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Abstract: Argumentation is a process in which
whether arguments are associated with data is
constructed with warrants that they are based on. In
this process, mathematical arguments are of vital
importance especially in problem solving. Producing
valid arguments or proofs and criticizing the
arguments are inseparable parts of doing math.
Therefore, if there is nothing done to develop
reasoning skills, mathematics will become just
following a sequence of operations and copying the
examples without thinking about their meanings. It is
necessary to direct argumentation-based learning
environments well because students may find it hard
to understand given arguments or have certain
challenges due to  misunderstandings  and
misunderstood arguments when sharing their ideas
with other students or during the stage of invalidating
the ideas. This is why good direction of the
argumentation process depends on living and
experiencing the process itself. This study is an
application of teacher education developed in the light
of the idea that prospective teachers need to
experience their own processes of argumentation so
that they could handle the argumentation-based
learning approach in their future classrooms. Traces of
pedagogical content knowledge exhibited by the
prospective teachers in the online argumentation
activities which were designed through possible
student questions were examined, and the strengths
and weaknesses of the learning environment were

Ozet: Argiimantasyon;
gerekgeler belirtilerek  veriler ile
olmadiginin yapilandirildig1 siiregtir. Bu  siiregte
matematiksel  argiimanlar  ozellikle  problem
¢Oziimlerinde hayati bir Oneme sahiptir. Gegerli
arglimanlar ya da ispatlar iiretme ve argiimanlarin
kritik edilmesi, matematik yapmanm ayrilmaz
pargasidir. Bu nedenle, muhakeme becerileri
ogrencilere kazandirilmazsa matematik, bir islem
dizisini takip etmek ve anlamimi diisinmeden
ornekleri taklit etmek olur. Argiimantasyona dayali
6grenme ortamlariin iyi yonlendirilmesi
gerekmektedir. Bunun nedeni, 6grencilerin siiregte
verilen argiimanlar1 anlamada giicliik ¢ekebilmesi,
Ogrencilerin  diger  Ogrencilerle  distincelerini
paylagmada ve birbirlerinin disiincelerini ¢iiriitmede
yanlis anlamalar yasamast olabilir. Bu yilizden
arglimantasyon siirecinin iyi yonetilmesi, bu siireci
yasamaya ve deneyimlemeye dayali olarak
gerceklesir. Bu calisma, Ogretmen adaylarinin
smiflarinda  argiimantasyon Ogrenme yaklagimini
etkin bicimde uygulayabilmeleri ic¢in Oncelikle
kendilerinin arglimantasyon siirecini yasamalari
gerektigi diisiincesinden yola ¢ikilarak gelistirilmis bir
Ogretmen  egitimi  uygulamasidir.  Calismada
o0grenciden gelebilecek sorular iizerinden tasarlanmis
online argiimantasyon etkinliklerinde Ogretmen
adaylarinin sergiledikleri pedagojik alan bilgisi izleri
incelenmis ve Ogrenme ortamimin gigli ve zayif
yanlar1  arastirilmigtir.  Sonu¢  olarak, online

iddialarin  dayandirildig:
iliskili  olup
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investigated in the study. Consequently, online
argumentation method was found to have positive
impacts on the improvement of prospective teacher’s
pedagogical content knowledge and their own
learning. It is anticipated that these presented
preservice education components will shape future
studies to be carried out in the field of teacher
education.

Keywords: Online argumentation, student questions,

argliimantasyon yonteminin Ogretmen adaylarinin
pedagojik alan bilgisi gelisiminde ve kendi
ogrenmeleri iizerindeki olumlu etkileri ortaya
cikmistir.  Sunulan bu hizmet Oncesi egitim
bilesenlerinin Ogretmen egitimi alaninda
gerceklestirilecek gelecekteki olasi ¢alismalara yon
verecegi diistiniilmektedir.

Anahtar Sozciikler: Online argiimantasyon, dgrenci
sorular, pedagojik alan bilgisi, matematik egitimi,

pedagogical content knowledge, mathematics
education, teacher education

ogretmen egitimi

Introduction

According to the constructivist approach on which the philosophy of several curricula is based on,
learning is an active process through which learners acquire information, interpret and make meaning
of the information with their prior knowledge and experiences. The constructivist approach
emphasizes the importance of research- and questioning-based learning. Such learning makes learners
active and guides them toward question asking, problem solving and critical thinking. Argumentation
(scientific discussions) has been one of the instructional techniques that support such a student-
centered learning in recent years. According to the Argumentation-Based Scientific Learning
approach, students form the information by asking questions, producing arguments and reinforcing
these arguments in a learning environment (Keys, Hand, Prain & Collins, 1999). It is stated in the
literature that environments of argumentation have a positive effect on learning and engagement
because they offer the opportunity to learn by sharing the information with peers and teachers (Giinel,
Kingir & Geban, 2012; Keys, Hand, Prain & Collins, 1999). Moreover, argumentation-based learning
environments feature developmental characteristics of concepts and support social learning (Driver,
Newton & Osborn, 2000).

Argumentation is a process in which whether arguments are associated with data is constructed with
justifications that they are based on (Toulmin, 2003). According to Kuhn (1991), how individuals use
statements supporting or rebutting the perspective of solving a problem refers to the act of doing
argumentation on their own. In this sense, argumentation and learning are in fact interrelated and
integral parts of the thinking process (Kuhn, 1991). In the educational literature, Toulmin’s model is
utilized for exploring and analyzing what kind of a discussion environment is created in the classroom
(Wood, 1999) and how learning is progressing (Yackel, 2001). According to Toulmin (2003), a well-
built, logical argument involves three main, interrelated elements: data, warrant, and
conclusion/assertion. Three auxiliary components can be added to arguments. These components are

not required but may empower the assertion. The Model Qualifier (M) component is added to the
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assertion in the form of adverbs (absolutely, probably, quite likely, etc.) and expresses the reliability
degree of the conclusion. The Backing (B) component reinforces the warrant. Backing is needed
where the strength and validity of the warrant cannot be clearly observed. With the addition of
auxiliary components to the main components, Toulmin’s model has a six-component structure.
Conclusion/assertion (C) is the proposition which individual wants to argue the addressee into; it is
the conclusion required to be confirmed. Data (D) is what confirms the Conclusion (C); in other
words, the evidence of conclusion. Warrant (W) is the rule of concluding. This rule helps concluding
from the data. It is the component which indicates that conclusion/assertion is valid and serves as a
bridge between the data and conclusion. Six-component structure of Toulmin’s model is presented in

Figure 1.

| Rebuttal (R) ‘

A 4

Data (D) }7“ Modal Qualifier (Q) }—>| Conclusion (C)

‘ Backing (B) |

Figure 1. The Toulmin's model of argument (Toulmin, 2003, p. 97)

Inglis, Mejia-Ramos, Simpson (2007) stated that mathematical arguments are of vital importance
especially in problem solving. The most studies using the argumentation method are focused on the
science education, however, research has also been conducted in mathematics education (Brown &
Reeves, 2009; Krummheuer, 2007). Brown and Redmod (2007) stated that use of cooperative
argumentation increases students’ desire to learn mathematics, and it is required to implement
cooperative argumentation studies to enhance professional development in mathematical learning
domains. Krummbheuer (2007) emphasized that mathematical learning of students depends on their
engagement in group discussions. Brown and Reeves (2009) stated that argumentation method helped
students develop their mathematical skills and understandings, levels of using mathematical
operations in problem solving, levels of expressing the problems mathematically and skills of

developing new approaches in problem solving.
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Producing valid arguments or proofs and criticizing the arguments are inseparable parts of doing math
(Ross, 1998). If students cannot be equipped with reasoning skills, mathematics cannot go beyond
following a sequence of operations and copying the examples without thinking about their meanings
(Ross, 1998). Thus, it is necessary to direct argumentation-based learning environments well because
students may find it hard to understand given arguments or have certain challenges due to
misunderstandings and misunderstood arguments when sharing their ideas with other students or
during the stage of invalidating the ideas. It is therefore possible to direct the argumentation process

well by living and experiencing the process itself.

