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Abstract

The present study aims to investigate the relationship between pre-service science teachers'
argumentation skills and cognitive flexibility levels. Within the scope of the study, an
argumentation-based science laboratory application was applied to first year science teaching
students for 4 weeks. The arguments were assessed by eight faculty members and doctoral students.
The Argumentation Assessment Rubric (Choi, 2008) was used to assess the quality of the written
arguments. The quality of the arguments and descriptions used by the students in the reports were
evaluated as total writing scores. The “Cognitive Flexibility Inventory” developed by Dennis and
Vander Wal (2010) was employed to assess the cognitive flexibility levels of pre-service teachers.
Simple Correlation analysis and Simple Linear Regression analysis methods were used to determine
the relationship between the sub-dimensions of cognitive flexibility inventory and argumentation
skills of pre-service science teachers and the effect of cognitive flexibility levels on argumentation
skills. The results showed that there was a significant relationship between pre-service teachers’
cognitive flexibility levels and argumentation skills.
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Contribution of this paper to the literature

This study contributes to the literature in terms of showing that if pre-service teachers gain the
ability to view cognitively flexible towards the problems they will encounter in the teaching
processes, they can enable to take their argumentation skills to a higher level.

1. Introduction

To keep up with the developments in today’s information and technology age and to compete with other
countries, countries aim to equip their citizens with the qualities required by the age. To be able to do this in the 21st
century when knowledge is seen as power, they need individuals who can distinguish necessary information from
complex information, who can put together parts, have developed intuition, empathy, and understanding, and have
a social, cultural, and political identity (Genc & Eryaman, 2008). To raise individuals with these qualifications and
competencies, the curricula in education systems were restructured, and novel teaching methods started to be applied.
From this direction, the science curriculum in our country has been prepared with the focus of inquiry-based learning
method, which is based on the constructivist learning approach (MoNE, 2017). One of the inquiry-based practices
that have great importance in science classes is the argumentation method (Kabatag-Memis & Cakan-Akkas, 2016).

Argumentation-based teaching approaches have been developed to enable students to have effective learning
experiences with the argumentation method. One of these approaches is “Science Writing Heuristic,” developed by
Reys, Hand, Prain, and Collins (1999) which was first translated into Turkish as “Learning Science by Doing and
Writing (LSDW)” (Gilinel, Memis, & Biiyiikkasap, 2010) but then re-translated in the following years as
“Argumentation-Based Science Learning (ABSL),” which was more suitable for its nature (Kingir, Geban, & Giinel,
2011). ABSL is a learning/teaching approach based on verbal/written argumentation, which helps students to
experience in science classes the processes that scientists follow during their experiments and to construct scientific
concepts in their minds (Ulu, 2018).

ABSL provides learning environments that help students to reflect on concepts in light of new knowledge by
making use of their prior knowledge, concepts, beliefs, and experiences (Sabanci-Yalcin, 2019). ABSL is a reflection
of the dialogue and argumentation process in which scientists engage when constructing a theory or a concept
(Poock, Burke, Greenbowe, & Hand, 2007).

The argumentation is a process that runs around arguments (Kuhn & Udell, 2003). An argumentation process
consists of reasons or statements to criticize or support a claim made on any topic and arguments defined as relational
situations between the claims supported or refuted (Fettahlioglu, 2013).

According to the Turkish Language Association (TDR), the word argument means “evidence, claim, assertion”.
It has been used by scientists with various meanings. An argument can occur as an individual activity through
thinking and writing, or as a social activity taking place within a group; it involves putting forward reasons for an
event or situation and testing the reasons for the event/situation from different perspectives on appropriate evidence
(Driver, Newton, & Osborne, 2000). Toulmin (1958) argues that an argument is a collection of evidence and theories
put forward to justify a claim, refute or support an explanatory prediction (Toulmin, 2003). According to Isiker
(2017) an argument can also be accepted as a form of proot used to draw a conclusion from the available data in order
to support, verify, or strengthen a claim or idea. While an argument includes a claim, data, rationale, and backing
that contributes to an idea, argumentation refers to the sum of these components. Based on these definitions, we can
say that an argument is one of the components that make up an argumentation process (Cinar, 2013).

