklar1 grubuna gore daha yiiksektir. Ancak bilimsel diistinme aligkanliklar
puani yiiksek olan grup ile diisiik bilimsel diisiinme aligkanliklart puanina sahip grubun informal
muhakeme modu puan ortalamalari arasinda anlamli bir fark bulunmamistir (p> 0.05). Bu sonuca gore
Ogretmen adaylarmin bilimsel diisiinme aligkanliklar1 ile informal akil yiirlitme bigimleri arasinda
istatistiksel olarak anlamli bir iliskinin olmadig1 goriilmiistiir.

Calismanin sonuglarindan yola cikarak 6gretmen egitimi icin &nerilerde bulunulmustur. Ogretmen
adaylarinin ¢ok boyutlu diisiinmeleri ve sosyobilimsel konulari farkli boyutlardan degerlendirmeleri i¢in
rol oynama, bilgisayar destekli isbirlikli 6grenme ortamlart gibi yaklasimlar kullanilabilir. Konularin
sosyal boyutlarinin degerlendirilmesi igin 6gretmen adaylarinin failliklerinin arttirilmasina yonelik
olarak etkinlikler yapilabilir. Karsit argimanlarin kullanimini artirmak ve bdylece informal muhakeme
kalitesini artirmak i¢in 6gretmen adaylarina bilgi aramada siipheci olmalar1 gretilmelidir.

Informal akil yiiriitme baglama bagl oldugundan (Atasoy vd., 2019), gelecekteki ¢aligmalar bu iliskiyi
farkl1 baglamlarda tanimlamaya odaklanabilir. Ikinci olarak, arastirma bilimsel diisiinme aliskanliklari
alt faktorlerinin informal muhakemeyi nasil yordadigini arastirmak yerine yalnizca fen bilgisi 6gretmen
adaylarinin bilimsel diistinme aligkanliklar kalitesine odaklanmigtir. Bu nedenle, gelecekteki ¢alismalar
boyle bir iliskiyi arastirabilir. Ugiinciisii, kullanilan bilimsel diisiinme aliskanliklar1 dlgeginin farkli
sosyobilimsel konulara iligkin sorulari mevcuttur. Belirli bir sosyobilimsel konu baglami igin bilimsel
diisiinme aligkanliklar1 6lgekleri gelistirilebilir ve dogrulanabilir.
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