Great responsibility undoubtedly falls to mathematics teacher in bringing these skills to the students.
Several studies have emphasized the efficient preservice and in-service teacher education for
reinforcing the argumentation (Zeidler, 1997; Newton, Driver & Osborne, 1999; Driver, Newton &
Osborne, 2000; Erduran & Jimenez-Aleixandre, 2007). This study’s instruction was designed online
in the consideration that educational technologies supported, argumentation-based instructional
applications. The studies showed that argumentation-based instructional applications have been
increasing in Finland (Kiili, 2013), Norway (Ludvingsen, 2012), Australia (Butchart, Forster, Gold,
Bigelow, Korb, Oppy & Serrenti, 2009; Davies, 2009), United States of America (Hoffman, 2008)
and United Kingdom (Okada, 2008) in recent years and such applications had positive impacts on the
development of students’ cognitive, affective and psychomotor skills. Teachers are needed to be
informed of how to evaluate mathematical arguments, to determine the accuracy of mathematical
propositions and to prove the accuracy of mathematical arguments which they think of as accurate.
Pedagogical content knowledge (PCK) comes into play here. Teacher’s pedagogical content
knowledge is the body of knowledge and skills which a teacher will call on when a subject or concept
is to become learnable for students (Baki, 2018). This is indeed how the teacher guides the student

properly and effectively to acquire and embrace information and put it into practice.

Shulman (1987) defined PCK as follows: “It represents the blending of content and pedagogy into an
understanding of how particular topics, problems, or issues are organized, represented, and adapted
to the diverse interests and abilities of learners, and presented for instruction (p.8). PCK defined as
the knowledge used for transferring content to students in more understandable forms (Geddis,
Onslow, Beynon and Oesch, 1993; Grossman 1990; Marks 1990; Park and Oliver, 2008; Shulman
1986, 1987). In this regard, the development of PCK involves a shift in teachers’ understanding “from
being able to comprehend subject matter for themselves, to becoming able to elucidate subject matter
in new ways, reorganize and partition it, clothe it in activities and emotions, in metaphors and

exercises, and in examples and demonstrations, so that it can be grasped by students” (Shulman 1987,
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p. 13). A large number of scholars have worked on PCK and tried to redefine the concept of PCK by
modifying Shulman’s components, but the focus of those various definitions is the idea that the
transformation of subject matter knowledge for the purposes of teaching is the center of PCK. (e.g.;
Banks, Leach and Moon, 2005; Cochran, deRutier and King, 1993; Fernandez-Balboa and
Stiehl,1995; Grossman 1990; Hashweh 2005; Koballa, Graber, Coleman and Kemp, 1999; Loughran,
Berry and Mulhall, 2006; Magnusson, Krajcik and Borko, 1999; Marks,1990; Park and Oliver 2008;
Veal and MaKinster,1999). Grossman (1990) broadened the concept by defining four central
components of PCK: (a) knowledge and beliefs about the purposes for teaching a subject, (b)
knowledge of students’ understanding, conceptions, and misconceptions of particular topics in a
subject matter, (c) knowledge of curriculum and curriculum materials, and (d) knowledge of
instructional strategies and representations for teaching particular topics. Park and Oliver (2008)
elaborated Grossman’s conceptualization and identified five components with adding “knowledge of
assessment of student understanding.” Although scholars handle PCK with different components,
most scholars agree on Shulman’s (1986) two key components of PCK: (a) knowledge of instructional
strategies incorporating representations of subject matter and understanding of specific learning
difficulties and (b) student conceptions with respect to that subject matter. In this study, considering
the components accepted by all researchers and considering the compatibility with the learning
environment, the focus in terms of PCK is ‘Are students guided to right associations and reasoning
with proper organizations according to student-teacher dialogs? Are students being able to be guided
to desired association via proper methods, strategies, demonstrations, analogies and examples in

accordance with the nature of the subject or concept?’

This study is an application of for teacher education developed in the light of the idea that prospective
teachers need to experience their own processes of argumentation so that they could handle the
argumentation-based learning approach in their future classrooms. Traces of pedagogical content
knowledge (PCK) exhibited by the prospective teachers were observed in the online argumentations
which were designed through possible student questions, and the strengths and weaknesses of the

learning environment were investigated in the study.

Method
Participants

The participants of the study were 56 third-year prospective teachers attending an Elementary
Mathematics Education program. In the study, due to the limitations in terms of time and labor
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conditions, appropriate sampling method was preferred in determining the sample. In accordance
with participants’ background within the scope of pedagogical content knowledge, the components
which are: multiple representations of concept, student difficulties regarding concepts and
misconceptions, concept assessment-evaluation, and teaching concepts in the curriculum were
handled in the elective Mathematics Curriculum course. The preservice teachers performed basic
computer-software functions in programs in the courses of Applications of Technology in Education
and Instructional Technologies and Material Development courses. After addressing the methods and
strategies for concept instruction in the Teaching Methods | course where the application was
performed as the study topic, the preservice teachers performed microteachings regarding the goals

specified in the curriculum.
Research Design and Procedure

This study research design is explanatory case study. This type of case study would be used if you
were seeking to answer a question that sought to explain the presumed causal links in interventions
(Yin, 2003). Explanatory case studies are used to provide information about a situation, to make
unfamiliar situations familiar, to reveal the impact of interventions through qualitative data
(observations, interviews, etc.), and to explain the connections to real-life situations (Baxter & Jack,
2008; Davey, 1991). In evaluation language, the explanations would link program implementation
with program effects (Yin, 2003). The study, 8-week online argumentation contents were created in
compliance with PCK. Course content of Teaching Methods 11 to be lectured following each weekly
argumentation was shaped according to the discussions. Flow of the application process is presented

in Figure 2.

Online Argumentation:
Pre-service Teacher Education

h

‘ Pedagogical Content Knowledge (PCK) ’

Investigation of expected student questions from the classroom

Literature Review Easyclass Argumentation Classroom Argumentation Self Evaluations
O Student questions 0 Video records O Written opinions
0 Detailed mstructions 0 Observations O Semi-structured
Teacher Meetings for each question mterviews
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Figure 2. Online argumentation process in preservice teacher education

As seen in Figure 2, pedagogical content knowledge (PCK) was constructed for the discussions of
possible student questions. The prospective teachers decided the questions about mathematical
concepts that could be asked by students through literature review and teacher interviews according
to their mathematical learning levels (6" grade to 8" grade). The literature review includes the related
articles, books, dissertations etc. based on the learning areas.