A simple argument is created with basic components such as claims, data, and rationale, whereas a complex
argument includes, in addition to these basic components, backings, qualifiers, and rebuttals as auxiliary components.
The number of components used in an argument determines the quality of that argument (Ugurlu, 2019).

The argumentation process, which consists of arguments, is the process of convincing the other party through
evidence of the correctness of the claim that is defended individually or as a group (Aydin, 2018). According to
Toulmin (2003), argumentation is the process of using data, rationale, backing, and rebuttal to convince people of
the validity of a particular claim. According to Ogreten and Uluginar, it is an approach that leads one to think like a
scientist (Ogreten & Ulugmar-Sagir, 2014).

The argumentation model was developed by Toulmin (1958). Studies on the use of the argumentation method in
science teaching mostly employed Toulmin’s argumentation model (Toulmin, 2003). The model reveals the
connections among a "claim" supported by data (evidence), "warrant" (the chain of reasoning) between the evidence
and the claim, the "backing” that supports the reasoning, "qualifiers" that determine the limits or conditions of the
presented claim, and "rebuttals" that identify exceptions to the claim (Osborne, Erduran, & Simon, 2004). Suggesting
that argumentation is an integral part of the reasoning process both in everyday life and in science, Toulmin
presented a model that defines the components of argumentation and shows the relationships among them Figure 1.
In this model, the essential components of an argument are claim, data, and the warrant; more complex arguments
include backing, qualifiers, and rebuttals in addition to these (Toulmin, 2003).

Supporting Toulmin’s argumentation model, Kaya and Kili¢ (2008) argue that the data, claim, and warrant, which
are the essential elements of an argument, form the basis of an argument, and the backing, rebuttals, and qualifiers
contribute to the validity of the argument (Kaya & Kilig, 2008).

Toulmin (2003) defines the components in an argument as follows: Data: Also called grounds or evidence, these
support the claim. Claim: A statement, result, thought, or opinion that represents the point of view. Warrant: The
warrant is the link between the data and the claim. It consists of basic principles and rules. Backings: Reasons that
support the warrant are called backing. They help strengthen the claim. Qualifiers: They limit the cases where the
claim is accepted as true. They enable a persuasive argument by strengthening the link between data, warrant, and
claim. Rebuttals: They present counter-arguments or identify exceptions to the claim.
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Figure 1. Toulmin's argumentation model (Toulmin, 2003).

According to the argumentation model developed by Toulmin, the individual makes a series of evaluations about
a situation or event he/she encounters. Following these evaluations containing facts and evidence, the individual
makes a claim. Providing data to back the claim, the individual presents a warrant to both establish a link between
the data and the claim and strengthen the claim. If the warrant put forward by the individual does not convince the
other party, the backing is used to support the reasons. Nevertheless, the other party can refute the claim by using
rebuttals. A scientific argumentation containing rebuttals is of higher quality than an argumentation that consists
only of claims (Balci, 2015).

Jimenez-Aleixandre and Erduran argue that argumentation, which is an integral part of science, should be
incorporated into science education (Jiménez - Aleixandre & Erduran, 2007). Késeoglu, Tiimay, and Budak (2008)
suggest that argumentation is an effective teaching method that can support scientific literacy and an important
scientific thinking skill that needs to be developed (Koseoglu, Tiimay, & Budak, 2011). For this reason, studies that
deal with argumentation in the context of learning have focused on how to improve argumentation skills (Ugar,
2018). This is because, argumentation, as emphasized in the curricula, is a scientific discussion technique that requires
skills such as reasoning, arguing, and counter-arguing, and making inferences based on evidence (Kiil, 2019).
Toulmin (1958) considers the mentioned argumentation skills as a combination of claim, data, backing, qualifiers,
and rebuttals (Toulmin, 2003). On the other hand, Foong and Daniel (2013) claim that these argumentation skills,
which are highly important for science education, can manifest themselves by analyzing information, evaluating
evidence, and producing and presenting an argument.

According to Ugar (2018), argumentation skills refer to one’s ability to form arguments that include a theory,
evidence, an alternative theory, a counter-argument, and rebuttals to back one’s claims.

Kuhn describes these skills as a combination of the skills of asserting, showing evidence, counter-arguing, and
refuting (Kuhn, 1991), Marttunen and Laurinen as the ability to formulate sufficient and relevant arguments about
claims or opinions (Marttunen and Laurinen (2006); as cited in Ugar (2018)) and Lin and Mintzes as making a claim,
justifying the claim, being aware of counter-arguments, elaborating the reasons, backing the reasons, refuting
counter-arguments, and showing evidence (Lin & Mintzes, 2010).