The conceptual questions were opened up for discussion via Easyclass digital learning environment
(http://www.beyazpano.com) (Turkish version) and examined thoroughly by the researchers.
Conceptual questions can be defined as questions that provide an opportunity to discuss the concept
and its other related concepts, as well as to discuss the relationship of the concept with non-textual
concepts. Next, explanations that can be presented for these questions and new questions that could
be asked by students were shared by the prospective teachers in the Discussions section of Easyclass.
The best possible styles of explanation were provided in accordance with these discussions in the
Teaching Methods Il course at the end of the Online Argumentation process. The classroom
discussions were carried out within the framework of both main question and the best possible
answers to new questions. The classroom discussions were videotaped, and observations were noted
down. Opinions and ideas transferred into the digital environment were also recorded. Finally, written
opinion form and semi-structured interviews were utilized for the participants to evaluate the process
(the questions based on effects of argumentation process with student questions on mathematics
teaching —learning and evaluation on the stages of implementation). The semi-structured interviews
were performed with 3 prospective teachers randomly selected from each category of (poor-
moderate-good) in academic average classification. PCK learning traces were tracked via Easyclass

discussions, classroom discussion records and opinions.
Data Collection and Analysis

PCK learning traces were tracked via Easyclass discussions, classroom discussion records and
opinions on participants’ self-learning. Observation notes were taken in the course as the data
collection instrument, and the written interview form and semi-structured interview were utilized at
the end of the study.

Elements of argument were used both in the online argumentation via Easyclass and in classroom
discussion was analyzed according to Toulmin’s model. While one of the prospective teachers

assumed the role of discussion leader, other prospective teachers presented questions that could be
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asked by students and possible explanations to be provided by teacher in both discussion
environments. The leader prospective teacher focused on answering all questions in the discussions
along with their instructional explanations. Moreover, the leader and other prospective teachers
argued to decide the best possible instructional explanation. Instructional explanation that the most

understandable without creating situations could cause misconceptions in students.

In the educational literature, Toulmin’s model is utilized for exploring and analyzing what kind of a
discussion environment is created in the classroom (Wood, 1999) and how learning is progressing
(Yackel, 2001). In this study, modal qualifier component of Toulmin’s model was not included in the
analysis as it was not used by the prospective teachers in general. It was considered that a five-
component structure of Toulmin’s model would be more appropriate to analyze argumentations of

the prospective teachers. The version of Toulmin’s model used in the study is shown in Figure 3.

Rebuttal (R)

Data (D) ¥ Conclusion (C)

v

Warrant (W)

-~

Backing (B)

Figure 3. Adapted version of Toulmin's model of argument (Toulmin, 2003, p. 97) used in the study

An exemplary analysis of this study is presented below. The prospective teacher who was the
discussion leader was encoded as “LTC” and other prospective teachers as “TC” and the researchers
as “RE”.

LTC: The class could ask a question like “Why is the multiplication of two negative
numbers a positive?” You produced nice ideas on Easyclass, thank you. Let us take it
from here again.

TC1: Teacher, I think it does not make any sense, multiplication of two negative numbers
IS a negative.

LTC: Why do you think that?

TC1: Because if multiplication is the shortcut of addition and both are negative, it is

negative too.
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LTC: But here, we are talking about adding (-2) pieces of (-3).
TC2: Why is it positive then, teacher?
LTC: For instance, we know 2 x (-5) = -10 because sum of 2 pieces of (-5) is -10. Let us

make this pattern: (writes the operations on the whiteboard)

2% (-5) =-10
1x(-5)=-5 : Makes the explanation “1 piece of -5 is -5, is not it, kids?”
0x(-5)=0 . “We know zero is the absorbing element, then the result is zero.”

(-1)x (-5) =?  : Asks the questions “Let us think together, does the second factor

change?”

TC3: The multiplicand is always (-5), the multiplier is decreasing one by one.

LTC: How is the result part changing?

TC3: Itis increasing five by five.

LTC: Accordingly, who can predict the result of (-1) x (-5) = ?

TC4: The result of the previous operation was zero; then, | add 5 to zero, and the result
is 5.

TC5: Teacher, now the multiplication of two negative numbers is a positive.

LTC: You found it nice, you figured it out very nice, kids...

TC6: Teacher! It can be made discovered in a more different way, actually.

RE: How? What would be your explanation as a teacher?

TC6: 1 would explain it this way: (by coming to the whiteboard and explaining)

2+ (-2)=0 : We know the addition of a number to its negative is

zero; now, let us multiply both sides of this equation
by (-2).

(-2)x[2 + (-2)]=(-2) x O - With the distributive property of multiplication over
addition...

(-2)x2+(-2)x(-2)=0 : Here, we would say “we know (-2) x 2 = (-4), or if
we started with 1+ (-1) = 0 and multiplied both sides
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(-4)+(-2)x(-2)=0

(-2)x (-2)=4

by (-1),
for (-1) x 1 = (-1), the result would be (-1) because
the multiplication of a number by 1 is that number

itself.” About our question,
: Now, let us add 4 to both sides of the equation.

They would see that the multiplication of two

negative numbers is a positive.

TC1: | would prefer the first explanation if | were a student.

TC4: 1 would explain the both ways and think that some could comprehend one while

others could comprehend the other.

LTC: Cansu’s (TC6) explanation is effective, too. Like our friend said, helping students

find it with both ways might be more effective so that they can make meaning of it.

The analysis of above argumentation: whether the argumentation took place or not was analyzed

according to Toulmin’s model.

D: Is the multiplication of two negative numbers positive or negative?

C: The multiplication of two negative numbers is definitely positive

Wi:
2x-5=-10
1x(-5)=-5
0x(-5)=0
(-1)x(-5)="7?
Wo:

2+ (-2) =0

(-2) x [2+(-2)]=(-2) x O

(-2) X 2+(-2) X (-2) = 0

: 1 times -5 is -5.

: Because zero is the absorbing element, the result is zero.
: While the multiplicand does not change and the
multiplier decreases by 1, the result increases by 5; then,

the result is 5.

- The addition of a number to its negative is zero. Let us
multiply both sides of this equation by (-2).

- With the distributive property of multiplication over
addition...

: Here, we would say “we know (-2) x 2 = (-4), or if we
started with 1+ (-1) = 0 and multiplied both sides by (-1),
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for (-1) x 1 = (-1), the result would be (-1) because the
multiplication of a number by 1 is that number itself.”
About our question:
(-4)+(-2)x(-2)=0 : Now, let us add 4 to both sides of the equation.
(-2)x(-2)=4 : They would see that the multiplication of two negative
numbers is a positive.
R: Teacher, I think it does not make sense. The multiplication of two negative numbers is
a negative. Because if multiplication is the shortcut of addition and both are negative, it
is negative too.
V: Algebraic rules and patterns.
Whether the argumentation took place or not was analyzed according to Toulmin’s model. Even
though the rebuttal component could not be observed in some of the discussions, it was concluded
that the argumentation took place. The researchers took Krummheuer’s (1995) study as basis since
Toulmin’s model was used in mathematics education for the first time by Krummheuer (1995) who
analyzed mathematical discussions in classroom. Krummheuer did not used the rebuttal and modal
qualifier components in that analysis and did not feel the urge to add another component to the model.
The studies following Krummbheuer’s (1995) study did not pay much attention to the rebuttal and

modal qualifier components.