Indeed, many researchers have drawn attention to the importance of developing argumentation skills in
educational settings so that learners can cope with the complex problems of today’s world, make appropriate
decisions, and become active stakeholders of the information society (Ugar, 2018).

Argumentation skill is seen as a prerequisite for individuals to develop scientific thinking skills and, as a result,
to have a more realistic and critical perspective on personal and social issues and to make better decisions (Demirel.,
Somytirek, & Yilmaz, 2017).

It is emphasized that argumentation skills have an important role in acquiring and the application of high-level
thinking skills such as critical thinking, problem solving and decision making skills (Ucar, 2018). Considering these
skills, which are aimed to be gained in science education, it is seen that the argumentation method is supportive in
science education (Aydin & Kaptan, 2014). With an effective science education, it is possible to find solutions to daily
life problems (Golciik, 2017). Accordingly, cognitive flexibility, like argumentation, is an important phenomenon in
science education in terms of having the capacity to think that there are more than one solution to problems or
changing situations and to choose between alternatives (Soylu, 2019).

Cognitive flexibility can be defined as the ability to adapt to new situations, to switch from one thought to
another, or to approach different problems with multiple strategies (Asict & Ikiz, 2015). Batting defines cognitive
flexibility as the skill of using the most effective learning strategy for specific content or of determining the problem-
solving steps to solve a certain problem (Batting, 1979). Cafias, FFajardo, and Salmerén (2006) define cognitive
flexibility as the ability to adapt one’s cognitive processing strategies to new and unexpected conditions (Cafias et
al., 2006). Spiro and Jehng (1990), on the other hand, define cognitive flexibility as the ability to spontaneously
restructure one’s knowledge, in many ways, to give an adaptive response to radically changing situational demands.

According to Martin and Anderson (1998), what is important in cognitive flexibility is not seeing the right option
but seeing the options before making a choice. They state that cognitive flexibility includes three basic elements: a)
being aware of alternative ways and options, b) being able to adapt to new situations (willingness to be), ¢) feeling
self-efficacy in situations when one is flexible.

Cognitive flexibility has been theoretically explored by Spiro et al. According to Spiro et al., in the cognitive
flexibility theory, “cognitive” refers to the recall of pre-existing knowledge from memory at the time of the acquisition
of new knowledge, while “flexibility” refers to the flexible use of acquired knowledge in various fields (Spiro,
Feltovich, Jacobson, & Coulson, 1992).

The cognitive Flexibility theory was developed for the attainment of expert-level performance by providing
advanced knowledge-acquisition in ill-structured knowledge domains by taking advantage of the possibilities of
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developing technology (Karadeniz, 2004). The cognitive flexibility theory is associated with the transfer of
knowledge and experience. This requires knowledge to be handled from different perspectives and with various
experiences. The fact that cognitive flexibility depends on learning makes cognitive flexibility important. It is
extremely important to structure knowledge according to the situation and to build on what has been previously
learned.

Students should be able to flexibly adapt their knowledge to different situations. However, if knowledge is
oversimplified, students will view the content from a single point of view. To solve this problem, the cognitive
flexibility theory emphasizes the need for different representations of knowledge in teaching. The material is
organized and employed in different ways to increase advanced knowledge acquisition, to make students cognitively
flexible, and to equip students with different perspectives. Thus, with different representations of knowledge, the
cognitive structure is rearranged from different angles many times (Karadeniz, 2004).

It has been reported that people with high levels of cognitive flexibility are observed to be flexible in terms of
communication, aware of their options in communication and problem situations, assertive, sensitive, self-confident
In communication, and are tolerant of conflicts and uncertainties (Martin & Rubin, 1995). Similarly, cognitively
flexible individuals are aware of alternative solutions and can choose the optimal solution, have self-control, and are
analytical and open to innovation (Jonassen & Grabowski, 1993).

The cognitive flexibility required for harmonious and balanced thinking to replace discordant thinking consists
of two sub-dimensions. The first sub-dimension is the ability to generate alternative solutions. This refers to the
ability to generate solutions to difficult situations. The second sub-dimension is the ability to control. This sub-
dimension refers to the belief that difficult situations can be taken under control (Dennis & Vander Wal, 2010).

In terms of relations with people, teaching, unlike some other professions, is a profession that is carried out in
relation and interaction with a wide range of people (Celikten, Sanal, & Yeni, 2005). For this reason, those who do
the teaching profession should know how to respond to different situations and develop alternative solutions in
problem situations, and they should have cognitive skills. In short, high levels of cognitive flexibility are one of the
most important traits that a teacher should have (Cuhadaroglu, 2013).

Likewise, according to Anderson (2002), individuals with high cognitive flexibility levels do not have absolute
and strict rules: they adapt more easily to new situations and are open to change. Research has shown that individuals
with increased academic knowledge and expertise working within a certain routine with few changes experience a
decrease in their cognitive flexibility levels. On the other hand, it is thought that experience in the teaching profession
positively affects the teacher’s cognitive flexibility because the more experienced the teacher gets, the more people
and life events he/she is expected to meet and encounter (Cuhadaroglu, 20183).

In 21st century teacher education, it is important to develop cognitive flexibility skills in order to train teachers
with advanced thinking skills and can adapt to changing situations (Esen-Aygiin, 2018). At the same time, it is
emphasized that argumentation skills have an important role in gaining high-level thinking skills such as critical
thinking, problem solving and decision making and in the application of these skills (Ugar, 2018). In this context, it
was investigated, the relationship between pre-service science teachers' argumentation skills and cognitive flexibility
levels, in this study. Within the scope of the research, argumentation-based science teaching was carried out with
science teacher candidates.

2. Method
2.1. Research Design

This study is in the relational screening model in that it reveals the relationship between the argumentation
skills of pre-service science teachers and their cognitive flexibility levels. In the relational screening model, it is aimed
to determine the existence and/or degree of co-variance between two or more variables (Karasar, 2008).

2.2. Working Group

The study group of this research consisted of 48 men (40 women (83.3%) and 8 men (16.7%)) teacher candidate
studying at Faculty of Education, Department of Science Education in the 2018-2019 academic year. The reason why
the study group was limited to 48 people is that this study is a continuation of another experimental study consisting
of 48 pre-service teachers who received argumentation-based training for 4 weeks.

2.8. Data Collection Tools
2.8.1. Cognitrve Flexibility Inventory

In order to determine the cognitive flexibility levels of the participants, the Cognitive Flexibility Inventory (CFI-
Cognitive Flexibility Inventory), developed by Dennis and Vander Wal (2010) and adapted into Turkish by Sapmaz
and Dogan (2013), was used. The inventory consists of two sub-dimensions named "alternatives" and "control" and
a total of 20 items. The internal consistency of the measurements obtained from the inventory was calculated with
the help of Cronbach's alpha reliability coefficient and it was found that a = 0.90 for the "alternatives" sub-dimension,
o = 0.84 for the "control" sub-dimension, and o = 0.90 for the whole inventory. In addition, the test-retest reliability
coefticient was calculated in testing the reliability, and it was calculated as 0.78 for the "alternatives" sub-dimension,
0.73 for the "control" sub-dimension, and 0.75 for the entire inventory. The validity of the inventory was examined
by obtaining evidence for criterion-based and construct validity. Based on the Exploratory Factor Analysis, the
"Alternatives" sub-dimension explained 36.18% of the total variance and the "control" sub-dimension explained
13.49% of the total variance. Based on Confirmatory Factor Analysis, it was determined as RMSEA: 0.054; x2 /df:
2.44; GFI: 0.92; AGFTI: 0.90; NFI: 0.96; RMR:0.054.

It can be said that the reliability and validity of the measurements obtained from the CFI based on these values
are high. In this study, Cronbach's alpha reliability coefficients were found as o = 0.806 for the “alternatives” sub-
dimension, a = 0.809 for the “control sub-dimension, and o = 0.843 for the entire inventory, based on the
measurements obtained from this inventory applied to prospective teachers.
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In the measurement of argumentation skills, Argumentation-Based Learning Science (ABLS) Report Evaluation
Rubric (Choi, 2008) was used.