When the argumentation was analyzed according to Toulmin’s model, PCK learning traces of the
prospective teachers in this process were subjected to a qualitative analysis. The voice records were
deciphered in the first place. When the data were being deciphered, the prospective teachers were
consulted for ambiguous statements or comments deduced from the statements, ambiguous
statements were clarified and approval was taken for comments deduced from the statements.
Following the decipherment of the interview data, codes and categories were formed with raw data
by the researcher. When forming the codes and categories, written and verbal statements of the
prospective teachers were evaluated mutually. The data to be obtained was subjected to a content
analysis which is a qualitative research technique. The data analysis may be shaped during the process
in accordance with the depth and scope of the analyzed data by the nature of qualitative research
(Miles & Huberman, 1994). The data were analyzed in four stages in general: (1) encoding, (2)
thematic encoding, (3) organization of codes and themes, and (4) interpretation of the findings
achieved (Yildirrm & Simsek, 2008). In the analysis which would start with the data collection, these
sub-procedures followed each other in a cyclical and interactive manner rather than in a linear order.
As multiple researchers worked together in the data analysis, it is important to the reliability of the

analysis that there is compliance among the codes determined by different researchers. Therefore, the
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codes to be determined by the researchers who encoded the same data set were numerically compared,
and a reliability rate of 83% was achieved (Yildirnm & Simsek, 2008). A general framework was
created to define and describe the data in the third stage of the analysis, and the data were reviewed
and made ready for description and interpretation with this framework. The last stage of the analysis
included the relationships among these clearly described and defined data and the interpretation of
these relationships within the conceptual framework. Interpretation of the data was available during
the whole analysis; however, comments made toward the end of the analysis ensured that certain

results were achieved beyond the data obtained previously.
Results

After whether elements of argument had been used in the online argumentation on Easyclass and in
classroom discussion was analyzed according to Toulmin’s model, PCK learning traces were focused
on. The points taken into account in general for the learning traces were “Are students guided to right
associations and reasoning with proper organizations according to student-teacher dialogs? Are
students being able to be guided to desired association via proper methods, strategies,
demonstrations, analogies and examples in accordance with the nature of the subject or concept?”
How these points were considered is illustrated in Figure 4 along with an exemplary discussion in the

study.
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An example of an argumentation
shaped with student questions

(in Turkish)

Ana Sayfa Dersler Gruplar Dosyalar Mesajlar

Translated version of
argumentation example
(in English)

Siniftan Ogrenci Sorulari: Matematik Tartigmalan  Tartigmalar
8.1.3 Karekdklii Ifadeler
Tartigmay! baslatan: 10 Mart 2017 Cuma 15:29

Merhaba arkadaslar. 8.1.3.4 Gergek sayilari tanir, rasyonel ve irrasyonel sayilaria iligkilendirir.

Yikle Dosyalar URL Ekle Gonder

n Asagidaki reel sayilarin rasyonel mi yoksa irrasyonel mi olduguna karar veriniz?
A) 2/5
B) 0,3542869712.
C)5
Dymw
E) 1,3333333...
F)\5
G)\16

@ Bu kavramsal bir soru degil ki neyini tartisacagiz?
Istersen once soruyu yanitia daha sonra tartigmaya baglayalim

A) rasyonel B) rasyonel C) rasyonel D) irrasyonel E) rasyonel F) irrasyonel G)
rasyonel

Irrasyonelligin tanimini yapar misin?
Rasyonel olmayan

Yani...?

a/b seklinde yazamadigimiz sayilar
B segenegine neden rasyonel dedin?
Rasyonel oldugu i¢in

Bunun Uzerine sende bende diistinelim irrasyonelligi nasil tanimlayalim ki
Sgrenciler karar verirken hataya dismesinler? Ornegin B) secenegi irrasyonel

Hadi ya :) Tamam dugtnelim.

Leader Teacher Candidate (LTC)
8.1.3 Radical Expressions

Hi fiiends. 8.1.3.4 Understand real
numbers and associate real numbers
with rational and irrational numbers.

LTC: Determine whether the following
numbers are rational or irrational.

A) 2/5

B) 0.3542869712...

C)S5

D)rm

F)\5

G) V16

TCO7: This is not a conceptual question.
So, what are we going to discuss?

LTC: It would be better to answer the
question first. Then, we could discuss it.

TCO7: A) rational B) rational C)
rational D) irrational E) rational F)
irrational G) rational

LTC: Could you please define irrational

numbers?

TCO7: Numbers which are not rational.

LTC: So...?

TCO7: The numbers that are not of the
Jform a/b.

LTC: Then, what is your point of view
Jfor saying the number B as rational?

TCO07: Because it is rational...

LTC: Hmm. Let us think more about the
definition of irrational numbers so that
the students do not have difficulty in
separating rational and irrational
numbers. For example, B is irrational.

TCO7: Oh my god :). Let’s think about it.

Figure 4. Section of an exemplary online argumentation shaped by possible student questions

Classroom Discussions

A section of a classroom discussion is presented below.

LTC: Easyclass discussion was productive. Here, we can try to establish how we should

teach the definition of irrationality.
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TC22: 1 think students do not get confused in the radical. They can make this inference:
if it is subtracted from the radical fully, they say it is rational; if not, it is irrational.
TC39: Or they know that w is irrational.

TC22: Why? | think it is complicated, too. We say it can be written as 22/7 and then it is
irrational. What is in child’s mind contradicts the explanation “numbers that cannot be

expressed in the form of a/b are irrational.”

TCT7: Teacher, I do not understand why 0.3542869712 is irrational.
LTC: Kids, let me make a brief explanation first: We should be able to express a rational
number as the division of two integers on the condition that denominator is different from
zero. So, is 5 rational?
TC28: Yes, because we can write it as 5/1.
LTC: What about 2/5?
PT35: Itis very clear; it is written as the division of two integers. Of course it is rational.
LTC: So, are 1/3 and 22/7 rational or irrational?
PT35: Again, they are rational because they are written as the division of two integers,
teacher.
TC39: 22/7 is irrational because it is equal to .
TC16: There is trouble with 1/3, too. Looking at the decimal expansion, it goes like
0.3333... I think it is irrational, too.
LTC: Why did going like 0.3333... make you think that?
TC16: At the end of the day, is not it irrational if it has an infinite expansion?
LTC: What do the class think about this issue?
... (Students discuss between them.)
TC41: The decimal part is confusing, teacher.
LTC: Let me ask you this then: compare 0.3333... with 3.14159265358979323... ?
TC12: Both are infinite decimals.
TC25: One is a repeating decimal; the other is a non-repeating decimal...
LTC: What is the difference between?
TC38: We can write the repeating one in the form of a/b, but we cannot the other.
TC7: How can we write the repeating one in the form of a/b?
TC38: We write the whole number as the numerator regardless of decimal point and take
the non-repeating part out, and then we write 9 for repeating numbers after the decimal
point and O for non-repeating numbers for the nominator...
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TC7: Why?
LTC: (Explains over an example on the whiteboard) We can think like this:
For example, let us find the value 0,33333...
Let 0,33333...=x.
Then, 10x = 3,33333...
10x = 3,33333...
x=0,33333...
If we do subtraction on each side the result will be 9x=3, therefore x=1/3.
TC7: I see. So, can we write 3.14159265358979323... in the form of a/b?
LTC: What do you think?
TCT7: We cannot like you did on the whiteboard, we cannot write it teacher.
LTC: So, can we reach a conclusion?
TC18: Yes, teacher. Infinite repeating decimals are rational because they are written in
the form of a/b. But infinite non-repeating decimals are irrational.
LTC: Well, what does the rest think?
...(The class approves)
LTC: So, we can express irrationality in two ways. First of all, a and b are integers; if
b#0, numbers that can be written in the form of a/b are called rational numbers, numbers
that cannot be written in the form of a/b are called irrational numbers. Secondly,

irrational numbers are infinite non-repeating decimals.