2.3.2. ABSL Report Assessment Rubric

The ABSL was a uniform approach adopted in all sections. Within this approach, students were asked to generate
research questions, design an observation procedure or experiment to investigate the research questions, collect data,
generate evidence, form a claim in relation to the research questions and evidence, and reflect on the investigation
procedure as well as changes in their ideas during the activity. At the end of each activity, students filled out activity
reports where they were asked to display the research question, design, claim, evidence, and reflections. topics studied
to middle school students (Kuhn & Udell, 2003).

To determine the argument formation skills of pre-service teachers, the arguments they created were analyzed
by 8 lecturers and doctoral students applying the ATPPC report rubric used in the work of Choi (2008) where the
quality of the arguments and descriptions used by the students in the reports were evaluated as total writing scores.

Table 1. Levels evaluation scale.

Argument Levels Criterion Score

—

Only Estimation

Level 1 Using Data

Data and Rationale

Only Estimation

Level 2 Using Data

Data and Rationale

No Specific Claim

Specific Claim

Level 3 Claim + Data

Claim + Data + Rationale

Claim + Data + Rationale + Supporting
Using Only Data

Data + Rationale

Level 4 Data + Rationale + Supporting
Counter Claim + Data

Counter Claim + Data + Supporting

Gu > [0 MO [ =[O [CO O [ |Co O [—|Co|D

The type of inter-rater agreement adopted for this study was percentage of absolute agreement calculated by the
number of times raters agree on a rating, then divided by the total number of ratings. Thus, this measure can vary
between 0 to 100%. In this study, percentage of absolute agreement between any pairs of scores for each report
ranged from 90% to 95%.

The arguments made by the students are classified in 4 levels. At the first level, pre-service teachers were asked
to evaluate a claim and to support this claim with data. At the second level, they were asked to evaluate and indicate
the cause of an existing claim. At the third level, it was requested to create claims and to support these claims with
data. The difference between this level and the others is that the pre-service teachers need to create and justify their
own claims in the given issue. At the fourth level, they were asked to make a counter argument and to support this
with data Table 1.

2.4. Data Analysis

The aim of this study is to determine the relationship between the sub-dimensions of cognitive flexibility
inventory and argumentation skills of pre-service science teachers and the effect of cognitive flexibility levels on
argumentation skills. IFor this purpose, Simple Correlation analysis and Simple Linear Regression analysis methods
were used. While simple correlation analysis does not provide information in the context of cause and eftect, it gives
an idea about the level and direction that the variables change together (Biiyiikoztirk, 2013). In the correlation
analysis, before calculating the Pearson Product Moments Correlation coefficient, the necessary normality
assumption was examined and it was seen that the assumption was met (Shapiro-Wilk statistic for the total score
from the cognitive flexibility inventory = 0.969, df=48, p=0.236; Shapiro-Wilk statistics for the Alternatives sub-
dimension of the cognitive flexibility inventory = 0.961, df=48, p=0.114; Shapiro-Wilk statistic for the Control sub-
dimension of the cognitive flexibility inventory = 0.954, df=48, p=0.058; Shapiro-Wilk statistic for the total score
obtained from the argumentation skill rubric = 0.975, df=48, p=0.396). Simple regression analysis is an analysis for
estimating the dependent variable based on an independent variable that is related to the dependent variable
(Buyukoztiirk, 2013). When estimates are made using a regression equation, only the relationship between the
dependent and independent variable is assumed to be linear, and no assumptions about the distributions of these
variables need to be tested (Kirk, 2008). However, in the interpretation of the standard error of the estimation in the
regression based on the least squares estimation method, some assumptions need to be tested. IFor this reason, the
assumption of normal distribution of the measurements of the dependent (argumentation skill score) and independent
variable (cognitive flexibility score) was tested and it was found that the assumption was met (Shapiro-Wilk statistic
for the total score from the cognitive flexibility inventory = 0.969, df=48, p=0.236; Shapiro-Wilk statistic for the
total score obtained from the argumentation skill rubric = 0.975, df=48, p=0.396).

2.5. Expertmental Proses

In this study, within the scope of the General Chemistry Laboratory course, a unit was taught to the Ist year
students of Science Education for 4 weeks, with the Argument-Based Science Teaching method, and the arguments
formed by the pre-service teachers were evaluated at the end of the application. In addition, the Cognitive Flexibility
Inventory was applied to the pre-service teachers to whom the application was made.
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3. Results

The descriptive statistics of the scores obtained from the measurement tools used to measure the cognitive
flexibility levels and argumentation skills of the pre-service teachers are presented in Table 2.