It is understood from the discussion above that the leader prospective teacher used interrogative
questions from basic to advanced so that students could make accurate associations and reasoning

when learning the concept.
[Is 5 rational? What about 2/5? So, are 1/3 and 22/7 rational or irrational?]

The leader prospective teacher also utilized strategies compliant with the constructivist approach
through the example selection and questions so that students could make the desired association.
Accordingly, the leader prospective teacher also chose appropriate demonstrations for conceptual
learning. For instance, the leader prospective teacher guided the students toward the desired
association (irrational numbers are infinite non-repeating decimals) via interrogative questions such
as “Let me ask you this then: compare 0.3333... with 3.14159265358979323... ?” The leader
prospective teacher reinforced the conceptual learning with appropriate demonstrations as follows:

“For example, let us find the value 0,33333...
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Let 0,33333...=X.

Then, 10x = 3,33333...

10x = 3,33333...

x=0,33333...
If we do subtraction on each side the result will be 9x=3, therefore x=1/3.”

In general, it was found that the prospective teachers reinforced the conceptual learning by paying
attention to the possible dialogs between student and teacher when handling possible student
questions in the first place and building it on a solid ground that students learn the given implicit
concept or concepts by proper association in the Easyclass and classroom discussions. It was observed
that the prospective teachers used elements to empower students’ reasoning and association in the
dialogs so that this conceptual learning could take place. It was found that the demonstrations,
analogies, examples and materials used in instructional explanations via questions and all methods

and techniques used in a wider scope reinforced the conceptual learning.

The elements addressed within the framework of PCK learning traces were “Are students guided to
right associations and reasoning with proper organizations according to student-teacher dialogs? Are
students be able to be guided to desired association via proper methods, strategies, demonstrations,
analogies and examples in accordance with the nature of the subject or concept?” were also observed
in prospective teachers’ self-evaluations. Representative opinions of the prospective teachers are
presented below:

TC52: ...[Answering a student question required us to have more knowledge than the one
we need to possess to teach a subject. It gave us the chance to improve our limits
mathematically. So much so that, answering the question impelled us to study critically
and patiently as researchers. In this sense, the student questions paved the way for us to
master the content of attainments and examine several examples of articles, videos,
activities, instructions so that we could provide comprehensible instructions when
teaching a subject, which is the main factor of the teaching profession. It had a great
impact on us for acquiring experience and knowledge in our field.]

TC13:...[When I was thinking about how [ should explain it or with which questions 1
can have them make the desired inference, | saw my learning improving, and most
importantly, it helped me understand students’ ways 0f thinking for my teaching
profession. Because in this process, my instructions got very rich as | was thinking that

students may think this, ask that question, how | can make an explanation] ...
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Another finding in the discussions where PCK learning traces were tracked is that the prospective
teachers explained the concepts which they had not previously known or had misunderstood to shed
light on the change in their content knowledge present in their learning traces. This finding on the
change in prospective teachers’ content knowledge was also available in their self-evaluations. The

following are representative opinions of the prospective teachers:

TCA45: “This procedure brought lots of things to me other than methods and strategies |
can use when | teach mathematics. | saw my deficiencies and the things I misunderstood
in the subjects. For example, | did not know irrationality exactly. Indeed, there are points
that | was wrong about. With my friends choosing them in their questions and addressing
in the discussion, | learned them. I am going to be a mathematics teacher, but I did not
know why the multiplication of a positive and a negative is negative. For example, the
discussion whether zero multiplied by x equals to zero is an identity or an equation taught
me the difference between them. | was enlightened about many concepts including this.
You might think ‘Our students are so ignorant’, but I can easily admit it because I am
happy now because | learned it. You were saying that learning improves anywhere,
anytime; so, the right time was this course for me.”

TC26: ... [Questions created in the study of possible student questions, being curious
about the answers to the questions | was asked as a prospective teacher and my effort to
find the answer at the end of meticulous research made important contributions to my
learning. This way, | learned the concepts that | did not know. | learned that we should
master the attainment within the question for answering the questions, recall the
preliminary knowledge for explaining the questions, that the situations we know by rote
learning but cannot give the answer while using it constantly as a rule are in fact
inferences and they are based on a logic rather than being pure rote learning. Student
questions helped me look at mathematics from a different perspective. We had an
experience of getting into the foundation of a subject and questioning its smallest unit on
the contrary to problems we solve without making mistakes. This stage gave the chance
to scrutinize attainments of elementary mathematical attainments one by one in
accordance with an objective, which had a significant and different effect on me for
mastering the subjects which would instruct when we become teachers.]

Opinions of the prospective teachers on “effects of student questions and argumentation on
mathematics teaching” which were received through written opinion forms and semi-structured

interviews were also examined in the study. Dominant themes exceeding 30% among the themes
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derived from the prospective teacher opinions on effects on mathematics teaching and representative

prospective teacher opinions in these themes are given in Table 1.

Table 1

Themes Derived from Prospective Teacher Opinions on Effects of the Procedure on Mathematics

Teaching

Theme Exemplary prospective teacher statements f %*
“Students can learn the information by questioning
[...]”

Learning by “The same conclusion can be achieved with very

questioning different ways, we back what we have in some of 46 82
them and rebut in others. | mean, students can be
equipped with many skills by questioning in the
conclusion process.”

Cooperative “[...] students can discuss and learn with their 33 59

learning-Social classmates and discuss with their teacher t0o.”

learning

“Every student can learn the logic underlying each 39 70

Meaningful learning concept in this way.”

“They can look at the problems from different aspects 41 73
as they learn by questioning. This will help them
develop new solution methods [...]

Problem-solving
skills

“Students’ reasoning can improve by arguing the 24 43

Reasoning skills - ) "
g accuracy and validity of inferences.

“[...] Students need to use the mathematical language 17 30

Communication well when they express themselves, so they will
skills improve using symbols and terms effectively and

properly.”

“[...]1 As concepts and operations are associated, 20 36
Association skills students can also associate concepts underlying the

rules.”

* The sum of percentages may exceed 100% as the prospective teachers provided more than one

theme within the scope of the question.

According to Table 1, the prospective teachers presented themes within the framework of

constructivist approach and which emphasize the importance of research- and questioning-based

learning. Given the evaluation of the procedure by the prospective teachers, 42 prospective teachers

(75% of all participants) stated that interviews with the teachers were effective. They indicated the
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reason was that teachers could clearly explain what students find difficult to understand or which
concepts they may have trouble with forming by giving examples because they had had the chance
to examine and analyze conceptual thinking of students for years. On the other hand, 14 participants
did not find these interviews efficient. Regarding the reasons, they reported that the teachers laid
emphasis rather on operational errors or procedural concepts in possible student questions and did
not mention about critical questions that would ensure conceptual learning. Majority stated that the
literature review was effective because they observed more conceptual questions and contents in the

theses, papers, books, etc. in the review.

Online stage of the procedure was found to be vital by the prospective teachers as it was where
preliminary discussions took place, they had opportunities to investigate the concept, and they argued
that such a discussion should be definitely performed before the classroom discussions. Exemplary
questions addressed in the online argumentation and a screenshot of the discussion environment are

shown in Figure 5.

Exemplary questions available in the Easyclass learning environment and addressed in the online
argumentation could be listed as follows:

» |sasquare also a rectangle? Why?

= Are ratio and fraction the same things? Is ratio a division?

= When we tilt a square right prism, is it still a square right prism?
= Do you know why 0! equals to one?

» 15 0.x=0 an identity or an equation?
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A view from argumentation website Translated version of concepts
(in Turkish) (in English)

beyazpano Ana Sayfa Dersler Gruplar Dosyalar Mesajlar

:'"" P“":‘" Siniftan Ogrenci Sorulan: Matematik Tarigmalan Student questions from the class:
artigmalar » ® "

_ Tartigmalar Argumentations in mathematics
2 Odevier

) Sinevier 5.2.1. Temel Geometrik Kavramlar Ve iziml...  9.2.1. Basic geometrical concepts

W Not Defteri =
= and constructions
2 uyeler .
£ sinif Kitophanesi 8.1.3. KOKLU IFADELER (60)

8.1.3. Radical expressions

B e 8.1.2. Exponential numbers
8.1.1 CARPANLAR VE KATLAR (71) 8.1.1. Multiples and diViSOI’S Of
' numbers

7.1.4. Oran ve Orant1 (32)

7.1.4. Ratio and proportion

7.1.3. Rasyonel Sayilaria islemler ve 7.1.4. Ora...

7.1.3. Operations in rational numbers

Figure 5. A screenshot of the online argumentation shaped by possible student questions

Representative prospective teacher opinions chosen from the opinions which evaluated the online

argumentation procedure are given below.

TC17: [ First of all, I must say it did not have any negative effect. If | were to list its
positive effects:
| gained the experience of discussion around an objective in a virtual environment. |
performed a qualified study to be able to answer the questions. | examined the attainment
involving the question in the mathematics curriculum first. By this means, | was informed
of the subject in a more detailed way. | learned the points in which | was deficient about
the subject in the attainment.
If I could not find answers to the questions first by scrutinizing in my mind, I consulted to
several papers. Examining the articles was very instructive and entertaining. Scopes of
the papers were very extensive, and studies conducted by experts and examining how they
investigated the questions they were curious about contributed importantly to my own
knowledge. But if there had been no such discussion before the classroom discussion, |
could have participated in the classroom discussions with less knowledge.]
TC48: [ A positive effect of Easyclass on my teaching which was the responsibility of
directing a discussion was an experience to be taken to the classroom setting. Directing
a discussion and taking responsibility, encouraging participation in discussion
contributed to me in many senses. When | examined the participations of my friends in a
discussion about my teaching, | got the chance to see multiple different ideas and
discovered different ways in the instruction of critical points in the subjects. Indeed,
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materials, papers, my friends’ own opinions and activities shared in the discussions had

a positive effect on me acquiring significant knowledge in mathematics. ]

On the other hand, the platform on which the discussion was performed was found to be lacking
from a few aspects. It was stated that Easyclass is an insufficient platform for this. It was
reported that similar discussions were repeated as they lingered on and even which concept was
being discussed was confused. It was stated that the prospective teachers needed different
environments where student questions are given to them like a concept map and they could
open titles on their own and discuss them from different perspectives. It was argued that the
classroom discussions had a wrapping up function and were efficient in deciding the most
effective instructional explanations. Representative opinions from which these findings were

derived are given below.

TC53: ... [l think Easyclass discussions were definitely effective so that we could
scrutinize the given concept, but means provided by Easyclass were insufficient. For
examples, discussions were going well, but at some point, they were branching out. So, if
there had been different regions like in a map, we had gone to the region of that concept
which we wanted to discuss, more effective discussions would have taken place in every
region...|

TC8: ... [We were discussion in Easyclass, too many suggestions and strategies were
being presented. It should have been ordered and constructed in the best productive way
possible. That is why the classroom discussions went so well. We could have it exactly in

our mind in which best possible way and which order we could do it.]

Discussion and Conclusion

Traces of pedagogical content knowledge exhibited by the prospective teachers in the online
argumentation activities which were designed through possible student questions were examined in
this study. Teacher’s pedagogical content knowledge is the body of knowledge and skills which a
teacher will call on when a subject or concept is to become learnable for students (Baki, 2018). This
is indeed how the teacher guides the student properly and effectively to acquire and embrace
information and put it into practice. This is about knowing how to make Socratic and dialogical
discussions functioning. In this study, it was explored according to prospective teachers’ pedagogical
content knowledge traces that they reinforced the conceptual learning by paying attention to the

possible student-teacher dialogs when addressing possible student questions in the first place and
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placing it in the center that students learn the given implicit concept or concepts by proper association
in the Easyclass and classroom discussions. It was observed that the prospective teachers used
elements to empower students’ reasoning and association in the dialogs so that this conceptual
learning could take place. It was found that the demonstrations, analogies, examples and materials
used in instructional explanations via questions and all methods and techniques used in a wider scope
reinforced the conceptual learning. As for prospective teachers’ learning traces in the study, as stated
by Baki (2018), “What kind of an organization should I make so that students can make proper
associations and reasoning when learning a given concept? What kind of a dialog should we have?
Which teaching method should I use by the nature of the subject or concept? Which demonstrations
should I use? What kind of analogies and examples should I use and which questions should I ask so
that students can make the desired association? Such questions are directly related to teacher’s
pedagogical content knowledge.” Consequently, prospective teachers’ PCK learning traces refer to
positive developments which emphasize the importance of research- and questioning-based learning
and within the framework of constructivist approach. But then, in the discussions in which the
prospective teachers tried to find the most efficient answers to possible student questions by
comparing the most appropriate techniques despite not having been included in the study, they
explained the concepts which they had not previously known or had misunderstood to find out the
changes in their content knowledge present in these learning traces. In this preservice teacher
education procedure where the prospective teachers activated their knowledge on how to evaluate
mathematical arguments, how to determine accuracy of mathematical propositions and how to prove
accuracy of the mathematical propositions which they think of as accurate, improvement in their
content knowledge is consistent with the literature given the same process they were through as
students. Indeed, Brown and Reeves (2009) achieved the finding that argumentation method helped
students enhance mathematical skills and understandings, levels of using mathematical operations in
problem solving, levels of expressing the problems mathematically and skills of developing new

approaches in problem solving.