Table 2. Descriptive statistics of CFI and argumentation skills rubric.
Parameters N Min | Max X S.D. Skewness | Kurtosis
CFI-Alt. 48 55 90 75.94 8.05 -0.654 0.111
CFI-Control 48 13 46 32.21 8.38 -0.387 -0.842
CFI-Total 48 78 136 108.15 13.85 -0.264 -0.772
Argumentation 48 28 65 48.65 9.74 -0.142 -0.746

As seen in Table 2, the highest score that can be obtained from the CFI sub-dimensions is 91 and 49 for
"alternative" and "control" respectively, while the mean score of the pre-service teachers participating in the research
IS 75.94 in the "alternative" sub-dimension; 32.21 in the "control" sub-dimension; and the mean score of CFI total
score was found 108.15. While the scores that can be obtained from the argumentation skills rubric can vary between
0 and 100, it has been observed that the scores of the teacher candidates participating in the research vary between
28 and 65.

Table 3. The results of simple correlation analysis to determine the relationship between the sub-dimensions and total score
of the cognitive flexibility inventory and argumentation skills.
Parameters Statistical | CFI-Alt. | CFI-Control CFI-Total Argumentation
notation
r 1 0.419" 0.835" 0.854
CFI-Alt. p 0.003 0.000 0.014
N 48 48 48 48
CFI-Control r 0.419" 1 0.849™ 0.390™
P 0.003 0.000 0.006
N 48 48 48 48
CFI-Total r 0.885" 0.849" 1 0.442"
p 0.000 0.000 0.002
N 48 48 48 48
Argumentation r 0.353% 0.390" 0.442" 1
P 0.014 0.006 0.002
N 48 48 48 48

Note: *p<0.05; **p<0.01.

The results of the simple correlation analysis calculated to determine the relationship between the sub-
dimensions and sub-dimensions of the cognitive flexibility inventory and argumentation skills are given in Table 3.

It can be said that as the general cognitive flexibility level, control and alternative sub-dimension scores increase,
argumentation skills increase. There is a moderately positive and significant relationship between pre-service
teachers' argumentation skills and general cognitive flexibility levels (G.CFI) (r = 0.442), control sub-dimension of
cognitive flexibility (r = 0.389) and alternatives sub-dimension of cognitive flexibility (r = 0.353) (p<.05). It can be
said that as the general cognitive flexibility level, cognitive flexibility scale control and alternative sub-dimension
scores increase, argumentation skills increase.

The results of the Simple Linear Regression analysis performed to determine the effect of pre-service teachers'
cognitive flexibility levels on their argumentation skills are presented in Table 4.

Table 4. Simple regression analysis results on determining the effect of cognitive flexibility levels on argumentation skills.
Variable B S.H. B t P
Constant 15.052 10.140 1.4:84 0.145
Cognitive Flexibility Level 0.311 0.093 0.442 3.341 0.002%*
R=0442 R?=0.195 F(1.47)=11.159 p = 0.002*

Note: "p<0.05.

When Table 4 is examined, as a result of simple linear regression, cognitive flexibility levels of teacher candidates
on argumentation skills is a statistically significant predictor variable (p<0.05). It is seen that the cognitive flexibility
level regression coefficient is 0.311. Accordingly, a one-unit increase in cognitive flexibility scores causes an increase
of 0.311 units on argumentation skills. Accordingly, as the cognitive flexibility levels of pre-service teachers increase,
their argumentation skills also increase.

In this model, it is seen that the independent variable has a 19.5% effect on the dependent variable. In other
words, approximately one-fifth of pre-service teachers' argumentation skills can be explained by their cognitive
flexibility levels.

4. Discussion and Conclusions

According to the results of our study, whose overall purpose is to examine the relationship between pre-service
science teachers’ argumentation skills and cognitive flexibility, there is a positive relationship between
argumentation skills and cognitive flexibility.

In the study, it was observed that those with a higher level of cognitive flexibility had higher levels of
argumentation skills.