Regarding the themes derived from the prospective teacher opinions on procedure’s effects on
mathematics teaching, their anticipations on the development of students’ “learning by questioning,
cooperative learning-social learning, meaningful learning, problem-solving skill, reasoning skill,
communication skill, and association skill” coincide with the conclusions of theoretical and applied
studies in the literature (Brown & Reeves, 2009; Driver, Newton & Osborn, 2000; Giinel, Kingir &
Geban, 2012; Keys, Hand, Prain & Collins, 1999).
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Producing valid arguments or proofs and criticizing the arguments are inseparable parts of doing
math. On the other hand, it is necessary to direct argumentation-based learning environments well
because students may find it hard to understand given arguments or have certain challenges due to
misunderstandings and misunderstood arguments when sharing their ideas with other students or
during the stage of invalidating the ideas. Directing the argumentation process well is made possible
by living and experiencing the process itself. Great responsibility undoubtedly falls to mathematics
teacher in bringing these skills to the students. This study is an application of teacher education
developed in the light of the idea that prospective teachers need to experience their own processes of
argumentation so that they could handle the argumentation-based learning approach in their future
classrooms. This education was designed online in the consideration that educational technologies
supported argumentation-based instructional applications have been increasing in recent years, and
such applications had positive impacts on the development of students’ cognitive, affective and
psychomotor skills. Online stage of the procedure was found to be vital by the prospective teachers
as it was where preliminary discussions took place, they had opportunities to investigate the concept,
and they argued that such a discussion should be definitely performed before the classroom
discussions. On the other hand, the platform on which the discussion was performed was found to be
lacking. It was stated that Easyclass is an insufficient platform for this. It was also observed that
similar discussions were repeated as they lingered on and even which concept was being discussed
was confused. It was stated that the prospective teachers needed different environments where student
questions are given to them like a concept map and they could open titles on their own and discuss
them from different perspectives. Majority reported in the procedure evaluation that interviews with
the teachers were effective. They indicated the reason was that teachers could clearly explain what
students find difficult to understand or which concepts they may have trouble with forming by giving
examples because they had had the chance to examine and analyze conceptual thinking of students
for years. Minority of the participants, however, did not find these interviews efficient. Regarding the
reasons, they reported that the teachers laid emphasis rather on operational errors or procedural
concepts in possible student questions and did not mention about critical questions that would ensure
conceptual learning. Here, qualifications of the teachers consulted for opinion are of importance; it is
possible to say that many of the interviewed teachers attach importance to meaningful learning and
some of them focus on operational learning. Therefore, it is understood that it is not required to choose
interviewee teachers from among teachers who take conceptual learning in consideration. Majority
stated that the literature review was effective because they observed more conceptual questions and

contents in the theses, papers, books, etc. in the review. It was argued that the classroom discussions

480



Mehmet Akif Ersoy Universitesi Egitim Fakiiltesi Dergisi €-1SSN:2146-5983  Yil: 2020 Sayi: 53 Sayfa: 458-487

had a wrapping up function and were efficient in deciding the most effective instructional

explanations.

Consequently, online argumentation method was found to have positive impacts on the improvement
of prospective teachers’ pedagogical content knowledge and their own learning. Moreover, online
argumentation is not sufficient alone and needs to be reinforced with classroom discussions. While
online argumentation environment is a learning environment that supports the emergence of
introductory ideas and different ideas, active and face-to-face environments are needed to change and
improve these ideas. Weaknesses of the Easyclass platform, as stated by the prospective teachers, is
in question here as well. Thus, online discussions should be held on online learning platforms which
are more efficient and involve different cognitive instruments. It is anticipated that these presented
preservice components will shed light on future studies to be performed in the field of teacher

education.
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Uzun Ozet

Giris

Giliniimiizde birgok o6gretim programinin felsefesinin dayandigi yapilandirmaci yaklasima gore
o0grenme, 0grenenlerin bilgi edindikleri, bu bilgileri 6nceki bilgi ve deneyimleri ile yorumlayip
anlamlandirdiklar aktif bir siiregtir. Yapilandirmaci yaklagim, arastirmaya ve sorgulamaya dayali
ogrenmenin 6nemini vurgulamaktadir. Bu 6grenme 6grenenleri aktif kilarak soru sormaya, problem
cozmeye ve elestirel diisinmeye yonlendirmektedir. Son yillarda, boylesi bir 6grenci merkezli
ogrenmeyi destekleyen Ogretim tekniklerinden biri argiimantasyondur (bilimsel tartigsmalardir).
Argiimantasyon Tabanli Bilim Ogrenme yaklasimina gére dgrenciler bilgiyi bir §grenme ortaminda
sorular sorarak, iddialar olusturarak ve bu iddialarmi destekleyerek olusturmaktadirlar. Ilgili
alanyazinda, argiiman ortamlarinin G6grenenlerin 0grenmeleri ve katilimlar1 iizerinde, bilgiyi
akranlarla ve Ogretmenle paylasarak Ogrenme imkani bulundugundan, olumlu etki yarattigi
belirtilmektedir. Ayn1 zamanda argiimantasyona dayali 6grenme ortamlarinin kavramlarin gelisimsel

ozelliklerini 6n plana ¢ikardigi ve sosyal 6grenmeyi destekledigi tespit edilmistir.

Argilimantasyon; iddialarin dayandirildig1 gerekceler belirtilerek veriler ile iligkili olup olmadiginin
yapilandirildig siiretir. Bireylerin bir problemin ¢6ziimiine iligskin bakis agisini destekleyen ya da
ciirliten ifadeler kullanmasi bireyin kendi kendine argiimantasyon yaptigint gostermektedir. Bu
durum go6z Oniine alindiginda aslinda arglimantasyon ile 6grenme birbiri ile iligkili ve diisiinme
stirecinin ayrilmaz bir parcasidir. Egitim literatiiriinde Toulmin modeli hem sinif i¢cinde nasil bir
tartisma ortaminin olusturuldugunu hem de 6grenmenin nasil ilerledigini ortaya ¢ikarmak ve analiz

etmek i¢in kullanilmaktadir.

Gegerli argiimanlar ya da ispatlar liretme ve arglimanlarin kritik edilmesi, matematik yapmanin
ayrilmaz pargasidir. Muhakeme becerileri 6grencilere kazandirilmazsa o zaman matematik yapma bir
islem dizisini takip etme ve anlamini diisiinmeden Ornekleri taklit etmeden Oteye gecemez. Bu
nedenle, argiimantasyona dayali 6grenme ortamlarmin iyi yonlendirilmesi gerekmektedir ¢iinkii
ogrenciler siire¢ icerisinde verilen arglimanlart anlamada giigliik ¢ekebilir ya da diger 6grencilerle
diisiincelerini paylasmada ya da diisiinceleri ¢liriitme asamasinda yanlis anlamalari, yanlis anlasilan
arglimanlardan dolay1 bir takim zorluklar yasayabilir. Bu ylizden argiimantasyon siirecinin iyi

yOnetilmesi bu siireci yagayarak ve deneyimleyerek miimkiindiir.
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Ogrencilere bu becerilerin kazandirilmasinda hi¢ siiphesiz matematik &gretmenlerine biiyiik
sorumluluk diismektedir. Bir¢ok calismada argiimantasyonu desteklemeye yonelik etkin hizmet
oncesi ve hizmet i¢i 6gretmen egitiminin 6nemi vurgulanmistir. Bu ¢alisma, 6gretmen adaylarinin
simiflarinda argiimantasyon 6grenme yaklasimini etkin bigimde uygulayabilmeleri i¢in dncelikle
kendilerinin argiimantasyon siirecini yasamalar1 gerektigi diisiincesinden yola ¢ikilarak gelistirilmis

bir 6gretmen egitimi uygulamasidir.

Bu calismada 6grenciden gelebilecek sorular iizerinden tasarlanmis online argiimantasyonlarda
ogretmen adaylarinin sergiledikleri pedagojik alan bilgisi (PAB) izleri incelenmis ve Ogrenme

ortaminin gii¢lii ve zayif yanlar1 arastirilmistir.
Yontem

Calismanm katilimcilarini ilkogretim Matematik Ogretmenligi programinmn 3. smifinda 6grenim
goren 56 6gretmen adayi olusturmaktadir. Aciklayict 6zel durum calismasi olarak tasarlanan bu
aragtirmada, 8 haftalik online arglimantasyon igerikleri, PAB kapsaminda hazirlanmistir.
Beyazpanoda gercgeklesen online argiimantasyonda ve smif i¢i tartigmalarda argiiman Ogelerinin
kullanilip kullanilmadigi Toulmin modeline gore analiz edilmistir. Argiimantasyonun gergeklesip
gerceklesmedigi Toulmin modeline gore analiz edilirken, bu siiregteki 6gretmen adaylarinin PAB
ogrenme izleri nitel analize tabi tutulmustur. PAB 6grenme izleri, Beyazpano tartismalariyla, sinif
tartisma kayitlariyla ve kendi 6grenmeleri lizerine alinan goriislerle takip edilmistir. Ayni zamanda
veri toplama araglari olarak derste gozlem notlar1 tutulmus ve ¢calismanin sonunda yazili goriis formu

ve yari-yapilandirilmig goriisme kullanilmistir.
Bulgular

Beyazpano’da gergeklesen online argiimantasyon ve simif i¢i tartismalarda argiiman 6gelerinin
kullanilip kullanilmadigi Toulmin modeline gore analiz edildikten sonra PAB 6grenme izlerine
odaklanilmistir. Ogrenme izlerinde genel olarak bakilan unsunlar “Ogrenci- 6gretmen diyaloglar
dikkate alinarak, uygun organizasyonlarla 6grenciler dogru iliskilendirmelere ve akil yiiriitmelere
yvonlendiriliyor mu? Konunun veya kavramin dogasina bagh olarak uygun yontem, strateji, gosterim,

analoji ve orneklerle dgrenci istenilen iliskilendirmeye yéonlendirilebiliyor mu?” dur.

Genel olarak, Beyazpano ve sinif ortamindaki tartigmalarinda 6gretmen adaylarinin 6ncelikli olarak
ogrenciden gelebilecek Ogrenci sorularini ele alirken Ogrenci ile Ogretmen arasinda gegecek
diyaloglara dikkat edip Ogrencinin sorudaki sakli belli kavrami ya da kavramlari dogru
iliskilendirerek 6grenmesini temele oturtturarak, kavramsal 6grenmeyi destekledigi bulgulanmistir.

Bu kavramsal Ogrenmenin gerceklesebilmesi igin Ogretmen adaylar1 tarafindan diyaloglarda
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ogrencilerin akil yiirtitmelerini, iliskilendirmelerini gliclendirecek 6geleri kullandiklar1 belirlenmistir.
Soru ekseninde diizenlenen Ogretimsel aciklamalarda kullanilan gosterimlerin, analojilerin,
orneklerin ve materyallerin daha genis kapsamda kullanilan biitiin yontem ve tekniklerin kavramsal
ogrenmeyi destekledigi tespit edilmistir. Ogretmen adaylarinin 6z degerlendirmelerinde de PAB
o0grenme izleri ¢ergevesinde ele alinan unsurlar, 6gretmen adaylarinin kendi ciimlelerinde de yer

almistir.

PAB 6grenme izlerinin takip edildigi tartigmalarda diger dnemli bir bulgu ise 6gretmen adaylarinin
kendi ifadeleriyle kavramsal olarak bilmedikleri ve yanlis bildikleri kavramlar1 agiklayarak tespite

151k tuttuklar1 6grenme izlerinde mevcut olan, alan bilgilerindeki degisim bulgulanmustir.

Ogretmen adaylarmin, yazili gériis formu ve yari-yapilandirilmis goriismeler araciligiyla alinan
‘0grenci sorulari ile arglimantasyon siirecinin matematik dgretiminde etkileri’ lizerine belirtikleri
gortisleri incelenmistir. Matematik 6gretime etkileri tizerine alinan 6gretmen adayi goriislerinde elde
edilen temalardan %30’u gecen baskin temalar ve bu temalarda temsili 6gretmen aday1 goriisleri
belirtilmistir. Ogretmen adaylariin arasgtirmaya ve sorgulamaya dayali dgrenmenin Onemini
vurgulayan, yapilandirmaci yaklagim ¢ergevesinde temalar sunduklar1 goriilmektedir. Uygulamanin
Ogretmen adaylar tarafindan gerceklestirilen siire¢ degerlendirmesi ele alindiginda ise 42 kisi (tiim
ogretmen adaylarinin %75°1) 6gretmenlerle goriismelerin etkili oldugunu belirtilmistir. Bunun sebebi
olarak Ogretmenlerin yillarca kavram bazinda 6grenci diisiinmelerini inceleme ve analiz etme
firsatlar1 oldugu i¢in kendilerine de 6grencilerin neleri anlamada zorlandiklar1 veya hangi kavramlari
olustururken sikinti yasayabileceklerini net bir sekilde ve ornekler vererek agiklayabildiklerini
sunmuslardir. Ote yandan 14 kisi 6gretmenlerle gériismeleri etkin bulmamistir. Belirtilen nedenlere
bakildiginda 6gretmenlerin 6grencilerden gelebilecek sorularda daha c¢ok islemsel hatalar veya
prosediirel kavramlar iizerinde durduklar1 fakat kavramsal 6grenmeyi saglayacak kritik sorulari
belirtemedikleri goriilmiistiir. Alanyazin taramalarinda tezlerde, makalelerde, kitaplarda... vb. daha
kavramsal sorularla igeriklerle karsilastiklar1 i¢in ¢ogunluk alanyazin taramasinin etkili oldugunu

belirtmistir.

Siirecin online gerceklestirilen ayagi on tartismalarin gerceklestigi, kavrami aragtirmaya firsatlarin
yakalandig1 ve smif tartismalarindan 6nce mutlaka bdyle bir tartismanin yer almasi gerektigi seklinde

ogretmen adaylar tarafindan elzem goriilmustiir.
Sonu¢ ve Tartisma

Sonu¢ olarak, online arglimantasyon ydnteminin Ogretmen adaylarinin pedagojik alan bilgisi

gelisiminde ve kendi 6grenmeleri ilizerindeki olumlu etkileri ortaya ¢ikmistir. Ancak online
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argiimantasyon yontemi tek basma yeterli olmayip, online tartigmalarin smif i¢i tartismalarla
desteklenmesi gerektigi bulgulanmistir. Online argiimantasyon ortami baslangig fikirlerinin ve farkl
fikirlerin ortaya ¢ikmasinda destekleyici bir 6grenme ortami olmasina ragmen fikirlerin degistirilip
gelistirilmesi i¢in aktif yiiz ylize ortamlara da ihtiyag duyulmaktadir. Oysa burada 6gretmen
adaylarmin belirttigi lizere Beyazpano platformunun zayif yanlar1 da yer almaktadir. Bu nedenle
online tartismalarin daha etkin, farkli biligsel araglar1 iceren online 6grenme platformlarinda
gerceklestirilmesine ihtiyag vardir. Sunulan bu hizmet 6ncesi bilesenlerin, ileride 6gretmen egitimi

alaninda gergeklestirilecek ¢aligsmalara 151k tutacagi diisiintilmektedir.
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