As regards the relationship between argumentation skills and the “control” sub-dimension of cognitive flexibility,
participants who could control difficult situations had higher levels of argumentation skills. Similarly, as regards the
relationship between argumentation skills and the “alternatives” sub-dimension of cognitive flexibility, participants
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who could view events from different perspectives and generate alternative solutions to difficult situations had higher
levels of argumentation skills, although the level of argumentation skills related to the “alternatives” sub-dimension
of cognitive flexibility was lower than that related to the “control” sub-dimension of cognitive flexibility. Finally, it
was observed that participants with higher scores from the overall CFI had higher levels of argumentation skills,
and the level of argumentation skills related to the overall CFI was higher than those related to “alternatives” and
“control” sub-dimensions.

A thorough search of the literature on cognitive flexibility shows that studies have focused on many different
issues. In these studies, a positive relationship was found between cognitive flexibility and problem-focused coping
(Johnson, 2016), a lower cognitive flexibility was associated with a lower ability to cope with stressful life events
(Zong et al., 2010), a significant relationship was found between cognitive flexibility level and impulsive, logical, and
dependent decision-making strategies depending on the educational level (Bilgic & Bilgin, 2016), attentional
performance and cognitive flexibility were positively associated with meditation practice and levels of mindfulness
(Moore & Malinowski, 2009), cognitive flexibility positively predicted openness to change and academic performance
(Lin, 2013), cognitive flexibility was positively associated with intellectual flexibility and self-compassion, and
negatively related to dogmatism, and there was no significant relationship between preference for consistency and
cognitive flexibility (Martin, Staggers, & Anderson, 2011), adolescents with high levels of social self-efficacy
expectations were found to be more cognitively flexible than other adolescents and authoritarian parenting was
reported to be an obstacle to cognitive flexibility (Bilgin, 2009), and cognitive flexibility and self-compassion were
found to have a positive and significant relationship with constructive problem-solving and insistent-persistent
approach, which are the sub-dimensions of problem-solving skills (Sarikaya, 2019).

Considering the relevant literature, there are results indicating that argumentation contributes to academic
performance (Ceylan, 2010; Ogreten & Ulugmar-Sagir, 2014; Uluay & Aydin, 2018), promotes decision-making skills
(Giilhan, 2012; Patronis, Potari, & Spiliotopoulou, 1999), improves conceptual understanding (Dawson & Venville,
2010; Yeh & She, 2010), positively affects communication skills (Kabatas, 2017; Kuhn, Goh, Iordanou, & Shaenfield,
2008), is effective in teaching socio-scientific subjects (Karigan, Yilmaz-Tiiziin, & Zeidler, 2017; Lin & Mintzes, 2010),
contributes to the development of critical thinking skills (Demiral, 2014; Kunsch, Schnarr, & van Tyle, 2014), and
improves problem-solving skills (Mcghee, 2015; Oh, 2004). In the light of these, we can say that people who use the
argumentation method in their daily lives can effectively use the above-mentioned high-order thinking skills, as well
as argumentation skills (i.e., claiming, backing, refuting, and showing evidence) when they encounter a problem or
need to evaluate a situation or event. Similarly, Demiral stated that the argumentation method, which has made
important contributions to science education, supports students to acquire questioning and argumentation skills
(Demiral, 2014).

Based on all these studies, we can expect the people with advanced argumentation skills, to have high levels of
"cognitive flexibility" ability, which can be expressed as the ability of to cope effectively with new and difficult
situations, to be aware of options, to produce alternative thoughts and ideas, and to adapt to new situations (Asic1 &
ikiz, 2015). From this point of view, we believe that improving the cognitive flexibility levels of pre-service teachers
may be effective in the development of argumentation skills, which are extremely important in science education. It
is important to equip students with these skills because argument and criticism are at the heart of science, combining
the "handling" work of scientific research with the "rational" work of emerging scientific ideas and theories (as cited
in Karadeniz (2016)).

5. Recommendations

Within the framework of these results, it would be beneficial to increase the lessons and lesson hours in which
the argumentation method, which has been explained and applied more comprehensively in the teacher training
process, whose positive contributions to science education have been revealed in many studies, and to strengthen the
infrastructures of the classrooms and science laboratories necessary for pre-service teachers to develop their
argumentation skills. Again, in terms of contributing to the development of argumentation skills, practices that will
support the development of cognitive flexibility skills can be included in teacher training programs.
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